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JF. F. Meggers prepares to measure one of the spectrograms on which these tables of spectral-line intensities are based. I
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Preface

A second edition of the NBS Tables of Spectral-Line Intensities (Part I, Arranged by Elements
and Part II, Arranged by Wavelengths) has been prepared. New classifications have been provided

for 8500 previously unclassified lines, improved wavelengths are given for about 9000 lines and some
revision of the intensity scale has been made. (Supersedes NBS Monograph 32, Parts I and II and its

Supplement.)

Key words: Classification of spectral lines; intensities of spectral lines; spectral-line intensities; tables

of spectral-line intensities; wavelengths of spectral lines.

This new edition of the NBS Tables of Spectral-Line Intensities incorporates three improve-

ments on the original edition of 1961. In the original edition only about 25 000 of the 39 000 hnes in

the tables had been classified. In the ensuing thirteen years, about 8500 more lines (chiefly rare-

earths) have been classified and the new classifications are here incorporated.

Furthermore in the course of spectroscopic research during that period, many spectra have

been remeasured. About 9000 improved wavelength values have been adopted here. Many of the

new values are accurate to somewhat better than two decimal places but in most cases there

remains some uncertainty in the third place. We have therefore printed only two decimal places in

this edition.

The third improvement to be found in this edition is in the intensity scale. Three changes have

been made. The calibration of the region below 2450 A, which was published by Corliss [1967], has

been incorporated in the new edition. Secondly, a slight error in the original reduction of the

intensity data from the overlapping regions of the plates has been corrected. In the original reduc-

tion the duplicate observations in the overlapping regions were simply averaged. This was a

theoretically correct procedure since the observations had already been normalized to the intensity

scale of the copper matrix. However, it was observed that this normalization did not produce

identical scales on each plate. A more practical procedure would have been to have adjusted each

plate to a common scale determined by the mean intensity level of all the plates. This was pointed

out by J. L. Tech [1971] who has now applied this correction to all of the complex spectra in the

tables. The elements with less than 100 Hnes (simple spectra) remain uncorrected for this relatively

minor error because there are not enough lines in the overlapping regions to determine correction

factors.

Finally, the whole scale of relative intensity numbers has been multiplied by ten to eliminate

numbers less than unity. The intensity numbers now range from 1 to 90 000.

For the convenience of the user, the tables are presented in two separate parts, in the same

way as the original edition. Part I is arranged by element in alphabetic order of chemical name.

In Part II all observed lines are consolidated in a single table arranged in order of increasing

wavelength and in a supplementary table of selected strong lines.

The values of ionization potentials for many of the elements are taken from the compilations

of C. E. Moore but those for the lanthanides, actinides and Hf are taken from the compilation of

W. C. Martin, Lucy Hagan, Joseph Reader and Jack Sugar (J. Phys. Chem. Ref. Data, Vol. 3,

No. 3, 1974). The values of atomic weights are taken from the 1969 Report of the International Com-
mission on Atomic Weights.
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Tables of Spectral-Line Intensities— Part I

Arranged by Elements

The relative intensities, or radiant powers, of 39 000 spectral lines with wavelengths between

2000 and 9000 Angstroms have been determined on a uniform energy scale for seventy chemical

elements. This was done by mixing 0.1 atomic percent of each element in powdered copper, press-

ing the powder-mixture to form solid electrodes which were burned in a 10 ampere, 220 volt direct-

current arc, and photographing the spectra with a stigmatic concave grating while a step sector

was rotating in front of the slit. The sectored spectrograms facilitated the estimation of intensities

of all element lines relative to copper lines which were then calibrated on an energy scale provided

by standardized lamps, and all estimated line intensities were finally adjusted to fit this calibration.

Comparisons with other intensity measurements in individual spectra indicate that the National

Bureau of Standards spectral-line intensities may have average errors of 20 percent, but first of

all they provide uniform quantitative values for the seventy chemical elements commonly deter-

mined by spectrochemists. These data are presented by element in part I, and all 39 000 observed

lines are given in order of wavelength in part II.

Key words: Classification of spectral lines; intensities of spectral lines; spectral-line intensities; tables

of spectral-line intensities; wavelengths of spectral lines.

1. Introduction

Spectrochemistry was born a century ago when
Kirchhoff and Bunsen [1]' definitely demonstrated
that chemical elements were uniquely identified by
spectral radiations, or lines as seen in a spectroscope

provided with a sht. This led immediately to the

identification of many chemical elements in the sun
and to the discovery of several new elements, but

no quantitative chemical analyses were made until

much later.

In 1874, Lockyer [2] stated that "while the qualita-

tive spectrum analysis depends upon the positions of

the Unes, the quantitative analysis depends not upon
their position but upon their length, brightness, thick-

ness, and number as compared with the number
visible in the spectrum of a pure vapor". Thus, posi-

tion (or wavelength) and brightness (or intensity) are

recognized as being the two most important proper-

ties of spectral lines; wavelengths identify chemical
elements and intensities indicate the concentrations

of identified elements in mixtures or chemical
compounds.
During the past century there has been spectacular

improvement in the accuracy of spectral wavelength
determinations; the early ones were limited to 3 or

4 figures, the later use of diffraction gratings and
wavelength standards permitted the specification

of 5 or 6 figures. Since 1900 the application of inter-

ferometers and better gratings has refined many
wavelengths to 7 figures, and recently some 8-figure

values of wavelength standards have been provided.

' Figures in brackets indicate the literature references on page xiv.

Unfortunately during this past century very little

progress has been made in assigning uniform quanti-

tative intensity values to spectral radiations. The
great bulk of spectral observations have been made
photographically because photographic emulsions

provide detailed, permanent records of spectra not

only in the visible but also in the invisible ultraviolet

and infrared regions. But even if the light source is

reproducible and standardized it is not easy to

evaluate the spectral efficiencies of spectrographs

and photographic emulsions so the usual procedure

has been to make subjective visual estimates of

relative intensities of spectral lines on an arbitrary

scale based on the relative blackness and/or width of

spectral-line images appearing on a developed photo-

graphic plate. Consequently, in thousands of indi-

vidual papers and in numerous comprehensive
compilations of spectral data we find only qualitative

data on intensities which may have some meaning
for adjacent lines in a given spectrum but none at

all when comparing widely spaced lines, or lines of

different spectra of the same element or of different

chemical elements.

In the beginning, most intensity data were reported

on an arbitrary scale of 10 steps, weak lines being

assigned an intensity of 1, and the strongest line

intensity 10. Even as late as 1945 extensive new
spectral tables prepared by Gatterer and Junkes [3]

displayed estimated intensities on this limited 1 to

10 scale. Since 1910 some spectroscopists have
arbitrarily expanded this arbitrarily compressed
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scale. For example, in the very extensive spectral

tables published by Exner and Haschek [4] the

estimated intensities range from 1 to 1000. In wave-
length tables compiled by Twyman and Smith [5]

the maximum intensity is 20, in the compilation of

Kayser and Ritschl [6] estimated intensities rise to

4000, and in the well-known M.I.T. Wavelength
Tables [7] they soar to 9000. The most recent com-
pilation of Tables of Spectrum Lines by Zaidel,

Prokof'ev. and Raiskii [8] quotes data from the

M.I.T. Tables and more modern sources but adds
nothing new on spectral line intensities.

In or about the year 1925, microdensitometers

were developed for the purpose of quantitative

measurement of relative intensities among related

lines in multiplets to test the sum rules derived from
the quantum theory of spectral structure, but no
general applications were made. Since then thou-

sands of spectrochemists have applied micro-

densitometers to quantitative chemical analyses by
calibrating intensity ratios of analysis- and internal-

standard hnes but such measurements have con-

tributed nothing to the basic data on spectral line

intensities. Likewise, with few exceptions, the

modern substitution of electronic photodetectors for

photographic emulsions has added nothing to our
knowledge of true line intensities over long ranges
of different spectra of many chemical elements.

How may one hope to obtain, with a reasonable

amount of labor, quantitative intensity data on the

same scale for thousands of spectral lines represent-

ing practically all of the metallic elements? A hint

was given in 1874 by Lockyer [2] who observed that

"the lines of any constituent of a mechanical mixture

disappeared from the spectrum as its percentage
was reduced." Acting on this suggestion, Hartley [9],

in 1884, began to study the spark spectra of metals

in solutions with concentrations of 1 percent, 0.1

percent, 0.01 percent, and 0.001 percent, and pro-

posed a method of quantitative spectrochemical

analysis based on the lines that could be detected

at each dilution. Similar studies were later made by
PoUok and Leonard [10], by de Gramont [11], and
by Lowe [12], aU showing that with progressive

dilution of an element its spectral lines weakened
and vanished until only the most sensitive line re-

mained to reveal its presence. In all these works the

principle of quantitative spectrochemistry appeared
to rest on the number of lines detectable rather than

on their individual intensities. Casual observation

must have shown lines of equal strength in spectra

of solutions differing 1000 fold in concentration but

no one mentioned it. It is difficult to understand why
these early studies of residual spectra in quantitively

prepared mixtures or solutions did not suggest

a method for obtaining physical intensities, but

it is a fact that before our work had begun no one had
attempted to express spectral line intensities as

directly proportional to the number of radiating

atoms or concentration of the element. The present
monograph reports such an attempt [13].

Our method of deriving line intensities from arc

spectra of elements diluted in copper was recently

adopted by Allen [14, 15] to obtain oscillator

strengths of some radiations from 3200 to 5400 A
representing nine elements.

At various times since 1932 we have photographed
the arc spectra of 70 chemical elements diluted in

silver or in copper, and determined the line intensi-

ties of the diluted elements relative to selected Hnes
of the matrix. An energy calibration of the latter

finally led to physical intensities of 39,000 spectral

lines representing 70 elements, all on the same
energy scale. These experiments and results are

based on the following propositions, regarded as

fundamental for the quantitative description of

residual spectra of diluted elements excited in

ordinary d — c arcs.

1. The limiting detectability of any line is de-

fined as the atomic concentration that ensures posi-

tive detection of the line. This limit is determined
mainly by unavoidable background on a fully ex-

posed spectrogram. The spectrum of an arc burning
in air consists of discrete lines due to atoms, and of

more or less extensive band systems from transient

compounds (usually monoxides), all superposed on a

continuous background arising from thermal radia-

tion of incandescent oxides, from transitions in the

continuum, and possibly from scattered light. This

background sets a limit to the exposure for faint

lines that may be given by any actual spectrograph.

If this were not true, the exposure could be in-

creased indefinitely to compensate for unlimited

reduction in concentration, and detectability would
always be infinite. Faint lines are not recorded by
underexposure, and they cannot be recognized on a

very dense background produced by overexposure.
In order to guarantee positive recognition and un-

ambiguous chemical identification a spectral line

should be sufficiently well defined to permit accurate

wavelength measurement. Experience shows that

the minimum photographic density that meets this

requirement is of the order of 0.05 above that of the

background.

2. The limiting detectability ofany element in an
arc depends on the matrix in which the elementfinds
itself. There is no doubt that in the conventional arc

relative volatilities of the chemical elements as well
as relative ionization potentials affect the relative

strengths of their mixed spectra. In general, the
elements with high-vapor pressure and/or low-

ionization potential will be favored in spectral

excitation, but elements with either high or low
volatility may be underestimated if not uniformly
present during the exposure, and easily ionized
elements may appear less sensitive because of more
complete ionization. In this connection it must be
noted that large differences in apparent detectabil-

ity are possible if concentrations are expressed in

relative weights instead of numbers of atoms. Thus,
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0.01 atomic percent of boron in uranium is equal to

< 0.0005 weight percent since the uranium atom is

22 times heavier than the boron atom.

3. The primary substance [matrix) has no impor-

tant effect on the relative intensities of lines due to a

secondary substance. It is conceded that the relative

intensities of analogous spectra of different ele-

ments, and of successive spectra of the same
element, may vary with the composition of the

samples and/or with the type, or portion, of light

source from which radiation is taken, but there is

no evidence that the relative intensities of lines in

any particular spectrum of a given element are

thereby greatly changed. It may be expected, there-

fore, that the relative intensities of lines observed

in one metal arc will remain valid in any other metal

arc, provided the arcs are at approximately the same
temperature. The absolute intensities and the

relative strengths of successive spectra may be

altered by excitation conditions. For example, silicon

may be more sensitive in carbon than in calcium,

and it is well known that when easily ionized alkalies

are present in sufficient quantity to influence dis-

charge conditions they reduce the intensity of other

spectra, especially those characteristic of ionized

atoms.

4. The order of lines arranged according to de-

creasing detectability in progressive dilution is the

same as the order of decreasing intensity in the spec-

trum of the pure element. In other words, emission

line intensities in residual arc spectra (barring self-

absorption) are proportional to the number of radiat-

ing atoms; and relative intensities may therefore be

derived from concentrations at which different lines

show the same intensity or limiting detectability.

Arc spectra usually exhibit a variety of lines,

sharp or narrow ones, diffuse or wide ones (including

band heads), strong ones accompanied by photo-

graphic spreading of developed images, others wide
on account of hyperfine structure, and some partially

reversed. All of these types, except the last, appear
in residual arc spectra at low concentrations, and
it may be questioned if it is possible to place them on

a uniform intensity scale. It may be assumed that if

total blackening integrated over the width of the line

when recorded at a moderate level of density be con-

sidered in estimating relative intensities these will

be on a uniform scale within the limits of precision

in making such estimates on lines of different types.

5. The order of spectral lines arranged according

to decreasing intensity is the same when the inten-

sities are decreased by rotating stepped sectors as

when the intensity reduction is produced by succes-

sive dilution of the element in a matrix. This was
recognized by Liiwe [12] who published an atlas of

spark spectra of 44 elements diluted from 1 percent

to 0.001 percent and later obtained practically the

same results by observing spectra with stepped ex-

posure times [16]. In our experiments the labor of

preparing samples of 70 elements in four or more
dilutions was greatly reduced by adopting only one
dilution (0.1 atomic percent) and then producing
further reductions of spectral-line intensities by
means of rotating step sectors.

6. Limiting detectability (as defined in 1.) may
be adopted as a physical scale of intensities. Such
intensities may be fixed as follows: In a fuUy ex-

posed spectrogram of copper containing 0.1 atomic
percent of another element any faint but unmistaka-
ble line at a given wavelength is assigned unit

intensity. Any similar line appearing with unit

intensity in a spectrogram when the energy, or

concentration, is reduced to Vs is said to be 5 times

as strong. Thus, all lines can be assigned relative

intensities proportional to their limiting detecta-

bilities by determining either the energy reduction

or the concentration reduction at which the stronger

lines finally show unit intensity. The atomic percent

concentration at which any line will show unit

intensity then results from dividing 0.1 by its

required energy or concentration reduction. For
example, a line of intensity 10 should show plainly

at 0.01 atomic percent, while one of intensity 1000
should be easily seen at 0.0001 atomic percent (one

in a million). Assuming the ratio concentration/

intensity to be constant, the maximum intensity at

100 percent is easily obtained. Thus, a line of

intensity 1000 at 0.1 atomic percent will have an
intensity value of 1000x 100/0.1=1,000,000 at

100 percent. This indicates a much larger range of

spectral intensities than mentioned heretofore, but

it is not unrealistic.

2. Experiments

Whereas all earlier experiments on residual

spectra of diluted elements involved spark excita-

tion of solutions or fused salts, we decided to employ
d-c arc excitation for the following reasons. It

has been shown [17] that the first ionization poten-

tials of some seventy metallic elements range from
4 to 11 V and the strongest spectral lines of most of

these elements have wavelengths between 2000 and

o

9000 A, which is the spectral region covered by the

present investigations. Furthermore, it is known [18]

that the second ionization potential of these ele-

ments ranges from 10 to 75 V and that the strongest

lines of singly ionized atoms generally have shorter

wavelengths than those of neutral atoms, nearly

half of them being shorter than 2000 A so that they
can be detected only in vacuum spectrographs.
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Because low-voltage arcs have less ionizing action

than high-voltage sparks more atoms wiU remain in

the neutral state and, in general, therefore, arc

spectra will exhibit stronger lines and higher sensi-

tivity than spark spectra.

The use of arc spectra in these experiments

threatened to introduce errors on account of self-

absorption of radiated energy in the arc aura or

envelope which consists largely of unexcited neutral

vapor atoms. In all spectra of arcs between metal

electrodes this is the cause of conspicuous self-

reversal of all lines involving the atom's ground
state. However, this is a function of vapor density

surrounding the arc and if this is reduced to 0.001,

self-reversal is usually negligible (see fig. 2). This

is our reason for making these experiments with

individual elements diluted in copper in the ratio

1 to 1000. When ground-state lines of extraordinary

intensity were suspected of some self-absorption,

intensity ratios were checked or corrected by ex-

mining our earlier spectrograms made with this

element diluted to 0.0002 atomic percent in silver.

2.1. Dilution in Silver

Our preliminary experiments, begun in 1932,

can be described briefly as follows: solutions of

known strength of the elements under investiga-

tion were prepared and proper amounts added to

pure silver oxide, which was then reduced to metal

by heating to make samples containing 8 definite

atomic ratios extending from 0.05 to 0.0002 atomic

percent of the element added to silver, with a factor

of about 2 between 7 successive dilutions. In order

to save time and labor, each series of silver samples
incorporated 3 to 6 chemical elements, in addition

to zinc which supplied internal standards. These
samples were burned on pure copper electrodes

of a 220 volt d-c arc with 10 amperes. An image
of the arc was projected onto the slit of a stig-

matic concave grating spectrograph by means of a

fused-quartz lens. Each series of excited samples
was exposed on successive segments of the slit,

and was photographed in four spectral regions

ranging from 2000 to 9000 A (see fig. 1). A com-
parator was employed to measure wavelengths

(relative to silver and copper lines) for the identi-

fication of the added elements, and relative inten-

sities of all lines belonging to residual spectra of

diluted substances were estimated and related to

concentration. These results were not satisfactory

for the following reasons: The use of silver as a
matrix and of copper for arc electrodes precluded
the possibility of getting any data for these two ele-

ments or for any lines masked by silver and copper
lines. Also the inclusion of 3 or more elements
in each series of samples resulted in the blending
of many lines, especially in complex spectra, so

that it was not possible to assign proper intensities

in these cases. Furthermore, the method of sample
preparation and observing appeared to be unsuited
to very volatile elements, or compounds, because
no residual spectra could be recorded for them even
at concentrations of 0.1 atomic percent.

2.2, Dilution in Copper
In 1941 these preliminary experiments were

abandoned in favor of a modified procedure which
led to satisfactory results. The chief changes in

procedure came with the availability and use of

pure metal powders, and a hydraulic press to form
solid electrodes of mixed powders. Instead of re-

ducing spectral line intensities to the limit of

detectability by successive dilutions of the element
in different samples only one dilution (0.1 atomic

percent) was prepared and line intensities were
reduced by observing through rotating step sectors.

The successful procedure may be outlined as fol-

lows: An element under investigation was mixed
with pure copper powder in the atomic ratio of 1

to 1000. These mixtures were pressed into solid

electrodes, and burned in a 220-V, 10-A d-c arc

which was imaged entirely on the collimator of a

stigmatic grating spectrograph by a lens at the slit.

A rotating step sector in front of the slit reduced the

spectral intensities to one-fifth in each of four

steps (see fig. 2). Spectral intensities of the element

added to copper were estimated relative to those

of selected copper lines, and this was done sepa-

rately for each of 70 elements throughout the range

of spectrum from 2000 to 9000 A. The true interi-

sities of the selected copper lines above 3300 A
that served as internal standards were then meas-

sured, by photographic photometry, relative to the

known energy distribution in the spectrum of an

incandescent tungsten-strip filament at a certain
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Figure 2. Arc spectra of pure manganese (center), and of copper containing 0.1 percent Mn {above and below), all through a rotating

step sector.

Spectral range 3960 to 4105 A.



temperature (see fig. 3). Between 2000 and 3300
A a calibrated hydrogen lamp was used to determine
the relative intensities of copper lines. Finally

the apparent intensities of 39 000 spectral lines of

70 elements, relative to copper, were adjusted to fit

the copper calibrations. These experiments thus

provide empirically determined lists of the prin-

cipal lines of all elements actually detectable under
average conditions in arc spectra when their con-

centrations are 0.1 atomic percent, and the indi-

vidual lines bear intensity numbers approximately
proportional to their detectability or their relative

energy. That these intensity numbers really repre-

sent physical intensities was proved by comparing
them with earlier, accurately measured relative

intensities of lines in multiplets and with published

relative /-values or oscillator strengths of lines in

different multiplets extending over a wide range of

spectrum.
In order to provide intensity data for spectral

lines that are partially or wholly obscured by copper
lines a sectored spectrogram of the pure element
excited with self-electrodes, or of a metallic com-
pound or salt excited in a carbon arc, was photo-

graphed on every plate so that any lines blended
with copper could be interpolated with proper

estimates of their relative intensities. Comparison
of relative intensities in copper and in carbon
matrices also supplied new information on succes-

sive spectra, I and II, especially of rare-earth

spectra. Similar data for copper itself were obtained
by using pressed electrodes of pure silver powder
to which 0.1 atomic percent of copper was added,
plus the same quantities of gold and zinc to serve

as internal standards.

Further details of experimental materials, ap-

paratus, and procedure are given in the following

paragraphs.

2.3. Arc Electrodes

For this investigation materials of high purity

were acquired, preferably in the form of metal

powders, although some elements, not available in

pure powdered metal form, were obtained as oxides.

In every case the proper amount was added to

powdered copper to produce a mixture in which
there was one atom of the added element to each
1000 atoms of copper. These mixtures were homog-
enized by mechanical shaking and then com-

pressed into soHd cyUndrical pellets in an hydraulic

press at 5000 psi. The pellets were V4 in in di-

ameter, yk in in length, and weighed about 1.5 g.

Two of a kind were mounted in massive water-

cooled clamps in an arc stand and a direct current

of 10 A passed between them from a 220-V line

with ballast resistance. A 3-mm gap was main-

tained between the electrodes during the exposures

which varied in duration from 1 s to 5 min depend-
ing on spectrographic efficiency and sensitivity of

photographic plates in different spectral regions.

The arc was imaged on the collimator of a con-

cave grating spectrograph by means of a quartz

lens immediately in front of the slit to obtain uni-

form illumination along its length and collect light

from all parts of the arc. Rotating step sectors

were operated immediately in front of the collect-

ing lens, one with 5 to 1 ratio was used for all line-

intensity spectrograms, but a 2 to 1 step was used
for the energy caUbration of copper lines.

2.4. Spectrograph

The dispersing apparatus was a 6-in grating with

15 000 lines per inch, and 22 ft radius of curvature
in a Wadsworth-type mounting to give stigmatic

images on photographic plates. All observations
were made in the first-order spectrum in which the

reciprocal dispersion was 5A/mm, and the practical

resolving power about 50,000 with a sht width of

30 /LA.

2.5. Photographic Plates

In order to determine, relative to copper, the

intensities of all lines of 70 chemical elements
diluted 1000 fold it was necessary to make many
hundreds of spectrograms, and to employ 4 varieties

of photographic plates to cover the wavelength
range 2000 to 9000 A. The spectral range 2000 to

3000 A was recorded on Eastman ^ 103-0 Ultra-
o

violet Sensitive plates, 2600 to 4900 A on Eastman
33 plates, 4600 to„6900 A on Eastman II-F plates, and
6600 to 9000 A on Eastman I-N plates. Each
plate was developed for 4 min in a rocking tray

containing D-19 developer at 70 °F.

The exposure times in each spectral range were
chosen by trial to obtain a suitable continuous back-

ground in the first step of the rotating step sector.

Because of variations in spectral sensitivity of photo-

graphic materials and in spectrographic efficiency

two exposures of the contaminated-copper arcs

were usually made on each plate, with exposure
durations in the ratio 2 to 1, and the sectored com-
parison spectrum of the contaminant was placed

between them. Measurements were usually con-

fined to the exposures which showed the optimum
background in the first step of the rotating sector.

2.6. Energy Calibration of Copper Lines

In order to determine the factors necessary to

convert the estimates of apparent intensities of the

hnes of 70 elements relative to copper into true

relative intensities, it was necessary to determine

the true relative intensities of selected reference

lines in the spectrum of copper. The energy cali-

bration of copper hnes was performed as foUows:

^ Certain commercial products and instruments are identified in this paper in order
to specify adequately the experimental procedure. In no case does such identification

imply recommendation or endorsement by the National Bureau of Standards, nor
does it imply that the products or equipment identified are necessarily the best available

for the purpose.
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A G.E. tungsten ribbon filament lamp (type

F339-85, 30 A, 6V) equipped with a fused quartz

window served as the reference standard of spectral

energy distribution in the wavelength range 3300

to 9000 A. The „
brightness temperature of the

filament at 6500 A was measured at two values of

filament current by Henry Shenker in the National

Bureau of Standards Pyrometry Laboratory. The
true temperature T of the filament was determined

from the brightness temperature by means of the

following equation obtained from Wien's law

where C2= 1.438 cm-deg and A is the product of

the emissivity of tungsten (0.427) and the transmit-

tance of the quartz window (0.916) at 6500 A.

Table 1. Temperature oftungsten lamp

Current Brightness True
temperature temperature

A K K
38.00 2492 2787

40.00 2567 2881

The energy distribution from blackbodies

operated at these temperatures was taken from

tables prepared by Stair and Smith [19] in the

2300 to 3500 A range, by Skogland [20] in the 3200

to 7600 A range and by Lowan and Blanch [21]

in the 7200 to 10 000 A range. The data from these

tables were adjusted to a common basis and mul-

tiplied by the emissivity of tungsten and the trans-

mittance ^of fused quartz at intervals increasing

from 50 A in the ultraviolet to 200 A in the infra-

red. The emissivity of tungsten was taken from a

weighted mean curve of published values to which
reference is made by Stair and Smith [19]. The
transmittance of fused quartz was calculated from
data on its index of refraction published by Sosman
[22]. The final product, representing the relative

energy distribution of the radiation emerging from
the quartz window of the lamp, was plotted on a

convenient scale to permit interpolation to any

wavelength in the range 2300 to 10 000 A.
Spectrograms of the pure copper arc and of the

tungsten lamp were made under conditions identical

with those described above except that for these a 2

to 1 step sector with 8 steps was used for closer

calibration (fig. 3). Microphotometer measurements
of transmittance were made in each step of the

standard-lamp spectrum at intervals of 50 A and
a family of calibration curves of transmittance

versus log exposure (hereafter referred to as log J

)

was drawn up for each plate. The exposure of the

standard-lamp was read from the calibration curve

for each wavelength at a transmittance of 40 per-

cent (where the curve is linear) and then divided

by the calculated intensity 1$ at that wavelength.

is the calculated intensity emitted by the standard-

lamp. A standardization curve of log Jslh versus

A. was plotted for each plate. Calibration curves

of transmittance versus logy were then drawn from
measurements on each of the selected copper lines

and the log exposure (log ycu) of each copper line

at a transmittance of 40 percent was read from each
curve. Log Jslh was then subtracted from the

average of numerous values of log Jcu to give log

/cu which is the log of the true relative intensity of

the copper line. The values of log /cu from plates

in adjacent wavelength regions were adjusted to

a common basis by means of lines common to both
plates. The plot of log J^lh versus A. is the relative

response function of the plate-spectrograph com-
bination and as such was itself useful in the infra-

red where the copper spectrum lacks lines suitable

for use as an intensity reference.

From 2 to 24 determinations were made on each of

202 lines of Cu I between 2800 and 8100 A with

an average of about 9 determinations per hne.

The values of /cu obtained by this procedure below
3300 A were systematically low because of the rapid

decline in intensity from the standard lamp in the

direction of short wavelengths. The intensity from
the lamp at 5500 A is about 40 times the intensity

at 3300 A and about 300 times the intensity at 2800
A. This fact introduces possible errors from scat-

tered light of the intense visible radiation which
tends to raise Js and consequently depress /cu-

The spectrum of copper is composed of sharp
lines and diffuse lines. Since the microphotometer
measurements were made at the peaks of the lines

rather than integrated over their widths, the meas-
ured intensities of the two groups of lines are on
different relative scales, the scale of the diffuse

lines being smaller than that of the sharp lines.

The reference lines selected for calibration of the

estimates of apparent intensity are all sharp lines.

The random error of the photometric procedure,

including microphotometer error and irregularities

of response of the 'W" plates was determined
from 92 measurements of apparent relative inten-

sities in spectra of the standard lamp on two plates.

The standard deviation of individual measurements
from the mean was found to be about 1.5 percent.

It is probable, therefore, that the uncertainties

in these intensity measurements of the copper

lines lie entirely in the systematic errors discussed

above and in the random fluctuations of the arc

under study.

Since the ribbon filament lamp was too faint

in the region from 2000 to 3300 A to serve as a

standard, recourse was taken to a Hanovia hydrogen
arc lamp. Output from this lamp was compared
by R. Stair in the Radiometry Section of the Bureau
with a standard tungsten-in-quartz lamp and a
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standard mercury arc in the region from 2500 to

3800 A; this provided an independent overlapping
calibration which carried us down to 2500 A.

The intensity numbers below 2500 A become less

accurate as the short wavelength limit is ap-

proached. Lacking any rehable energy calibration

for shorter waves, the intensity estimates from 2500
to 2000 A were necessarily adjusted by judicious
extrapolation, guided by the declining densities

of background in the spectrograms, caused by the
increasing absorption in the apparatus and in the
air at shorter wavelengths.

3. Results

Because these relative intensities of 39,000
hues of 70 elements are based on empirical de-

tectabihty they will be generally applicable to spec-
trochemical analysis provided that proper correc-

tions are made on account of different excitation in

different matrices. Chemical elements differ in

volatility, electron emission, spectral excitation,

and spectral background, and consequently their

spectral detectability in different mixtures or mat-
rices depends on certain controlling factors. One
of the important factors is the atomic ionization

potential which ranges from 3.9 V for Cs to 11.3 V
for C, and for the investigated 70 elements has an
average value of 7.3 V. By mixing these 70 elements
with copper, which has an ionization potential

of 7.7 V, we obtained excitation conditions very
near the average for all. To convert our intensity

numbers from copper to any other matrix would
require the empirical determination of the proper
conversion factor for each element.

It should be pointed out that sensitivity of

detection in spectrochemical analysis is commonly
given in percent by weight. In order to find the

weight percent from the atomic percent given in the

tables the following simple relation applies,

Ca Ax

where Cw is the concentration in percent by weight,

Ca is the atomic percent (0.1 in this case), Acu is

the atomic weight of copper, and A^ is the atomic
weight of the element Jf.

Although our original intention was to determine
the relative strengths of many spectral lines from
different chemical elements for purposes of quanti-

tative spectrochemical analysis we believe that the

results may also interest theoretical spectrosco-

pists and astrophysicists. For instance, if our inten-

sity numbers, based on concentration detectabiUty

and relative energy calibration, actually express
relative energies then all may be converted to oscil-

lator strengths, or to relative gT-values, or even to

absolute /-values, if the proper conversion factors

can be found.

Because of the low concentration of each element
in the copper arc from which the spectra were
observed, the lines were extraordinarily free from

self absorption. This fact suggests that these
emission intensities could be converted into relative

gf-values, provided that a valid excitation tempera-
ture can be assigned to the copper arc.

The temperature of the copper arc can be de-

termined by comparing the observed relative

intensities of the lines of an element with the

relative gf-values of those lines [23J, provided that

the arc can be shown to be in local thermodynamic
equilibrium for the energy states under consider-

ation. A preHminary investigation of this sort

has been carried out by using relative gf-values

determined by R. B. King and his coworkers for

Ti I [24], Ti II [25], V I [26], Cr i [27], Fe i [28],

[29] and Ni i [30] in the region above 3000 A. Figure

4 is a typical example of the correlation of inten-

sities and g/-values indicating the temperature of

the copper arc. The comparison shows that our
copper arc is sufficiently in equihbrium to yield

a temperature which may be useful in calculating

approximate gf-values of some utility from our
intensity numbers. A preliminary value of 5000
K±300 K has been obtained as the average tem-
perature of the 10 A, 220 V, copper arc.

2.0 2.5 30 3 5 4.0 4.5 5.0

Upper e p. in Volts

Figure 4. Plot of log intensity over gf versus upper excitation

potential of Ti I lines.

The temperature of the arc is derived from the slope of the line which best fits the points.
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Because our intensity data represent single

(some times two) personal subjective estimates of

photographic densities in sectored spectrograms

there is no possibility of deriving statistically any

probable errors or standard deviations for indi-

vidual values. However, an estimate of the accuracy

or reliability of our data may be obtained by compar-

ing them with quantitative results pubHshed by

other investigators. For example, figure 4 shows
the ratios of our intensities to the relative /-values

(or intensities) reported by King and King [24]

who measured the total absorptions of Ti I lines

in furnace absorption spectra; they stated [28]

that "The average deviations of the individual

intensity measures from the mean values vary

from 4 to 15 percent for different lines" measured
between 4 and 16 times on different plates. Each
little circle plotted in figure 4 represents a Ti I

multiplet of 1 to 12 lines. The average of 59 devia-

tions from the mean of all is 25 percent.

A second indication of the rehability of our inten-

sities is obtained by comparing our values with the

relative intensities of lines in multiplets of five

elements (Cr, Fe, Mn, Ti, V) measured with photo-

graphic densitometry by Frerichs [31] to test the

sum rules. Such a comparison in 21 different

multiplets indicates deviations ranging from 5

to 22 percent, with an overall average of 14 percent.

A third estimate of the errors in our data results

from their comparison with photoelectric intensity

measurements in the iron arc by Crosswhite [32],

who claims an accuracy of the order of 1 percent.

The average difference between intensities of 330

iron lines (3175 to 5658 A) common to these two

sets of observations is ± 27 percent, but some of this

difference may be due to temperature if this is not

the same in both arcs.

Other comparisons could be made but the above

three are different and typical; they suggest that

the average error of our spectral-line intensities

within a spectrum of each element is probably

between 15 and 25 percent. The uniformity of the

intensity scale between the spectra of the various

elements is more difficult to assess. Considerable

care was taken to obtain spectrograms under com-
parable conditions for all of the elements; however,

differences in volatilities of the elements or their

oxides, and differences in ease of excitation may
possibly result in shifts of intensity scales between
elements. An inspection of the intensities of the

strongest lines of the elements indicates that the

values are generally in the same order as sensi-

tivity of detection of the elements where these

are known. Although no high precision was expected
in our mass-production of intensities it is empha-
sized that reasonably uniform, quantitative values

are now available for 39 000 fines emitted by 70

chemical elements.

The tables of spectral-line intensities resulting

from this investigation are presented in two parts.

In part I the data are arranged by element in alpha-

betical order of chemical name. The heading of

each table by element states the atomic symbol,

atomic number, atomic weight, ratio of atomic

weight to that of copper, the electron configuration

and term symbol of the normal state of each
spectrum and the corresponding ionization potential

expressed in cm"^ Following the heading is a

selected list of references. Under Wavelengths
are listed all of the sources from which the wave-
lengths used in the table were compiled. Under
Classification or Spectrum Assignments are listed

the sources from which the assignment of spectrum
and energy levels were obtained. A few spectra

showed bands of metallic oxides. References to

data about these bands are given under Molecular
Spectra.

Following the references there is abstracted from
the main table a list of the strong fines arranged in

order of decreasing intensity. These lists of the

strong lines generally contain 2 percent or more of

the fines in the main table.

Electron configurations and spectral term desig-

nations of quantum numbers are of unusual interest

in the production of the strongest spectral fines, or

raies ultimes. According to well-known rules govern-

ing the relative intensities of fines in multiplets,

the strongest line arises from transitions between
levels having the largest J and L values when
Ay = A//=l. A rule relating to raies ultimes was
expressed [33] a quarter of a century ago as follows:

"A raie ultime in any spectrum originates with a

simple interchange of a single electron between
s and p states, usually preferring configurations

in which only one electron occurs in such states."

The above simple rules for the strongest lines

appear to be vafid for all spectra.

Then comes the main table, listing in order of

wavelength, for every line of an element which ap-

pears on our plates, the intensity, character, wave-
length, spectrum, and energy levels. The cali-

brated intensity numbers in the first column
represent the relative radiant power emitted by our

arc at each wavelength. Lines which differ in pro-

file from a normal sharp symmetrical shape are

described in the second column, with the notation

suggested in the Transactions of the Joint Com-
mission for Spectroscopy [34] as follows:

b- band head.

c — complex.

d- unresolved double line.

h- hazy.

1- shaded longward.

s — shaded shortward.

w — wide.

The wavelengths in column 3 are taken from the

places noted in the fist of references and are given
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to the nearest 0.01 A. They are all normal air

wavelengths, even those below 2000 A. Column
4 gives the spectrum, I, II, or III (respectively

from neutral, singly ionized and doubly ionized

atoms) in which the line occurs or the molecule

from which a band head originates and column
5 the numerical values, rounded off to the nearest

wavenumber, of the levels between which the transi-

tion occurs. These data are taken from the Classi-

fication reference.

The wavelength of a doubly classified Hne appears

before the first pair of energy levels and the second

pair follows immediately. In these tables all energy

levels are given in vacuum wavenumber units.

cm~', for which the name kayser (K) has been
proposed [35]. For all spectral lines explained as

transitions between energy levels this serves as

a mutual check since the wavelengths in normal
air, when converted to vacuum wavenumbers by

a conversion table [36], will coincide within one
unit with the difference between the two energy

levels. Furthermore these numbers serve as an

index to the term designation in "Atomic Energy
Levels" [37] where electron configurations, quantum
numbers, and magnetic splitting factors are given.

A comparison of the excitation energies of any two
classified lines may be made by directly comparing
their energy levels in cm"'. This direct and simple

procedure avoids the labor of converting all energy

levels from cm"' to electron volts by means of the

relation one eV = 8065 cm"'.

In part II the intensity data are arranged in two
tables in order of increasing wavelengths. In table 1

the strong lines of each element which were ab-

stracted from the main tables in part I are here
arranged in order of wavelength. Following this is

table 2 in which the individual main tables of part

I have been consolidated into a single table arranged

by wavelength. This table contains about 39 000
lines of 70 elements. The intensities in the table are

on a scale of relative radiant power and the scale

is the same from element to element. Following

the intensity numbers are given the wavelength,

the element symbol, and the spectrum. The intensity

of a double line appears before the first wavelength
and the second wavelength follows immediately.

This investigation has extended over a period of

28 years, and represents a very considerable amount
of intermittent labor contributed mainly by a

relatively small number of individuals. The program
was initiated by Meggers and Scribner; the latter

prepared diluted-element mixtures, electrodes and
spectrograms, while the former identified wave-
lengths, supplied many line classifications, and esti-

mated relative intensities of some fifty thousand
lines. In the production of the mixtures and the

copper electrodes and spectrograms valuable as-

sistance was given by Harriet E. Brown. Corliss

contributed the copper calibration, the conversion

of apparent intensities to relative radiant powers,
and prepared the final tables. Mrs. Ruth Peterson
carefully prepared and checked all the data on
IBM cards so that it could be printed automatically.

Valuable advice and assistance on the IBM machine
operations was given by William Bozman. To all

our able and reliable assistants the authors extend

their sincere appreciation and thanks for cheerful

and conscientious cooperation.
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Tables of Spectral-Line Intensities—Part I

Arranged by Elements





Aluminum

A1,Z= 13, 26.9815, Ratio 7^=0.4246

Al I Normal state of valence electrons 3s^3p ^P°i2 = 0. LP. = 48279 cm-i.

Al II Normal state of valence electrons 3^^ ^So= 0. l.P.= 151860 cm"i.

References

Wavelengths:
K. B. S. Eriksson and H. B. S. Isberg, Arkiv for Fysik 23, 527 (1962).

Classification:

All, F. Paschen, Ann. Physik 12, 516 (1932).

Aluminum— all observed lines

Intensity

and
Character

Wavelength c

jj, ^ spectrum
Energy levels

in cm"'

Intensity

and
Character

Wavelength
in A Spectrum

Energy 1

in cm
evels
-1

500 d 2269.10 I 112 - 44169 40 2575.40 112 - 38929

2269.22 I 112 - 44166 150 2652.48 0 - 37689

460

850

170

2367.05 I

2373.12 I

2373.35 I

0 - 42234

112 - 42238

112 - 42234

200
3200
6500 d

2660.39

3082.15
3092.71

112 -

0 -

112 -

37689
32435
32437

40

240

2378.40 I

2567.98 I

112 - 42144

0 - 38929
4500

3092.84

3944.01

112 -

0 -
32435

25348

480 2575.10 I 112 - 38934 9000 3961.52 I 112 - 25348

3



Antimony

Sb, 51, M= 121.7, Ratio|^= 1.916

Sb I Normal state of valence electrons 5s^5p^*S° 1/2= 0. l.P. = 69700 cm-i.

Sb II Normal state of valence electrons 5s^5p^ ^Po=0. LP. = 133328 cm-i.

References

Wavelengths and classification:

Sbl, W. F. Meggers and C. J. Humphreys, J. Research NBS 28 , 463 (1942) RP 1464.

Antimony— all observed lines

Intensity

and
Character

Wavelength ^
X

" spectrum
in A

Energy levels

in cm "'

Intensity

and
Character

Wavelength c
X spectrum

in A
Energy levels

in cm"'

3000 2029.49 I 16396 65653 18 2474.57 I 18464 - 58863
5000 2039.77 I

no c A9004 DOO03 180 2478.32 I 16396 - 56733
13000 2049.57 I 8512 57287 35 2480.44 I 16396 - 56699
42000 2068.33 I 0 48332
5000 2098.41 I 8512 56152 30

3200
2510.54 I

2528.52 I

8512
9854

- 48332
- 49391

1000 2118.48 I 18464 65653 12 2554.64 I 18464 - 57597
9197 30 7 0 46991 80 2574.06 I 16396 - 55233

3200 2139.69 I 8512 55233 6000 2598.05 I 8512 - 46991
1600 2141.83 I 2598.09 I 9854 - 48332
3200 2144.86 I 8512 55121

2175.81 I 0 4.5945
340 2612.31 I 18464 - 56733

8500
320 2652.60 I 18464 - 56152

1500

400
1000

2179.19 I

2201.32 I

2208.45 I

9854
16396
9854

55728
61809
55121

380

140

2670.64 I

2682.76 I

8512

18464

- 45945
- 55728

650 2220.73 I 8512 53528 50 2692.25 I 16396 - 53528

320 2224.93 I 8512 53443
170 2718.90 I 18464 - 55233

550 2262.51 I 16.396 60581 50 2727.23 I 18464 - 55121

120 2288.98 I 9854 53528 900 2769.95 I 9854 - 45945

380 2293.44 I 9854 53443 70 2851.11 I 18464 - 53528

200 2306.46 I 16.396 59738 1400 2877.92 I 8512 - 43249

2200 2311.47 I 0 43249 500 3029.83 I 16396 - 49391

50 2360.50 I 16396 58747 1000 3232.52 I 18464 - 49391

100 2373.67 I 18464 60581 850 3267.51 I 16396 - 46991

80 2383.64 I 18464 60404 100 3383.15 I 16396 - 45945

60 2422.13 I 18464 597.38
100 3637.83 I 18464 - 45945

80 2426.35 I 16396 57.597 50 3722.79 I 16396 - 43249

190 2445.51 I 8512 49391 40 4033.,55 I 18464 - 43249
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Arsenic

As, Z = 33, M = 74.9216, Ratio^ = 1.179
Lu

As I Normal state of valence electrons '^S° — 0. I. P. = 79165 cm"^
As II Normal state of valence electrons 'isHp^ ^Po = 0. LP. = 163000 cm"^

References

Wavelengths and Classification:

As I, W. F. Meggers, A. G. Shenstone, and C. E. Moore, J. Research NBS 45 , 346 (1950) RP 2144.

Arsenic— all observed lines

Intensity

and
Character

Wavelength o

jf, ^ Spectrum
Energy levels

in cm"'

Intensity

and
Character

Wavelength c
^ " spectrum

Energy levels

in cm"'

55000 1936.96 I 0 - 51610 400 2370.77 I 18648 - 60815
65000 1971.97 I 0 - 50694 400 2381.18 I 10915 - 52898
36000 1989.70 I 10592 - 60835
11000 1990.48 I 10592 - 60815 110 2437.23 I 10592 - 51610

5000 1994.78 I 18186 - 68301 360 2456.53 I 10915 - 51610

440 2492.91 I 10592 - 50694
44000 2003.34 I 10915 - 60815

440 2745.00 I 18186 - 54605
5500
4200

2009.19 I

2013.32 I

18648 -

18648 -
68403
68301

1400 2780.22 I 18648 - 54605

480 2165.52 I 18648 - 64812 900 2860.44 I 18186 - 53136
2600 2288.12 I 10915 - 54605 200 2898.71 I 18648 - 53136

160 2344.03 I 18186 - 60835 30 2990.99 I 18186 - 51610

2600 2349.84 I 10592 - 531.36 80 3032.85 I 18648 - 51610

500 2369.67 I 18648 - 60835 40 3119.60 I 18648 - 50694
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Barium

Ba, Z = 56, M = 137.3, Ratio ^ = 2.161
Cu

Ba I Normal state of valence electrons 5p%s^ ^So = 0. LP. = 42035 cm~^
Ba II Normal state of valence electrons 5p''6s^Si/2 = 0. LP. = 80687 cm~i.

References

Wavelengths:
G. R. Harrison, Massachusetts Institute of Technology Wavelength Tables (John Wiley & Sons, New York,

1939).

F. Sullivan and K. Burns, Sci. Studies St. Bonaventure Coll. 9, 7 (1941).

H. N. Russell and C. E. Moore, J. Research NBS 55, 299 (1955) RP 2633.

Classification:

Ba I, H. N. Russell and C. E. Moore, J. Research NBS 55,299(1955) RP 2633.

Ba II, A. Fowler, Report on Series in Line Spectra (Fleetway Press, London, 1922).
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Barium— all observed lines

Intensity

and
Wavelength

in A
Spectrum

Energy 1

in cm
evels
-1

Intensity

and
Character

Wavelength
in A

Spectrum
Energy levels

in cm"'
Character

1400 2304.24 II 4874 — 48259 6500 5535.48 I 0 - 18060

2000 2335.27 II 5675 — 48484 20 5680. 18 I 9216 - 26816
9^4.7 5R II 5675 - 482.59

500 hi 13515 ono 1 o- i0818
fin 2528 51 II 20262 - 59799 5777.62 I

inn 2634 78 II 21952 - 59895 90 1 5800.23 I 13515 - 30751

70 5805.68 I 9597 - 26816

30 2702.63 I 0 — 36990 300 5826.28 I 11395 - 28554

18 2771.36 II 21952 - 58025 2800 5853.68 II 4874 - 21952
iRn 0\J 1 1 . iJO 0 - 32547

9034 - 25957^nn 3501.11 0 - 28554 50 5907.64 I

1 u 0007 .OO 0 - 25704 500 5971.70 I 9216 - 25957

500 5997.09 J 9034 - 25704
1400 1 3891.78 II 20262 — 45949 500 6019.47 9034 - 25642
30 3892.66 11395 — 37077 1 100 6063.12 j 9216 - 25704
inn 3909.91 9034 - 34603
i4n '?9'^5 7?oyoo • i ^

.

9216 - 346 1

7

1700 6110.78 I

11

9597 - 25957

oo 3937.87
T

9216 _ 34603 20000 6141.72 5675 - 21952

500 6341.68 9216 - 24980
180 3993.40 J 9597 - 34631 360 6450 85 9034 - 24532
30 3995.66 9597 - 34617 600 6482.91

I

11,395 - 26816
louu n 4.1 'jn f,f, n1

1

219.52 - 461
6496.90 II 4874 - 20262

DU 0 - OA] no 12000

41 66 no n 21952 _ 1600 6498.76 I 9597 - 24980

700 6.527.31 J 9216 - 24532

200 4283. 10 11395 - 347.36 650 6595.32 J 9034 - 24192

70 h 4350.33 12637 — 35617 320 6675.27 J 9216 - 24192
1 nn 12637 -

6693.84 9597 - 24532
1 '^O 4.4. -J 1 QQ 12266 - 320 I

^0 4.4.ftft Q7 .

13515 _ 35785 16 h 6771.85 I 23074 - 37837

60 6865.69 I 11395 - 2,5957

35 h 4493.64 13515 - 35762 12 h 6867.85 I 22947 - 37504

130 4505.92 12637 - 34823 1400 7059.94 I 9597 - 23757

oU n 't.^Z.j .

Z

13515 - ODO i i

7120.33 9034 - 23074
1 "^0 4,^9tl IT

1

1

20262 - 'rZOOO
190 I

^I'^OOO 4t^4. 0*^ TT
1

1

0 _ ^ 1 7>jZ
6 7 1,53..58 I 23757 - 37732

60 7195.24 J 12266 - 26160

80 4573.85 I 12637 - 34494 20 7228.84 I 22065 - 35894

140 4579.64 13515 3,5344 950 7280.30 I 9216 - 22947

'HI 1 ^00 7 ^
.

12637 - '?/1^7 1

7,392.41 12637 - 26160')A 1 A Kl OQH) I V.Vo
!

12266
110 I

ou t-0 i .» .OZ
!

9,597 onQ07.3U70 /

20 7417.,53 I 9,597 - 23074

,30 hi 74,59.78 22947 - 36,349

130 4691.62 13515 - 34823 170 7488.08
i

9,597 - 22947

30 4700.43 1 12637 3,3905 20 7610.48 2,3062 - 36200
Q(\0\)

HW
1 o

( ( ZO.

1009 01^

II1

1

11395
219.52

13515

- OZo'lr 1

't-Z.J. )>

.J.)7V/«)

10 hi

40 hi

500

7636.90

7642.91

7672.09

I

I

2,3074

23757
9034

- ,36165

- ,36837

- 22065

20000 4931.09 0 - 20262 300 7780.48
1

9216 " 22065

30 4917.33
'1

18060 - 38267 8 h 7839.57 24980 ~ 37732

An Uou n
•)n uZ\i n

^ 1 "^0 09
.1 1 .1 V . vZ

.>Z(> ( .U.J

!

!

18060
18060

18060

.> / o.> i

O i tOii

.J t \}-t 1

170

80
60 h

7905.75

7911.34

8210.24

I

I

I

13515

0

18060

- 26160
- 12637
- 30237

220 hi 5124.55 12266 30696 400 h 85,59.95 11,395 - 23074

14 h 5173.69 30 8860.98 12637 - 23919

320 hi 5519.05 12637 30751 35 8914.99 12266 - 23480
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Beryllium

Be, Z = 4, M = 9.01218, Ratio^ = 0.1418

Be I Normal state of valence electrons 25^ ^So = 0. I. P. = 75192 cm"'.
Bell Normal state of valence electrons 2s 2S1/2 = 0. LP. = 146882 cm-i.

References

Wavelengths and Classification:

Be I, L. Johansson, Arkiv for Fysik 23, 119 (1962).

Be II, F. Paschen and P. G. Kruger, Ann. Physik 8, 1005 (1931).

Molecular Spectra:

BeO, A. Lagerqvist and R. Westoo, Arkiv Mat. Astron. Fysik 32A, No. 10 (1945).

Beryllium— all observed lines

Intensity

and
Character

Wavelength c
in A

spectrum
Energy levels

in cm ~'

Intensity

and
Character

Wavelength
in A Spectrum

Energy levels

in cm"'

1100 h 2174.99 I 21979 - 67942 4800 3130.42 II 0 - 31935
2175.10 I 21981 - 67942 3200 3131.07 II 0 - 31929

9500 2348.61 I 0 - 42565 600 3321.01 I 21978 - 52081

700 2494.54 I 21978 - 62054 3321.08 I 21979 - 52081

2494.58 I 21979 - 62054 1000 3321.34 I 21981 - 52081

1000 2494.73 I 21981 - 62054

1400 c 2650.45 I 21979 - 59697 120 4572.66 I 42565 - 64428

2650.55 I 21978 - 59695 70 bl 4708.60 BeO
2650.61 I 21979 - .59695 40 h 8254. 10 I 42565 - 54677

2650.62 I 21981 - 59697

2650.69 I 21979 - 59694
2650.76 I 21981 - 59695
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Bismuth

Bi, Z = 83, M = 208.9806, Ratio = 3.289

Bi I Normal state of valence electrons 6s^6p^'*S° 1/2
= 0. LP. = 58790 cm-i.

Bi II Normal state of valence electrons 6s^6p^ ^Po = 0. LP. = 134600 cm-^

References

Wavelengths:
G. R. Harrison, Massachusetts Institute of Technology Wavelength Tables (John Wiley & Sons, New York,

1939), above 2000 A.
G. R. Toshniwal, Phil. Mag. 4, 774 (1927), below 2000 A.

Classification:

Bi I, S. Mrozowski, Phys. Rev. 62, 526 (1942).

Bismuth — all observed lines

Intensity

and
Character

Wavelength o
;^ ^ spectrur

Energy levels

in cm^'

Intensity

and
Character

Wavelength o
^ ispectrur

Energy levels

in cm"'

48000 1953.89 I 0 - 51158 4000 2897.98 I 11418 - 45915
9000 1959.48 1 0 - 51019 3200 2938.30 I 15437 - 49461

10000 2021.21 I 0 - 49461 2800 2989.03 I 11418 - 44865

44000
4600

2061.70 I

2110.26 I

0 -

0 -
48489
47371 700

2400
2993.34 I

3024.64 I

11418 -

15437 -
44817
48489

2500 2133.63 I 11418 - 58272 60 3034.87 I

360 2228.25 1 0 - 44865 36000 c 3067.72 I 0 - 32588
1700 2230.61 I 0 - 44817 140 3076.66 I 11418 - 43912
340

190

2276.58 I

2400.88 I

0 -

15437 -
43912
57075 550

500
c

c

3397.21 I

3510.85 I

15437 -

15437 -
44865
43912

25 2515.69 I 11418 - 51158 380 c 3596.11 I 21660 - 49461

70 2524.49 I 11418 - 51019 140 4121.53 I 21660 - 45915

700 2627.91 I 11418 - 49461 140 4121.86 I

280
140

c

d

2696.76 I

2730.50 I

11418 -

21660 -
48489
58272 600 c 4722.19 I

4722.55 I

11418 - 32588

360 2780.52 I 11418 - 47371 4722.83 I

140 c 2809.62 1 15437 - 51019 10 c 5552.35 I

9



Boron

B, Z = 5, M = 10.81, Ratio 7;- = 0.1701
Lu

B I Normal state of valence electrons 25^2^ ^P°ii2 = 0. I.P. = 66928 cm-i.

B II Normal state of valence electrons 25^ ^So^O. I.P. = 202895 cm-i.

References

Wavelengths:
G. R. Harrison, Massachusetts Institute of Technology Wavelength Tables (John Wiley & Sons, New
York, 1939).

Classification:

B I, H. E. Clearman, J. Opt. Soc. Am. 42, 373 (1952).

Boron— all observed lines

Intensity

and
Character

Wavelength
in A Spectrum

Energy levels

in cm"'

Intensity

and
Character

Wavelength
in A Spectrum

Energy levels

in cm"'

4200
6500

2088.93

2089.59
I

I

0 - 47857
16 - 47857

2400
4800

2496.78
2497.73

I

I

0 - 40040
16 - 40040

10



Cadmium

Cd, Z = 48, M = 112.40, Ratio— = 1.769

Cd I Normal state of valence electrons id'^^Ss^ ^So = 0. I.P. = 72539 cm-^.

Cd II Normal state of valence electrons 4'd^°5s 2S1/2 = 0. I.P. = 136375 cm-*.

References

Wavelengths:

G. R. Harrison, Massachusetts Institute of Technology, Wavelength Tables (John Wiley & Sons, New
York, 1939).

Classification:

Cd I, A. Fowler, Report on Series in Lme Spectra (Fleetway Press, London, 1922).

Cd II, A. G. Shenstone and J. T. Pittenger, J. Opt. Soc. Am. 39, 219 (1949).

Cadmium— all observed lines

Intensity

and
Character

Wavelength
in A Spectrum

Energy levels

in cm~'

Intensity

and
Character.

Wavelength r.

^ " bpectrum
Energy levels

in cm"'

19000 2144.38 II 0 - 46619 50 3133.17 I 30656 - 62563
9000 2265.02 II 0 - 44136 320 3261.06 I 0 - 30656
150 2267.47 30656 - 74745 800 3403.65 I 30114 - 59486

15000

400

2288.02

2306.61

0 -

30656 -
43692
73996 2500

800
3466.20 I

3467.66 I

30656 -

30656 -
59498
59486

190 2312.84 II 46619 - 89844 3600 3610.51 I 31827 - 59516

300 h 2329.28 31827 - 74745 700 3612.88 I 31827 - 59498
50 2572.93 II 44136 - 82991 70 3614.45 I 31827 - 59486
50
80

h

h

2836.91

2880.77

30114 -

30656 -
65354
65359 800

1400

4678.16 I

4799.92 I

30114 -

30656 -
51484
51484

20 2881.23 30656 - 65354 2800 5085.82 I 31827 - 51484
160 h 2980.63 31827 - 65367 260 h 6438.47 I 43692 - 59220
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Calcium

Ca, Z = 20, M = 40.08, Ratio^ = 0.6307

Cal Normal state of valence electrons 4s^ 'So = 0. LP. = 49305 cm~^
Ca II Normal state of valence electrons 4$ ^Si/2= 0. LP.= 95752 cm~^

References

Wavelengths and Classification:

Ca I, G. Risberg, Arkiv for Fysik 37, 231 (1967).

Ca II, B. Edlen and P. Risberg, Arkiv for Fysik 10, 553 (1956).

Calcium— all observed lines

Intensity

and
Character

Wavelength o

^ spectrum
Energy levels

Intensity

and
Character

Wavelength c
^ Spectrum

Energy levels

in cm"'

70

30

35

20

20

20

70

30

200
500

90

50

100

100

120

150

42000
12

35

22000

140

11000
240
220

200

1100

260
400

300
650

180

1400

180

10

16

25

50

80
50

2398.56
2721.64

2994.96
2997.31

2999.64

3000.86

3006.86
3009.20

3158.87

3179.33

3181.28

3624.11

3630.75
3644.41

3706.03

3736.90
3933.66
3948.90

3957.05
3968.47

3973.71

4226.73

4283.01

4289.36

4298.99

4302.53

4307.74
4318.65

4425.44
4434.96

44.35.69

44,54.78

44.55.89

44.56.61

4526.94

4578.55

4581.40
4585.86

4878.13

0

0

15158

15210

15210

15210

15316

15316

25192
25414

25414
15158

15210
15316

25192

25414
0

15158

15210
0

15316

0

15210
15158

15210

15316

15210
15316

15158
15210

15210

15316
15316
15316
218.50

20335
20349
20371

21850

41679
36732
48538
48564
48538

48524

48564
48538
56839
56858

56839
42743

42745
42747
52167

52167
25414
40474

40474
25192

40474
23652
38552
38465

38465

38552
38418
38465
37748
37752

37748
37757
37752
37748
43933

42170
42171

42171
42344

60 h 5041.62 21850 41679
100 h 5188.85 J 23652 42919
110 5261.71 J 20335 _ 39335
130 5262.24 J 20335 _ 39333
110 5264.24 I 20349 - 39340
280 5265.56 I 20349 - 39335

480 5270.27 J 20371 39340
160 5349.47 J 21850 40538
25 h 5512.98

T 23652 41786
120 5581.97 I 20349 - 38259
700 5588.76 I 20371 - 38259

100 5590. 12
T

20335 38219
360 5594.47

T
20349 38219

240 5598.49
I 20335 38192

120 5601.28 20371 38219

120 5602.85 20349 38192

220 5857.45 23652 40720

340 6102.72 15158 31540

950 6122.22 15210 31540

30 6161.29 20349 36575
1400 6162.17 15316 31540

30 h 6163.76 20335 36555
60 h 6166.44 20335 36548
70 6169.05 20349 36555

140 h 6169.56 20371 36575

700 6439.07 20371 35897

180 6449.81 20335 35835
35 6455.60 20349 35835

700 6462.57 20349 35819
80 6471.66 20371 35819

320 6493.78 20335 35730

80 6499.65 20349 35730
20 6572.78 0 15210

40 h 6717.68 21850 36732
190 7148.15 21850 35835
90 7202.19 21850 35730

60 h 7326.15 23652 37298

120 8498.02 II 13650 25414
1000 8542.09 II 13711 25414
550 8662. 14 II 13650 25192

12



Carbon

r
C, Z = 6, M = 12.011, Ratio 7^ = 0.1890

C I Normal state of valence electrons 2sV ^Po = 0. LP. =90820 cm-K
C II Normal state of valence electrons 2s22p 2?°^^ = 0. LP. = 196659 cm-i.

References

Wavelength:
L. Johansson, Arkiv for Fysik 31, 201 (1966).

Classification:

C I, A. Fowler and E. H. Selwyn, Proc. Roy. Soc. (London) [A] 118, 34 (1928).

Observed line of carbon

J Wavelength o . Energy levels
and 1 Spectrum -

"
^, . in A in cm
Character

100 2478.56 I 21648 - 61982
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Cerium

Ce, Z = 58, M - 140.12, Ratio^ = 2.205
Lu

Ce I Normal state of valence electrons 4:f5d6s^ ' G° = 0. LP. = 44100 cm-».
Ce II Normal state of valence electrons 4'f5d^ '^Hl^/^ = 0. LP. = 87500 cm-i.

References

Wavelengths:
W. C. Martin and C. H. Corliss, unpublished material (1969).

Classification:

Ce I, W. C. Martin, unpubhshed material (1969).

Ce II, C. H. Corliss, J. Res. Nat. Bur. Stand. (U.S.), 77A, (Phys. and Chem.), No. 4, 419-546 (July-Aug.
1973).

Molecular Spectra:

CeO, W. W. Watson, Phys. Rev. 53,639 (1938).

Strong lines of cerium

Intensity

and
Wavelength

in A Spectrum
Energy levels

Intensity

and
Wavelength

in A Spectrum
Energy levels

in cm~'
Character

in cm"'
Character

3500 4186.60 II 6968 - 30847 1100 4248.68 II 5514 - 29044
3100 3952.54 II 2642 27935 1100 4572.28 II 5514 27379
2800 3999.24 II 2382 27380 1000 3577.45 II 3794 31738
2700 on Act T r

3942.75 11 6913 32269
II

II

31156
27935

/ /UU
TT
11 4523 29439 1000

1000

3709.29

3709.93

4204
988

2700 4133.80 II 6968 31152 1000 3808.11 II 2382 28634
2500 3801.52 II 7234 33531 1000 3889.98 II 5456 31156
2400 4460.21 II 3854 26268 990 3201.71 II 6913 38138
2100 4040.76 II 3594 28335
2100 4562.36 II 3854 25766 990 3272.25 II 5651 36202

II
980 3912.44 II 2382 27935

2000 3942.15 0 25360 980 3956.28 II 4911 30180
2000 4137.65 II 4166 28327 980 4123.87 II 6913 31156
2000 4289.94 II 2642 25945 980 4127.37 II 5514 29735
1800 3655.85 II 2563 29909
1800 4073.48 II 3854 28396 980 4149.94 II 5819 29909

1700
1700
1500

1500

4391.66
4628.16
3882.45

4075.71

11

II

II

II

2596
4166
2596
5651

25360
25766
28345
30180

980
980
980
910

4239.92

4337.77
4418.78

3993.82

II

II

II

II

3854
2635
6968
7341

27433
25682
29592
32373

1500 4075.85 II 4911 29439 910 4003.77 II 7523 32492

1500 4222.60 II 988 24663 910 4014.90 II 4266 29167

1500 4296.67 II 4166 27433 910 4042.58 II 3996 28725

1400 3716.37 II 0 26900 910 4083.23 II 5651 30135

1400 4151.97 II 5514 29592 910 4202.94 II 3594 27380

1400 4471.24 II 5617 27976
910 4364.66 II 3996 26900

1300 4165.61 II 7341 31340 910 4382.17 II 5514 28327

1200 3560.80 II 5456 33531 880 3221.17 II 4523 35559

1200 3854.18 II 1874 27812 880 3660.64 II 988 28298

1200 3854.31 II 1874 27811 880 3667.98 II 2880 30135

1100 3838.54 II 2642 28686
860 3786.63 II 1410 27811

1100 3878.36 II 1410 27187 860 3848.59 II 4204 30180

1100 4071.81 II 2635 27187 860 3853.15 II 0 25945
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Cerium — all observed lines

Intensity

and
Character

W dVclcilKlIi

in A Spectrum
Energy levels

in cm"'

Intensity

and
Character

W svclcngtn
in A Spectrum

Energy levels

in cm"'

85 2461.48 II 35 2810.18 II 2563 - 38138

130 2462.97 II 9779 - 50368 30 2811.87 II 2581 - 38134

00 It
11 OO 001/1 01Zol4'.ol II

11 4323 39839

HiO 94.7'? '?Q IT 7011 - 47430 OU 9Rld. Qf\zoi^.yo TI
11 7059 42573

^0 OAQA IT
i 1 7259 - 47466 OU 9017 CAZol / .OU IT

11 5716 41198

55 2498.98 II 270 2830.90 II 7259 - 42573

85 2513.30 II 7713 - 47489 100 2833.31 II

lift1 lU ZOlo.ol TI
11 4-0 ZooO.OU II

11 5943 41198
OCIO AO 11

11 700 4,067/1 1 7
1 t ZoO / . ijy

IT
1

1

6521 41748

OO II
1

1

977fl -y 1 1 o 1 91 z 90-37 QQZOO *

.

yy TI
1

1

0 35226

200 2548.68 II 11341 - 50564 35 2839.36 11 2596 - 37804

28 2551.77 II 11387 - 50564 22 2841.72 11 8281 - 43461

OO zooz TI
11 9316 - 48330 ou 9ftA9 CIOZolZ . OZ 11

11 2635 37804

Do ZOOV. 1

/

II
11 1 1 71•J 1 1 f 1

99zz Zo4Z. 00 II
11

ZOOV. OO II
It 00 Zo40. 40 II

11 1 1455 46588

70 2573.14 II 9779 - 48630 45 2849.03 II 3363 - 38453

28 2592.34 II 2635 - 41198 85 2854.67 II 1874 - 36894

t u zouy . OU IT
1

1

8278 - 46588 OO 9ft ftftZoOt-. 00 IT
1

1

2635 37652
OQZo zouy .yu

ri
11 1 99AftIZZOU 0UOO'+ 4-0 ZoOO. OZ II

11 1 Al ^^Q1OIO7 •^1 171

/O 0/; 1 Q OftZO lo. vu ll 077Q A ftft9Q4-oUZO A c:40 ZoOO. 40 IT
11 ZO^-Z 0 ( ooz

85 2635.15 11 7011 - 44949 45 2855.72 II 2581 - 37588
35 2647.11 11 9723 - 47489 75 2858.01 II 16192 - 51171
OQZo 9A/1Q "ift

1

1

11340 ' 49089 OO 9ft'^Q CIOZoOV. OZ IT
11 9634 44595

OO ZD4y .OO 11 4- / 4-OV 99ZZ 9ftAl "^c:ZoO 1 . 00 IT
11 700 00 7Z0

1A ft zoo 1 .U 1
T I
1

1

Q77Q 4-0 9ftAl A9ZOO I .OZ II
11 9=^06ZO70 0 / o.> 1

35 2656.84 11 10703 - 48330 50 2862.79 11 0 - .34921

75 2666.50 11 3594 - 41085 35 2866.81 11 4523 - 39395

OU 0/;7Q A7 1

1

1

1

1410 - 38810 40 007 1 noZo / 1 -Uo 1

1

1

1

988 35808
An
t)U ZOOZ. / .5

1

1

11 4UO.JO
9c;Zo 9Q71 f^'iZo / 1 . Do II

1

1

nu

oU ZOO / .yy
T I
11

1 AO*? /I /I 7/1 ^A 9c:ftZoU 9Q7/1 1/1Zo / 4. 14 1

1

1

1

30 2691.69 11 11949 - 49089 75 2880.64 II 5969 - 40674

60 2695.96 11 4911 - 41992 35 2881.13 II 7294 41992
1 OA zoyo.u

/

T

I

11 1874 - 38954 71^ 9Qft9 AlZooZ. 0

1

1

1

6518 41198
1 OA120 0*7A/; OO

Z /Do. OA 11
A OAA A 1 1 OQ'H 1 yo oU OQQC onZOOO.ZV TI

1

1

AC. enOOOU Al 1 Oft41 lyo

35 O "7AO 1
z /Uo. l.i

I T
1 1

C 1 1 A5119 - A OAQ A4zUo4 A c; 9QQQ 7ftZOOO. /U IT11 1/1/1011440

1

/lOftftO4yuoy

35 2709.41 11 5676 - 42573 35 2890.17 II 9491 - 44081

75 2715.17 II 2.581 - 39400 17 2892.03 II 6518 - 41085

OD 07 1 ^ O

1

Z / I.T.Z4
1 1
1 1

1 7 oono 1 c
ZoVZ. 10

II
1

1

4266 38833
0 c35

0*7 1 T O O
Z / 1 ^ .ZO 1 I

11 1 1 /t)()
— A ^A4o.^.^tJ ou 9QO 1 f\QZoV4.iiy T I

11 4ZD0 ^ftft I ft000 1 u

35 27 19.98
I 1

11 .Toiy - /I • I r 7 0 OU 9QO/1 09ZoV4.ZZ 1

1

L

1

ZOoZ '3AO 9/10DVZ4

120 2723.38 11 1 1949 - 48657 85 2896.73 11 2.382 _ 36894

35 2724.95 II 2635 - 39322 110 2908.42 11 4460 - 3883.3
J A Z i ZV. H)

1 1

1 1 5943 - 42573 90 1 9 Q 1ZV i Z. V I
11 10275 — 44595

0"'JA "Az 1 .50. 1 U
I 1

1 1 10820 - 1 7 1 •J / \ 90 1 ^ c:ZV 1 0 . 00 11
1

1

.100.^

15 2730.80 1 I
1 1 5965 - 42573 lo on 1 /;qzv 10.00 1

1

1

1

A OA/^4zr)o .50.94Z

30 2732.04 11 4266 - 40858 100 2918.67 11 2642 _ 36894

50 2732.17 11 13028 - 49618 25 2918.78 11 4202 - 38453

60 2732.83
I r
11 7062 - 43643 .It

on09 "3 7ZVZZ.o

/

IT
1

1

16159 - 50368

35 2736.33 11 5924 - 42459 Z.T
909 9 Qftzyzz..jo r T

1

1

0 0 C 9A
.<0.9Z9

1 10 274 1 .96
1

1

IZ onor: in
zyzo. ly

T T 16192 C AO/1 050.568

75 2745.72 II 11742 - 48151 30 2929. 1

1

n 4323 _ 38453

100 27.50.89 II 5651 - 41992 25 2934.35 11 4460 - 38529

35 2756.80 11 7818 - 44081 OO onon CAzyoy. o4 T

I

11 9634 - 43643

150 2761.42 11 0 - 36202 45 n on 1 n inzy4u. /y 11 3594 37588

85 2762.22 11 8403 - 44595 Aft Zy44. 00 IT
1

1

1 A/1 A 01064Z A A CAC44.995

35 2762.90 II 6390 - 42573 50 2950.30 11 3704 _ 37.589

35 2767.01 II 2141 - 38270 45 2955.60 11 7259 - 41083

50 2780.01 11 2581 - 38542 IzU OOC^Q 01zyo.).y'+ 1

1

2382 36202

35 2781.89 11 988 - 36924 OA zy.oo. /

1

r I
11 0 33812

35 2781.99 11 6638 - 42573 ^A oncA 1 1zvoy. 1

1

I T
11 13675 47459

120 2784.27 11 8176 - 44081 110 2964.80 11 5676 39.395

100 2785.35 11 12260 - 48151 85 2965.27 11 5119 38833

100 2790.53 11 7818 - 43643 45 2970.32 11 3996 37652

140 2791.42 11 9316 - 451,30 100 2972..58 11 4911 38542

45 2803.04 II 5924 - 41589 50 2974.48 11 5283 38893

15
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Cerium— all observed /iraes— Continued

Intensity

and
Character

Wavelength o
^ opeclruni

Energy levels

in cm

Intensity

and
Character

Wavelength c
jjj ^ Spectrum

Energy levels

in cm"'

50 2974.61 II QQ/1 CO 60 3091.29 II zbol 34921
400 2976.91 II 4266 37849 45 3095.59 II 5675 37971
150 2977.46 II 5819 - 39395 170 3096.50 II 4911 - 37196
120 2980.41 II 14482 - 48025 60 3096.88 II 1874 - 34155
85 2981.91 II 4323 - 37849 35 3097.08 II 2642 - 34921

50 2984.56 II oOioo 45 3102.56 II
Q 1f\A6 /U4 3by2t)

60 2985.82 II 4323 37804 370 3103.38 II 3594 35808
35 2985.91 II 3363 - 36844 85 3104.01 II 3996 - 36202
25 2986.67 II 1874 - 35346 200 3107.47 II 6638 - 38810

250 2990.87 II 2382 - 35808 100 3108.96 II 8928 - 41083

35 2991.72 II 4oobU 320 3110.28 II 3v96 36138
25 299L90 II 4202 37616 300 311L17 II 2635 34768
110 2994.42 II 4266 - 37652 45 3114.05 II 1874 - 33977
320 2995.64 II 5437 - 38810 45 3123.57 II 4511 - 36517
50 2998.77 II 4511 - 37849 220 3127.53 II 3594 - 35559

22 2999.43 II 3594 36924 200 3130 33 II 4266 36202

22 2999.48 11 4323 37652 240 3130.87 II 0 31931
75 3000.07 II 2880 - 36202 140 3132.59 II 2382 - 34295

160 3002.14 11 3594 - 36894 160 3133.33 II 5943 - 37849
190 3002.75 II 4511 - 37804 160 3136.72 II 4266 - 36138

1 9ft 3nft3 'ifi IIOUUO..)U 11 2642 3.S926 lUU ^1 ?7 f\(\ TI 3363 35226
85 3008.13 II 6638 39872 45 3138.30 II 3704 35559

400 3008.79 II 2581 _ 3.S808 100 3142.31 II 988 _ 32802
50 3011.88 II 4460 - 37652 200 3144.60 II 2635 - 34426

370 3017.20 11 5676 - 38810 290 3145.28 II 2642 - 34426

7'iI o 3090 88 II 5716 38810 5119 36894
50 3021.04 II 5437 38529 290 3146.41 II 2382 ,34155

30 3022.79 II 16545 _ 49617 100 3148.46 II 3594 _ 35346
25 3023.43 II 4523 _ 37.S88 65 3148.65 II 7059 - ,38810

35 3023.49 11 8928 - 41992 45 3149.43 II 4460 - 36202

oo ^094. t7 II.>Uit . .J i 11 10115 43168 ^ISI 1 11OlOl.lO 11 51 19 36844
35 .3026.62 II 4202 37232 130 31,54.51 II 2642 34333

25 .3027.63 II 4323 _ 37342 160 31.55.69 II 4523 _ 36202

60 3028.96 II 6390 - 39395 160 31,55.79 II 1874 - 33553

170 30.30.31 II 5819 _ 38810 290 3164.15 II 2382 _ ,33977

jn-j ) 7') 11
, I 'i 11 2,382 3.S346 1 dO 3166.24 II 2.581 34155

75 3033.12 11 IfilSto +.J •J i OVJ^ 100 3166^61 II 2.596 34166

210 3037.73 11 4323 37232 45 3167.23 II 9634 _ 41198
45 .30.39. .SI 11 5651 - .38542 45 3167..32 II 3996 - 355.59

45 3044.10 11 5011 _ 37849 290 3169.18 II ,5651 - 37196

.)U ft). M 11 5716 38529 O 1 1 1 . U 1 11 2635 .34155

35 .30.S().59 II .18 1^ .> / O 1

0

45 3172.30 II 9M9 '?dl ss

200 30.S1.98 11 4323 I 37079 1.30 3176.80 II 8403 _ 39872

350 .30SS.24 11 4511 _ 37232 45 3177.14 II 4460 - 35926

320 30.S6.78 II 2642 35346 45 3178.75 II 3363 - ,34813

.)U.To..T.T 11 5119 — 37804 •J ion Q'l 11
,J 1 ou. O^ 1

1

2.382 .33812

25 3059.74 II
1 *> 0

.11 1 yt) 480 3183..S2 II A COT

680 .3063.01 II 7234 39872 75 3184.21 II 2581 33977

60 3068.68 II 4266 _ 36844 240 3186.13 II 5819 _ 37196

85 3069.61 II 45 1

1

_ 37079 180 3188.79 II 3996 _ 35346

•7 C Ml 1 1 . 1 1 II 1874 34426 1
I \)\) 2635 33977

85 3071.62 II 200 3 190. .34 II ooV / /

50 3072.39 II 2382 3492

1

45 3193.33 II 9779 41085

100 3072.89 II 5119 37652 710 3194.83 II 4911 _ 36202

45 3076.25 II 4845 _ 37342 45 3195.94 II 2596 33876

•)> II.M) ( t 1 1 565

1

- 381.38 1 1 QQ 98 IIO 1 77. Z.O 11 5676 36924

50 3077.64 II 565

1

38 1 34 45 d ,3200.52 II
0 C C CO '

3oooy

100 3079.64 II 5676 381.38 990 3201.71 11 6913 .38138

85 3079.91 II 1874 34333 100 3205.96 II 7012 38195

75 3080.64 II 15.S93 48045 100 .3210.95 II 6518 37652

100 3082.30 II 3704 36138 200 0,'>lO'3O IT3/I0..50 11 3363 34426

320 3083.67 II 6390 .38810 710 .3218.94 II 6913 37971

250 3084.44 II 5437 37849 100 .3220.87 II 6550 37,589

200 3090.37 II 7523 39872 880 3221.17 11 4523 35559

75 3090.52 II 2,S8I 34929 45 3222.41 11 4202 35226
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Cerium— all observed /traei — Continued

Intensity

snd
naiaC icr

Wavelength
in A

Energy levels

in cm"'

Intensity

sind

Vj iidrdL icr

Wavelength c
in A ^

Energy
in cm

evels
-1

45 II
11 7fil Riolo OQoqqOOOOO 45 Q QOC A^ T I33/0. Oo 11 ooy* 0 9AAA0066U

330 3225.67 II 180 3325.34 II HI 1o 10

1

38195

710 3227.11 II 2596 33574 45 3327.66 II 2596 _ 32638
100 3229.12 II 4266 - 35226 65 3327.91 II 5676 - 35716
240 3229.36 II 2596 - 33553 140 3329.01 II 4737 - 34768

ooon noozoU.Uo TT
11 O 1 700 7 C10

QQQA A(\ IToooU.4y 11 7069 0 IK) l\f

480 3231.24 II oVVO 45 3331.23 II 40/0 34333
140 3233.44 II 2635 33553 100 3333.04 II 0 I 29994

710 3234.16 II 2642 - 33553 100 3333.66 II 5819 - 35808
330 3234.89 II 7234 - 38138 200 3334.46 II 10058 - 40040

45 0 O 0 C A 1ozoo. Ul II
11

1 AA100 OOQACl TT3339.51 11 /Oo/ o/olo
75 3235.67 II /IQl 1

ocroAO
75 h 3340.89 II OK) 1

1

34934

390 3236.74 II 4460 35346 240 3341.87 II 4511 34426
390 3243.37 II 4523 - 35346 330 3343.86 II 5819 - 35716
100 3245.17 II 4460 - 35266 440 3344.76 II 4266 - 34155

zuo 0/40.6 /
II
11 ooOo Q/i 1o4 1 0,1

1 AAlUU OO/IACO II0046.0/ 11
OA QQO

100 3249.19 II
OA/1 0i04/ oo41U 100 3349.96 II J / 10 35559

45 3249.43 II 4460 3.5226 45 3349.98 II 37589

140 3252.48 II 7234 - 37971 100 3352.28 II 4511 - 34333
140 32,54.01 II 3704 - 34426 100 3352.94 II 3594 - 33410

100 3258.87
T Iu 1 on A 0 /yyi 65

o o r' fi r\f\ T ¥
3352.99 11

Clin 0 ACIO A34934
200 3260.98 II

0 I01 /6 0 OOO 0ooooo 75 3353.33 II
A?>OAOOVU 36202

140 3263.45 II 8176 38810 200 3355.02 II 1410 31208
200 3263.88 II 3704 - 34333 180 3356.41 II 3363 - 33149
45 3265.42 II 7523 - 38138 240 3357.22 II 4266 - 34044

100 3271.15 r r
11 3594 34100 200 3360.54 II

1 1 ? 1 A
1 1310 41059

100 3271.55 II ODOO 9 "7 1 O/i
•i < I VO 180 3361.77 II

"3 70/10 /V4 33,531

16 3271.96 II 7062 37616 100 3364.35 II 988 30703
27 3272.06 II 2596 - ,33149 240 3366.55 II 4460 - 34155

990 .3272.25 II 5651 - 36202 55 3368.70 II 2642 - 32318

330 3274.86 11 5676 36202 45 OOzlOOA IT3368.80 11 13785 A 0 A c ^43461

140 3276.25 II 2635 0 o 1 /in33149 200 3371.18 II
/I C 1 145 11 34166

140 3279.01 II 5437 35926 200 3373.46 II 2563 32198

200 3279.84 II 2382 - 32863 200 3.373.73 II 4523 - 34155

75 3280.49 II 4460 - 34934 75 3375.78 II 8928 - 38542

45 3281. 10 II 7062 37531 480 3377.13 11
/I A 1 1491

1

0 A C ^ A34514

100 3283.35 II 7523 37971 140 .3379.17 II
A Ai^n4460 34044

65 3283.68 n 2635 33080 100 3381.49 II 6638 ,36202

45 3284.22 II 5119 - 35559 200 3.383.68 II 4266 - 33811

330 .3285.22 II 3996 - 34426 75 .3387.78 11 5716 - ,35226

100 3286.03 II 451

1

34934 100 3.390.52 II 3594 33080

100 3290.33 II 3594 3,3977 100 .3.393.92 II 4204 33660
45 3290^58 I! 4845 35226 65 3394.14 II 4523 33977

45 3293.59 II 4460 - .34813 40 3396.72 II 3746 - 33177

240 3295.28 II 3996 - 34333 45 3400.25 II 7523 - 36924

140 3296. 18 II 7259 37588 75 3403.60 II 4202 33574

OZ 70. oo 1

1

6.521 36844 40 3404.13 II 2563 3 1 93

1

100 3299.99 II 200 3404^91 II 1874 31235
220 3300.15 II .5819 _ .36112 240 ,3405.98 II 4460 - 33812

240 3304.84 11 5676 - 35926 45 .3407.25 II

140 3306.63 II 5969 36202 90 3416.57 II 5965 35226
14.(1 VMM 9 ? II

1 1 2635 32863 140 3416.86 II 988 30246

55 3307.99 II 32863 290 3417^45 II 5676 34929

150 3308.02 II 2.581 _ 32802 75 3417.90 II 8403 _ 37652

45 3308.08 II 988 _ 31208 100 3418.93 II 12751 - 41992

100 3309.27 II 5716 35926 140 3420.18 II 4323 33553
14.0 Oil I 1 .

II
1 1 3363 33553 45 3422.49 II 8928 38138

200 3312.22 II ooV /
0AA7n 45 3422.53 II OA/i 0/04/ 31851

65 3313.30 II 5965 36138 600 3422.71 II 3594 32802

100 3314.03 II 0 30166 110 3423.85 II 9634 38833

240 3314.72 II 3996 34155 75 3425.35 II 2.382 31568
zuu J ') 1 7 QCi

.50 1 < .OU
r 1
1

1

,5676 35808 GO 7713 "iARQ/lOOoV^

75 3318.96 II 5437 355.59 390 3426.21 II 988 .30166

55 3318.98 II 2,596 32717 75 3426..59 II 2.563 31738

45 3320.42 II 3704 ,3.3812 130 34.30.32 II 70.59 36202
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Cerium— all observed lines— Continued

Intensity

and
Character

Wavelength
in A Spectrum

Energy levels

in cm"'

Intensity

and
Character

Wavelength
in A spectrum

Energy levels

in cm"'

65 3431.50 II 4V 1

1

- o4U44 45 3520.98 II 5651 34044
180 3433 09 II

1 AO*7 C ooz 1 . 00 IT 4911 33297
35 3435.20 I 90 3524.07 II 5965 34333
27 3435.21 11 8702 - 37804 210 3526.68 II 8170 - 36517
22 3435.25 II 5819 - 34921 120 3527.85 II 0 - 28338

45 3437.81 II 65 3528.05 II
CO! A5819 0 /I 1 c co4l0D

34^7 ftS> T
I 0 - 29079 ^0 acoo f,A IT

11 12751 41083
140 3439.84 II 4511 - 33574 45 3529.0t II 5716 34044
290 3441.21 II 2880 - 31931 160 3530.02 II 2382 _ 30703
140 3442.39 II 4511 - 33553 90 3530.95 II 4737 - 33050

65 3442.96 II
Clin5119 0 /I 1 c c- 34155 65 3531.59 II 4737 0 OA/1 C33045

90 3446.73 II ZOOO 0 1 c^o 97 ^=;^i 69000

1

. uz I
0070 0U606

75 3451.57 II 5965 - 34929 90 3532.61 II 7259 35559
45 3454.80 I 90 3532.88 II 0 _ 28298
45 3456.67 II 988 - 29909 600 3534.05 II 4204 - 32492

100 3456.77 II 6638 - 35559 150 3534.44 II 7523 35808
7"; 3459.84 II 9634 - 38529 on 0000.0 I TI11 2880 31156
45 3460J7 II 2140 - 31033 110 3536.70 II 10275 38542

100 3461.35 II 4266 - 33149 65 3537.15 II 6550 34813
45 3461.79 II 7259 - 36138 110 3537.43 II 5716 - 33977

100 3463.22 II 7059 - 35926 35 3538.76 II 9723 37974
innlUU •lAf.'i If,04-D0. (0 TI

1

1

5651 - 34514 97z 1 0000. ol IT11 6518 34768
100 3464.16 II 2880 - 31738 770 3539.08 II 2581 30829
75 3464.21 II 5119 - 33977 45 3541.66 II 3704 _ 31931
45 3467.78 11 1874 - 30703 90 3543.29 11 9634 - 37849

100 3468.11 II 4323 - 33149 45 3543.52 II 5943 34155
oo O^UO. O 7 II

1

1

988 - 29807 9in IT11 2880 31076

22 3469.00 11 Q6'?4. OG^OO 45 3545.75 II 9778 37973
45 3470.40 II 988 - 29794 65 3545.79 II 2635 _ 30829
75 3474.22 II 3363 - 32139 55 3545.91 II 7523 - 3,5716

100 3475.67 II 1874 - 30637 290 3546.19 II 1874 30065
HfOK} o'V /O.o^ II

11 10642 - 39395 1 ^n1 OU A]004- ( .U 1
II
11 4323 32508

35 3477.39 II oo\jyj\j 65 3548.83 II 9634 37804
45 3477.45 II 7059 - 35808 90 3551.43 II 2596 _ 30745

100 3479.60 H 0 - 28731 110 3551.66 II 3704 — 31851

65 3480.28 • 11 0 - 28725 22 3551.77 11 4266 32413

oo o4oU. J4 II
1

1

1410 - 30135 00 oooL.yj t
II
11 3594 31738

45 3480.38 11 Cti.O vo 240 3552.73 II 2563 30703

75 3480.98 11 12366 - 41085 110 3554.64 II 9492 — 37616

75 3481.16 II 5437 - 34155 420 3,555.00 II 2,581 - 30703

140 3482.14 II 3704 - 32413 65 35.56.90 11 12751 40858
II
1

1

4845 - 33553 d.n 0000. I 1 TI1

1

5716 33808

55 3484.70 1! /idftnr^UU O.J 1 ^7 1200 3.560.80 II 5456 33531

75 3484.74 11 2880 - 31.568 45 3.561.54 II 4166 _ 32235

710 3485.05 II 0 - 28686 90 3562.10 II 4204 - 32269

180 3488..S.S II 7059 - 35716 110 3,563.82 II 4266 32318

140 ,v4-yU. 1.5 11 5651 - 34295 1 on OOOO. 10 11 9634 37652

90 3493.11 II 440U 0 0AQA 90 3569.,32 II '^f,^ 1,OD,j i 0,5DOU

100 3493.73 II 3704 - 32318 45 3570.98 II 2,581 _ 30577

75 .3493.01 11 3594 - 32198 120 3572.43 II 5676 _ 33660

100 3495.94 11 4266 - 32863 90 ,3573.71 II 3594 — 31568

75 SVitl.oi
T I
11 2642 - 31235 ^o OC7C OA00 I D.oU IT11 8176 36138

55 3500.68 II lUZ /

0

OQQOO00000 210 3576.23 II z 7000

160 3501.46 II 1874 - 30425 1000 3577.45 II 3794 31738

45 3506.25 11 2563 - 31076 90 3580.57 II 1874 _ 29794

210 3507.94 II 1410 - 29909 90 3583.66 II 9634 — 37531

90 J CAO 1 7 T I
11 2.581 - 31076 1 lU 000^.0^ IT11 4911 — 32802

65 3508.71 11 12366 - 40858 90 3586.77 II 4266 32139

55 3510.69 II 5819 - 34295 45 3,587.22 II 5943 33812

45 3513.79 II 988 - 29439 160 3587.64 II 5943 33808

65 3513.85 II 11388 - 39839 35 3587.69 II 9723 37589

600 3517.38 11 7294 - 35716 90 0 c00 1 0
3588. 13 11 7059 34921

55 3518.37 11 10115 - 38529 160 3,588.43 II 5437 33297

150 3519.08 11 2635 - 31043 55 3588.49 II 10114 37973

210 3520.52 11 1410 - 29807 330 3,590.60 II 5969 33812
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Cerium— all observed Zmes— Continued

Intensity

and
Character

W avelength

in A Spectrum
Energy levels

in cm"'

Intensity

and
Character

W dVCiCllglll

in A Spectrum
Energy levels

in cm"'

22 3594.58 II 6521 - 34333 45 3666.01 I 0 - 27269
22 3594.62

TT
11 0 - 27812 45 3666.04 0 — 27269

22 3594.64 II
OQyl CO— OO'+OZ 90 3667 98 coin5819 0 onoA33080

110 3596.11 II 8403 - 36202 880 3667 98 TT
2880 30135

45 3596.73 II 4523 - 32318 150 3668 79
TT

0 _ 27250

150 3598.20 II 2382 - 30166 90 3670.52 II 7059 - 34295
90 3599.97 II 4737 - 32508 130 3671.94 2581 - 29807
160 3600.58 n OoVU — o41oo 220 ^^179 18ou 1 z . 10

65 3603.36 II 5119 - 32863 350 3672.79
TT

7294 34514
150 3604.20 II 988 - 28725 180 3673 64 T.

2581 29794

390 3607.63 II 5437 - 33149 45 3674.06 II 9634 - 36844
550 3609.69 IT

II 7234 - 34929 45 3674. 14 10925 - 38134
120 3610.91 11 — ooUz

/

90 3676 Ifiou J U. lU II 2596 29790
45 361 1.31 n 2.382 - 30065 90 ^679 Ifiou i 7. lU

TT
2635 29807

75 3611.34 II 2563 - 30246 220 3679.42
TT

8176 35346

16 3611.64 II 7878 - 35559 180 .3680.08 II 2642 - 29807
27 3611.73 II 3363 - 31043 45 3680.85

II

2635 - 29794
90 3612 34 II

/I C O 04oz3 0 o 1 no 180 3681 38 8403 35559
420 36 13 7(1 II 4266 - 31931 \ fin ouoz . yjo

TT
5651 32802

55 361 S 64 II 2141 - 29790 QAQ^ 04.OUOU. Ut-
T

2208 29330

120 3616.20 II 5651 - 33297 180 3687.80 II 3594 - 30703
160 3618.58 II 5011 - 32638 65 3688.66

II

5943 - 33045
65 3619.95 II 2563 - 30180 to ^6RQ 16 4460 31559
45 3621.15 II 5437 - 33045 100 369 49 T,

10275 37342
440 3622. 15 n 6913 - 34513 50 3693.71

TT
8281 35346

65 3622.41 II 3363 - 30962 300 3694.91 II 2382 - 29439
380 3623.74 II 5964 - 33552 75 3695.96

II

10925 - 37974
440 3623.84 II 6390 - 33977 60 3696 190U7U . i z 3996 31043
130 3624. 15 II 2581 - 30166 120 3697 66 TJ 7259 34295
90 3628.25 II 2581 - 30135 60 3698 1 "KOU 70 .10 4202 31235

45 3628.61 I 2208 - 29759 110 3698.36 II 6521 - 33553
55 3630.42 II 10115 - 376,52 140 3698.66 2880 - 29909

200 3631 . 19 TT
1 1 3704 - 31235 1 "in1 ou •JAQQ 09 4911 31931

1 'in IT 2642 - 30166 1 9n1 zu 0 I UZ . i y 3704 30703
JftXl 4.(1 II 0 - 27515 99nzzu •\iaA QQ0 I ut. 58190017 32802

90 3637.75 II 3.594 - 31076 110 3706.94 II 4202 - 31171
130 3638.28 II 5819 - 33297 85 3707.39

II

4166 - 31131
4'i lAin M II

1

1

6518 - 33977 inon ^709 99,) J U7 . Z 7 4204 31156
o«) OU^-Z . O.J

II
1

1

4323 - 31766 innn 17(100 I \Jy . yo 988 27935
to QAJ,,! 3(1 TI

V 1 5716 - 33149 'inou Q7I -3 no0 i 10. yy JT 988 27905

130 3645.23 II 5437 - 32863 110 3714.77 II 8804 - .35716

130 3645.45 II 2642 - 30065 35 3715.14
II

4460 - 31.369
1 'in 4.523 - 31938 120 3715.47 6390 33297

if, U\ QT II 2382 - 29794 idon1 t-uu ^716 ^7
,31 1 u. 0 ( nu 969nn

1

1

7523 - 34929 1 inI lu 0 / I u

.

yo 7259 ^41 S'iOt" I ,),>

260 3647.95 II 8403 - 35808 75 3717.48 II 6518 - 33410
4S 3649.73 II 4460 - 31851 420 3718.19

II

1410 - 28298
on OO.jU, I L 1

1

2.596 - 29984 .190*zu •3710 '3Q0 / 1 0. 00 4204 31090
1 fift1 ow OAt-A OO.jOOU. OO 11 O 1 1 u - 35559 9 inZ 1 u ^719 anOily, ou JJ 9^6^^,JUO Z 7t07

t>U. . I 1
II 60 3722. 10 ,| 'i'ild.00 1

1

OZO i <J

65 3652.26 II 11949 - 39322 150 3722.29 II 2581 - 29439
420 3653.11 II 2880 - 30246 110 3722.76

II

2596 - 29450
oou oODo .0 /

I I
1

1

3794 - 31156 d'i4-,)
379-3 f,f,0 / zo . uu

}}

4323 31171
1 1 (\ I I

1

1

1 9 9QQQAZVW4 1 'in
1 ou 0 / Z4.04-

}}

ini 1oU 1

1

0 loo 1

\ Sinn IT
1

1

Z.)0.5 - 9QQnQ T-ZU ^79'i 680 / zo . uo oyljy OZoUZ

45 36,58.26 ii 2581 - 29909 170 3726.96 II 988 - 27812
440 3659.23 II 1410 - 28731 490 3728.02

11

5676 - 32492
ajU I r

1

1

1410 - 28725 Q790 |Q0 / ZO. LO
j!

2635 29450
1 on OOOU. 10 1

1

1

1

10275 - 37588 oUU 3790 4.90 i ZO. tz
!!

5456 32269
oom).04 i 1 988 - 28298 3790 r\t\ 4266 31076

130 3661.73 II 4266 - 31,568 75 3729.92 II 3363 30166
100 3662.99 II 4266 - 315,59 140 3730.33 11742 38542
90 3663.70 II 4911 - 32198 17 3731.19 3312 30105
55 366'. 73 II 5437 - 32717 20 3731.25 1279 28072

75 3665.05 II 3854 - 31131 110 3731.88 II 8928 35716
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Cerium — all observed lines — Continued

Intensity

and
Character

Wavelength
in A Spectrum

Energy levels

in cm~'

Intensity

and
Character

Wavelength
in A Spectnim

Energy i

in cm
evels
-

1

100 3732.46 II 2382 29167 25 3793.83 I 0 _ 26351
30 3732.56 I 3976 - 30759 18 3793.85 II 7059 - 33410
30 3732.58 II 2581 - 29365 100 3794.68 II 6518 - 32863
150 3733.52 II 4266 31043 170 3795.25 II 3794 30135
110 3737.52 II 4460 31208 50 3796.67 II 7713 34044

160 3737.74 II 6913 33660 75 3799.04 II 3594 _ 29909

75 3740.13 II 10115 - 36844 35 3799.09 I 1279 - 27594
75 3741.01 II 2642 - 29365 2500 3801.52 II 7234 - 33531
75 3741.73 II 7259 33977 800 3803.09 II 2880 29167
22 3742.21 I 228 26943 15 3803.83 I 228 26510

15 3742.25 I 0 26714 35 3803.84 II 12260 38542
50 3743.97 I 0 - 26702 50 3804. 16 II 5651 - 31931

50 3744.05 II 5437 - 32139 120 3807.69 II 5676 - 31931
60 3746.26 II 2595 29281 1000 3808.11 II 2382 28634
170 3746.38 II 4523 3 1 208 490 3809.21 II 4911 31156

320 3748.06 II 5819 32492 75 3809.50 II 4460 30703
170 3750.08 II 6638 - 33297 35 3810.10 II 3746 - 29984
150 3751.00 II 3594 - 30246 100 3810.90 II 5965 - 32198

250 3751.45 II 10275 36924 60 3811.60 II 11743 — 37971
35 3751.76 II 2635 29281 250 3812.20 II 4737 30962

140 3752.34 II 5676 32318 35 3814.94 II 3704 29909
75 3753.77 II 12763 - 39395 85 3815.01 II 2140 - 28345

200 3755.43 II 3363 - 29984 490 3815.85 II 6518 - 32717
170 3755.72 II 5617 32235 50 .3816.31 II 5943 32139
160 3757.22 II 7818 34426 470 3817.46 II 4845 31033

160 3757.86 II 2563 29167 100 3818.69 II 4523 30703
50 3760.40 II 2581 _ 29167 300 3819.02 II 4460 30637

75 3760.69 II 4460 - 31043 170 3821.26 II 2563 - 28725

300 3762,98 II 7341 — 33908 190 3821.69 II 4266 30425

85 3763.61 11 4266 — 30829 150 3823.70 II 8281 34426

680 3764.12 II 2880 29439 470 3823.90 II 2581 28725

200 3765.04 II 4523 _ 31076 100 3827.22 II 5437 _ 31,559

85 3765.89 II 5651 - 32198 120 3827.37 II 14963 - 41083

160 3766.51 II 3704 — 30246 160 3829.69 II 1410 27515

50 3768.00 II 4511 - 31043 170 3830.02 II 6390 — 32492

300 3768.76 II 8403 34929 470 3830.55 II 7713 33812

100 3769.04 II 1410 _ 27935 490 3831.08 II 3854 - 29949

160 3769.94 II 8403 - 34921 110 3832.22 II 5651 - 31738

210 3770.76 II 7062 — 33574 100 3832.74 II 2642 28725

300 3771.60 II 4323 — 30829 490 3834.55 II 2563 — 28634

60 3772.65 II .JO i y 85 38.34.78 II 30065

85 3773.20 II 6550 I 33045 50 3835.75 II 7234 _ 33297

75 3773.44 II 5437 - 31931 50 3835.89 II 7746 - 33808

75 3776.15 II 15517 - 41992 270 38.36.10 II 1874 — 27935

250 3776.61 II 3594 - 30065 110 3837.20 II 2581 - 28634

140 3777.66 II 1 R71I o / 4 1100 38.38.54 II 2642 28686

45 3779.61 II 4511 30962 120 3839.49 II 72,59 _ 33297

25 3781.10 II 5119 - 31559 120 3841.71 II 10115 - ,361,38

620 3781.62 II 4266 - 30703 50 3842.04 II 7059 - 33080

440 3782.52 II 3996 - 30425 200 3843.76 II 7523 — 33531

100 3783.03 II ( Zo4 60 3845.28 II 29994

200 3783.58 11 5716 32139 100 3845.48 II 10115 _ 36112

860 3786.63 11 1410 - 27812 220 3846.52 II 8176 - 34166

35 3787.46 11 11742 - 38138 250 3848.10 II 4266 - 30246

100 3787.57 11 2635 - 29029 860 3848.59 II 4204 - 30180

120 3787.91 II
Of}Q Z t ooU 35 3849.48 II O 1 U.J 29673

45 3788.20 11 4845 31235 75 3849.56 II 1410 27380

520 3788.75 11 3794 30180 50 3849.66 II 10925 36894

25 3790.34 11 5943 32318 120 3850.10 II 5965 31931

12 3790.83 II 100 3852.10 II 2382 28335

O i 7U . OO [I 7202 33574 860 3853. 15 II 0 25945

85 3791.68 11 7294 33660 1200 3854.18 II 1874 27812

300 3792.32 II 3704 30065 1200 3854.31 II 1874 27811

50 3793.42 11 7522 33876 620 3855.29 II 4204 30135

75 3793.51 11 5965 32318 390 3857.02 11 ,5819 31738
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Cerium— all observed /iraes — Continued

Intensity

and
Character

Wavelength
in A Spectrum

Energy 1

in cm
evels
-

1

Intensity

and
Character

Wavelength r-
• ! spectrum

Energy
In cn

evels
-1

170 3857.23 II 3363 - 29281 130 3909.75 II 4166 - 29736
370 3857.64 II 2382 - 28298 130 3909.93 II 7234 - 32802
75 3857.81 II 4511 - 30425 140 3910.70 II 9634 - 35198

3fiS7 ITXX 90000 IdO 101 1 "10 II07 1 1 . ou 11 ouoo ^91 OSoz 1 70
3869 4.6 II S676 -ou t u O 1 OO 7 9^0AOU "2019 IQ TToy iz. 17 11 4'^l 1 -

T-O 1 1 ^006^

85 3865.40 I 980 3912.44 II 2382 - 27935

160 3866.81 II 988 - 26841 110 3913.99 II 4523 - 30065
200 3868.13 II 3594 - 29439 100 3914.95 II 3746 - 29281

OOOO.T- i
IT
11 ^110 —o 1 1

V

onOAO0U7OZ ^00oVU ^01 C C9 IToVlo.OZ 11 00 / 0 ^1 90QOlZUo
100 OOUO . O 1 TT11 '^716 -O ( lU 0 1 007 ^00oVU ^QIA Id. TT07 10. 14- 11 4.966 —4*ZOO 9Q70d.ZV (74-

60 3869.56 II 9723 - 35559 140 3916.90 II 2382 - 27905
160 3870.87 II 5514 - 31340 70 3917.25 II 3508 - 29029
35 3871.80 II 7259 - 33079 230 3917.64 II 5119 - 30637
^iO 00 ( O.U^ I

1 1 970 — 97001Z iUVl 77n "3019 9Q IToVlO.ZO 11 "^Al 7 —oO 1 / 0 1 io 1

uu '^fl?'^ 9'^ 1111 1 01 1 -
i U 1 1 o ^(^096O.J7AU 4'OU QQIQ 01 TToVlV.ol 11 000

1

0 1 100

270 3874.68 II 8176 - 33977 590 3921.73 II 5716 - 31208
140 3875.01 II 3996 - 29794 560 3923.11 II 4511 - 29994
140 3875.06 II 4266 - 30065 450 3924.64 II 4511 - 29984
1 70 JO iO. 1.J

II
11 4-7 i 1 oVJ i \Jo 7A IQOA QA TToVZ4-.oU 11 A191'4-oZo 9070/1ZV / V4-

ozu 1S76 07 II
11 OUZ4-D

"1 c:00 QQ07 AA IT 791^0
( ZoV 197-1 7oz rl /

1100 3878.36 II 1410 - 27187 110 3927.39 II 2880 - 28335
120 ,3879.06 M 15517 - 41289 70 3927.57 II 11742 - 37196
60 3879.31 11 5437 - 31208 150 3928.32 II 4460 - 29909
f.0ou 307Q f.(\00 ly.QV I ZoOD 00 1 o^- 70

(

U

^090 OA TToVZV.VO 11
^6t^ 1 -ODO 1 0 lUVU

fiO ooou.tu 11 lil976 —
14.Z (0 lOOdO 1 1 01 iu ^Q^n 81 TToVoU.ol 11 / U07 0Z4-7Z

170 3881.87 II 2581 - 28335 770 3931.09 II 1410 - 26841
1500 3882. 4S II 2596 - 28345 310 3931.37 II 2382 - 27812
60 3883.54 II 4323 - 30065 230 3931.83 II 5943 - 31369
1 .J Oooo . .)o

II
1

1

ZoooO 1 oU oVoZ. 1 0 11 oOo 1
1 1 n7A0 lU / 0

1 no
1 uu 0004-. Z 1

11
1

1

"IRl 0'^ 0 lU QQ'3'3 7Q FToVoo. / 0 11 00 / 0 11 AQA0 lUVU

100 3886..50 II 4523 - 30246 70 3934.07 I 228 - 25640
100 3888.36 II 14963 - 40674 35 3934.75 II 4266 - 29673
120 3888.39 II 5119 - 30829 50 3935.93 II 5676 - 31076
1 on OQQQ AA 1

1

11
OA 1OK) 100 cc00 0007 1 r IIoVo / . 1 0 11 I 99AAIZZOU 17AIQ90 / OOZ

7C
/ 0

'ifiQd OA
11

37/1 fxo /40 — 9Q/I ^A c;aoU OAQ7 £0 II0^0 1 .06 11 1 0 1 1 9AQ0 1 zUo

75 3889.48 II 2635 - 28338 50 3937.81 II 2,563 - 27950
1000 3889.98 II 5456 - 31156 560 3938.09 II 4523 - 29909
210 3890.75 II 2140 - 27835 55 3939.52 II 8532 - 33908
910 OQOn QQ II

1

1

ZoooO 00 oVov. 00 11 10 / ^ Z / ZOU
QQOI 77 II

11
i 717 A 1 9^1oU4zo 77A OA/1 A 0,1 IToy4U.o4 11 Z,)0o ~ 07AO c

Z / Voo

170 3893.23 II 5283 - 30962 100 3940.64 II 3996 - 29.365

75 3893.85 11 7878 - 33553 310 .3940.97 11 3363 - 28731
75 3894.30 11 4323 - 29994 2000 3942.15 11 0 - 25360

'iQO'^ 11
1

1

zvuzv 9700z t uu 60 1 -ov 1

0

^9960,>ZZ07
•JQQi. OAOOVO. oU 1

1

1

1

4.) 11 ou 100 1 "^0
1 .jU

30/1 ! ]A 11 9 CO 1 _Z,)o 1 Z / 70,1

50 3897.43 n 10275 - 35926 55 3943.,50 II 8804 - 34155

490 3898.27 11 3794 - 29439 770 3943.89 11 6390 - 31738
270 3898.94 II 1874 - 27515 70 3944.84 II 10115 - 35457
C A
,lU

1

1

1

1

"1 1 1 =^90 1 1.9z 00 10 1/1 09 IIoV'+'+.VZ 11
9c:aiZoOo 970A'^Z /VUO

7
/.) oVUU.zU 1

1

1

1

o i ( 0 — oooUO 1 in
1 lU 10 lA Afi IIoV'fO.Oo il 7Q 1 9

/ 0 1

0

11 1 AO00 1 47

120 3901..30 11 5943 - 31568 310 3947.97 11 3363 - 28686

60 3901.68 II 9723 - 35346 180 3949.39 11 1874 - 27187
200 3903.34 II 4523 - 30135 35 3949.78 II 5924 - 312.34
o c00 J AA 0 AO

O90.1.93 1

1

11 1Z.50D - 0 /y /4 Oo 10/10 Q9 I 4400 — 9Q7AAzV /OO
OCA 0A/\ 1 '1 1 1

1

11 l- Vou - QAA/L r
,1UU0o loU

OACA /I 9 TT
oVoU.'+z 11 1 1 00 1 IV — OA/1 9Q

50 3904.58 11 72,59 - 32863 70 3950.80 II 7746 - 33050
200 3906.92 II 4202 - 29790 110 3951.62 11 7746 - 33045

770 3907.29 11 8928 - 34514 100 3952.11 11 4511 - 29807

o9()7.45
1

1

11
1 1 /.A4100 - OAT CA/y / oo .1 lUU OA CO CA 11

oyDZ.r)^' 11 Z04Z " z /Voo

100 3908.09 11
1 O 1 c4845 - }A 1 ,1

C

o()4zo ,i4U
OQCo A/; IToVoo. 00 11 oVVo — onoo 1zyzo 1

560 3908.41 II 6913 - 32492 1.50 3953.95 11 4523 - 29807
390 3908.54 II 3704 - 29281 310 ,39,55.,36 II 7341 - 32616
110 3908.77 11 7062 - 32638 1.50 3955.92 II 4523 - 29794

35 3909.05 11 8403 - 33977 230 3956.06 II 5819 - 31090

270 3909.31 II 3594 - 29167 980 ,39,56.28 11 4911 - 30180
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Cerium— all observed /wes— Continued

Intensity

and
Character

Wavelength
In A Spectrum

Energy levels

in cm

Intensity

and
Character

Wavelength ^
• ! " spectrum
in ri.

Energy levels

in cm"'

17 3956.74 I 1663 - 26929 910 4003.77 II 7523 - 32492
28 3956.78 I 1279 - 26545 55 4004.08 II 1873 - 26841
140 3956.90 II 5437 - 30703 100 4004.58 II 7234 - 32198

3957. 15 ITXI 2642 27905 ^700 i\j 4UU0.04 11 988 25945
oo 3957.20 I 228 25492 70 4,007 A.^ TI IQ ^oofi^;ouuuo

150 3957.97 II 7234 - 32492 210 4007.59 II 4845 - 29790
230 3958.27 II 5819 - 31076 40 4008.66 II 7259 - 32198
230 3958.87 II 7062 - 32314 55 4009.06 II 7202 - 32139

JQCQ AO ITi 1 4202 29450 -1 Al A 1 /I TT 6638 31568
1 "in IQ^Q Qfloyoy. o\j

II
1

1

4737 29984 1 nn 4'Ul 1 . DO 11 0 i 10 OUUO (

100 3960.38 II 5965 - 31208 2700 4012.39 II 4523 - 29439
770 3960.91 II 2596 - 27835 910 4014.90 II 4266 - 29167
150 3962.09 II 7818 - 33050 250 4015.88 II 8403 - 33297
inn 07U0 . 0 I

IT
1

1

4911 30135 14U A-CWl f^Oi TT^-U 1 I . OU 11 5819 30703
50^4, IQ II

il 1 97^1 ^70700 / 7 J u 900 dm Q 04. TT 0 1 i u QQAC: AOOUOU

390 3964.50 II 2596 - 27812 140 4019.90 II 8176 - 33045
770 3967.05 II 2635 - 27835 240 4022.27 II 9054 _ 33908
150 3967.18 II 5437 - 30637 35 4023.37 II 6521 - 31369
1 1 n oyo i .00 II

11 9723 — 34921 1 /in ^UZ'+.oj 11 4523 — 29365
oy I u.u^ IT11 1 1 7/19 OOVZ'+ Ar»9/1 /to TT'tuz^-.'i-y 11 0 /y4 OQAQ/IZo0o4

55 3970.42 II 9634 — 34813 240 4025.15 II 3508 _ 28345
170 3970.64 II 2635 - 27812 70 4027.05 II 6913 _ 31738
450 3971.68 II 3996 - 29167 170 4027.69 II 5924 - 30745
1 1 n oy 1 1 .oo 11 2642 27812 /lAOQ A^ TT4UZo.'+l 11 2563 27380
970 oy I I

II
11

/=\'^Q0 0 ioov . 4-UoU. 10 11 1 01

1

lui 10 04yz 1

70 3973.03 II 4511 — 29673 250 4030.34 II 2382 27187
85 3974.00 I 1388 - 26545 840 4031.34 II 2581 _ 27380
70 3974.19 II 5011 - 30166 55 4037.39 II 8774 - 33536

^Q7^ A7OV /O.U

/

II
11 7713 — 32863 04U AC\%1 A7 TT

i .0 ( 11 5943 — 30703
70 0Q7/. 70 II

11 i uov ^9 1 QQ 1 7n1 /u MV>Si. 9^^ TT^UOo.ZO 11 1 AQ7n oOOZO

35 3977.53 II 8774 _ 33908 85 4039.89 II 8789 _ 33536
150 3977.77 II 5943 _ 31076 2100 4040.76 II 3594 _ 28335
770 3978.65 II 4323 - 29450 110 4041.27 II 5965 - 30703
OOU oyou.oo TI

11 5716 — 30829 00 /I A/1 9 1/1 TI 8928 — 33660
w QQQi nri IT

11 y lu /I A/1 9 TT4U4Z.C)o 11 oyyo 0Q70Zo / Zo

110 3982.16 I 2208 _ 27313 230 4045.21 II 6521 31235

560 3982.89 II 6638 _ 31738 85 4045.32 11 10314 _ 35027

310 3983.29 II 4166 29263 620 4046.34 II 4460 - 29167
770 oyo-+.Do II

11 7713 — 32802 1 %V\ AX\A~1 9P TT 5283 — 29984
c r
00 QQQ/; lA

oyiio.'iu 11 oyoo Q I A/1 Q0 11)40 /iA/IO AQ TI'iU4y.Uo 11 oyyo ZoOoO

370 .3989.44 II 7259 _ 32318 85 4050.81 II 7059 _ 31738

35 3989.76 II 4737 _ 29795 210 4051.43 II 5119 29794
180 3990.11 II 2880 - 27935 210 4051.99 II 5965 - 30637
7A ovvu.ov 11 5651 - 30703 i uu 4UOo..)l 11 0 — 24663

QQQI 0 0.lyy I .zz
TI
11

1 0 TO C13785 0 00 Q 00000.3 A.(V^/S^ QQ TT4UD'+.yy 11
OCAA 070 C AZ IZOU

55 3991.33 II 5119 _ 30166 85 4055.16 II 6518 _ 31171

70 3992.13 II 7818 _ 32860 110 4055.84 I 1279 _ 25928

700 3992.39 II 3594 - 28635 85 4056.90 II 8403 - 33045
QAAO ni.lyyz.y 1 11 5924 - 30962 00 /1AQQ 9/1 TI4UOO.Z4 11 3704 - 28338

11
11 7341 32373 du AAQQ 7Q TI4^00. /o 11 o/U4 000 Q CZOOOO

110 3994.57 II 5676 30703 110 4060.47 II 6550 31171

35 3995.42 II 3704 28725 50 4060.71 I 0 _ 24619

14 3996.36 II 28 4061.80 I 4199 - 28812

70 3996.49
¥ 1
11 4266 - 29281 /1AA9 09 TT4U0Z.ZZ 11 11016 - 35626

CA50 0 AA " to TI
11 6550 31559 OQA /1AA9 Q/1 TT4U0Z.y4 11

0 c 0

1

z581 OT 1 OTz7l87

140 3997.72 II 8804 33812 110 4063.92 II 3746 28345

2800 3999.24 II 2382 27380 85 4064.91 II 3704 _ 28298

17 4000.68 II 9779 — 34768 85 4065.16 II 7259 - 31851

17 A f\f\(\ OA4000.80 TT
11 5437 30425 QC00 4000..OU 11 12260 36844

110 A r\{\'\ c\c4001.06 T T
11 5716 30703

r r
DO ylAAA Al I 3976 28557

230 4001.56 II 5011 29994 280 4067.28 II 8532 33111

140 4001.73 II 3704 28686 85 4068.44 II 7278 31851

180 4002.81 II 7294 32269 420 4068.84 II 5676 30246

110 4002.97 II 3363 28338 55 4070.09 II 20881 45443

110 4003.17 II 5011 29984 70 4070.84 II 12366 36924
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Cerium— all observed /mes— Continued

Intensity

and
Character

Wavelength
in A Spectrum

Energy levels

in cm~'

Intensity

and
Character

Wavelength c
jjj ^ Spectrum

Energy levels

in cm"^

85 4071.08
TT
11 04-0 (

9QQQdZWV4- 510 4124.79 II 0D14- — 9Q7'^l— ZV / 0

1

1100 4071.81 TT
11 ZOoO 971 R7 50 4125.78 II Z/VOD

270 4072.92 n ^04Z 071 Q7 55 4126 66 II ZoOoD
1800 4073.48 II 3854 28396 980 4127.37 II 5514 - 29735

210 4073.74 II 8449 - 32989 250 4127.74 II 4511 - 28731

28 4074.65
TT
11 ^A.^c\ OAA200 A 1 OO AT IT4128.07 11 97R1 0Z / 0 iZ

1500 4075.71 TT
11 oool QAl QA 180 4128.36 II

7Q0CIlolo
0 1 700

1500 4075 85 II 85 4129.18 II OVOV oni on— oUloU

210 4076.24 II 6518 31043 530 4130^71 II 4523 - 28725

420 4077.47 II 2382 - 26900 480 4131.10 II 2642 - 26841

530 4078.32 T T
11

7700{ILL ozZoo 28 4131.86 II oooU
270 4078.52 TT

11
Q 1 Q/;7 100 4132.31 II ^7 1 A OQQAQ

85 4079.02 II /UdV olooo 55 4132.64 II DOOO — oUozy

140 4079.67 II 7234 31738 2700 4133^80 II 6968 - 31152
270 4080.44 II 2880 - 27380 270 4135.44 II 4511 - 28686

670 4081.22
TT
11

9 O C /I 55 4135.89 II
1 C\i^A 0 0 /I 0 1 Q- o4oto

910 4083.23
TT
II o651 30135 55 4136.77 II o2o3 OA/1 CA- 2V4oO

110 4083.48 II 9054 33536 85 4136.90 II
cAtn5969

110 4083.64 II 16192 40673 270 4137.47 II 5119 - 29281

450 4085.23 II 5437 - 29909 2000 4137.65 II 4166 - 28327

85 4086.42 II 4266 28731 270 4138.10 II 7454 - 31613
250 4087.36 II 4266 28725 210 4138.35 II 10870 - 35027

70 4087.57 II 8532 32989 55 4139.43 II
' 3363 - 27515

40 4088^58 II 6638 31090 55 4140^75 II 4202 - 28345
230 4088.85 II 5716 - 30166 770 4142.40 II 5617 - 29751

70 4089.74 II 7294 31738 150 4142.83 II 5676 - 29807
70 4089.86 II 6518 30962 390 4144.49 II 3854 OTA*?/;- 27976

130 4090.47 II 6521 30962 670 4145.00 II 5617 - 29735

130 4090^95 11 6638 31076 480 4146.23 II 4523 - 28634

50 4092.09 II 4204 - 28634 85 4148.16 II 5965 - 30065

100 4092.72 II 5819 30246 280 4148.90 II 8789 - 32885

50 4093.29 I 2208 26632 420 4149.79 II 5716 OAOA "7- 29807

150 4093.96 II 4266 28686 980 4149.94 II 5819 OAAAA- 29909

35 4098! 14 I 4417 28812 420 415o!91 II 8531 - 32616

85 4098.98 II 5676 — 30065 1400 4151.97 II .5514 - 29592

40 4099.75 II 8695 33080 55 4152.93 II 13515 - 37588

450 4101.77 II 6968 31340 230 4153.13 II 1874 - 25945

70 4102.36 II 8928 33297 50 4153.93 II 3746 - 27812

50 4104^43 II 5437 29794 85 4155!28 II

250 4105.00 II 8532 — 32885 180 41,55.53 II 9054 - 33111

70 4106. 13 II 5819 30166 450 4159.03 II 8281 - 32318

70 4106.85 II 8702 33045 70 4160.11 II 4266 - 28296

oo 4106.92 II 3996 28338 70 4160.18 II 7059 - 31090

510 4107^42 II 110 4161.18 II 7722 - 31747

50 4107.80 II 8774 _ 33111 1,50 4162.63 II 7059 - 31076

25 4108.26 II 7234 — 31568 310 4163.52 II 11016 - 35027

40 4109.56 II 3508 — 27835 1300 4165.61 II 7341 - 31340

zuu H- 1 1U..)0
IT
1

1

8789 33 1 1

1

4.166 90 IT 10925 - 34921

70 4110.84 II 9^R1 150 4166.65 II 4737 - 28731

250 4111.39 II 5819 _ 30135 620 4166.88 II 10869 - 34861

35 41 11.93 II 6390 — 30703 250 4167.80 II 9054 - 33040

100 41 13.73 II 3996 — 28298 320 4169.77 II 5819 - 29795
.1111 1 ^
't i 14. 1.)

II
11 7259 31559 ?90 4169.88 II 4323 - 28298

420 4115.37 II 7 1^^
/ 400 1 7d70 1/4/ 55 417L,39 II 5943 - 29909

250 4117.01 II 11015 _ 35298 110 4172.16 II 2880 - 26841

200 41 17.29 II 5965 — 30246 1 10 4174.48 II 4737 - 28686

200 41 17.59 II 10642 — 34921 70 4175.24 II 5965 - 29909
770 <11 ifl Id II

11 5617 29893 130 4176.08 II 3996 - 27935

250 4119.02 II 4460 28731 340 4176^70 II
QOAQO— ozvoy

310 4119.79 II 8774 33040 70 4179.29 II 3594 - 27515

310 4119.88 II 2635 26900 340 4181.08 II 5119 - 29029

450 4120.83 II 2581 26841 340 4185.33 II 3363 - 27250
c 1 nDlU 4123. 24

T I
11 5819 30065 OOUU 4100.0U 11 6968 - 30847

510 4123.49 II 7722 31967 530 4187.32 II 4460 - 28335

980 4123.87 II 6913 31156 50 4189.18 II 5943 - 29807
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Cerium— all observed /ines— Continued

Intensity

snd
n a rar tpr

Wavelength
in A

Snppt riim Energy levels

in cm"'

Intensity

and
Wavelength c

in A ^
Energy levels

in cm"'

c coo IT
11 7904 Oil ou OAAZUU A 0/; 0 AO TI 04Uo 51 Qt^l

170 4190.63 II i 4-04 70 4263.95 II Q7QO OOOQCoZLod
55 4191.03 II 20783 - 44637 170 4264.37 II 7259 30703

560 4193.09 II 7234 - 31075 100 4267.23 II 4523 - 27950
370 4193.28 II 8532 - 32373 55 4268.30 II 5943 - 29365

o tv 4,1QQ 07 IT
11 - 98908ZOZ 70 1/1(114U 781 Q/olo 51 01^

180 4194.91 II VUD4 620 4270.19 II 4ozo z I yoo
70 4195.82 II 4511 - 28338 390 4270.72 II 7722 31131

630 4196.34 II 3363 - 27187 130 4273.44 II 8804 - 32198
140 4197.51 II 3996 - 27812 70 4275.46 II 8176 - 31559

lou Al 07 fil4' 1 7 / .0 ( 11 owo 14U 4z/o.o/ 11
07AAC
z /yoo

280 4198.00 II d.Ql 14-V 1 1 40 4278.25 II 1 rt7QQlu /yy OA 1j4100
180 4198.43 II 4523 - 28335 200 4278.86 II 2581 25945
280 4198.67 II 7341 - 31152 140 4280.14 II 5924 - 29281
840 4198.72 II 4166 - 27976 110 4281.00 II 4460 - 27812

OA C\ TI
11

Q 1 AAA— oiuyu 80 A 00 1 1 A TT4zol.lO 11
A A iiC\4400 z /ol 1

100 4201.32 11 o40o 0 0 1 AO 280 4285.37 II 7341 30670
910 4202.94 II 3594 - 27380 200 4288.66 II 2635 25945
55 4203.51 II 0 - 23783 200 4289.44 II 3594 _ 26900
70 4204.74 II 6390 - 30166 2000 4289.94 II 2642 - 25945

55 4^05. 16
f I
11 9779 - 33553 1 10 4292.58 11 6518 29807

35 4205.79 II
TACA 9AOOA 110 4292.76 II 4523 27812

35 4205.89 II 10275 - 34044 70 4294.75 II 8281 31559
270 4209.41 II 5514 - 29263 200 4296.07 II 8928 - 32198
70 4210.00 11 5283 - 29029 40 4296.37 II 6521 - 29790

AOt 0 t\A4z 1J.U4 11 5437 - 29167 1 C AA1500 4296.67 II 4166 27433
370 4214.04 II

/I A 1 1491

1

- zo634 420 4296.78 II
/:A 1 06913 OA 1 OA30180

310 4217. .59 II 8532 - 32235 70 4299.09 II 3996 27250
55 4221.17 II 7062 - ,30745 590 4299.36 II 1410 - 24663

1500 4222.60 11 988 - 24663 770 4300.33 II 3594 - 26841

1 1 A
1 lU 0 0 0 00 I T

11 4266 - 27935 40 A OAA Q£. I T4300.86 11 6550 29795
40 4224.56 II 9198 - 32863 85 4302.65 II 10642 33876
100 4227.42 II 5716 - 29365 110 4304.28 II 9634 32860
770 4227.75 II 5617 - 29263 1,50 4.304.72 II 5943 - 29167

85 4228. .30 II 70,59 - 30703 420 4305.14 II 6913 - 30135

85 h 4230. 13
II
11 4202 - 27835 770 A OA/; "70 T T4306.72 11 4166 27379

390 4231.74 II 10035 - 33659 1 10 4.309..58 II 5969 29 167

100 4232.06 II 7722 - 31345 390 4.309.74 II 3704 26900

140 4232..56 II 5819 - 29439 150 4310.70 II 3996 - 27187

85 42.33.20 11 65.50 - 30166 110 4311. ,59 11 7059 - 30246

240 4234.21 11 4202 - 27812 35 4313.10 II 51 19 28298

85 4234.73 II 6638 - 30246 55 4314.93 II 6638 29807
200 42,36.02 II 4737 - 28338 100 4315.41 II 7259 30425

85 4236.36 II 8774 - 32373 140 4317.33 II 8403 - 315,59

980 4239.92 II 3854 - 27433 55 4317.99 II 6521 - 29673

85 4242.01 11 7523 - 31090 560 4320.72 11 3704 26841

390 4242.72 II 2382 - 25945 70 4324.60 I 0 231 17

85 4243^74 II 1,50 4324.79 11 7713 30829

310 4245.89 II ,5819 - 29365 70 4.326.82 II 5924 - 29029

310 4245.98 II 4266 - 27812 310 43,30.45 II 2596 - 25682

85 4246.40 11 7203 - 30745 1 CA150 /lOOl'TC TI
4,5,11. /.T 11 9723 32802

390 4246.72 II 2141 - 25682 310 4332.71 II 5651 28725

70 4247!46 II - 26900 70 4,334.87 II 8278 31340

70 4248.10 II 10275 - 33808 55 4,335.49 II 8176 _ 31235

1100 4248.68 II 5514 - 29044 240 4,3.36.23 II ,5676 - 28731

35 4250.66 II 3996 - 27515 i 00^ '"to II
4.5.50. ZO 11 4460 27515

55 4251 .60 II 8804 - 32318 980 4,337.77 II 2635 25682

55 4251.86 II - Z ( 0.5,1 340 4.339.31 II

390 4253.37 II 3746 - 272,50 70 4340.,56 II 8176 31208

70 42,54.74 II 66,38 - ,301,35 55 4,342.14 II 4911 27935

620 4255.79 II .5676 - 29167 70 4.54z.4o 11 10275 33297
1 7n 4Z,>0. 10 1 1 4323 - 27812 Oil 228 23244

110 4257.12 II 3704 - 27187 70 4,345,85 11 9634 32638

130 4259.75 II 7234 - 30703 1,50 4.345.96 II 4511 27515

110 4261.17 II 8774 - 32235 70 4346.43 II 8170 31171
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Cerium— all observed Zirees — Continued

Intensity

and
Character

Wavelength
in A Spectrum

Energy levels

in cm"'

Intensity

ana
Character

Wavelength c
^ spectrum

Energy levels

in cm"'

28 4347.60
TT
11 R17fi0 1 J u O 1 1 1 1 85 4439.24 II 1 lUlu oooo\j

40 4347.70 11 4.Q1

1

T"? 1 1 130 4440.88 II uo 10 90090Z 7UZ 7

700 4349.79 II 4266 27250 150 4443.75 II 5437 27935
560 4352.71 II 4845 - 27812 480 4444.39 II 7455 - 29949
170 4353.37 II 12751 — 35716 450 4444.70 II 8532 — 31024

35 A oca IC4356.75 IT
11 7234 55 4446.15 II inQ9'i1U7Z0 OOt" lU

55 4357.91 II QlQfl ^91OZ lOV 28 4447.67 I Q 99/177ZZ4 / /

100 4359.07 II 8804 I 31738 770 4449^34 II 4911 I 27380
100 4360.18 II 6521 - 29450 100 4449.64 II 8170 - 30637
28 4360.41 II 7818 - 30745 620 4450.73 II 5514 - 27976

40 4360.44 IT
11 R9R1oZo 1 O IZUO 55 4452.55 II 1 '^'^l 7XOOl /

35 4361.36 II i uoz 9QQQ/1 55 4453. 16 II

130 4361.66 II 4266 z 27187 85 4454.99 II 4460 26900
35 4363.39 II 5819 - 28731 85 4455.66 II 2382 - 24819
22 4363.47 II 10642 - 33553 40 4457.78 II 8403 - 30829

910 4364.66 II ovyo zoyuu 2400 4460.21 II ooo4 ZOZO8
100 4367.00 II

1 1 ftl A
1 lUlo ooVUo 450 4461.14 II /o41 007C 1zy /oi

70 4367.56 II 8281 31171 420 4463^41 II 7722 30120
85 4368.23 II 7294 - 30180 55 4464.17 II 7341 - 29735
70 4369.24 II 7012 - 29893 140 4464.69 II 8278 - 30670

100 4372.40 II z/ 18/ 40 4465.44 II 7062 OA/1 CA29450
50 4373.24 II 040 / ZOZVO 280 4467.54 II

A coo4ozo OAAAAzoyuu
350 4373^82 II 4523 27380 1400 447 L 24 II 5617 27976
50 4375.17 II 7059 - 29909 450 4472.72 II 3594 - 25945

530 4375.92 II 3996 - 26841 40 4474.69 II 8789 - 31131

110 4380.06 II
cm 1 07OQCZ (OOO 700 4479.36 II

A coo40ZO Z0841
110 4381.78 II

1 oDO IV zooo4 700 4483.90 II
AOAOOVO8 OOOAQzyzoo

910 4382.17 II 5514 28327 170 4484^82 II 9054 31345
70 4386.35 II 7202 - 29994 85 4485.52 II 7878 - 30166
170 4386.70 II 4460 - 27250 840 4486.91 II 2382 - 24663

700 4386.84 II lo/4 z4ooo 40 4488.81 II
OOA/188U4 0 1 A7AOlU/0

310 ^«joo .yj I II 6968 zV/ol 40 4492.95 II
"70 A 1/o41 OACAOzyoyz

170 4390.28 II 11742 34514 140 4494! 22 II 6390 28634
1700 4391.66 II 2596 - 25360 130 4495.39 II 5011 - 27250
150 4393.19 II 5969 - 28725 140 4496.23 II 8403 - 30637

85 4394.78 II 7059 29807 250 4497.85 II 1111 OAA/1 Azyy4y
to 7U . «)o II11 zy /ol 85 4^00 'ii TT y <zo ^3 1 AOOoiyoo

200 4398.79 II 4460 27187 25 4501.10 I 0 22210
510 4,399.20 II 2635 - 25360 100 4506.41 I 0 - 22184
70 4400.54 II 2642 - 25360 70 4508.08 II 5011 - 27187

70 4400.87 II 5119 27835 35 4509.12 II
7AAO709z 0 AO/l 0

t.io'i inr'tUO . OU II11 1 1341 34044 28 4509.17 II 10869 33040
70 4405.47 II 5119 27812 22 4509^25 II 7722 29892

170 4407.28 II 5651 - 28335 55 4510.17 II 7818 - 29984
65 4408.85 II 7234 - 29909 50 4510.92 II 8928 - 31090

35 4408.90 II 10314 32989 85 4511.64 II 9779 31938

oou 1/1 1 ft /<A II
11 10870 33536 1 10 to 1 •>. OU 11 8532 30670

350 4410.76 II 7455 30120 35 4518.02 I 0 22127
130 4412.02 II 5676 — 28335 100 4519.59 II 10870 _ 32989
110 4413.19 II 987 - 23640 40 4521.96 I 3100 - 25208

70 4413.80 II 7259 29909 22 4522.08 II
7Ac A7059 29167

A 1 1 A Oft n 4266 26900 770 AC.')'} AO II 4166 26268

980 4418.78 II 6968 29592 840 4527.35 II 2581 24663

70 4419.30 II 5676 _ 28298 840 4528.47 II 6968 — 29044

50 4423.44 I 0 - 22600 40 4531.28 I 1663 - 23725

200 4423.68 II 8532 31131 50 4531.33 I 228 22291
ft? n11 3363 25945 4.0 <i^'i9 01 T 1663 23722

480 4427.92 II
/I Q O 9 OAOftftzoyuu 110 4,532.49 II lOOoV 00 / 10

310 4428.44 II 4266 26841 28 4534.22 II 7746 29795

650 4429.27 II 8774 31345 85 4536.89 II 12260 34295

70 4430.00 II 16268 38835 70 4.537.88 II 7878 29909

55 4432.72 11 11742 34295 ) 1 o
I lU 4ooy.u/ 11 11016 33040

70 4432.92 II 5283 27835 840 4,539.75 II 2642 24663

50 4433.73 II 7259 29807 210 4544.96 II 3363 25360

110 4437.61 II 6638 29167 35 4545.87 II 5943 27935
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Cerium— all observed Zinei— Continued

Intensity

and
Character

Wavelength
in A Spectrum

Energy levels

in cm"'

Intensity

and
Character

Wavelength
in A Spectrum

Energy levels

in cm"'

40 4546.06 I 228 _ 22219 150 4580.13 II 8532 _ 29893
55 4548.89 I 3100 - 25077 28 4680.99 II 11016 - 32373
70 4549.64 II 11016 — 32989 270 4684.61 II 7294 - 28634
70 4550.30 II Q 1 AO/Io lUz4 55 4685.23 II

"TAl O/UIZ oo 0 CA

250 4551.30 II 65 4686.77 II
OOA/1 Ofit 0 AoUlo4

22 4552.06 I 228 _ 22190 80 4688.89 I 1279 22600

22 4553.06 I 1663 - 23620 18 4689.50 II 8928 - 30246
28 4554.56 II 3996 — 25945 22 4690.17 II 7012 - 28327

70 4555.43 II 20783 A OTOA42729 28 4690.50 II 8278 29592
25 4556.22 II

1 1 no 38134 45 4690.71 I 4417 OC TOA25730

70 4558.60 II 4911 _ 26841 45 4692.06 II 5943 _ 27250
650 4560.28 II 7341 - 29263 65 4694.88 II 6518 - 27812

310 4560.96 II 5514 - 27433 65 4696.50 I 1663 - 22949
2100 4562.36 II 3854 25766 65 4701.45 II 9779 31043

28 4563.38 II 6390 OOOAO28298 65 4702.01 II
£ C CA6550 0*70 1 O27812

55 4565.23 I 228 22127 45 4707.00 I 4199 25438
420 4565.84 II 8774 - 30670 55 4707.24 I 0 - 21237

40 4569.66 II 10924 - 32802 45 4707.94 II 7092 - 28327

1100 4572.28 II 5514 27379 22 4710.00 II 3593 24819
85 4572.79 II 1 1949 33812 200 4714.00 II 8928 "" 30135

55 4576.48 II 9723 31568 100 4714.81 II 8532 29735
70 4578.78 II 13027 - 34861 90 4717.88 II 5651 - 26841

85 4579.28 II 20881 - 42712 35 4722.30 II 4511 - 25682
35 4581.10 I 3312 25134 35 . 4723.31 II 5676 26841

420 4582.50 II 5617 27433 16 4724.31 I 0 21161

22 4583.09 I 0 21813 40 4724.83 I 0 21158

130 4591.12 II 8928 - 30703 110 4725.09 II 4202 - 25360

840 4593.93 II 5617 - 27379 16 4727.56 I 228 - 21375

55 4597.17 II 10869 32616 80 4730. 13 II 7202
r\ o o r»

28338
22 4599.02 II 5969 27706 100 4733.52 II 10115 31235

35 4601.37 II 10646 32373 35 4733.96 I 1663 22781

22 4604.21 II 8281 - 29994 40 4734.69 I 1388 - 22503

35 4605.48 II 9317 - 31024 22 4735.35 II 7523 - 28634

420 4606.40 II 7341 29044 310 4737.28 II 8789 29893

70 4608.49 I 2378 — 24071 40 4739.12 II 7202 28298

55 4608.75 II 1 1387 33079 100 4739.53 II 10058 31152

55 4610.46 I 0 - 21683 45 4741.64 II 8281 - 29365

85 4611.56 II 12366 - 34044 45 4744.80 I 7780 - 28850

70 4613.02 II 7059 28731 45 4744.94 II 3593 24663

70 4615.18 I 0 21661 160 4747.17 II 2581 23640

420 4624.90 II 30670 16 4749.50 II 12763 33812

1700 4628.16 II 4166 _ 25766 22 4750.83 I 2208 — 23251

40 4630.79 I 1663 - 23251 22 4751.53 II 10035 - 31075

170 4632.32 I 0 — 21581 28 4752.24 II 12260 33297

35 4633.60 II 7059 — 28634 22 4752.58 I 3100 24135

40 h 4636.74 II JO 1 7 27380 55 4755.54 II 5819 26841

70 4640.86 I 3312 _ 24853 110 4757.84 II 7713 — 28725

70 4641.06 I 2437 - 23978 16 4759.92 II 8804 - 29807

85 4643.17 I 65 4763.90 II 8278 29263

70 4644.20 II 8281 - 29807 22 4764.72 I 2208 23190

40 4647.28 II Zt 1 oo 100 4768.77 II 7012 27976

40 4647.38 II 5676 _ 27187 230 4773.94 II 7455 _ 28396

70 4649.88 I 0 - 21499 22 4775.08 I 1388 - 22325

110 4650.51 I 228 - 21725 16 4775.10 I 3312 — 24248

130 4654.29 II 4202 - 25682 28 4780.23 II 11949 — 32863

55 4659.40 II O.JUO 40 4783.94 II 12763 33660

35 4659.94 II 7713 29167 28 4784.78 I 4199 _ 25093

40 4663.24 II 12097 33535 28 4784.78 I 8904 29798

35 4665.28 II 9779 31208 35 4786.57 I 1663 22549

35 4666.71 II 4523 25945 45 4787.14 II 7092 27975

110 4669 50 n 11454 32864 55 4788.43 I 3976 24853

85 4670.74 II 5437 26841 35 4789.69 II 5969 26841

50 4670.89 I 3312 24715 45 4793.12 II 11340 32198

22 4670.91 I 65 4800.90 II 7293 28117

85 4674.49 I 1663 23049 45 4805.93 I 1388 22190
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Cerium— all observed Zmei — Continued

Intensity

and
Character

Wavelength
in A Spectrum

Energy levels

in cm"'

Intensity

and
Character

Wavelength
in A Spectrum

Energy levels

in cm"'

9ft 4807 66
T

228 - 21023 19 4955.96 J 3976 _ 24148
28 4807.66 I 6475 - 27269 28 4960.85 II 13659 - 33811

35 4808.50 I 4417 - 25208 19 4961.50 II 5617 - 25766

45 4820.03 2208 - 22949 19 4965.16 I

28 4820.61 looo 091 97 28 4966.37 77Qn
I ioV 9701 n

110 4822.55 J 0 - 20730 28 4968.40 II 8176 - 28297

40 4834.05 I 2369 - 23049 28 4970.66 2208 _ 22321

45 4835.63 II 7722 - 28396 130 4971.50 II 14404 - 34513

65 4836.71 I 1279 - 21948 28 4971.92 I 4746 — 24853

28 4837.48 I oolz — ZoV (

O

45 4972.23 I
1 1 c^l 7 Q 1 A9Q

45 4843 06 2208 - 22851 28 4974.09
T 2378 — 22477

28 4844.29 II 6550 - 27187 45 4977' 20 II 7294 _ 27380

90 4845.53 I 0 - 20631 35 4984.42 II 8281 - 28338
55 4846.59 II 7722 - 28350 15 4984.57 II 7878 — 27935
140 4847.77 4 /OZ — OC QQ/1Z.1004 45 4986.37 II OZ / CS

OQQ07ZOOZ /

4849.91
T

0 - 20613 45 4986.44
T

6238 26287

20 4850.20 II 11325 - 31937 65 4987.54 I 3196 _ 23240
45 4852.62 I 6234 - 26836 35 4988.69 I 2437 - 22477

45 4852.62 I 3100 - 23701 55 4991.00 II 11310 - 31340
40 4853.59 I 3312 - 23909 45 4992.39 I 4173 24198

[I
1

1

9317 - 29893 1 ^n1 ou 4.0Q4^yy^, \jo
T

7780 _ 27796
65 4859.50 2208 - 22781 45 4998. 13 2208 _ 22210
28 4861.74 I 228 - 20791 45 5002.78 II 8702 - 28686
22 4863.13 I 23 5004.81 I 4160 - 24135

65 4863.25 I 1663 - 22219 23 5006.42 6663 z66oz

oo 4868 fiST'OUO . uu J 1279 - 21813 23 5006 49 .
4746 _ 24715

65 4874.00 11 8928 - 29439 210 5009.10 3196 23154

35 4874.35 I 0 - 20509 100 5011.77 II 8449 - 28396

28 4881.54 I 228 - 20708 35 5012.52 I 5315 - 25260
180 4882.46 II 12326 - 32802 35 5013.74 I

4Sft6 IS J 9379 - 29839 23 5013 78
t

3312 23251

45 4889.59 1279 - 21725 19 5014.29 I 8603 _ 28540

28 4891.88 I 3976 - 24412 19 5014.29 I 5409 - 25346

22 4892.85 I 228 - 20661 19 5016.48 I 7890 - 27819

90 4893.95 II 10704 - 31131 19 5016.48 I 3312 23240

4RQ7 HQ J 5315 - 25730 23 5016 55 J 0 19928

35 4898.20 3312 - 23722 65 5021.44 I 3976 _ 23885

80 4899.90 I 120 5022.87 II 8424 - 28327

28 4901.67 I 228 - 20624 23 h 5025.15 I 4766 - 24660

28 d 4904.89 I 1279 - 21661 19 5027.34 II
1 1 /I c r
1 1455 31340

zu
,

4766 - 25134 65 5098 33
.

1279 _ 21161

45 4914.94 II 7092 - 27433 23 h 5030.64 3210 23083

55 4915.32 I 0 - 20338 35 5031.77 I 4173 - 24041

55 4915.32 I 7890 - 28229 35 5031.99 II 11341 - 31208

45 4915.66 I 6238 - 26576 23 5033.81

9CZo AO 1 Q flQ 0 - 20320 19 OwOO ,00 8603 28463
'

45 4920.80 4762 - 25078 45 h 5036.64 1388 21237

22 4921.92 I 4746 - 25058 120 5037.78 11 8131 - 27976

45 4924.25 I 1279 - 21581 23 5039.73 I 1663 - 21499

22 4924.90 I 6238 - 26538 35 5039.80 II 13027 32864

99 10 9Q AO
1 1 7092 - 27379 9'<zo 5039.94

13 4930.54 0 - 20276 120 5040.85 3764 23596

16 4930.70 I 2437 - 22713 35 5042.08 I 3312 - 23139

55 4939.12 I 1279 - 21520 15 5042.24 I 5519 - 25346

28 4939.65 I 23 5043.20 I 9379 29202

\ Q IQlfi "^0
. •?iM 1Z^U7 I 5044.02 9772 29592

110 4943.44 J 7 1 ZU 9Q04Q 65 5048^83 2369 22170

28 4943.83 II 7713 - 27935 35 5050.98 I 4455 _ 24248

95 4944.61 II 8131 - 28350 23 5053.26 I 2378 22162

19 4948.68 I 3100 - 2,3301 35 5053.54 I 3100 22882

1

1

1

1

.1
4417 - 24619 •JO 1279 21059

35 4949.53 15517 - 35716 35 5055.79 I 3976 23749

9 4951.90 2378 - 22567 45 5063.96 5802 25543

11 4951.94 5802 - 25990 95 5065.93 6809 26543

19 4954.02 2369 - 22549 35 5067.16 II 12762 32492
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Cerium— all observed Zme5— Continued

Intensity

and
Character

in A Spectrum
Energy levels

in cm"'

Intensity

and
Character

W dVclCllglll

in A Spectrum
Energy levels

in cm"'

14 5071.50 I 45 5181.93 I 2369 - 21661
23 5071.55 1663 - 21375 35 5183.20 2437 - 21725
120 5071.78 7780 - 27491 IS Slftl 9ft { 5572 24859
75 5074.72 J 4160 - 23860 370 SI 87 4ft0X01. 'tU II11 9772 29044

240 5075 35 n 8278 - 27976 19 Slftft SI0 100. JO IT

65 5076.48 II 11458 - 31152 75 5188.66 I

75 5077.85 II 11.388 - 31076 35 5189.26 9379 - 28644
4.70 S07Q Aft\}\J 17. *JO II 11166 - 30847 9inz lyj SI 01 ftft0 1 7 1 .00 II

11 7012 26268
KJO 1663 - 21340 ftS SlQl 710 I7 1 . (

1

5802 2S0S8
23 4746 - 24412 101

7

SI 04 7ft0 17^. 1 u 0 19244

23 5084.17 I 4762 - 24426 35 5200.11 I 3100 - 22325
19 5084.46

}

7174 - 26836 40 5200.40 2437 - 21661
oo 508Q 69 6856 - 26498 1

1

S9nft 4ft 7890 27114
3'>oo 'iOQO ftft II 13659 - 33296 00 S9ftl 1ftOZU i . ou 0 19220
45 5091.73 1388 - 21023 4S S9ft9 4ft 8055 27271

45 5091.73 I 6663 - 26297 45 5202.58 I 4746 - 23962
35 5093.37

{

3764 - 23391 55 5203.27 2369 - 21582
23 h 5097.26 3100 - 22713 00 S9ftd 97 4417 23627
^o o\jyy .00 iftfti - 919ft7 IS00 S9ft4 79OZU4-. /Z 1Q7ft07 1 u 911ft4^O lOT"

^o Sill fil 4762 - 24320 IS S9ns 1

1

OZUO. LO 1 111 900 iz 22518

130 5112.70 I 4455 - 24009 35 5205.51 II 10058 - 29263
95 5115.24

}

4746 - 24290 35 5208.70
}

8400 - 27594
70 'ills 94 7169 - 26713 9flZo s9nR 01OZUO. 7

1

4199 23391
uo SI 1 S ftS01 1 J . U.J 5802 - 25344 9ft S91ft 14oz lu. 0^ IT1

1

771

1

9ft0ftftZU7UU
^f>nX\J\J 51 17. 17 II 11310 - 30847 IS S91 1 ft4OZ 1 1 . Ut" 4762 23947

19 5117.95 II 100.S8 - 29592 190 5211.92 I 6809 - 25990
45 5118.88

}

3210 - 22740 35 5216.38
{

6475 - 25640
^o S 1 1 Q 4ft

}

7174 - 26702 'to S991 onOZZ 1 . vu
!

2437 21582
91 S 1 1 Q 4ft ftftSft - 9ft1ft4 4-0 S999 04OZZZ. 74- 107ft07 / u 911 17zo ill

91£.0 SI 10 SI SQn4 - 9S411 zuu S991 4ftOZZ,>. 4U 47ft9 910ftlZ07U 1

65 5120.78 I 4199 - 23722 19 5226.24 I 4766 - 23895
45 5121.36

{

9206 - 28726 19 5226.38 II 7713 - 26841
DO C. 1 99 QQD 1 . .J7

I
2208 - 21725 1 ou ozzy . 1 0

!
2208 21324

9Q
.) I ZZ .Ou

}

'to ozou. 10
!

191ftoz lu 9919S

00 0 1 ZO.U i
44SS — DO OZOU.o't SI 1 s00 10 94497

7 5127.93 1 8055 - 27,551 140 5232.92 II 10646 - 29751

15 5128.02
j

7348 - 26843 19 5233.77 228 - 19330

1 1 u ^ 1 90 ^^70 1 ZV. D

/

cc00 OZO'+.UZ IT11 8278 27379
00

}

017Q -yo 1 7 9HRSn zo =^9"ic: 77 IT
1

1

1 10401 1 747 11ft410 1 u^o
or> a

c 1 0 c 00
0 ioo.oz 44 1 7 - Z.jOo.)

c;90 7 n7OZO / .U i
IT 1 ftft4ft 9071SZ7 loo

45 5137.12 I 8235 - 27696 13 5238.47 I 3100 - 22184
23 5137.78

j

5802 - 25260 40 5238.50
{

1663 - 20747
£.0 q 1 tft on0100.

!

0 - 19457 IQ C9'3Q on 2437 21520
1

0

0 i J 7 . ( /
I 970
1 z / y 907 'inZU I OK) 1 7 C9'3Q 00 II1

1

01 1

7

70 1 (
9R1Qft

0 1 4U.0U 9,1 7 Z 1 OoD 1 0ly ^9J.n 1

9

0Z4U. 1 z 4171 919S 1Z.jZO 1

110 5M7.57 II 10314 - 29735 65 ,5243.07 I 4173 _ 23240

65 5149.66
j

1663 - 21076 95 ,5244.50
{

2437 - 21499

lUU C 1 1 (1 (JO ) 0ly
co/ic: 900/4.9. Zo

!
1279 — 20338

Do z 1 cn OQ
.) 1 .lU.OV j 990Q 9 1 A 1 0z 10 ly 9AO ci9/li^ 09oz4-.>. yz

I

A7A94- 1 OZ 91Q1 0Z.JO ly
1 ^ 0 1 j A'l '3 7 Zv) / .>4 10ly ^910 lAoz-ty. ID 1 AA*3lOOO ZU / Uo

35 51.S3.99 I 4199 - 23596 35 5249.61 I 3312 - 223,55

19 51,S4.39
•j

6,550 - 2.S945 35 ,5251.06
{

7933 - 26972

ZClU
c ]

' 0 AO0 1 oy . oy 5315 - 24691 0.1 ';,9'^1 00ozo 1 .yy
[

118,50 30885
OOA^oU c I cn An0 i.iy.oy

{

Z M /
- Z 1 K 1 .5

1 Qly C9C9 A9ozoz.Uz oUUO ^41141
c 1 cn AQ

/ loV - Z0.140 7=i
/ 0 £^9"^ 9 A7OZOZ.O / 1

1

VO 1 / zo,4oU

280 5161.48 I 7780 - 27149 19 5253.41 I 2369 _ 21399

55 5163.27
•j

11341 - 30703 55 5254.82
{

5802 - 24826
'jr
10

!
8235 - 27593 9QZO

C9c;c noozoo.yo 9333 28353
1 n19 5 169.23

j

4173 - 2,3513 00zo coco Ar\ ri 5651 24663

35 c 1 n "7 *>
oioy. 228 - 19,S66 9QZO COCO 09.jzoy.yz 2369 21375

190 5174.55 I 85 5261.70 I 3210 22210
19 5177.73 3210 - 22518 85 5264. 18 4199 23190

28 5178.68 4417 - 23722 130 5265.71 II 10058 29044

75 5180.88 0 - 19296 35 5269.51 2369 21340

23 5181.75 3210 - 22503 15 5269.54 5006 23978
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Cerium— all observed Zines— Continued

Intensity

and
Character

Wavelength
in A Spectrum

Energy levels

in cm"'

Intensity

and
Character

Wavelength
in A Spectrum

Energy levels

in cm"'

35 5271.04
j

4173 - 23139 28 5359.97 4199 -

oo 5271.81 oiOO - 5 C C TOo57z - z4zl4

45 5271.86 I 4746 - 23709 9 5362.73 I 1388 - 20030

35 5271.92 I 8587 - 27551 75 5363.33 I 5519 - 24159

340 5274.23 II 8424 - 27379 75 5363.33 I 7467 - 26107

35 5275.79
XT
II

1 AQ 1 /tlUol4 — zyzt)o
1 r J
15 d 5366.92

:
44O0 — OOAQQzoUoo

9R "^976 94 8603 - 27551 23 S367 'i4
^OAA6809 - etc AO Azo4o4

17 5277.52 I 0 - 18943 15 5368.05 I 4746 - 23370

15 5278.43 I 10673 - 29613 23 5369.07 I 2378 - 20998

17 5281.35 I 228 - 19158 15 5369. 17 I 0 - 18619

35 5286.81 4173 - 23083 23 5370.31 5519 - 24135
'^9Q0 Q9 1279 - 20174 19 tjxj IX. tjyj 0 - 18611

17 5291.29 I lino - 21993 23 5378.32 II 14276 - 32864

17 5291.29 I 7696 - 26589 28 5379.92 I 3976 - 22558
17 5292.45 I 4160 - 23049 11 5380.11 I 4199 - 22781

65 5294.05 4199 - 23083 35 5382.58 3312 - 21885

17 4746 - 23627 1 clO OOO^. IZ 4173 - 22741
130 5296.56 I oy 1 u 99ft'^1 75 5386.32 I 9nOQR^\jyyo

35 5298.26 I 2369 - 21237 55 5386.78 II 9779 - 28338
17 5299.16 I 5409 - 24274 19 5391.82 I 5904 - 24445

15 5302.11
{

5802 - 24658 23 5391.88 4199 - 22740
1 c10 OOUO.uO 0\J\J ooyo,^\j 11 8897 - 27433

23 5303.32 I z lyJDy 55 5394.87 ^ 1 yyo
11 5303.33 I 1663 - 20513 35 5395.24 I 228 - 18758

23 5308.30 I 9135 - 27968 28 5395.70 I 4020 - 22549

23 5308.30 8101 - 26934 150 5397.64
1

2208 - 20730
oo Oij\JO,00 5315 - 24148 1 c. coQV qqooy t . yy 7467 - 25987

13 5309.89 I OUOO ZOooO 23 5399.06 I OZ lU 9^797zo 1 z /

13 5309.89 I 5904 - 24731 14 5399.56 I 7348 - 25863

35 5313.93 I 7174 - 25987 23 5399.60 I 3210 - 21725

35 5314.38 7890 - 26702 28 5401.21
{

3710 - 22219
Zo ^714. OA00 l^.o^ 4160 - 22970 9ftzo "^401 91 6856 - 25365

23 5315.05 I ^>9^J. —OZ04' ocnAA
ZOl/^^- 15 5402.56 I oOly 94094

19 5317.59 J 2437 - 21237 35 5404.36 I 7169 - 25668

35 5323.28 I 7933 - 26713 15 5406.65 II 13256 - 31747

130 5328.08
}

3976 - 22739 19 5407.67
}

3196 - 21683

00 00^7. ou 7780 - 26538 1 1; otuo. ou 6475 - 24960

190 5330.54 II /UiZ zo too 280 5409.23 II QQ07 _007 /
97^70z 1 0 / y

28 5332.34 1663 - 20411 15 5411.54 I 6238 - 24712

17 5334.02 I 8101 - 26843 19 5411.76 I 3210 - 21683

17 5334.71
}

7696 - 26436 28 5414.11 4417 - 22882

to 0000. lO 3210 - 21946 lO 04" 1 i . OO 11
11 8928 - 27380

65 5336.22 I
0 0 1 AAzoiyu 35 5418.70 lOOo Ortl 1 9ZKJi IZ

17 5337.79 J 110 5420.38 I 4746 - 23190

15 5340.66 J 5006 - 23725 11 5421.29 I 6856 - 25297

7 5340.77
{

6238 - 24957 7 5421.38
1

12297 - 30738

17 CO AC 1 Ooo4o. Iz 7841 - 26545 0 6621 - 25059

23 5346.55 } 79oo - z66oz 6 5422.23 J 4/40 - oo 1 OAZO lo4

23 5346.55 J 2208 - 20907 11 5422.26 I 5572 - 24009

35 5347.84 II 5969 - 24663 23 5423.43 I 4417 - 22851

15 5349.27
{

3196 - 21885 15 5426.37
{

228 - 18652
o cio oooU.oo 7169 - 25854 1 c

10 04ZO.OU 3196 - 21619

23 5350.65 j 23 5427.26 I 0 (04 — 001 QAzzlo4

14 5350.72 ] 8587 - 27271 13 5428.26 I 9379 - 27796
19 5351.37 I 3312 - 21993 11 5429.42 I 2378 - 20791

13 5352.22
{

5519 - 24198 8 5429.52
19Q corn OQOooz.Zo 11030 - 29708 oo CArin nco^ou. zo 6856 - 25266

450 5353.53 II 7092 - 25766 19 5430.53 I 5210 - 23620

55 5355.18 8603 - 27271 28 5431.41 I 5572 - 23978

23 5355.59 J 3210 - 21877 23 5433.34 I 3100 - 21499

15 5355.96 I 4417 - 23083 6 5436.04
{

5904 - 24294
45 5357.20 0 - 18661 Ay CA Q^; 1 1 5572 - 23962
45 5357.20 4455 - 23117 28 5437.86 6234 - 24619

19 5359.26 2369 - 21023 19 5438.44 228 - 18611

23 5359.50 14387 - 33040 23 5445.43 228 - 18587
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Cerium— all observed /ines— Continued

Intensity

and
Character

Wavelength r.

jj, ^ opectrum
Energy levels

in cm"'

T •»
Intensity

and
Character

Wavelength
in A Spectrum

Energy levels

in cm"'

5446.18 I
0 1 AA3100 21456 5315 23282

28 5446!45 I 7890 26245 170 5564.97 I 3196 21161
140 5449.24 I 5802 - 24148 28 5565.28 I 5006 — 22970
23 5450.03 I 4160 - 22503 130 5565.97 I 3764 - 21725
35 5451.74 I 5572 - 23909 19 5566.48 I 9830 - 27790

35 5453.96 I
A 1 "TO OOCAOzzoUo 45 SS67 82 8587 26543

45 5456.39 I 1388 19711 13 h 5569.29 I 3210 21161
35 5457.20 I 4199 - 22518 19 5572.19 I 1388 — 19330
15 5457.86 I 4160 - 22477 6 5575.00 I 10879 - 28812
28 5458.83 I 0 - 18313 7 5575.11 I 8055 - 25987

55 5459 20 II 13028 31340 1Q OO 1

1

. zo 6234 24159
45 5460.06 I 3210 21520 35 5578.28 I 8088 26010
9 5460.09 I 2437 — 20747 28 5578.90 I 3764 _ 21683

55 5464.21 II 11455 - 29751 19 5582.69 I 4417 - 22325
95 5465.34 I 2369 - 20661 45 5582.73 I 1388 - 19296

140 11310 29592 OOOt". U

1

3976 21877
140 5472.29 II 10058 28327 19 5584.66 I 94^7 9fl^^8^uooo
28 5472.87 I 7174 _ 25441 7 5586.62 I 6836 _ 24731

28 5473.39 I 7841 — 26107 11 5586.74 J

28 5473.53 I 1279 _ 19544 13 5588.10 I 4173 _ 22063

1 c 0*r / / . ^ 1 1 6621 24873 Zo OoOo. Oo 3210 21100
28 5478.62 I 1 ooo 1 7UOU 9 5589.24 J ouuo
19 5481.15 I 5572 _ 23811 9 5590. 10 I 7890 _ 25774
55 5481.97 I 6856 _ 25093 13 5590.53 I 2437 — 20320
11 5483.39 I 5637 _ 23869 15 5593.68 I 6663 _ 24535

17 C/loq en IOtoo.OU 1 5904 24135 10
CCQO 7cOOVO . / D 5519 23391

28 5491.15 I 00 i 7 65 5594.96 J 00 10 ^0 104'

45 5498.16 I 3764 I 21946 100 5595.88 I 4455 _ 22321
9 5506.10 I 4199 _ 22355 35 5597.96 J 5572 _ 23430
13 5506.46 I 5572 _ 23727 23 5598.86 I 1388 _ 19244

4020 22162 DOUl .ZO 6809 24657
260 5512.08 II o io 1 19 5606.42 I 9^9dftZOZH-Vy

13 h 5513.12 II 11458 I 29592 19 5606.53 I 1388 _ 19220

19 5514.21 I 6234 24364 11 5609.45 I 2378 _ 20200
28 5516.08 II 13028 _ 31152 75 5610.24 II 8449 _ 26268

10 8587 — 26707 c/iin 0^OOIU. vo 3764 21581

9 5517.84 I Z^oOZ 35 5613.69 II 1 IH-OO 9Q9fi^^7ZUO

55 5518.47 II 9317 I 27433 75 5614.72 I 2369 _ 20174

35 5522.46 I 4455 _ 22558 17 5615.98 I 3196 _ 20998

13 5526.08 I 5210 _ 23301 9 5616.53 I 7467 _ 25266

4201 — 22290 1 7 OOZU.Oo 3210 20998

23 5527.18 I ay /o oon£ozzUoo 9 5622.68 I
Q97n ZOUOU

95 5535.23 I 3100 21161 13 5623.00 II 4511 I 22290

35 5537.54 I 3100 _ 21153 11 5623.74 I 228 _ 18005

28 5540.54 I 8307 26351 11 5625.25 I 4746 _ 22518

15 C C /I O T 1 T554Z.71 1 5637 — 23673 11 6856 — 24619

13 5542.87 I 8509 26545 28 5632.49 I 0000 OA A ^ 0

19 5544.62 I 4160 22190 17 5633.04 J 4199 21946

19 5546.51 I 5572 23596 28 5633.10 J 3312 _ 21059

13 h 5547.50 I 6303 24325 11 5634.44 I 1663 _ 19406

65 cz AO on I 1279 — 19296 OO04.DZ 6621 — 24364

35 5550.04 II 10314 ZOOZ7 45 5637.35 II 1 lolU

19 5550.66 I 4173 22184 35 5638.20 0 17731

13 5551.41 I 0 18008 11 5638.42 J 5409 23139

9 5552.27 I 0 18005 11 5638.63 I 0 _ 17729

IIU DOOO.ZO 1 4746 - 22739 10 OO'fU. lU 4160 — 21885

55 5556.95 II 14625 32616 11 5640.79 J 5210 22933

13 5558.65 I 4199 22184 35 „ 5646.58 I 4020 21725

55 5559.20 I 4455 22438 45 5650.59 I 4746 22438

6 5560.01 I 8991 26972 11 5652.98 I

7 5560.10 I 9333 27313 190 5655. 14 4199 21877

15 h 5561.45 II 11760 29735 11 5656. 18 8055 25730

6 5562.13 I 2437 20411 11 5659.79 1279 18943

7 5562.20 I 1663 19636 11 5663.20 4160 21813

45 5563.02 I 7715 25686 13 5663.46 2378 20030
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Cerium— all observed Zmes— Continued

Intensity

and
Character

Wavelencth
in A Spectrum

Energy levels

in cm"'

Intensity

and
Character

Wavelength
in A Spectrum

Energy levels

in cm"'

55 5663.98
j

5802 - 23452 23 5773.59 I 0 - 17315
1 A
19 0004.oy 7696 - 25344 1 ft

19
CT7 A ftft5774.99 3100 - 20411

9 5665.41 441 7 — 9906 13 5775.80 II 1988

95 5668.92 II 8131 - 25766 35 5782.42 8055 - 25344
240 5669.96 3210 - 20842 13 5782.78 J 3210 - 20498

11 5671.42 6663 - 24290 13 5783.99 II 11760 - 29044

35 CiTl Oft5671.89
}

1388 - 19014 45 5784.86 6663 - 23944
23 5675.12 0 - 1 7f>l1 i u 10 11 5786.87 { 9444

55 5676.87 J 7933 - 25544 13 5787 20
T

7933 - 25208
11 5677.22 J 4746 - 22355 120 5788.15 J 8587 - 25859

120 5677.75 4455 - 22063 11 5791.34 5097 - 22360
11 C^Tft ftO

11 13527 - 31131 17 5791.66 5519 - 22781

17 5680.26 II OQQO _ 9 5794.79 { 171 0 — zuyoz
11 5682.76 1279 - 18871 35 5796.09 J 7467 - 24715
13 5683.11 II 15235 - 32826 19 5799.79 II 3703 - 20940

28 5683.76 II 11455 - 29044 95 5804.43 2437 - 19661

45 C£ OC OA5685.84
TT
11 15281 - 32864 55 Co 1 ft no5810. li 8055 - 25260

11 5687.82 91ftl 1Zoo 1 i 11 5811.84 7i4n —
/ 0^0 9/1 CAOz^-D^y

23 5688.49 J 4746 - 22321 120 5812.92
T 4455 - 21654

11 5691.47 II 5010 - 22576 11 5815.47
I

3974 - 21165

23 5692.12 I 5409 - 22972 28 5817.78 II 8176 - 25360
120 5692.94 3764 - 21324 45 5820.37 6337 - 23513
23 5695 66 91710 55 5822 98 DO I Z

75 5695.84 II 13117 - 30669 11 5823.46 II 15822 - 32989
300 5696.99 5315 - 22864 13 5829.96 4020 - 21168

370 5699.23 I 6809 - 24350 19 5830.13 I 0 - 17147

55 5702.39 3100 - 20631 19 5831.38 7933 - 25077

35 5703 22 II lUoZU — 95 5831.91 olVO — OftQQQZUooo
17 5709 06 5572 - 23083 19 5834 24 T 3210 - 20346
9 5710.04

I
6856 - 24364 95 5835 84 J 7696 - 24826

45 5711.43 II 11760 - 29263 75 5838.15 I 3976 - 21100
17 5712.29 4160 - 21661 35 5839.36 0 - 17120

35 h 5715.25 II 11 5841 10 OftOOftzUoZU
35 5716.46 6836 - 24325 35 5843 73

I
4160 - 21267

1

1

\j t 10 • 0\J 1388 - 18871 S84S 96
T

11 5718.58 II 15134 - 32616 14 5846.08 7174 - 24274
240 5719.03 5802 - 23282 35 5848.32 7467 - 24561

9 5719.54 1/ — 1 OT CO 11 5848.84 II I'iJ.Oj,
— o1o4d

35 5721.96 2208 - 19680 28 5851 02 1279 - 18365

yo 0 t £,0 . OxJ 4417 - 21877 23 5851 10
T

8991 - 26077

17 5726.13 I 4160 - 21619 35 5853.06 I 5210 - 22291

19 5727.25 II 17571 - 35026 23 5853.34
{

3196 - 20276
9 5729.34 c 0 1 ft5210 - zz66u 35 5853.67 09 "70

zo /o - 1 CiA C7

7 5729.42 8509 - 25958 45 5857.11
T 4199 - 21267

17
T

3196 - 20631 23 5858 14
I

3210 - 20276

19 5735.69 I 5519 - 22949 19 h 5858.56 II 10314 - 27379

95 5743.53 2437 - 19843 45 5859.37
{

5802 - 22864
10 8587 - 25990 JO 5862 49 4173 - 21226

^JAf, Af, 3764 - 21161 1

1

T
6856 - 23885

0 7174 - 24565 75 5871.59
T

2208 - 19235

17 5748.94 I 3764 - 21153 13 5873.90 I 243? - 19457

11 5752.50 8055 - 25434 11 5878.03 3312 - 20320

00 0 i 00. 1

1

7696 - 25058 1

1

1^878 14 II 14739 - 31747

00 CTCO OQ }

!

7174 - 24535 91 '1878 90 5315 - 22321
Q 0 1 yu. 07 4090 - 9117'^ 13 5879 01 II 15859 - 32864

11 5763.00 II 28096 - 45443 19 5888.52 I 9830 - 26808

23 5764.77 2369 - 19711 13 5892.47 3764 - 20730

ttO 0 1 vo.oo } 1279 - 18619 35 5893. 19 6663 - 23627

to 0 1 Do.yu II 10646 - 27976 1

1

1

1

^RQ7 7^ y 5409 - 22360

tiO 4173 - 21499 11 5898 08 II 7713 - 24663

35 5770.40 I 5519 - 22844 11 5899.71 I 7467 - 24412

13 5771.98 II 10058 - 27379 11 5900.68 0 - 16942

35 5772.22 3312 - 20631 23 5901.29 5904 - 22844

45 5772.88 1388 - 18706 13 5901.39 8603 - 25544

140 5773.12 4746 - 22063 23 5905.99 2369 - 19296
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Cerium— all observed /iraes— Continued

Intensity

and
Character

Wavelength
in A opectrum

Energy levels

in cm"'

Intensity

and
Character

Wavelength
in A opectrum

Energy levels

in cm"'

1

1

5907.49 ft97n 35 fiO^S 40 II loUZO 90i;ooZ7D7Z
55 5909!86 I 4160 21076 110 6043.39 II 9726 _ 26268
55 5910.12 I 1279 - 18194 28 6045.42 I 7348 - 23885
45 5912.92 I 4746 - 21654 55 6047.40 I 3312 - 19843
11 5914.82 I 3210 — 20112 19 6051.80 II 1873 - 18393

45 5920.42 1 1 i o 23 6057.50 1 ^ftftiooo 1 7fl091 /07Z

23 5924.04 I 2369 19244 35 6058.00 I 2369 I 18871

19 5924.90 II 10641 - 27515 23 6066.75 I 1663 - 18141

55 5926.31 I 0 - 16869 9 6068.64 I 6809 - 23282
85 5928.35 I 2208 - 19072 19 6069.46 I 12960 - 29432

19 5929 50 /I 1 OQ 35 6069 48\J\>\J ^ . TV OA 1 A7

28 5929.82 I 4455 21314 35 6072.00 I 3196 I 19661

23 5932.16 I 3210 - 20063 35 6076.61 I 7696 - 24148
17 5933.58 II 2634 - 19483 17 6077.16 I 3210 - 19661
55 5934.32 I 8587 - 25434 17 6080.37 I 12114 - 28555

40 5934.45 / / lo 17 6081 28 ioooo
95 5937!72 I 3976 20812 19 6088.86 I

19 5938.44 I 4746 - 21581 19 6088.96 I 11810 - 28229
230 5940.86 I 3764 - 20591 35 6093.19 I 6475 - 22882
28 5941.54 II 8927 - 25753 45 6098.34 II 14276 - 30670

9ft 5942.67 228 17051 1

1

^noo fto 2369 18758
28 5944!86 I 6475 23292 28 6108.74 II 13527 29893
23 5947.64 I 4417 - 21226 9 6111.82 I 5637 - 21994
23 5950.61 I 3312 - 20112 7 . 6111.92 I 8055 - 24412
11 5951.21 I 4199 - 20998 15 6118.56 I 7174 - 23513

9 oyo\j . uo 9462 26245 17 Ai 1ft onU 1 10. 7U
col c 21654

14 5956.84 I 8991 25774 9 6119.81 I 1663 17998

35 5959.69 II 13118 _ 29893 45 6123.67 I 7841 - 24167
9 5960.70 II 14252 - 31024 9 6124.25 I 7890 - 24214
13 5960.87 I 8055 - 24826 9 6130.15 I 13124 - 29432

1

1

1 X •jy\jo .JO 1663 18427 10 f.-\ Qo nnU lOZ. UVl It 14827 31130
8 5964.62 I 5409 22170 19 6132.18

8 5964.64 I 11 6135.45 I 7715 - 24009
28 5966.18 I 5802 - 22558 7 6135.55 I 13939 - 30233

45 5966.33 I 5904 _ 22660 9 6137.23 I 15131 - 31421

9ft i;q79 no 15333 32073 9^ fii ^0 n^U 107.vO
11 5972.79 I 5210 21948 15 6142.92 I 4455 20730

75 5975.87 II 10704 _ 27433 35 6143.36 II 13676 _ 29949
35 5975.98 1279 - 18008 23 6146.43 I 6475 - 22740

19 5979.37 I 1279 _ 17998 19 6147.84 I 5802 - 22063

1

1

CQOi on 13572 30286 9 fildO 'ifi 4766 21023

45 5989.38 I ^ inflO 1 \J\J 10701 23 6151.72 I 4160 20411

45 5992.67 I 4417 _ 21100 19 6159.82 I 7715 - 23944

35 5995.26 II 10704 - 27379 19 6162.14 I 2437 - 18661

35 5995.45 II 13218 _ 29893 19 6165.45 J 12707 - 28922

rOQ7 (\'X IT
11 16192 32862 7 79 Sid. 14310 30505

11 6000.18 1 AA'^lOOo 1 Q'^9A 7 6172.86 I 1 ^Oft9 annOft0VV70

55 6001.90 J 8603 25260 19 6175.28 I 12366 _ 28555

4 6003.62 J 35 6186.17 I 8400 - 24561

7 6003.68 J 11061 _ 27713 9 6186.93 I 11850 - 28008

c c
oi) OUUO.OO 2369 19014 1 CID ^ 010/. V( 228 16384

15 6006.20 { 99ftZZo 15 6195.23 I 3210 19347

55 6006.82 J 4199 _ 20842 19 6195.53 I 4455 _ 20591

19 6007.37 J 7169 _ 23811 19 6198.05 I 13605 _ 29734

75 6013.42 I 2437 _ 19062 35 6208.98 I 9333 - 25434

OQZo ouio.oy 1279 17895 Q7 6900 '^fiUZU7. ou
.

3196 19296

4 6018.78 J 1 /99o 9 6211.05 I

6 6018.82 J 3 6212.29 I 8055 24148

9 6020.60 \ 4160 20765 7 6212.49 I

110 6024.20 I 3196 19791 11 6216.82 I

15 6027.16 4160 20747 9 £000 oc6ZZ0.25 1279 17343

11 6031.26 5006 21582 9 6228.23 0 16051

23 6033.58 17475 34044 35 6228.94

35 6034.20 II 11760 28327 19 6229.13

23 6034.41 5097 21664 23 6232.45 II 9726 25766
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Cerium— all observed Zines — Continued

Intensity

and
Character

in A Spectrum
Energy levels

in cm~'

Intensity

and
Character

Spectrum
Energy levels

in cm"'

28 6237.45 I 3764 - 19791 6 6534.51 I 3312 - 18611

13 6238.71
{

3210 — 19235 7 6537.49 II 15859 - 31152
11 6241.87 U 16016 19 6'^'^1 70 3976 1 AOO C19235
3 6241.95 1 4766 20782 45 6SSS 6S T

6475 - 21725
13 6242.91

T 6560 79
T

3312 - 18550

15 6253.65 I 2208 - 18194 7 6563.46 I

9 6256.36 12960 - 28940 7 6565.67
1

8400 - 23627
±o 6257.99 101 ft A13124 OAAAAZ9099 0 6'i71 60 6475 - 21683

6264 27 13605 29564
T

1388 - 16588

9 6270 28 T
7348 23292 23 6579. 10 f

45 6272.05 II 12457 - 28396 7 6599.63 I 4199 - 19347
15 6276.47 2437 - 18365 7 6605.35 2208 - 17343
7f 7467 23370 1 1;10 6606 I'i 2378 - 17511

7 6286 4'? 14609 30511 ic;
i%j 6606 ft6 TI11 13218 - 28310

35
T

0 15879 99 6619 06

28 6299.51 II 15282 - 31152 10 6623.00 I 3100 - 18194
23 6300.21 1279 - 17147 30 6628.93 2208 - 17289

3210 19062 1110 66 '^O ftO 15491 - 30523
Q A,

'it
66';i 41 111 1 —0010 90146

o 15396 31219 66 "ii ^^vyjo 1.01 } 1661 - 166011UU70

4 6317.99 I 6303 - 22127 22 6652.72 II 12326 - 27353
8 6331.97

}

228 - 16017 10 6661.41
{

7348 - 22355
Q uooo. ou 3764 19544 1

1

666"; 100000.0 7 3196 - 18194
1C

11/ 6671 14\y\j i 0 . ot TT11 19417 - 97411
11X X J 1663 17438 7 6670 ftO 3976 - 18942

13 6340.70 I 8400 - 24167 7 6679.88 I 4020 - 18987
35 6343.95 II 2634 - 18393 15 6686.60 12960 - 27912
u fi^'i^ 4fl 6475 22210 96/o 67nn 66 12960 - 27880
u 6'<fin 99 OD 67(14 97 990ft - 17190

11 1 110 67n4 19 TI11 10010 - 14ft61O'tOU 1

6 6372.99 I 2208 - 17895 10 6706.04 II 14827 - 29735
4 6386.10

}

12467 - 28122 3 6710.09 3100 - 17998
uoou.

}

5572 21226 7 671 1 47u J 10.t f 4455 - 19347
9ft DooD.o'r

}

191 141 1*T t t UU Q 6790 9ft0 iZu./o If11 141ft7 -iT^OO / 90961
7 10ft41 q0 6796 14 7606 -(OVO 9911ft£.£.000

23 6393.02 II 11742 - 27379 15 6728.71 I 2208 - 17066

11 6395.16
{

15 6729.57 3764 - 18619
7 2369 17998 A

*T u 1 00. ^ X n11 15822 - 30669
A tf^oQ/; 97 }

i

90617 1 C A7AA 70 11 lic;97 _lOOZ i
9R110

0 O07V.7U 1 11 94 9R744 0 1 'to.vu 11010 - 9R717£,Q lot

3 6399.94 I 6856 _ 22477 4 6749.38 I 9996 - 24808
11 6425.29 II 17976 - 33535 7 6749.49 3196 - 18008

!

** 6711 OR 1111 13527 - 28327
A/tOA on 99ft f. 6764 41U J Ut". 'TO 714ft - 991 97ZZ IZ i

{ 1 0906 D 6767 6R 1 970 _
li. ly 16011lOUO 1

8 6439.97 I 2369 _ 17892 4 6770.15 I 8603 - 23370

19 6446.12
{

14027 - 29536 30 6774.28 II 13218 - 27975

0 00 6771 100 ( i o.ov
{

12114 - 26868
oo

}

1 QQQ in 677R 9fl U 1 A7AQ
Oo 0401 .00 0 (04 Qy 67Rn 91 IT11

19 6466.88 II 14276 _ 29735 9 6780.71 I 4199 - 18943

28 6467.39 2437 - 17895 6 6793.84
{

13194 - 27910
£0 owa.\fi If

11 7746 23200 c0 6ftni 79OoU 1 . / z 4173 - 18871

do £.A 70 TO

}

c0 6ftni 9fl ZMo — lovUo

1 (
£.Af\fi mo4yo.y

/

66OJ 1ft 6ftn7 ftiOoU I .0

1

IOTA
1 (OVO

6 6494.94 I 7348 22740 10 6808.82 I 2437 - 17120

11 6503.27 II 17000 - 32372 6 h 6811.62
{

7841 - 22518
4 i^cAO no

j

3976 19347 Q7 ADI C 900010.^7
}

11061 - 25730
A4 6504.1/ 4173 19544 110 ^RIQ 9^

}

1388 - 16051

11
£ CAT 1 £6507. 16

IT
11 14387 29751 7 OOZO. 4^ 4417 - 19062

7 6509.01 I 228 15587 7 6829.38 II 4844 - 19483

23 6513.59 II 14387 29735 10 6829.73 II 14626 - 29263

19 6517.31 3210 18550 6 6834.24 II 12751 - 27379

6 6519.12 13605 28940 2 6839.92 6621 - 21237

6 6530.68 3764 19072 3 6839.97 10318 - 24934
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Cerium— all observed /iraes— Continued

Chsrsctcr

Wavelength
in A

Energy levels

in cm~'

Intensity

£ind

Character

Wavelength
in A opectrum

Energy levels

in cm"'

4 6844.26 4455 - 19062 16 7235.71 11

4 6844.48 II 16545 - 31151 22 7238.36 II 12457 - 26268
7 6846.78 II 15134 - 29735 12 7241.73 I 7715 - 21520

13 6847.25 I 1279 - 15879 25 7252.75 I

9 6853.59 I 8603 - 23190 12 7262.64 I 5802 - 19567

12 6856.55 I 8603 - 23184 11 h 7277.90 J 2208 - 15945

3 6885.49 I 4173 - 18692 6 7279.94 I 3976 - 17708
2 6885.71 I 1279 - 15798 11 7296.17 I 2378 - 16080
10 6893.66 I 12366 - 26868 19 7301.42 II 14404 - 28096
7 6894.56 I 2369 - 16869 19 7313.45 II 15594 - 29263

10 6898.45 II 18393 - 32885 25 7329.91 I
1'1914 -

9 6899.06 2208 - 16699 16 7334.68 II 19481 - 33111

6 6904.58 I 7841 - 22321 12 7343.44 I 2437 - 16051

4 6909.35 I 7715 - 22184 6 7345.62 I 4160 - 17770

9 6919.27 II 13527 - 27976 6 h 7361.89 I 3764 - 17343

30 6924.81 6663 - 21100 6 7362.40 J lOUlO

10 6939.45 I 228 - 14635 4 7363.09 I 1663 - 15240
2 6970.40 I 7841 - 22184 2 7363.19 I 12720 - 26297

2 6970.53 I 3710 - 18052 6 7372.54 I

19 6973.50 II 18704 - 33040 6 7383.74 I 9830 - 23370

10 6983 82 n 13118 - 27433 9 7390.46 II u —

30 6986.02 228 - 14539 6 7393^40 4762 - 18284

9 6999.89 I 1663 - 15945 25 7397.77 I 0 - 13513

9 6999.93 I 1279 - 15561 11 7401.27 I 2437 - 15945
6 7013.35 I 6475 - 20730 12 7417.94 II 2382 - 15859

7014.81 531S - 19567 6 7421.00 "X 1 OA0 IVo — 10000

7 7017^24 I 3974 - 18221 11 7424^70 CeO
4 7018.72 I 4417 - 18661 12 7433.08 I 4199 - 17649

4 7018.79 I 17147 - 31391 11 7438.56 I 4455 - 17895

6 7031,00 I 6 7440.49 I 2208 - 15644

5
.

12 7444.44 zooV —

6 7049.61 I 7696 - 21877 6 h 7458^42 II 15859 - 29263

6 7049.73 I 4020 - 18201 9 7462.32 I 2369 - 15766

12 70.54.51 I 12366 - 26538 10 7472.41 I 14743 - 28122

11 70.58.68 II 2382 - 16545 6 7478.71 I 3976 - 17343

11 7060 00 - 28904 16 7486.57 II zUC),>4 —

35 7061.75 II 15594 - 29751 9 7500^70 2437 - 15766

11 7064.49 I 8587 - 22739 6 7.508.13 I 8904 - 22219

35 7086.35 II 172,32 - 31340 9 h 7509.49 I 7348 - 20661

11 7105.04 II 4322 - 18393 11 7527.46 I 11796 - 25077

7 7113.17 9830 - 23885 11 7527.68

11 7115^08 11 14276 - 28327 10 7533.73 I 5802 - 19072

7 7120.86 II 5942 - 19982 4 7,539..52 I 1279 - 14,539

6 7123.44 I 6475 - 20509 4 7539.58 I 5572 - 18831

10 7124.73 I 4020 - 18052 10 7551.25 I 4199 - 17438

7 12 7562.44

7 7136.08 I 8055 - 22064 10 7562.86 I 2369 - 15.587

16 7141.42 I 3976 - 17975 10 h 7563.60 I 7841 - 210.59

7 7141.68 I 1279 - 1.5277 9 7,586.01 I 5409 - 18587

19 7150.23 II 15282 - 29263 10 7603. 10 I 4746 - 17895

in 71 t1 fil 25 7616.11 11 1ZO03 - 0 c /I no

16 7155.25 I 14531 - 28503 7 7632^55 8055 - 21153

16 7156.99 II 4511 - 18479 12 7646.08 I 4455 - 17530

7 7175.00 II 4459 - 18393 10 7647.88 I 6856 - 19928

7 7177.44 I 6663 - 20591 7 h 7663.39 II 15282 - 28.327

7 7109 on 00 1 ) 1 71.00 7 7670.76 II

6 7186.20 18704 - 32616 7 7678' 13

16 7189.40 II 13527 - 27433 12 7682.47 I 3210 - 16223

10 7191.72 I 2437 - 16338 25 7689.17 II 12751 - 25753

11 7201.56 II 4511 - 18393 9 7702.84 I 5315 - 18294

16 7201.89 n 10001 f.U 77 1 7 fSi II
11 1873 - 14827

10 7203.55 5802 - 19680 6 h 7724.61 II 14963 - 27905

12 7210.67 3210 - 17075 10 7732.33 3764 - 16693

6 7213.92 2208 - 16066 5 7741.43 11 19950 - 32864

19 7217.36 1388 - 15240 4 7743.77 9830 - 22740

34



Cerium— all observed /mes — Continued

Intensity

and
Character

Wavelength
in A Spectrum

Energy levels

in cm"'

Intensity

and
Character

Wavelength
in A Spectrum

Energy levels

in cm"'

4 7746.65 II 3363 - 16268 5 8079.37 J 4746 - 17120

16 7748.35 I 4746 - 17649 10 8094.43 I 3210 - 15561

4 7752.86 II 2634 - 15529 16 8120.36 I 2437 - 14748

5 7762.95 I 4173 - 17051 6 8171.39 1279 - 13513

6 7769.75 I 4199 - 17066
5 8175.59 II 3594 - 15822

5 7785.10 II 7713 - 20554 5 8199.29 6234 - 18427

10 7797.70 I 3196 - 16017 9 8220.70 I 3210 - 15371

4 7806.80 I 3210 - 16016 7 8223.61
TT
11

4746 - 16903

7 7812.70 I 5802 - 18598 7 ooo/i on 3704 - 15859

9 7835.88 I 6809 - 19567 6 8239.48 O0O9 — 1 OAyt 918942

4 7838.38 II 19481 - 32235 10 8241.55 II
OOQ lollo

12 7842.59 I 1388 - 14136
7 8245.20

.
I 1388 - 13513

1 f\10

7844.94 II

XT

14963 -

5969 -
27706
18704

5

6

8246.82
8250.64

I

II

11061 -

1410 -
23184
13527

10 tool, lo IT
11 1

0

09^ 1 An

{

9(1^7 — iT-OOy

7857.54 II 7259 - 19982
2 8300.59 0 Ly\j

22
2 8300.73 1 iOlO

12 7864.49 I 5315 - 18027 9 8310.23 [
Q 0 1 Ao210 - 1 C 0>l A15240

lU 1
1 1388 - 14098

7 8312.34 I 4173 - 16200
oZ

T
1 ZOO /u

n
Z 70*7/1 00 T

1
7711^
1 1 lo — ZU411 0 n

0

QO97 f.nOOZ / .0 1

OOC C 1 c
OoOO. 10

TI
11
II
11

91fi9 -

18704 -
I'tOO i

30669
1^lU 7R0ft Qfi1 070. y\j ITIX 7293 - 19950 9 8396.39 i;on9 _OoUZ 1 77nft1 / /Uo
11 7913.52 I 6663 - 19296 6 d 8405.25 II ZOoZ 1 d.97fi

10
TAT? OA
7927.oO (_eU 16 8418.23 II 6517 - 18393

10 7927.72 I 1 1 uuu

10 7934.50 II IDDl /
9Q1 1 7Zol 1 /

1

1

0 n

Ct^O. 0^
00 1 1 . 00

T

J

2369 - 14136

o J 7841 - 20411 7 n O0ZO.O4' 2369 - 14098

9 7972.11 I 2208 - 14748 12 8539.08 II 1410 - 13118

7 7972. o4
TI
11 988 - 13527 9 n OC^/t CO 2208 - 13881

9 8002.56
T
1

7 K OOU / .H-O J 0^ 1 u 15644

9 8002.70
T
1

704.0 _ iQQ/in1 70^U in

10 h

ftfi 1 9 fidou 1 ^.ut

8647.66

.
3764 -

4455 -
15371

16016
ou it 0 - 12457 11 h 8702.08 IT

11 3794 - 15282
5 8030.69 II 3704 - 16152 7 8716.66 II 988 - 12457

5 8031.45 I 4455 - 16903
II 2880 - 14276

6 8040.02 I 3210 - 15644 25 8772.14

5 h 8066.91 I 5315 - 17708 9
12

8782.17
8810.84

5315 -

2437 -
16699
13784

16 8070.71 I 4199 - 16586 30 8891.20 II 1874 - 13118
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Cesium

Cs, Z = 55, M = 132.9055, Ratio^ = 2.091
Lu

Cs I Normal state of valence electrons 5p^6s ^Si/2 = 0. I. P. = 31407 cm"*.
Cs II Normal state of valence electrons 5p^ 'So=0. I.P.= 186600 cm-*.

References

Wavelengths and Classification:

H. Kleiman, J. Opt. Soc. Am. 52 , 441 (1962).

Cesium— all observed lines

Intensity

and
Character

Wavelength c
in A Spectrum

Energy levels

in cm"'

Intensity

and
Character

Wavelength c
^ " spectrum

Energy levels

in cm"'

400 4555.31 I 0 - 21946 200 hs 6723.29 I 11178 - 26048
200 4593.20 I 0 - 21765 200 hs 6973.30 I 11732 - 26069
30 hs 5664.02 I 11178 - 28829 35 6983.49 I 11732 - 26048
25 hs 5845.14 I 11732 - 28836 40 7608.90 I 11178 - 24317
80 hs 6010.49 I 11178 - 27811

60 hi 8015.72 I 14499 - 26971

14 h 6034.09 I 11732 - 28300
hi 14597 - 26971

120 hs 6213.10 I 11732 - 27823 80 8079.03 I

8 6217.60 I 11732 - 27811 15000 8521.24 I 0 - 11732

25 h 6354.55 I 11178 - 26911 550 8761.42 I 11178 - 22589

30 h 6586.51 I 11732 - 26911 8000 8943.59 I 0 - 11178
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Chromium

Cr, Z = 24, M = 51.996, Ratio 7;^ = 0.8182

Cr I Normal state of valence electrons 3c?Hs ^83 = 0. LP. = 54570 cm ^

Cr II Normal state of valence electrons ^821/2 = 0. LP. = 133060 cm"^

References

Wavelengths:
G. R. Harrison, Massachusetts Institute of Technology Wavelength Tables (John Wiley & 80ns, New

York, 1939).

Supplemented by lines from Kiess (below).

Classification:

Cr I, C. C. Kiess, J. Research NBS 51, 247 (1953) RP 2457.

Cr II, C. C. Kiess, J. Research NB8 4 7, 385 (1951) RP 2266.

Strong lines ofchromium

Intensity

and
Character

Wavelength
in A Spectrum

Energy levels

in cm"'

Intensity

and
Character

Wavelength
in A Spectrum

Energy levels

in cm"'

20000 4254.35 0 23499 2300 4351.77 8308 31280
19000 2055.52 II 0 48632 2100 2986.47 8308 41782
19000 3578.69 0 27935 1900 3919.16 8308 33816
17000 3593.49 0 27820 1900 3963.69 20520 45741

16000 4274.80 0 23386 1900 4344.51 8095 31106

14000 2061.49 II 0 48491 1800 2677.16 II 12304 49646

13000 3605.33 0 27729 II 12497 49838
11000 5208.44 7593 26788 1700 2843.25 II 12304 47465
10000 4289.72 0 23305 1600 3969.75 20524 45707
8900 2065.42 II 0 48399 1600 3976.66 20524 45663

8400 5206.04 7593 26796 1600 4646.17 8308 29825

5300 5204.52 7593 26802 1500 2986.00 8095 41575

2800 3017.57 8095 41225 1400 3014.92 7927 41086
2800 3021.56 8308 41393 1400 5409.79 8308 26787
2500 2835.63 II 12497 47752 1200 2849.84 II 12148 47228
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Chromium— all observed lines

Intensity
1and

Character

Wavelength
in A Spectrum

Energy levels

in cm"'

Intensity

and
Character

Wavelength
in A spectrum

Energy levels

in cm"'

19000 2055.52
TT
11 nu 35 2709.31 II

7A0 1 7/UOl /

14000 2061.49 11 140 2719 ^1 TI11 1 91/1QiZi4o /IAAAA

8900 2065^42 II 0 _ 48399 45 2716.18 I 8308 45113
80 h 2364.71 I 0 - 42275 55 2717.51 II 31083 - 67871
130 2383.33 I 8308 - 50253 45 2718.43 II 31532 - 68306

140 2408.62
T
I BoUo 170 2722.75 II

1 OAO 9 /1 07cA

170 2496.31 I 7927 47975 18 9794. 04 TT11 31169 67868
110 2502^53 I 8095 48043 420 h 2726.51 I 7593 44259
190 2504.31 I 8095 — 48014 45 2727.26 II 31219 _ 67876
50 2508.11 I 7927 - 47786 280 h 2731.91 I 7593 - 44187

60 2508.98 I 7927 47772 170 h 2736.47 I 7593 44126
40 T

1 8095 47866 70 Z /OV.OO T1 23934 60428
110 2516.92 I 8095 47814 70 2740.10 II 1914Hiz ito 4ftfi^9^ouoz
80 2518.71 I 8095 — 47786 95 2741.07 I 24056 _ 60528

390 2519.52 I 8308 - 47986 95 2742.03 II 12033 — 48491

190 2527.12 I 8308 47866 95 2742.17 I 24200 — 60657
Ii 8308 47814 zou Z i**0.0'* TT 11962 48399

70 2534.34 II 12497 51943 35 2746.21 II Z770Z uuooo
50 2545.64 I 7751 _ 47022 II 38315 74718
160 2549.54 I 7811 - 47022 110 h 2748.29 I 7751 _ 44126

40 2553.06 I 7811 — 46968 330 2748.98 11 12033 — 48399
ou zoo i .to Ii 7927 47022 Z /OU. lo TT11 12148 48491
130 2560.69 I 7927 45 2751.60 I 7Q97I 7Z I 449 i^O

150 2571.74 I 8095 _ 46968 280 2751.87 II 12304 48632
100 2577.65 I 8095 - 46878 110 h 2752.88 r 7811 - 44126

50 2588.20 I 8095 46720 35 2754.28 II 31083 67380
oov ZiJ7 1 .OO 1 8308 46878 99 97';4 onZ J 04-. 7U T1 24834 61123
35 2603.57 I T'U t \JO 22 2755.27 I

35 2622.86 I 8308 _ 46422 22 2756.75 I 24897 61161
22 2625.32 I 8095 — 46174 150 2757.10 I 7927 — 44187

18 2626.60 I 8308 — 46368 350 2757.72 II 12148 48399
io ZUZ7.0Z I

1 8095 46109 ou 97CO QOZ / Oo.Vo TT11 38270 74505
35 2642.12 I 690^7UZl/O 1 80 2759.39 II 0 IZ 17 67440

250 2653.59 II 12033 49706 45 2759.73 II 31169 _ 67394
250 2658.59 II 11962 _ 49565 90 h 2761.76 I 7927 _ 44126

70 2661.73 II 12148 — 49706 750 2762.59 II 12304 — 48491
11 12304 — 49838 99 97A^ (\fxZ /DO.UD T1 27817 — 63998

70 2663.68 II 11962 — 49493 80 h 2764.35 I 8095 — 44259
440 2666.02 II 12148 — 49646 750 2766.54 II 12497 - 48632

280 2668.71 II 12033 _ 49493 22 2767.54 I 25038 _ 61161

350 2671.81 II 12148 — 49565 250 h 2769.92 I 8095 — 44187
280 2672.83 II 12304 — 49706 18 2771.45 I 23934 60005
1800 2677.16 II 45 2778.06 II 07OZ0 / 00 iU

II 12497 I 49838 22 2779.14 I 25106 I 61078

35 2678.16 I 7927 _ 45255 80 2780.30 II 33521 _ 69478

II
II 38363 _ 74319

320 2678.79 12033 — 49352
1 o ZOOO. j4

TI
11 40415 — 77714 ulU 07QA 7AZ (OU. (U T

1 8308 44259

230 2687.09 II 70 2785.70 II oyouo
60 2688.04 I 8095 45286 35 2787.63 II 30865 66727

55 2688.29 11 30157 _ 67344 35 2787.84 I

26 2690.26 I 8095 - 45255 90 2792.16 II 33694 — 69498

zovl.04 If
11 12497 — 49646 00 07QQ A7Z (VO.O / 11

35 2693.52 II 70 2800.77 II OVOOo

35 2697.91 II 30299 67354 80 2812.01 II 33619 69171

II 39825 76879 II 38563 _ 74114

180 2698.41 II 12304 - 49352 60 2818.36 II 33521 — 68993

loU If
11 11962 - 49006 9Q99 ftlZoZZ.Ul TT11 33418 — 68844

18 2700.60 I 8095 45113 180 2822.37 II 30392 65813

110 2701.99 I 8308 45306 22 2826.75 I 27817 63183

18 2702.53 I 24200 61191 180 2830.47 II 30299 65618

70 2703.48 I 8308 45286 70 2834.26 II 34631 69903

2703.55 II 30392 67369 2500 000c /:oZOOO.60 11 12497 47752

35 2703.86 II 12033 49006 45 2836.48 II 35608 70852

18 2705.43 I 24056 61008 55 2838.79 II 38270 73486

60 2708.79 II 33521 70427 110 2840.02 II 30219 65420
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Chromium— all observed lines — Continued

Intensity
Wavelength

in A
Energy levels

in cm"'

Intensity

and
Wavelength

in A jpectrum
Energy levels

in cm"'

1700
TT
11 20 OOQO nc\ TT

11 01 Ivy oozo /

22 2846.02 I 55 2933.97 II olUoo 0010 /

45 2849.29 I 27817 62903 90 2935.14 II 30865 64924
II 30299 - 65384 45 2940.22 II 42987 - 76988

1200 2849.84 II 12148 - 47228 60 2946.84 II 34813 - 68738

zool.oO II
11 oUlO I 002 lO ce00 OQcq OA2V0O.00 IT

11 2yyo2 03oU2

55 2853.22 II o0219 65257 45 2953.71 II 34631 68477
II 42898 77935 55 2961.73 II 30308 64062

55 2855.07 II 32855 - 67871 II 33694 — 67449
II 35569 - 70585 45 2966.05 II 31219 - 64924

OOf\ooO OQCC /;ozooo.oo TT 12033 47041 480 2967.64 8095 41782
90 2856.77 II 19631 54626 480 2971.11 7927 41575
70 2857.40 II 19798 54785 210 2971.91 II 30392 64031

610 2858.91 II 12497 — 47465 480 2975.48 I 7811 _ 41409
440 2860.93 II 11962 - 46906 30 2976.72 II 30865 - 64449

7on<yu TT11 12304 47228 1 C\I\190 2919.1'i
TT
11 30299 63849

750 2865.11 II 12148 47041 350 2980.79 7751 41289
55 2865.33 II 19528 54418 110 2985^32 II

610 2866.74 II 12033 _ 46906 480 2985.85 I 7927 41409
90 2867.10 II 19631 - 54500 1500 2986.00 I 8095 - 41575

480 2867.65 II 11962 46824 2100 2986.47 8308 — 41782
210 2870.44 11 19798 54626 660 2988 65 7593 41043
110 2871.63 I 8095 42908 160 2989.19 II UOUU

1

160 2873.48 II 12033 _ 46824 480 2991.89 I 7811 _ 41225
90 2873.82 II 19631 - 54418 230 2994.07 I 7593 - 40983

OOA 2875.99 IT
11 20024 54785 300 2995.10 7593 40971

230 2876.24 II 12148 46906 700 2996.58 J 7927 41289
180 2877.98 II 47041 210 2998.79 I 7';0^

1 ijyo

70 2878.45 II 12497 47228 1100 3000.89 I 8095 _ 41409
120 2879.27 I 7927 - 42648 750 3005.06 I 8308 - 41575

95 2880.87 IT
11 19798 54500 140 3013.03 7751 40930

30 2881.14 I 24056 58754 710 3013.71 J 7811 40983
170 2887.00 I 7811 — 42439 710 3014^76 I 7811 — 40971

55 2888.74 II 36273 - 70880 1400 3014.92 I 7927 - 41086
700 2889.29 I 710 3015.19 I 7751 _ 40906

55 2889.82 Tf
11 32854 67449 2800 3017.57 I 8095 41225

55 2891.42 I 24200 58775 430 3018.50 I 7811 40930
370 2893.25 I 4.9fidft 240 3018.82 I 7097 4.104.^

190 2894.17 I 7751 _ 42293 430 3020.67 I 7811 _ 40906
55 2896.46 II 32854 _ 67369 2800 3021.56 I 8308 - 41393

II 40228 - 74743
1100 3024.35 7927 — 40983

210 2896.75 I 7927 — 42439 85 3026 65 II 35708 — 68738
55 d 2897!67 II 35608 - 70108 170 3029. 16 7927 - 40930

2897.73 II 32845 _ 67344 710 3030.24 I 8095 _ 41086
90 2898.54 II 31219 65710 140 3031.35 I 7927 _ 40906

80 2899.21 I 7811 - 42293 28 3032.93 II 21823 — 54785

55 2899.48 II 32855 — 67334 390 3034.19
!

8095 — 41043

26 2903.97 II
Q 1 1 1 Q0 1 Ho 0004'0 550 3037.04 ooUo

55 2904.68 I 24940 59358 80 30a9.78 I 24200 57088

180 2905.49 I 7811 42218 550 3040.85 I 8095 _ 40971

I 42293
3040.91 II 34631 _ 67506

260 2909.05 7927 -

90 in oni.^ lU.VU I
1 8095 — 42439 55 3041.74 II 35611 68477

250 2911.14 I ooUo 110 3050! 14 II 9/Un 0 / OoV

45 "2911.68 II 35569 69903 710 3053.88 I 8308 41043

60 2913.73 I 25177 _ 59488 24 3059.52 II 21825 _ 54500

22 2915.23 II 35611 - 69903 85 3065.07 24940 — 57557

£tj 1 J. tU II11 39825 — 74114 28 3067 16 II 21824 — 54418

90 2921.24 II 40202 74424 85 3073.68 OC 1 7*7
25177 C 77AO57702

60 2921.82 II 31169 65384 55 3077.83 I 25106 57587

60 2927.08 II 38563 72717 28 3095.86 I 21841 54133

80 2928.15 II 30308 64449 28
}

24834 56986
VD IT11 31118 65257 9ft O I iU. ou 24897 57033

II 38509 72649 240 3118.65 II 19528 51584

26 2929.44 II 36273 70399 45 3119.25 25038 57088

35 2930.85 II 29952 64063 40 3119.71 24940 56986

39



Chromium— all observed lines— Continued

Intensity

and
Character

Wavelength
in A Spectrum

Energy levels

in cm"'

Intensity

and
Character

Wavelength
in A Spectrum

Energy levels

incm~'

430 3120.37 II 19631 _ 51670 360 3408.76 II 20024 49352
28 3122.60 II 33694 - 65710 210 3421.21 II 19528 - 48750

470 3124.94 II 19798 - 51789 270 3422.74 II 19798 - 49006
3125.02 II 34659 66650 140 3433.31 II 19631 48750

120 3128.70 11 19631 51584 270 3433.60 20519 49635

590 3132.06 II 20024 51943 55 3434.11 I 20524 49635

140 3136.68 II 19798 _ 51670 160 3436.19 I 20524 _ 49618
140 3147.23 II 20024 - 51789 70 3441.12 I 20521 - 49573

II 33619 — 65384 140 3441.44 I 20524 — 49573
85 3148.44 I 23934 55686 30 3443.79 I 23934 — 52963

100 3155.15 I 24056 55741 170 3445.62 I 20524 49538
100 3163.76 I 24200 - 55799 30 3447.02 I 20517 _ 49520
240 3180.70 II 20513 - 51943 170 3447.43 I 20521 - 49520
30 3181.43 II 20520 — 51943 70 3447.76 I 20524 — 49520
65 h 3188.01 I 24092 — 55451 190 3453.33 I 20517 - 49467

220 3197.08 II 20S20 51789 40 3453.74 I AQ4.fi7t'7'tU I

24 3198.11 I 24092 _ 55353 130 3455.60 I 20524 49454
30 3208.59 II 20513 - 51670 100 3460.43 I 24282 - 53172
170 3209.18 II 20518 — 51670 65 3465.25 I 20521 - 49371
140 3217.40 II 20513 — 51584 40 3467.02 I 24282 — 53117

30 3229.20 I oo 1 I o 70 3467.72 I
cooocDZooO

28 3234.06 II 45 3469.59 I "^^11 7OOil /

65 3237.73 I 23934 54811 16 3472.76 I 21841 50628
120 3245.54 I 23934 — 54736 24 3472.91 I 23934 - 52720
130 3251.84 I 24056 — 54799 40 3473.61 I 21848 — 50628

I /U o^o 1 . o\J
,

95 3259.98 I 24200 54866 55 3481.54 I 24200 _ 52915
30 3295.43 II 33694 - 64031 55 3494.97 I 24056 - 52660
24 3307.02 II 33619 - 63849 40 3495.38 II 19798 - 48399
55 3324.06 II 19631 - 49706 80 3510.54 I 24200 - 52678

II 38509 - 68583
II40 3511.84 ZUUZ4'

28 3326.59 I 24940 _ 54993 120 3550.64 25771 _ 53927
30 3328.35 II 19528 - 49565 80 3558.52 I 25206 - 53299
30 3329.05 I 25177 - 55207 130 3566.16 I 25360 - 53394
95 3336.33 II 19528 - 49493 130 3573.64 I 21848 - 49823

130 3339.80 II 1VOo 1 80 3574.04 I dQRl 9

110 3342.59 II 1 Q70B 330 h 3574.80 I 91ft'^7

30 3343.34 I 24897 54799 3574.94 I 21848 49812
95 3346.02 I 24200 - 54078 19000 3578.69 I 0 — 27935

95 3346.74 I 24056 - 53927 160 h 3584.33 I 25771 — 53663

vo 11 1 Q/iQ 1lyooi
ocQc on 11

11

65 3349.07 I 24282 54133 17000 3593.49 0 I 27820
55 3349.32 I 25038 - 54887 350 3601.67 I 21841 - 49598

30 3351.60 I 25038 - 54866 40 3602.57 I 21848 - 49598

55 3351.97 I 0 - 29825 85 3603.74 I 21848 - 49589

I

3603.78 II 21824 - 49565
55 h 3353.03 OlUoo OUB / 1

3353.13 II 20024 49838 13000 3605.33 I 0 27729

170 3358.50 II 19798 - 49565 40 3608.40 I 31049 - 58754

160 3360.30 II 25034 - 54785 40 3609.48 I 20521 - 48218

65 3361.77 II 25047 - 54785 40 3610.05 I 20517 - 48210

55 3362.21 I 70 3612.61 J olUOD c:q79qoo / /o

430 3368.05 II 20024 49706 85 3615.64 I 0 27650

30 3376.40 I 31048 - 60657 130 3632.84 I 20524 - 48043

55 3378.34 II 25034 - 54626 350 3636.59 I 20524 - 48014

30 3379.17 I 20517 - 50102 630 3639.80 I 20519 - 47986

30 3379.37 II
ocn/1 1ZoU4j 85 3640.39 I ^ i VoO

95 3379.83 II 25047 54626 70 3641.47 I 20521 47975

140 3382.68 II 19798 49352 220 3641.83 I 20524 47975

95 3391.43 II 19528 49006 45 3646.16 I 20524 47942

55 3392.99 II 25036 54500 85 3648.53 I 20517 47918

70 II 25043 54500 220 3649.00 20521 47918

55 3394.30 II 25047 54500 170 3653.91 20517 47877

30 3402.40 II 25036 54418 220 3656.26 20524 47866

170 3403.32 II 19631 49006 45 3662.84 20521 47814

II 25043 54418 130 3663.21 20524 47814
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Chromium— all observed lines— Continued

Intensity

and
Character

Wavelength
in A Spectrum

Energy levels

in cm"'

Intensity .

and
Character

Waveleneth
in A Spectrum

Energy levels

in cm"'

45 3665.98
j

20524 47794 40 3897.65

95 0000.04 20521 47786 o5 QOA9 1 1oVUz. 11

55 3668.03 J 47779 360 3902.92 J 7097 33542

65 3676.32 J 24092 _ 51287 60 3903. 16 I 7811 _ 33425

40 3677.68 II 21823 _ 49006 960 3908.76 I 8095 - 33672

55 3677.89 II 21824 — 49006 120 hd 3911.82 I 27729 53284

40 ao79.82 20521 — 47689 3912.00 27820 53375
19 3681.69 9/1 no9z4Uyz ^^ 9/17 120 3915.84 9A9Q9 /lOQl 9

120 3685.55 J 20519 47645 190 3916 24 J 7811 33338
130 3686.80 J 20524 47640 35 3917.60 J 23163 _ 48682

130 3687.25 I 20517 - 47629 1900 3919.16 I 8308 — 33816
75 ooo / .o4

J

20521 — 47631 600 3921.02 7927 — 33424
19 3688.46 A 7A9 14 /OZl 30 3926 65 005 /o OzUoo
75 3712.95 II 21824 48750 600 3928 64 T

8095 33542
40 3716.53 31393 _ 58292 410 3941.49

T
8308 33672

130 3730.81 I 0 - 26796 30 3951.10 I 24286 - 49589
150 O TO O AO3732.03 0 — 26787 40 3952.40 24304 - 49598
95 3742.97 OAT 1 AzUolV A 790n 35 3953.16 O/l OAA24300 /IAC OA

480 3743 58
T

20524 47229 1900 3963 69
T

20520 45741
570 3743 88 T

20519 47222 120 3969 06 T
20519 45707

85 3744.49 I 20524 - 47222 1600 3969.75 I 20524 - 45707
55 3748.61 20521 - 47190 85 3971.26 21848 — 47022

340 3749.00 OAC OA20524 Am AA47190 1600 3976 66 OAC O/l20524 AC OL'i45663
50 3757.17 J 20517 47126 85 3978 68 J 21841 46968

230 3757.66
T 20521 47126 40 3979.80 J 21848 46968

60 3758.04 I 20524 - 47126 85 3981.23 I 21857 - 46968
24 3767.43 20519 — 47055 960 3983.91 20521 — 45615

260 ^768 24 20517 47047 190 3984.34 OAC O/l20524 /I c/: 1 c45615

95 3768.73
I

20521 47047 160 3989.99
I 31393 56449

95 3788 86
I

24277 50663 960 3991.12 J 20517 45566

95 3790.45 I 24286 - 50661 160 3991.67 I 20521 - 45566

130 3791.38 24286 - 50655 190 3992.84 21841 - 46878

130 3792.14 24300 50663 40 3993.97 9 1 O/l O 40o/o
190 3793.29

T
24300 50655 160 4001.44

I 31378 56362

lOKJ J 24304 120 4012.47 11 45670 70585

85 3794.61 I 24282 - 50628 30 4014.67 31378 - 56280

140 3797.13
{

24300 - 50628 85
Ar\ciCi etc.
4022.26 31355 - 56210

200 3797.72 24304 _ 50628 70 4025.01 20521 - 45359

OOVT". Ov
r

24282 50558 120 4026. 17
I 20524 45354

1 in oouu. oo
T

27817 54078 85 4027. 10
I

20524 45349

110 3807.93 I 24304 - 50557 85 4030.68 I 31352 - 56155

180 3815.43 J 21841 - 48042 190 4039. 10 I 31048 - 55799

70 3818 48 I 20524 46705 160 4048.78 J
0 1 A/l Aoi04y C C 7/1 155/41

JO 17. J 21841 48014 120 4058.77 J 31055 55686

1 u 7751 33897 40 4065.72
I 20524 45113
I 33113 57702

130 3826.42 I 21848 - 47975

130 3830.03
}

27825 - 53927 85 4066.94 21841 - 46422

004- 1 .Zo 21841 47866 25039 49621
ion ^ftdfl Qfl 91 R41 47814 35 4074.86

I 35934 60468

OOt?. OU } 94989 'ift9'^'?ou^oo 40 4076.06 J 33060 57587

290 3850.04 I 21848 - 47814 40 4077.09 I 21848 - 46368

140 3852.22 7811 - 33762 40 4077.68 33040 - 57557
ion 0004-.ZZ } 21848 - 47786 40 4104.87 20521 — 44875
1 1 n QQCC OA

oooo.iiy } A 77QQ 9^014^O^O'T 48988

oBoo.o

(

} 9/1909 ^091 1 40 4109.58
I

21848 46174

260 3857.63 I 21857 - 47772 40 4120.61 I 21848 - 46109

70 3874.53 I 24300 - 50102 40 4121.82
}

24056 - 48310

27825 53628 OO 4122. 16 21857 46109

OOU QQQO OA j 31352 57097 40 4123.39
I

24200 48446
tin OQQO gif.oooo.oo } 24277 50019 140 4126 52

I
20519 44746

31355 57097
35 4127.30 I 33113 57335

570 3885.22 7811 33542 40 4127.64 21857 46077

380 3886.79 8095 33816 40 4131.36 31009 55207

60 3891.93 23934 49621 30 4152.78 31028 55102

260 3894.04 7751 33424 120 4153.82 20524 44591
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Chromium— all observed /iraes— Continued

Tntpn4itvJillVdlOAl J

flnd
Wavelength c Energy levels

in cm"'

1 ntAn citVxiiiciisiiy

1^ naraptpr

Wavelength
in A

Energy levels

in cm"'

85 4161.42 I 35934 59957 530 4384.98 R^nftooUo 01 luo

140 4163.62 I 20524 _ 44534 60 4387.50 I 24092 46878
70 4165.52 I 35884 - 59884 I 24200 - 46986
40 4169.84 I 33113 — 57088 70 4391.75 I 8095 - 30859

35 4170.20 I 33060 — 57033 60 4403.50 I 32097 - 54800

40 4172.77 I 109 24 4410.30

170 4174.80 I 60 4411.09 I 24304 46968
30 4175.94 I 24286 - 48226 35 4412.25 I 8308 - 30965
170 4179.26 I 25106 - 49028 50 4413.87 I 28637 - 51287
35 4184.90 I 24897 - 48786 60 4424.28 I 24282 - 46878

30 4186.36 I 54929 24 4428.50 24304 46878
35 4190.13 I 23163 47022 50 4430.49 I 24282 46847
85 4191.27 I 20521 - 44373 I 28682 — 51247
35 4192.10 I 32097 - 55945 50 4432.18 I 23163 - 45719
85 4193.66 I 31048 - 54887 110 4458.54 I 24282 - 46705

70 4194.95 I 31055 54887 28637 51060
40 4197.23 I 31048 54866 30 4459.74 I 24304 46790
85 4198.52 I 31055 — 54866 30 4465.36 I 24300 _ 46688
60 4203.59 I 20517 - 44300 30 4482.88 I 27176 - 49477
40 4204.47 I 32097 - 55875 40 4488.05 I 24092 - 46368

35 4208.36 I 31055 54811 50 4489.47 28682 50950
110 4209.37 I 31049 54799 60 4492^31 I 27223 49477
40 4209.76 I 25038 - 48786 660 4496.86 I 7593 _ 29825
40 4211.35 I 24304 - 48043 50 4498.73 I 23512 - 45734
40 4216.36 I 24304 - 48014 70 4500.30 I 24834 - 47048

85 4217.63 I 24282 47986 50 4501.11 23512 45722
40 4221.57 I 24834 48515 I 28679 50890

I 31055 _ 54737 22 4501.79 I 23512 _ 45719
40 4222.73 I 24300 - 47975 24 4506.85 I 33763 - 55945
40 4238.96 I 24282 - 47866 95 4511.90 I 24897 - 47055

60 4240.70 I 24056 47630 12 4514.37 33763 55908
24940 48515 35 4514.53 I 23499 45643

20000 4254.35 I 0 _ 23499 24 4521.14 I 33763 _ 55875
70 4255.50 I 24200 - 47693 24 4526.11 I 24897 - 46986
60 4261.35 I 23499 - 46959 380 4526.47 I 20519 — 42606

110 4263.14 I 31048 54498 70 d 4527.34 20524 42606
30 427L06 I 2S038 48445 4527^47 I 24092 46174
40 4272.91 I 23386 _ 46783 24 4529.85 I 20519 _ 42589

16000 4274.80 I 0 - 23386 380 4530.74 I 20524 - 42589
85 4280.40 I 31049 - 54405 50 4535.15 I 20521 - 42565

10000 4289.72 I 0 23305 240 4535 72 20524 42565
40 4291.96 I £, 1 tjy 1 40 4539.79 I 9ft';i 7

85 4295.76 I 21841 _ 45113 240 4540.50 I 20521 _ 42539
70 4297.74 I 31055 - 54317 240 4540.72 I 25038 - 47055
35 4300.51 I 27704 _ 50950 35 4541.07 I 20524 - 42539

on 4^01 1ft I 27817 51060 19 4541.51 24834 46847

30 4305.45 I 24 4542^62 I

35 4319.64 I 23305 I 46449 140 4544.62 I 20517 42515
60 4325.08 I 23934 _ 47048 I 24300 _ 46298
780 4337.57 I 7811 _ 30859 24 4545.34 I 20521 — 42515

1100 4339.45 I 7927 30965 600 4545.96 7593 29585

380 4339! 72 I / (01 Qn7ti7«5U 101 50 4556^17 I LO iUO

60 4340.13 I 21841 44875 22 4558.66 II 32854 54785

1900 4344.51 I 8095 31106 19 4564.17 I 38538 60441

70 4346.83 I 24056 _ 47055 120 4565.51 I 7927 _ 29825

oov 7811 — 30787 95 4569.64 25177 47055

2300 4351.77 I 8308 31280 120 457L68 I 20519 42387

570 4359.63 I 7927 30859 22 4575.12 I 27176 49027

70 4363.13 I 23934 46847 360 4580.06 I 7593 29421

530 4371.28 I 8095 30965 24 4586.14 I 25106 46905

35884 58755 oOU ACQ1 QO 7811 29585
70 4373.25 I 7927 30787 70 4595.59 33763 55517

110 4374.16 I 24200 47055 50 4600. 10 20519 42252

70 4375.33 I 24056 46905 480 4600.75 8095 29825

50 4381.11 I 21848 44667 50 4601.02 20524 42252
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Chromium— all observed lines — Continued

Intensity

and
Cliaraptpr

Wavelength o
! oDectrum

Energy levels

in cm"'

Intensity

and
Character

Wavelength c
^ Spectrum

Energy levels

in cm"'

4613.37 I 7751 - 29421 130 4RH7 ni ITOO ( .U 1 1 24897 _ 45354

600 4616! 14 I 7927 - 29585 19 4888.53 I 20521 _ 40971

70 4619.55 I 24092 - 45734 35 4903.24 I 20517 - 40906

85 4621.96 I 20524 - 42154 260 4922.27 I 25038 - 45349
I 31048 - 52678 110 4936.33 I 25106 45358

1 u 28637 - 50264 70 4942 50 I 7593 27820

24 4622.76 I 24092 - 45719 1 ifl 4954.81 I 25177 45354

550 4626.19 I 7811 - 29421 35 4964.93 I 7593 _ 27729

24 4632.18 I 28682 - 50264 60 5013.32 I 21841 41782

40 4637.18 I 20521 - 42080 17 5051.90 I 7593 — 27382

DU Af^'Xl 77 T 90^94 - 1 7 OUOO.Vi 1 91ft41 41 WT^

50 d 4639.52 I 9'^ORQ - 4fifi17 40 5067.71 I 21848 41575
4639.70 I 28637 - 50184 40 5072.92 I 7593 _ 27300

1600 4646.17 I 8308 - 29825 30 5110.75 I 21848 - 41409
24 4646.81 I 25011 - 46525 17 5113.13 I 21857 — 41409

94. ±f.AQ 1 ? T 1 7 CI90 AA 1 oOuo 97Q9f|Z ( oZU
24 4648.87 I OU 5139.65 I 971:07Z / O7 t

A7AAO4'iU^O

28679 - 50184 14 5144.67 I 21857 41289

35 4649.46 I 20524 - 42026 70 5166.23 I 27704 - 47055
I 28682 - 50184 35 5177.43 I 27650 - 46959

0/U 7097 _ in CIO A CO Toio4.oy 1 £. I OUU too

840 4652.16 I 7n 5192.00 I 97^fi9 466^7tuoo /

35 4654.74 I 24971 - 46449 12 5193.49 I 27597 46847

19 4656.19 I 24897 - 46368 85 5196.44 I 21848 - 41086

40 4663.33 I 25011 - 46449 35 5200.19 I 27300 — 46525

/U WDO.OO 1 OoUU 9AOA9

95 4664.80 I 5206.04 I 26796

35 4665.90 I 28679 - 50105 11000 5208.44 I 7593 26788

22 4666.22 1 23934 - 45358 19 5214.13 I 27176 - 46349

70 4666.51 I 25360 - 46783 30 5221.75 I 27223 - 46368

oU zoD^y — OO 1:994. Q4 T 97R9'%

40 4680.54 I
Af\AAQ 19 5226.89 I 91ft'i7 'TU700

19 4680.87 I 24940 - 46298 19 5238.97 I 21848 _ 40930

70 4689.37 I 25206 - 46525 30 5243.40 I 27382 - 46449

60 4693.95 I 24056 - 45354 290 5247.56 I 7751 - 26802

^4 z4U00 — OU c.o^A. 09 T Z / OUU
Q C QAQoDoUo — c^7 1m0 / lUl OU 5255.13 I 460^^0

60 4697.06 I 21841 - 43125 19 5261.75 I 29825 _ 48824

240 d 4698.46 I 25360 - 46637 530 5264.15 I 7811 - 26802

4698.62 I 21848 - 43125 30 5265. 16 I 27650 - 46637

35 4700.61 1
9 1 QC 7 4 Q 1 9C lou ^Of^<^ 79 1azOo. /Z 1 7fll 1/oil 96706ZO ( 7U

190 4708.04 I
/I A7QQ40 loo oO 5272.01 I 97090Z / OZU 467H^^0 1 00

240 4718.43 I 25772 - 46959 30 5273.44 I 27825 46783

50 4723.10 I 24834 - 46000 95 h 5275.17 I 23305 - 42256

50 4724.42 I 24897 - 46058 I 27223 - 46174

50 4727.15 I 24200 - 4oo4y OO n 1^97 AO T ZooUO 499^;^4>ZZ00

24 4729.72 I
7A L

n 5276.03 1 ZooUO 4ZZ00

120 4730^71 I 24834 - 45966 19 5280.29 I 27176 46109

140 4737.35 I 24897 - 46000 10 5287.19 I 27729 - 46637

19 4745.31 I 21841 - 42908 340 5296.69 1 7927 - 26802

70 4752.08 I iiib6 - C A Ot\f\04oUU 7A u
n C907 ^A IOZ 7 t . OO 1

9000/; 4-ZZOu

140 4756.11 I 25038 - 4o05o AAAOOU 5298.27 I
7Q97/VZ /

I
ZO / VD

50 4764^29 I 28637 - 49621 85 5300.75 I 7927 26788

22 4766.63 I 28679 - 49653 17 5304.21 I 27935 - 46783

30 4767.86 I 28682 - 49650 24 5312.88 I 27820 - 46637

190 4789.32 1 20519 - 41393 9/1Z4 00 10. 1 0 1
97790 400ZD

95 4792.51 I 25106 - 45966 Q/1Ao4U L
n 5328.34 I

9^/100 /199A14ZZ0

1

120 480L03 I
9^177 _ill 70 h 5329.17 I 23499 42258

110 4829.38 I 20524 - 41225 17 h 5329.72 I 23499 42256

14 4836.86 I 25038 - 45707 14 5340.44 I 46449

17 4861.20 I 20521 - 41086 10 cqAj. 7A IDo^^. (O 1 27820 46525
i(\i\) ^OOl.C* 1 20524 - 41086 780 5345.81 I 8095 26796

140 4870.80 I 24834 - 45358 380 5348.32 I 8095 26787

35 4885.78 I 20521 - 40983 30 5386.98 I 27176 45734

19 4885.96 I 24897 - 45358 22 5387.57 I 27163 45719
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Chromium— all observed Zirees— Continued

Intensity

and
Character

. ! ispectrum
in A

Energy levels

in cm"'

Intensity

and
Character

Wavelength
in A Spectrum

Energy levels

in cm"'

10 5390.39 I 27176 - 45722 24 h 5785 00 I 26787 _ 44069
i4nn 61 TOtUU.U 1 1 27223 - 45734

19 h99Lit 27223 _ 45719 5785.82 I 26802 — 44081

l4UU 8308 26787 60 h 5787.99 t 26796 - 44069
1 o
12

Cyl /I O /I 1 T0442.41 1 27597 45966 180 h 5791.00 J 26787 — 44051
35 6330. 10 J 7593 - 23386

19 5463.97 I 27704 - 46000 22 6362.87 J 7593 - 23305
10 14.80 "iO I 27817 - 46058
94. 27597 _ 45358 19 6661.08 I 33816 - 48824

7 DO42.0O 1 31106 _ 48824 11 6669.26 I 33672 - 48661

12 h D04V.O( 1 48661 5 h 6881.62 J 27729 _ 42256

10 h 6882 38
T

27729 42255
24 5664.04 I 27704 - 45354 21 h fiR83 03 I

27729 42253
7 h4 11

7 h 30965 - 48559 27 h 6924.13 J 27820 - 42258

24 5694.73 I 31106 _ 48661 17 h 6Q9'i 90 T
27820 - 42256

40 5698. 33 1 4ftR944'OOZt' OU 11 ^Q7fl ASK J 27935 _ 42261
1 1 h11 11 J 27935 42258

24 5702.31 I 27817 — 45349 7 TlQc: CO
J 31393 45306

12 5712.64 I 36578 — 54078
24 5712.78 I 24282 - 41782 6 h 7236.20 J 41393 - 55209

'7

/ 5719.82 1 24304 41782 oo 7Qc:c: qn
J OOJ. 7U J 23305 _ 36896

/ 0/40. 4o 1 9R67Q 46077
}

93386 36896
4R44'i iDU 7A^9 Ql 23499 36896

5753.69 I

11 n 70/19 HA 35398 47986
7 36552 53927

12 h 5781.20 I 24282 41575 5 h 8163.18 T 35398 47645
26796 44089 Q 00/10 90 J 21841 33816

0 n 23934 41225 o O4'0U.ZD 21841 33672

26802 44093 o O4'00. 21848 33672

24 h 5783.11 I 28679
6 8548.86 21848 33542

45966
26802 44089 40 8947.15 25039 36212

30 h 5783.93 I 26796 44081 19 8976.83 24898 36034
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Cobalt

Co, Z = 27, M= 58.9332, Ratio ^= 0.9274

Co I Normal state of valence electrons Sd^is^ ^Fi 1/2= 0. LP. = 63430 cm-^.

Co II Normal state of valence electrons 3d^ = 0. 1.P. = 137572 cm ~'

References
«

Wavelengths:
G. R. Harrison, Massachusetts Institute of Technology Wavelength Tables (John Wiley & Sons, New York,

1939).

Supplemented by references for Co I and Co II (below).

Classification:

Co I, H. N. Russell, R. B. King, and C. E. Moore, Phys. Rev. 58, 407 (1940).

Co II, J. H. Findlay, Phys. Rev. 36, 5 (1930); N. E. Hager, Jr., unpubhshed material (1951).

R. Velasco and J. Adames, Publ. del Inst, de Optica de Madrid No. 26 (1966).

Strong lines ofcobalt

Intensity

and
Character

Wavelength
in A Spectrum

Energy levels

in cm~'

Intensity

and
Character

Wavelength'
in A Spectrum

Energy levels

in cm"'

21000 3453.50 3483 32431 5300 2407.25 0 41529
11000 3405.12 3483 32842 5300 2411.62 816 42269

9600 3502.28 3483 32028 5100 3462.80 5076 33946

8800 3443.64 4143 33173 5100 3465.80 0 28845
8800 3569.38 7442 35451

4800 2414.46 1407 42811

8000 3474.02 0 28777 4800 2415.30 1809 43200

4690 33467 4800 3489.40 7442 36092
7900 3894.08 8461 34134 4800 3512.64 4690 33151
7300 3529.81 4143 32465 4800 3518.35 8461 36875

7000 3506.32 4143 32654
3409.18 4143 334674500

6900 3845.47 7442 33440 4500 3433.04 5076 34196
6700 3412.34 4143 33440 4400 4121.32 7442 31700

6700 3587.19 8461 36330 4300 2521.36 0 39649

6400 3526.85 0 28346 4100 2286.16 II 3350 47078
6000 3995.31 7442 32465

4100 2424.93 0 41226

5500 3873.12 I 3483 29295 4100 3449.17 4690 33674
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Cobalt— all observed lines

Intensity

and
Character

Vu 51 V aI^ti th
Spectrum

Energy levels

in cm"'

Intensity

and
Character

Wavelength
in A Spectrum

Energy levels

in cm"'

1100 2174.60 I 0 - 45971 670 2389.54 II 4950 - 46786
720 2245.13 II 4029 48556 170 2391.37

2268 17 I
A 00 1 "7

94/1 9509 f.(\ IT 22009 63792
260 2274.49 I 0 43952 94n 9'i9i on^070. 71/

IT11 4561 46321
O 1

V

2276 'i3 I 190 h 9^07 01

240 2283.52 II 4029 - 47807 620 2397.39 II 9813 - 51512

260 2284.85 I 816 - 44568 60 2400.84 4690 - 46330
HtlUKJ

OOOft -If, 11 0 0 CA3350 47078 1 inn A Z4tJZ.UO 816 42434
/ zu 9907 01ZZo / .0

1

I
1 4143 47839 9Aft9 1 7 } 1809 43426

99Q1 i.ft T1 4690 48317 din OAftA 17 II
11 5204 46786

290 2292.00 II 17772 - 61388 120 2406.27 I 4143 - 45688
260 2293.39 II 4561 - 48151 5300 2407.25 0 - 41529

99Q1; 93
1 0 43555 zou 9Aft7 f^n II

11 10708 52230
99nZZU 990fi 0'^^Z7D.Uo I

1 5076 48616 oiu 9Aftfl 7=;Z4aJO. /o TI
11 4950 46453

9906 71 I1 4690 48217 9iinZ^-u Z4'1U.0 1 14036 55509

190 2303.97 I 3483 - 46873 5300 2411.62 I 816 - 42269
290 2304.18 I 816 - 44202 1600 2412.76

J

1809 - 43243
T1 816 44183 VD 9A1 Q 1

0

z4io. ly
i

5076 46502
97n7 II

11 04 1

Q

Z4>lo.0O IdWO 0001 7
9inO rt9 I

1 0 T'0^70 0/1 1 A ft^ IT11 d';079

1800 2311.60 II 4561 - 47807 4800 2414.46 I 1407 - 42811
1800 2314.05 II 4950 - 48151 4800 2415.30 1809 - 43200
1 Add 9^1/1 QQZO 14. Vo 11

II 5204 48388 1 Ar\ 0/1 1 A Oftz4io.yu TT
XI 11322 52684

ZO ID. 10 I
1 1407 44568 1 Af\IW 9A1 7 ftt^Zll / ,Uo

00 1*: o/;Zo lO.oO I
1 1407 lUUU OAl 7Z4>1 1 .00 ¥1

iX dn90 d'i170^00 1 7

2400 2323.14 I 816 - 43848 670 2419.12 I

810 2324.32 II 4029 - 47039 120 2420.73 II

0 1 u zozo.oo 1 1407 44394 ionlyu 9A99 i^AZ4>ZZ.oO 13796 55061
ZoZO. 1*+ II 1 9ftizu Z4ZO.OZ IT

11 'i9nd d^>d'^1n!\J^OO

77n 979A /IQ 11
11 AlftftIIUU 9A9A OQZ4'Z'*.yo n 41 99fi

140 2329.10 II 18338 - 61260 60 2425.59 I 4690 - 45905
530 2330.35 II 4950 - 47848 140 2427.00

1 A(\f\ 00 oc 00 1 1407 44202 1 9ftizu 0^90 00 II11 4029 45198
/i7A0 0007 O/iZoo /

IT11 /lift 0/1 90 AftZ4ZO.0U
}lOUU OQ QQ /;7 T

1
1 9ftIzU z4zy.zo 010 dlOf^Q^ I7O7

480 2339.05 I 816 - 43555 3300 2432.21 I 816 - 41918
620 2344.26 II 5204 - 47848 770 2435.09

}AOfi ZotO. 10 I
1 816 43426 79ft

f zU
{

0 41041

yiu OQ/17 30Zo4/.J7 IT
11 ^ loo I

OOftft 0/1 QA AAZ^oO.OO idn7 d9d'<d

zooU.zo 1
1 ^ovu 47991;4 I £.^0

7ft 9/1 OQ IT
11 do'^n 4'^079toy 1 ^

140 2351.39 I 1407 _ 43922 2400 2439.05 I 1809 _ 42797

1600 2352.85 I 3483 - 45971 530 2441.05 17234 - 58187

iUUU 1 816 — 43295 ou OAAQ lAZ4^'7. 10 If
11 4561 45379

TI
11 '+DOI ^ /UoV OACft ftft 1111

1 A7AQ

ozU OQCC AO T
1 +0040 9/lftZ4U 0/1 9/1 0^00 441 K14-^ loo

530 2358.18 I 1809 _ 44202 29 2460.21 I 15184 - 55819

95 2361.53 11 5204 - 47537 480 2460.81
{

1809 - 42434

1900 00/10/363.79 11 4029 — 46321 OU 9/1A9 19Z40z. Iz
j

13796 — 54399

960 2365.07
T
1

A
u A 99^Q 00 9/lAQ 7Q 1 Aft7 A1 Qfi7

OOU oo/;a ^0
1 414o Woo\J 00 9AAA 9ftZ'+O'i'.ZU

II
11 Ofll 7yoxo OvooZ

240 2370.51 I 816 42988 50 2464.62 I 1407 - 41969

170 h 2371.44 I 17234 - 59389 290 2467.69 1407 - 41918

340 2371.86 1 1407 — 43555 A OA 0/l7ft OQZ4/U.ZO
j

3483 43952

95 2372.83
f
1 1407 1 OA O/I TO OA Q1 AolO A 1 09A41ZZO

140 2373.38 r
1

A OA 0/17A A/1 o4oo A QQAQ4oo4o

170 2375.18 II 4950 _ 47039 430 2483.61 I 4143 - 44394

220 2377.22 I 5076 - 47129 29 2485.36 II 9813 - 50036

2000 2378.62 If
11 3350 45379 Vo II11 10708 50914

1400 2380.48 I 816 42811 70 O/IAQ AO2493.93
}

8461 48546

170 2381.75 II
1 OA OylA.1 "70

^494. /o 3483 43555

1800 2383.46 II 4029 45972 380 2495.55 I 4143 44202

1400 2384.86 I 0 41918 380 2496.71 4143 44183

1000 2386.36 II 4561 46453 2200 2511.02 3483 43295

140 2387.46 I 4690 46563 29 h 2500.50

3300 2388.92 II 3350 45198 29 2502.28 7442 47394
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Cobalt— all observed lines— Continued

Intensity

and
Character

Wavelength
in A Spectrum

Energy levels

in cm"'

Intensity

and
Character

Wavelength
in A spectrum

Energy levels

in cm^'

570 2504.52 120 2679.76
J

o401 40 (0 /

2'i06 46 II i7n ^WOO. O'T <11 01

360 2506.88 4690 _ 44568 55 2694.68 II 10708 47807

290 2507.68 I 4690 - 44556 190 2695.85 I 4143 - 41226

29 2512.40 II 24075 - 63865 55 2705.85 I 13796 - 50742

95 2512.90
J

4,7091; 190 2715.99 104-00 t:0O7ftOoZ lO

9'ill 19 A QOOO
1 ^nlow 97^1 19^ 1 0 1 . 1^ loll 1

860 2517.87 I 4690 44394 65 2740.46 I 7442 43922

290 2519.82 II 10708 - 50382 190 2745.10 I 16778 - 53196
4300 2521.36 I 0 - 39649 95 2761.37 I 4143 - 40346

290 2524.96 II 11322 50914 190 2764.19
J

3483 39649
1 inn 9'i9R fi9 TT11 9813 49348 1 ^nlow 97ft/; 99z t uu. zz 17234 53374

2900 2528.97 816 40346 130 2778.82 I 15184 51160
720 2530.13 I 4690 _ 44202 40 2796.23 I 5076 — 40828
860 2532.18 I 5076 - 44556 55 2797.08 I 8461 - 44202

60 2535.36 7442 46873 95 2803.77 4690 40346
9onn 1407 40828 9S1ZOIO. OU 4143 39649
860 2536.49 I 4143 43555 23 2820.01 I 8461 43911

150 2541.94 II 10708 50036 75 2837.15 I 16778 _ 52014
1700 2544.25 1809 - 41102 55 2850.04 I 8461 - 43538

190 2544.86 4143 43426 75 2862.61 1407 36330
O^Afi 7/1 It11 24412 63665 97z /

0079 CflZo i Z. OW 8461 43264
340 2548.34 7442 46672 190 2886.44 I 816 35451
230 2549.30 I 1407 — 40622 55 2899.82 I 16471 _ 50945
230 2553.00 I 4690 - 43848 27 2903.20 I 16468 - 50903

310 2553.37 4143 43295 95 2927.67 16778 50925
nn 5076 44202 ^nou 909H ftlZ 7ZO. 0

1

0 34134
190 2556.76 I 4.14^^ I'tO 95 2929.51 I 16468 50593
230 2559.41 II 11322 _ 50382 27 2957.68 I 16778 _ 50579
960 2562.15 1809 - 40828 690 2987.16 I 0 - 33467

310 2564.04 II 10708 — 49698 690 2989.59
}

0 33440
Zoo t .OD 1407 40346 ^nOU ZWo. 10 17234 50611

95 2572.24 I 120 3000.55 I 816 34134
65 2573.40 I 4690 _ 43538 330 3013.60 I 0 _ 33173

75 2573.54 I 4143 _ 42988 690 3017.55 I 816 _ 33946

960 2574.35 816 — 39649 120 3026.37 15184 48217

6o IT
11 13405 52230 00 1407 34352

35 2575.73 210 3042.48 I 816 33674

770 2580.33 II 9813 _ 48556 3100 3044.00 I 0 _ 32842

120 2580.84 4690 - 43426 420 3048.89 I 1407 - 34196

310 2582.24 II 11322 — 50036 120 3060.05 15774 48444
OCQC OAZD0J.O4 8461 47129 1 7nn qnftl Q9ouo 1 . oz 816 33467

310 2587.22 II 1 n7nQ 50 3062.20 I 0 1 u OOt-UO

150 2590.59 7442 _ 46032 65 3064.37 I 816 _ 33440

120 2591.69 I 4690 _ 43264 920 3072.34 I 1407 — 33946

75 2594.16 I 1809 — 40346 540 3082.62
{

0 — 32431

55 2600.98 3483 — 41918 0 /U
QAQA 70 1809 34196

95 2606.12 j oU/0 A OA 270 3089.60 I OlO ^'^ 1 7100 I/O

40 2610.76 J 4143 42434 220 3098.20 I 1407 I 33674

95 2613.49 II 13261 _ 51512 270 3121.42 I 0 32028

75 2614.13 1407 — 39649 95 3121.57
}

816 32842

150 2614.36 f f
11 17772 — 56011 ooU olo 1 .00 1809 33674

120 2616.26 o401 400 / Z 270 3139.94 J Rift0 lU 19ft'^d.OZU04

75 2617.86 J 5076 43264 410 3147.06 I 1407 33173

95 2622.06 [ 4143 _ 42269 95 3152.71 I 16196 _ 47905

95 2622.43 4690 - 42811 410 d 3154.68
}

16471 — 48160

270 2627. o4 3483 — 41529 0 1 C/i 70 15184 _ 46873

130 2632.24 II 18032 56011 350 3158.78 I 816 32465

55 2644.78 8461 46260 130 3177.27 I

310 2646.42 J 4143 41918 130 3188.37 I 15774 47129

770 2648.64 I 3483 41226 95 3219.15
j

816 31871

75 2649.94 8461 46186 130
0000 0 T3232.87 16471 47394

95 2650.27 5076 42797 220 3243.84 15184 46003

150 2663.53 II 9813 47346 260 3247.18 15184 45971

120 2675.98 5076 42434 380 3254.21 15184 45905
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Cobalt— all observed /iraes— Continued

Intensity

and
Character

Wavelength c
I

^ spectrum
in A

Energy levels

in cm"'

Intensity

and
Character

Wavelenetn 0
• X

" bpectrum
in A

Energy levels

in cm"'

260 3260.82 I 16471 - 47129 1300 3520.08 I 816 - 29216
130 3271.78 I 15774 - 46330 2700 3521.57 I 3483 - 31871
CIA 16778 - 47225 QCOO AO T 5076 33449
QA 0907 IQ 1 15774 - 46186 ODZO.oD 1

nV
1 9A Qon7 1 c: T 07AA ^c:oQ AQ T £.7 loo

190 3314.08 I 14036 - 44202 7300 3529.81 I 4143 - 32465

240 3319.48 I 23612 - 53728 1900 3533.36 I 1809 - 30103

240 ooZz.zU 1 16471 - 46563 OTA2 /U 004o.20 1 15184 — 43399

190
0 DOC Od T3325.24 1 ioiyo AC95 DC A 0 A A T3548.44 1 16 lyO

OCA aazo.yy 1 2oOiZ — ooOou C /IA540 Q C CA A T055U.OU 1
^ A AT

700 3334.14 I 3483 - 33467 95 3552.99 I 15774 _ 43911

190 3339.78 I 23856 - 53789 95 3558.78 I 4690 - 32782

160 3342.73 1 16778 - 46685 1100 0 c on T3560.89 1 5076 - 33151
190 3346.94 I 23856 - 53725 880 3564.95 I 4690 32733
1 1 A110 0 0 /I 0 1 1 T3348.11 1 16471 - 46330 8800 3569.38 1 7442 35451

610 3354.38 I 4143 - 33946 1600 3574.96 I 4690 32654
110 3361.56 I 24628 - 54367 2500 3575.36 I 816 - 28777
1 1 A110 9 0 OA T3362.80 1 24628 - 54356 50 3578.08 1 18390 - 46330
570 3367.11 I 3483 - 33173 50 d 3578.90 I 14036 41970
110 3370.33 1 4690 - 34352 3579.03 I 14036 41969

no 3373.23 I 18390 - 48026 1000 3585.16 I 4143 32028
960 3385.22 I 4143 - 33674 6700 3587.19 I 8461 - 36330
1100 3388.17 I 4690 - 34196 1900 3594.87 1 1407 - 29216
2200 3395.38 1 4690 - 34134 1600 0£AO AO T3602.08 1 1809 29563
11000 3405.12 I 3483 - 32842 940 3605.36 1 4143 31871

4500 3409.18 I 4143 - 33467 210 3611.70 I 18775 _ 46455
6700 3412.34 I 4143 - 33440 75 3615.39 I 15774 - 43426

2200 3412.63 I 0 - 29295 45 3620.43 I 18390 - 46003
510 3414.74 I 5076 - 34352 40 3624.33 1 14399 41983

2700 3417.16 I 4690 - 33946 75 3624.96 I 5076 32654

220 3424.51 I 16778 - 45971 1000 3627.81 I 4143 31700
80 3428.23 I 24628 - 53789 150 3631.39 I 816 - 28346

2500 3431.58 I 816 - 29949 130 3632.84 I 23184 - 50703

4500 3433.04 I 5076 - 34196 150 3634.71 I 23208 50712

80 3438.91 I 26450 - 55521 75 3636.72 I 15774 43264

1600 3442.93 I 1407 - 30444 210 3639.44 I 15774 43243

8800 3443.64 I 4143 - 33173 130 3641.79 I 16471 - 43922

110 3446.09 I 25938 - 54948 150 3643. 18 I 16471 - 43911

4100 3449.17 I 4690 - 33674 110 3647.66 I 1809 29216

2100 3449.44 I 3483 - 32465 190 3649.35 I 23184 50579

21000 3453.50 I 32431 680 3652.54 I 1407 28777

1000 3455.23 I 1809 - 30743 65 3654.45 I 15774 - 43130

110 3456.93 I 816 - 29735 55 3656.97 I 4690 - 32028

300 3461.18 I 25569 - 54452 280 3662.16 I 18390 " 45688

5100 3462.80 I 5076 - 33946 260 3676.55 I 23184 50376

5100 3465.80 I 0 - 28845 380 3683.05 I 16778 43922

95 3471.38 I 25569 - 54367 75 3684.48 I 16778 — 43911

8000 3474.02 I 0 - 28777 65 3690.72 1 16468 - 43555

I 4690 - 33467 230 3693.11 I 16778 43848

65 3478.56 I 18390 - 47129 230
0£r\0 AO T3693.48 1 16471 43538

1900 3483.41 I 4143 - 32842 280 3702.24 I 23208 50211

380 3485.37 I 25139 - 53822 680 3704.06 I 8461 - 35451

4800 3489.40 I 7442 - 36092 55 3707.47 I 16471 - 43436

95 3490.74 I 4143 - 32782 230 3708.82 I 16471 — 43426

480 3491.32 I 1809 - 30444 45 3712.18 I 16468 — 43399

2400 3495.69 I OU ( u OJ\J 1 1 23 3726.66 I 13796 40622

480 3496.68 I 4143 - 32733 280 3730.48 I 15184 _ 41983

9600 3502.28 I 3483 - 32028 380 3732.40 I 15184 41969

570 3502.62 I 1407 - 29949 190 3733.49 I 16778 43555

7000 3506.32 I 4143 - 32654 95 3734. 14 I 16471 43243

2900 3509.84 I 4690 - 33173 150 3735.93 I 16778 43538

1400 3510.43 I 816 - 29295 1100 3745.50 I 7442 34134

4800 3512.64 I 4690 - 33151 110 3749.94 I 16471 43130

3800 3513.48 I 816 - 29270 45 3751.63 I 16778 43426

4800 3518.35 I 8461 - 36875 40 3754.35 I 20501 47129
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Cobalt— all observed lines— Continued

Intensity

and
Character

Wavelength ^
^ opecirum

Energy levels

in cm"'

Intensity

and
Character

Wavelength c
^ Spectrum

Energy levels

in cm"'

110
01CC A Z T3755.45 1 1 A77QiO t to 140 4068.54 I 15/ /4 4Uo4o

26 3760.39 I 280 4.nRfi 31 I 1 C 1 O/l oyo4y
55 3774.60 I 16778 _ 43264 830 4092.39 I 7442 31871
35 3777.54 I 16778 - 43243 30 4104.75 I 18775 - 43130
70 3808.11 I 3483 — 29735 550 4110.54 I 8461 - 32782

70
OOI A A a T3814.46 1 1 '^77dLO t 2800 4118.77 I o401 OZ too

3816 33 I

I
4400 4121.32 I

"7 A AO/44z 0 1 7nn

120 3816.47 I 15774 41969 28 4158^42 I 23184 47225

60 3841.46 I 7442 - 33467 45 h 4162.17 I 28845 - 52864

1400 3842.05 I 7442 - 33463 28 4187.25 I 16471 - 40346

6900 3845.47 I
7/1/10 OOAAf\ 90 4190.71 I u OQO Crf;ZooOO

650 3861 16 I\J\J\J 1. » l.\J X
Q/tA 1owl 0,1 Q CO0'iOO£ 23 4234 00 I 0 OO^ 1 o

5500 3873.12 I 3483 29295 60 4252.31 I 816 24326
2800 3873.96 I 4143 - 29949 23 4285.79 I 1407 - 24733
280 3876.84 I 3483 - 29270 23 4331.24 I 27497 - 50579

790 3881.87 I 4690 30444 45 4339.62 I 20501 43538
120 38R4 69 T 8461 34196 ^o 4'^71 1^ T4*0 1 I, lO 1 16778 39649
60 3885.29 I 7442 33173 23 h 4373.63 I 9R^d.fi^OO'tU •il 90/1

28 3892.12 I 20501 _ 46186 18 4391.57 I 24326 _ 47091
28 h 3893.07 I 18775 - 44455 23 4417.40 I 24733 _ 47365

7900 3894.08 I 8461 34134 18 4421.34 I 23612 — 46223
3RQ4. OR I 5076 30743 lU 4.4.91 f,0 T 23208 45767

28 3898.49 I 15184 40828 18 4445.72 I 9'iOd,l^ijU'T 1 d,7'i9R

28 h 3904.05 I 28845 _ 54452 60 4466.89 I 24326 _ 46707
140 3906.29 I 4143 - 29735 90 4469.56 I 23856 — 46223

160 3909.93 I 0 25569 35 4471.55 I 24733 47091
14.0 3017 1 1 I0711.11 1 18390 43911 91^ 1 4.d7R '^9 I 25041 47365
80 3922.75 I 8461 33946 18 4483.93 I 9'i9'?'^^OZ/OO 4.7'i9RT" t o^o
30 3925.16 I 21216 _ 46685 16 4494.76 I 28471 _ 50712
28 h 3929.25 I 28346 - 53789 35 4517.11 I 25233 - 47365

30 3933.91 I 4690 — 30103 690 4530.96 I 23612 — 45676
.7 1 1 7442 32842 7(1 ^ooo, yy 1 25041 47091

160 3940.89 I 0\J 1 u 60 4543.81 I 91090 4.^099

250 3941.73 I 3483 28845 90 4549.66 I 24733 46707
210 3945.33 I 7442 _ 32782 140 4565.59 I 24326 — 46223

45 3952.33 I 3483 — 28777 16 h 4570.02 I 29295 — 51170
7442 32733 T'OOU. 1 'T 1 7442 29270

210 3957.94 I
0004,0 190 4581.60 I 91R'ifi^ooou d.'ifi7fi4'OU t \J

45 3961.00 I 21216 _ 46455 35 h 4594.63 I 29295 _ 51053
100 3969.12 I 20501 — 45688 35 h 4596.90 I 29295 _ 51042

80 3972.53 I 28346 — 53512 14 4623.04 I 25740 — 47365
on OV to. ID 1 15184 40346 1R hlO 11 <lfi9'i 7R IJ. ( O 1 29949 51561

90 3974.73 I £,y^yo 120 4629.38 I 94^90 4.fi991

28 3977.18 1 18775 _ 43911 85 4663.41 I 25269 46707

140 3978.66 1 4143 — 29270 50 4682.38 I 25740 - 47091

120 3979.52 I 816 — 25938 45 4693.21 I 26063 — 47365
0QQ7 lO I 4143 — 29216 1

1

'+070.00 1 26250 47528

70 3990.30 1
/lOQOQ 9 4727.94 I

9/lQOo40o 9/1A9Q

70 3991.54 I 29270 54316 7 4734.83 I 26250 47365

70 3991.69 I 4690 _ 29735 50 4749.68 I 24628 _ 45676

45 3994.54 I 5076 - 30103 9 4754.36 I 26063 — 47091

OUUO dVVb.Jl 1 7442 — 32465 1

1

1

1

47AO nft T4'/OO.UO 1 25740 46707

970 3997.91 I
QA^ 1o4d 1

00/1 A7 35 4771.11 I
9t;9<;0

'tOZZo

70 4013.94 I 16196 41102 35 4776.32 I 26598 47528

23 4019.30 I 4690 _ 29563 50 4780.01 I 26450 _ 47365

350 4020.90 I 3483 - 28346 110 4792.86 I 26232 — 47091

4UZJ.4U 1 15774 — 40622 7=;
t o 4813.48 I 25938 46707

70 4027.04 I 100 4840.27 I £,ooijy H-OZZO

90 h 4035.55 I 28845 53618 11 4843.46 I 26450 47091

370 4045.39 I 8461 33173 150 4867.88 I 25139 45676

60 4052.92 I 28845 53512 14 4882.72 I 26232 46707
/inc7 on |41)0/. ZU 1 1809 26450 10 4899.52 I 16471 36875

80 4058.19 I 4143 28777 10 5108^89 I 31700 51268

80 4058.60 I 16196 40828 17 5122.77 I 29563 49078

350 4066.37 I 7442 32028 14 5125.69 I 31700 51204
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Cobalt— all observed /irees— Continued

Tnt^nQltvXII IC lloit J Wavelength c Energy levels

in cm"'

iniciiaiiy

311(1
Wavelength g

j„ ^ Spectrum
Energy levels

in cm"'

17 5126.20 I 29216 _ 48719 4 5830.08 I 28777 - 45925
17 5133.45 I 31700 - 51174 12 5890.48 I 164«8 - 33440
35 5146.74 I 28777 - 48202 12 5915.54 I 17234 - 34134
17 5154.05 I 31871 51268 6 5935.39 I 15184 - 32028
17 5156.34 1 32733 52121 5 5946.49 I 29563 - 46375

21 5176.08 I 16778 36092 7 h 5984.08 I i4nifi

50 5212.71 I 28346 47524 17 5991.88 I 16778 - 33463
50 5230.22 I 14036 - 33151 9 6000.67 I 29216 - 45877
45 5235.21 I 17234 — 36330 6 h 6006.36 I 35451 - 52095
50 5247.93 I 14399 - 33449 6 h 6007.67 I 36330 - 52971

10 5250.00 I OOD t Ht
"^971 7III 6 h 6049. 10 I oOooU roor 7

9 5254.65 I 32028 I 51053 17 6082.44 I 28346 - 44782
17 5257.62 I 32028 - 51042 7 6086.65 I 27497 - 43922
9 5265.82 I 29216 - 48202 12 6093.13 I 14036 - 30444

26 5266.30 I 29735 - 48719 9 6116.98 I 14399 - 30743

45 5266.49 I lowo 9 6122.65 I
00777lain AC1 f\£.— 45106

26 5268.52 I 30103 49078 12 6189.00 I 13796 - 29949
17 h 5276.19 I 33173 - 52121 7 6230.97 I 14399 - 30444
45 h 5280.65 I 29270 - 48202 9 6249.51 I 16468 - 32465
9 5283.49 I 33173 - 52095 6 h 6257.58 I 29949 - 45925

7 5287.57 I 5 6273 03 I 32782 - 48719
8 5287.81 I 32654 51561 17 6282.63 I 14036 - 29949

26 5301.06 I 13796 - 32654 6 6320.41 I 35451 - 51268
4 5310.20 I 33946 - 52772 6 h 6347.83 I 35451 - 51200
17 h 5312.66 I 33946 - 52764 5 6395.20 I 30743 - 46375

10 5316.78 I oizoo 9 6417.82 I
1 077C 0 /f 0 CO

3 5321.72 I 33674 52460 5 6429!91 I 17234 - 32782
15 h 5325.28 I 32431 - 51204 45 6450.24 I 13796 - 29295
5 5325.95 I 33946 - 52717 21 6455.00 I 29295 - 44782

21 5331.47 I 14399 - 33151 8 h 6477.88 I 30444 - 45877

8 5332.67 I 28777 4/oz4 6 h 6490 34 I
1 £.AliO16468 0 1 07 1

8 5333.65 I 32431 51174 3 6551.44 I 15184 - 30444
8 5334.84 I 32431 - 51170 15 6563.42 I 16468 - 31700
12 h 5341.33 I 33440 - 52156 7 6595.90 I 29949 - 45106
50 5342.71 I 32431 - 51143 15 6632.44 I 18390 - 33463

26 5343 39 I 32465 C 1 1 "7/151174 3 6678.81 I
1 CT7A15774 'inn A o- 30743

7 5347.49 I 33467 52162 11 6771.06 I 15184 - 29949
7 5349.09 I 33467 - 52156 14 6814.94 I 15774 - 30444

50 5352.05 I 28845 - 47524 14 6872.40 I 16196 - 30743
26 5353.48 I 33440 - 52114 3 6937.81 I 21920 - 36330

14 5359 18 I 33467 52121 11 7016.61 I 16196 - 30444
21 h 5362.77 I 34134 52775 4 7027^81 I 31700 - 45925
35 5369.58 I 14036 - 32654 21 7052.89 I 15774 - 29949

6 5381.10 I 15774 - 34352 5 7054.04 I 21920 - 36092

9 h 5381.75 I 34196 - 52772 45 7084.99 I 15184 - 29295

It fi 33674 52162 4 7113.56 I 31871 - 45925

7 h 5436.99 I 33173 51561 3 7134^32 I 32733 - 46746
21 h 5444.57 I 32842 _ 51204 4 7154.71 I 16471 - 30444
7 5452.30 I 30743 - 49078 4 7159.18 I 32782 - 46746

17 h 5454.56 I 32842 - 51170 2 7193.60 I 32028 - 45925

7 15184 33463 3 7285 28 I 23153 - 36875

9 5470.46 I 10444 48719 3 7354.59 I 15184 - 28777

9 5477.08 I 29949 _ 48202 5 7388.70 I 21920 - 35451

45 5483.34 I 13796 _ 32028 8 7417.38 I 16471 - 29949

9 5483.96 I 29295 _ 47524 5 7457.36 I 31700 - 45106

8 hO 11 32842 51053 2 7533 48 I 32654 - 45925

4 5495.67 I 4o0oo 4 7553.99 I 11R71o lo / 1 4-0 lUO

12 5523.29 I 18775 36875 1 7564.96 I 39649 - 52864

7 h 5524.98 I 33173 51268 2 7586.72 I 23153 - 36330

17 5530.77 I 13796 31871 2 h 7590.57 I 16778 - 29949

4
0

crro Qo TOOOO.OZ I 28471 46455 o n iOUO. OU 1 32782 - 45925

15 5590.73 I 16471 34352 3 h 7610.24 I 21216 - 34352

6 h 5636.12 I 33463 51201 8 7712.68 I 20501 - 33463

17 5647.22 I 18390 36092 2 7734.23 I 33449 - 46375

3 5659.11 I 16468 34134 2 7743.27 I 31871 - 44782
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Cobalt— all observed lines— Continued

Intensity

and
Character

Waveleneth o
. ! " Spectrum
in i\

Energy levels

in cm"'

Intensity

and
Character

Wavelength
in A.

Spectrum
Energy levels

in cm"'

5 7838.17 I 32028 - 44782 9 8093.96 I 32431 - 44782

2 7840.05 I 33173 - 45925
32465 -

2 7855.85 I 33151 - 45877 2 8116.41 I 44782

1 7869.90 I 33173 - 45877 1 8152.11 I 32842 - AC 1 f\C45106

\ 7871.39 I 33674 - 46375 4 8193.03 I 33674 - 45877

3 8208.66 I 34196 - 46375
7 7908.71 I 32465 - 45106 9 8372.84 I 32842 - 44782
3 7926.55 I

9 7987.38 I 16778 - 29295 3 8378.39 I 33173 - 45106

13 8007.27 I 33440 - 45925 2 h 8574.57 I 21780 - 33440

3 8022.13 I 33463 - 45925 4 8575.35 I 22475 - 34134

1 8586.74 I 33463 - 45106
3 8029.26 1 32654 - 45106 3 8589.73 33467 - 45106
5 8043.33 I 33946 - 46375
6 8056.06 I 33467 - 45877 2 8661.09 21920 - 33463

1 8066.49 I 34352 - 46746 3 8819.15 41529 - 52864
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Copper

Cu, Z = 29, M = 63.546, Ratio = 1.0000

Cu I Normal state of valence electrons Sd^Hs = 0. LP. = 62317 cm'^.

Cu II Normal state of valence electrons 3d^^ ^So = 0. LP. = 163666 cm-i.

References

Wavelengths and Classification:

Cul, A. G. Shenstone, Phil. Trans. Roy. Soc. (London) [A] 241, 297 (1948).

Cu II, A. G. Shenstone, Phil. Trans. Roy. Soc. (London) [A] 2 3 5, 195 (1936).

Copper— all observed lines

Intensity

and
G harac ter

Wavelength
in A Spectrum

Energy levels

in cm"'

Intensity

and
Character

Wavelength
in A Spectrum

Energy levels

in cm"'

5500 11 21929 - 71920 240 2961. 16
J

11203 44963

2400 OAO /I OA2024.34 I 0 - 49383 40 13245 46598

1600 2035.84 II 23998 - 73102
70
£.r\OU
40

3010.84

oUoO. iu

3063.41

11203
13245
13245

44406
46173
45879

2200

3800

2037.12

2043.79

II

II

22847
21929

- 71920
- 70842

T

}

650 2112.09 II 26265 - 73596 25 3093.99 11203 43514

2000 2135.98 II 21929 - 68731 80 3194.10 13245 44544

700 2138.53 11203 - 57949
25 3208.23 13245 44406

1400 2165.09 0 - 46173 50000 3247.54 0 30784
1800 2178.94 0 - 45879 25000 3273.96 0 30535

1200 2181.72 0 - 45821 40 3279.82 13245 43726

360 2192.26 II 22847 - 68448 80 3307.95 40909 71131

1700 d 2199.58 11203 - .56651 70 ' 3337.84 11203 41153
2199.75 13245 - 58691 35 3599.13 43514 71291

550 2214.58 11203 - 56344 35 3602.03 43514 71268

460 2225.70 0 - 44916 20 h 4022.63 30535 55388

950 2227.78 13245 - ,58119
40 4275.11 39019 62403

1200 2230.08 11203 - 56030 20 4530.78 30784 52849
400 2247.00 II 21929 - 66419 80 4651.12 40909 62403
280 2293.84 11203 - 54784 400 5105.54 11203 30784

50 2369.89 II 26265 - 68448
200
240

5153.24

5218.20

30535
30784

49935
49942

70 2441.64 0 - 40944
360 2492.15 0 - 40114 40 5220.07 30784 49935
400 2618.37 11203 - 49383 40 h .5292.52 43514 62403

50 2700.96 II 73353 - 110366 100 5700.24 13245 30784

80 2766.37 13245 - 49383
400 5782.13 13245 30535

200 7933.13 30535 43137
500 2824.37 11203 - 46598

50 2882.93 11203 - 45879 400 8092.63 I 30784 43137
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Dysprosium

Dy, Z = 66, M = 162.5, Ratio^ = 2.557
Lu

Dy I Normal state of valence electrons 4^f%s^ ^Ig = 0. LP. = 47810 cm-^

Dy II Normal state of valence electrons 4f%s = 0. LP. = 94100 cm-i.

References

Wavelengths:

J. G. Conway and E. F. Worden, Univ. Cal. Rad. Lab., UCRL-19944 (1970).

Spectrum Assignments:
A. S. King, Astrophys. J. 72, 221 (1930).

A. S. King and C. E. Moore, Astrophys. J. 98, 33 (1943).

A. S. King, unpublished material (1956).

J. G. Conway and E. F. Worden, Univ. Cal. Rad. Lab., UCRL-19944 (1970).

Classification:

J. G. Conway and E. F. Worden, J. Opt. Soc. Am. 61, 704 (1971).

J. F. Wyart, Thesis, Univ. Paris-Sud, Orsay (1973).

Molecular Spectra:

DyO, A. Gatterer, J. Junkes and E. W. Salpeter, Molecular Spectra of Metallic Oxides (Specola Vaticana,

Vatican, 1957).

Strong lines of dysprosium

Intensity

and
Character

Wavelength
in A Spectrum

Energy levels

in cm"'

Intensity

and
Character

Wavelength
in A Spectrum

Energy levels

in cm"'

22000 3531.70 II 0 - 28306 4400 3523.98 II 4341 - 32709

16000 4211.72 I 0 - 23736 4400 3534.96 II 828 - 29109

14000 3968.39 II 0 - 25192 4400 3538.52 II 0 - 28252
12000 4045.97 I 0 - 24708 4400 3550.22 II 4755 - 32914
12000 4186.82 I 0 - 23877 4400 3576.24 II 4755 - 32709

11000 3645.40 II 828 - 28252 4400 4218.09 I 4134 - 27834
10000 3944.68 II 0 - 25343 4400 4221.11 I 4134 - 27817
8000 4000.45 II 828 - 25818 4000 3630.24 II 4341 - 31879
7400 4077.96 II 828 - 25343

3900 4103.30 II 828 - 25192
7000 3872.11 II 0 - 25818

3800 3393.57 II 828 - 30287

6800
5800

4194.84
3898.53

I

II

0

4755

- 23832
- 30399

3800 3445.57 II 0 - 29014

5700 4167.97 I 0 - 23985 3700 4215.16 I 0 - 23717

5500 3536.02 II 4341 - 32613 3300 3585.06 II 0 - 27885

5300 3385.02 II 828 - 30361 3300 3786.18 II 828 - 27232

2700 3454.32 II 828 - 29769
5300 3407.80 II 0 - 29336

II4700 3694.81 II 828 - 27885 2700 3978.57 7463 - 32591

4700 3757.37 II 828 - 27435 2700 4225.16 I 7050 - 30711

4400 3460.97 II 0 - 28885 2500 4073.12 II 4341 - 28885

4400 3494.49 II 828 - 29436 2300 3836.50 II 4341 - 30399
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Dysprosium— all observed lines

Intensity

and
Character

Wavelength
in A Spectrum

Energy levels

in cm"'

Intensity

and
Character

Wavelength
in A Spectrum

Energy levels

in cm"'

260 2356.91 II 70 2848.93 I

65 2381.95 85 2856.42 II

130
000*7 0£ TT

11 17 2857.01 II 15530 - 50521
150 z392. 15 40 2857.11 II

180 z402.z9
TT
11 50 2859.72 II

240 2410.01 II 55 2860.17 II 4341 - 39293
150 2422.75 II 70 2860.67 II

260 2439.84
TT
11 140 2862.70 I 0 - 34921

90 2455.15
TT
11 oZo 85 2866.26 II loolO - 48489

110 2459.99 TT
11 70 2867.62 II 11394 - 46256

90 2471.40 II 28 2869.82 II

110 2480.93 II 95 2876.39 II 12336 - 47091
170 2490.61 II 190 2877.88 II 828 - 35565
90 2510.31 II 85 2878.70 II

170 2513.55 II 85 2881.06 II 15822 - 50521

170 2517.61 II 0 39708 110 2884.28 II 4755 - 39416
130 2543.81 II 70 2884.81 II

90 2545.12 II 4763 - 44043 120 2885.53 I 4134 - 38779
150 2552.29 II 70 2890.44 II 15822 - 50408
180 2557.94 II 828 — 39910 120 2890.74 II

90 2560.21 II 70 2891.02 II

90 2566.25 II 120 2900.82 II 4341 - 38804
220 2585.30 I 110 2904.62 II 4341 - 38758
90 2591.56 II 190 2906.39 II 0 - 34396
75 2592.54 II 70 2909.37 II

130 2600.16 II 12336 50783 35 2909.69 II 12336 - 46694
130 2600.76 II 35 2909.88 II

75 2608.69 II 35 2913.74 II 13408 - 47718
370 2623.69 I 0 38102 390 2913.95 II 0 - 34307
440 2634.80 II 0 37942 70 2918.65 II

110 2642.15 I 0 37836 70 2927.06 II 12336 - 46490
110 2645.35 II 70 2931.00 II 13610 - 47718
110 2667.94 I 0 - 37471 110 2934.31 II

55 2676.84 II 250 2934.52 II 14421 - 48489
50 2677.34 II 12336 — 49675 110 2941.05 II 15822 - 49813

85 2689.31 II 13610 50783 140 2944.56 II 10594 - 44545
85 2692.83 II 10594 _ 47718 85 2946.31 II 828 - 34759
55 2709.01 II 0 - 36902 95 2946.77 II 4341 - 38266
55 2727.17 II 11394 48052 150 2947.06 II 11394 - 45317
85 2729.50 II 150 2947.21 II 12336 - 46256

55 2735.79 I 250 2948.31 II

40 2739.30 II 12336 _ 48831 170 2950.33 II 12336 - 46220
85 2740.70 II 110 2952.12 II 828 - 34692

220 2755.75 II 55 2953.03 II 7463 - 41317
55 2757.08 II 10594 — 46853 140 2953.70 II

70 2766.50 II 85 2957.75 II

70 2772.42 II 0 36058 85 2962.36 II 13610 - 47357
110 2772.61 II 828 - 36884 220 2964.60 I 0 - 33721
40 2779.58 II 17036 - 53002 55 2964.74 II

55 2791.44 II 11394 - 47208 40 2975.55 II 13610 - 47208

120 2800.33 II izooo 85 2975.85 II

110 2800.53 II 11394 I 47091 110 2977.42 II 0 - 33576
110 2801.41 II 12336 - 48022 50 2979.65 II 19451 - 53002
85 2810.85 II 0 - 35565 110 2985.97 II 10594 - 44074
50 2811.09 II 14895 - 50457 35 2987.88 II 15530 - 48988

85 2811.42 II OOOO I 50 2988.71 II

55 2815.22 II 70 2989.77 II 12336 - 45773
300 2816.39 II 0 35495 85 2991.36 II 16260 - 49680
140 2825.42 II 4763 40146 70 2991.61 II 11394 - 44812

55 2828.37 II 828 36173 55 2992.41 II 12674 - 46082

50 d 2835. 12 II 12336 47597 50 2995.43 II 4755 - 38130
2835.29 II 85 3002.38 II 10594 - 43891

55 2837.00 II 110 3003.76 II 828 - 34110

55 2837.61 II 828 36058 55 3008.81 II 16875 - 50101

55 2842.04 II 828 36003 140 3015.07 II 14895 - 48052
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Dysprosium— all observed lines— Continued

Intensity

and
Character

Wavelength o
. i " apectrum
in A

Energy levels

in cm"'

Intensity

and
Character

Wavelength
in A Spectrum

Energy levels

in cm~'

220 3015.68 II 11394 - 44545 120 3152.37 II 12336 - 44049
180 3016.95 II 100 3153.31 II

170 3025.59 II 4341 - 37382 1200 3156.52 II 11394 - 43066
oy\J u — QQAorooUo5 65 ^11 1^7 Qc;,olO / .DO

TT
11 14421 - 46082

oo ^097 IT 12336 - 45356 120 OiOU.OU TT
11 4755 - 36^87

210 3029.81 II 110 3161.03 II

110 3030.40 II 828 - 33817 670 3162.83 II 11394 - 43002
85 3031.15 II 17036 - 50017 100 d 3164.04 II

oUol.iV 11 16875 - 49856 olo4. la TT
11

yo anoo 10 TT 4ftdft0 IZw Q 1 /:7 /I

A

TT
11

120 3036.70 II 80 h 3167.76 II 18121 - 49680
610 3038.28 II 12336 - 45240 80 3168.15 II 12336 - 43891
50 3042.09 II 100 3168.95 I 0 - 31547

^CiAl 1 Q TT 17606 - 50457 1000 0 169.99 TT
11 0 - 31536

1 in ^H/IQ d'i TT«jU4'0.4'0 11 ioU 0 1 7A 7C61 70.75 TT
11 1 OAl 0 /I C 1 OA451oy

70 3044.54 II 20166 - 53002 80 3170.97 II 4755 - 36282
55 3046.38 II 65 3171.47 II 13610 - 45132

210 3047.56 II 12336 - 45139 130 3174.88 II 11394 - 42883
Of\AQ 19 TToU^y.iz 11 12336 - 45123 400 3177.89 TT

11 16260 - 47718
1 Qfi oUol.4o 11 ^ (00 3178.37 TT

11 000ozo — 0000

1

180 . 3052.32 II 20985 - 53738 80 3181.94 II 4755 - 36173
95 3056.96 II 14895 - 47597 65 3183.19 II

85 3059.47 II 14347 - 47023 80 d 3184.19 II
1 in "iCifiCi CiO IIoUOU.UZ 11 14421 - 47091 200 QtOA 7A TT 828 - 32218

oUDU.O^ 11 ooU 0 1 OA QO TT
11 1 9A7/I /I /I A/1 A

120 3061.36 II 9432 - 42087 240 3187.68 II 14895 - 46256
85 3061.49 II 11394 - 44049 65 3188.66 II 14421 - 45773
110 3062.18 II 15822 - 48469 65 3192.97 II 17036 - 48346

oUOZ.OZ 11 12674 - 45317 330 0 1 AO OA6196. Si)
TT
II 0 - 31306

QAAA QQ TTouoo.yy 11 l^ol-/ — /I AO/1 Q 1 QAloU OOAC ylAo205.4o TT
II

1 A OAC A AAOO

85 3070.46 II 240 3206.40 II 16881 - 48059
330 3071.91 II 4341 - 36884 80 3206.64 II 16875 - 48052
280 3073.54 II 220 3207.12 II 14895 - 46066
55 OATCIO TToU/o.lo 11 290 ooAO or3208.85

TT
11 4341 - 35495

1 1 AIIU OAT^L OA TToU/o.ov 11 Q90 1 'XC\ 0010 A/1J212.04 TT
II

1 /I /lO 1144Z1 - 45545

140 3078.33 II 12336 - 44812 80 3212.44 II

220 3078.68 II 10594 - 43066 80 3212.68 II 15530 - 46647
150 3079.33 II 12674 - 45139 190 3214.63 II

QAQA 09 IT 12674 - 45123 470 001c 1 A6zio. ly TT
11 13408 - 44501

140 OAOO C 1 ItMoZ.bl 11 4/55 — 071 07 00 1 AO0216.63 TT
II

1 AOO 1 A 7AAA

85 3084.68 II 10594 - 43002 80 3217.38 II

120 3093.10 II 4755 - 37076 160 3220.46 II 13610 - 44653
95 3093.82 II 14895 - 47208 240 3221.49 II 17036 - 48069

OAAC lA TT 13408 - 45701 170 TT
11 7463 - 38495

^oO OIAIAO TT 1 £^ 0£A AO A OA OAA 0000 00 TT
11

1 OA7/112674 - A 0AOA4o6o9

220 3103.24 II 4755 - 36970 240 3225.08 II 828 - 31826
190 3103.83 II 12336 - 44545 330 3225.95 II 10594 - 41583
180 3104.99 II 14895 - 47091 80 3226.07 II 18549 - 49537
<l 1 A410 3109.76 II 10594 - 42741 140 OOOA 00 TT

II 17036 - 48022
o5 OllATC TTolio. 75 II 12674 - .1 /1 0 1

0

44812 1 7A170 0000 A7 TT
11

1 AA 1 C16015 - 46976

50 3117.50 II 15530 - 47597 170 3229.36 II 15822 - 46779
190 3120.18 II 9432 - 41472 110 3229.94 II 4755 - 35707
170 3126.20 II 12674 - 44653 140 3232.64 II 4341 - 35266
330 3128.41 II 10594 - 42550 490 3235.89 TT

II 0 - 30894
OOA830 110C0O TT3135.38 II 10594 - 42478 OAA290 OOOA AA TT

11 828 - 31715

360 3140.64 II 13408 - 45240 140 3240.86 II 20793 - 51640
500 3141.14 II 0 - 31826 100 h 3243.72 II 14421 - 45241
140 3142.30 II 14347 - 46161 3243.78 II

95 3143.18 II 18978 - 50783 490 00 AC 10 TT
11 14895 - 45701

220 3143.83 II 14895 - 46694 200 3248.36 TT
II 14347 - 45123

140 3145.22 II 828 - 32613 90 3250.99 II 7463 - 38214
250 3146.16 II 15822 - 47597 1200 3251.27 II 10953 - 41702
120 3147.53 II 16260 - 48022 170 3251.90 II 11394 - 42137

120 3151.89 II 4341 - 36058 200 3252.19 II 17606 - 48346
100 3152.22 II 80 3253.91 II 18121 - 48844
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Dysprosium— all observed lines— Continued

Intensity

and
Character

Wavelength
in A Spectrum

Energy levels

in cm"'

Intensity

and
Character

in A Spectrum
Energy levels

in cm"'

80 3254.48 II 14421 - Act OA45139 160 3371.69 II 14895 - 44545
zyo 6Z.oO.lO

IT
11 14421 - 45123 0071 Q1 TToill.oi 11 9432 - 39081

80 3257.37 II 15530 - 46220 130 3372.78 II 17007 - 46647
170 3260.02 II 13408 - 44074 90 3374.29 II 14421 - 44049
140 3260.70 II 9432 - 40091 180 3375.74 II 12674 - 42289

140 3261.21 II 20985 - 51640 90 3376.00 II 7463 - 37076

170 0O££ AA TT
11 19492 - 50101 1 OAloU

00*7^ on TT00/0.07 11 4341 - 33950
3266.02 II OOODO 130 3376.62 II

14QQC _ 4^0U1
200 3266.21 II 160 3377.10 II 7463 - 37066
240 3269.11 II 0 - 30580 90 3378.21 II 15530 - 45123

80 3272.09 II 15530 - 46082 180 3378.42 II 7485 - 37076
ZOU 11 12336 - 42883 100 O O TO OO TT3378.88 11 10953 - 40541
120 3275.93 II iuoy4 — /1 1 1 1

1

90 3381 54 II
/I A1 CO401OO

100 3279.45 II 18978 - 49462 100 h 3384 09 II 14126 - 43668
160 3279.70 II 16875 - 47357 5300 3385.02 II 828 - 30361

890 3280.09 II 828 - 31306 210 3386.57 II 18549 - 48069
OAoO 0 OO 1 £ Cozol.oo

XT
11 13610 - 44074 610 3388.85 II 4755 - 34256

490 3282.77 II 100 3389.44 II 15822 - 45317
100 3282.89 II 4755 - 35207 140 d 3391.16 II

80 3284.36 II 13610 - 44049 210 3391.96 II 18549 - 48022

90 3286.57 II 4341 - 34759 90 3393.36 II 4755 - 34216
200 3287.94

TT
11 12336 - 42741 3800 3393.57 II 828 - 30287

130 3288.62 n QAQAAoUoyy 140 3393 98 II
1 0£ 1 A13610 - 43066

100 3291.12 II 1300 3396.16 II 0 - 29436
200 3293.88 II 17007 - 47357 90 3398.32 II

200 3296.30 II 12674 - 43002 90 3399.36 II 12674 - 42083
1 OA 3297.60 IT

11 20467 - 50783 110 3402.01 1 9990 - 39376
80 3300 92 II IVzol - 140 3403.24 II

200 3305.40 II 14895 - 45139 110 3403 43 II 18678 - 48052
200 3305.51 II 15530 - 45773 210 3404.99 II 9870 - 39231

240 3306.19 II 17596 - 47833 270 3405.65 II 4755 - 34110
440 1 O AO 1f\3308.79

1 T
11 12336 - 42550 110 h 3406.76 II 16875 - 46220

1100 3308 88 II
1 AC A,110594 - A AOA"?40807 3406 82 II

100 3310.97 II 380 3407.16 II 7463 - 36805

510 3312.72 II 4341 - 34519 5300 3407 80 II•JtV I •Kj\J XX 0 - 29336

120 3313.31 II 19956 - 50129 420 3408.14 II 13408 - 42741

780 3316.32
Tf
II 828 - 30973 100

O A r\c\ A /I TT
3409.46 11

240 3317.12 II 7485 - 37623 140 3410.71 II
1 AAC O109oo - A AO/: A40264

100 3318 13 II 4755 - 34884 110 3411.22 II

1 UUv ^^1Q AftOO 1 7 -OO II11 0 - 30112 110 3411.52 II 9870 - 39175

270 3326.19 II 4341 - 34396 1300 3413.78 II 828 - 30112

90 d 3326.42 II 20467 - 50521 530 3414.82 II 4341 - 33616
3326 52 II 120 3415.71 II 14421 - 43689

130 3327 08 II 270 3417.13 II 10953 - 40209

80 3327 30OO^ I .oyj II 16601 - 46647 270 3418.10 II 12336 - 41583

90 3328.80 II 7485 - 37517 780 3419.63 II 7485 - 36719

100 3331.27 II 10594 - 40604 90 3420.79 I 4134 - 33358

OOOt . 1
IT11 9432 - 39416 160 3421.31 II 17036 - 46256

65 3334 45OOO^ • ^o II 19251 - 49233 130 3422.60 II 11394 - 40604

190 3339 51OOO 7 , O 1 II 4755 - 34691 270 3422.86 II 16875 - 46082

780 3341.00 II 10594 - 40516 110 3423.23 II 9432 - 38635

130 3341.44 II 828 - 30747 90 h
'\ A ex's t\C\ TT
3423.82 II

970 5541 QQOOt 1 . OO II11 4341 - 34255 3423.91 II

00^ i .Otj
II
11 ini^Qd -1U07't *tU'tOO 530 3425 06 11O^LO,\J\} 11 4341 - 33529

97(1 IT
11 1 UO i o 90 3425.40 II

510 3353.58 II 828 - 30638 110 h 3428.99 II 17007 - 46161

120 3355.06 II 18549 - 48346 420 3429.44 II 9870 - 39021
1 on oOOD.^ 1

II
11 15530 - 45317 270 3431.79 II 13610 - 42741

1 ICt OOoO.oU II
11 4755 - 34524 990 3439 58 IIO^O^.OO 11 4341 - 33465

1 on ooOo.OU IIH 0 - 29765 1 ^01 o\j O^U^.OU 11 11394 - 40516

240 3359.46 II 14895 - 44653 1900 3434.37 II 0 - 29109

90 3360.65 II 90 3435.26 II 9870 - 38972

130 3365.81 II 14347 - 44049 130 3435.60 II

510 3368.11 II 0 - 29681 130 3436.09 II 19251 - 48346

160 3370.85 II 13408 - 43066 90 3436.92 II 17606 - 46694
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Dysprosium— all observed lines — Continued

Intensity

and
Character

Wavelength o
. ! " spectrum
in A *^

Energy levels

in cm"'

Intensity

and
Character

Wavelength
in A Spectrum

Energy levels

in cm"'

3438.94 II 13408 - 42478 290 3512 56 n 14421 _ 42883

130 3439.33 II 290 3512.70 II 17606 _ 46066

90 3440.45 II 18978 - 48035 560 3517.26 II 10953 - 39377
560 3440.93 II 16881 45934 110 3519.76 II

1300 3441.45 II 190 3521.16 II

55 3442.50 II 18678 _ 47718 90 3522.28 11 10953 39336
55 3442.55 II 290 3522.86 II 7463 35841
90 3443.48 II 20985 - 50017 4400 3523.98 II 4341 - 32709
130 3444.25 II 9432 - 38457 170 3524.63 II 9432 - 37795

3800 3445.57 II 0 29014 90 3524.93 II 15530 43891

830 3446.99 II 7463 36466 970 TT11 10953 39308
170 3447^26 II 14421 _ 43422 130 3526.64 II 10953 39301
170 3447.73 II 14895 - 43891 190 3526.90 II 11801 _ 40146
440 3449.89 II 4341 - 33319 55 3528.90 II 12674 - 41004
110 3450.22 II 200 3529.03 II 0 — 28328

2700 3454.32 II 828 29769 99000 70OOO 1 . ( u TT11 n 9810f>^oouu
440 3454.51 II 13610 42550 140 3534.45 II lfi9f>0lUZUU d/l'id'it'rO'TO

1300 3456.56 II 4755 - 33677 4400 3534.96 II 828 _ 29109
110 3458:98 II 7485 - 36387 5500 3536.02 II 4341 - 32613
220 3460.40 II 9432 38322 290 3536.58 II 12336 — 40604

1 10 Ot'UV.UU 11 9870 38758 900 OOO i .00 TT11 0870 181 10

4400 3460.97 II 0 28885 4400 3538.52 II 0 98959
90 3461.31 II 20793 - 49675 400 3539.37 II 4755 _ 33001
190 3463.34 II 7485 - 36350 110 3539.64 II 7485 - 35728
200 3463.87 II 4755 33616 160 3540.69 II 11801 40036

90 1 7001 1 uu ootz . oo TT11 7463 15685

720 3468.43 II 9432 38255 90 3542.86 II 19183 47401
90 3468.78 II 400 3544.20 II 9870 _ 38078
130 3470.19 II 22908 - 51716 400 3544.35 II 9432 - 37637
560 3471.14 II 7463 36264 1400 3546.83 II 828 — 29014

^471 '^^ II
I 1 . JO 1

1

7485 36282 1 10i lU OOt^ 1 . oo TT11 10953 39134
3471.60 II 7463 36260 90 3547.91 II 17596 45773

380 3473.70 II 7485 36264 330 3548. 19 II 13408 — 41583
220 3474.27 11 12336 - 41111 140 3548.72 II 14895 - 43066
1300 3477.07 II 4755 — 33507 130 3549.25 II 12674 — 40841

^477 11 20793 49537 4400 I'^'iO 99ooou. zz TT 4755 32914
90 3478.48 II 1 1801 40541 190 3551.15 II

90 3480.42 II 9432 _ 38156 2200 3551.62 II 4755 — 32903
220 3480.81 II 90 3553.21 II 16601 - 44737
110 3482.10 II 7463 — 36173 130 3555.97 II 18978 — 47091

'iAUd. Aft TTO4-04-.DO 11 1 too Ifil 71OU i 1 o 1 10 OOO / .oz TT11 18678 46779
190 3485.92 II I OU lU 440 h 3558.23 II 0/119 17'i97O 1 OZ 1

130 3487.20 II 15979 _ 44647 440 3559.30 II 9870 _ 37958
170 3487.57 II 17036 - 45701 290 3560.14 II 7485 - 35565

3487.60 II 20166 — 48831 2200 3563.15 II 828 — 28885

1 in 00 TT
1 U 700 O 7UV / oou QCL<,0 f,Q TT11

130 3490.65 II lOUu 1 d.'i941tO^T" 1 220 3564.24 II

220 3494.13 II 99 1 79 OU i oo 90 3565.69 II 1 18011 1 OU I 10818O 7000
4400 3494.49 II 828 29436 200 3569.66 II 0 28005
560 3496.34 II 7463 - 36057 100 3571.44 I 4134 - 32126

on 04.07 11 II 00*tO I
007U 1=^71 67oo / 1 . U 1

TT11 1 18011 1 OU i 10701O 7 17 1

/inn 0/107 Ql If 1 d.d.9

1

diftn9'roUUZ 780
/ OU 1^71 ftloo 1 o. oo TI11 1 IfilOI OU 1 u ^^ =181r 1 OOO

830 3498.71 II 4341 I 32914 1400 3574.15 II 7463 _ 35434

220 3498.93 II 7485 - 36057 110 3576.00 II 828 - 28784
140 d 3499.86 II 14347 - 42911 4400 3576.24 II 4755 - 32709

3499.96 II 4755 - 33319
90 oo t u. oo II11 90"; 1 7Zuo 1 (

AQAAQ^0407

400 3501.50 II '» / Do OooUO 1700 3576.87 II I 4'0O 00404
220 3501.86 II 830 3577.98 II 4341 32281

220 3502.14 II 10953 39499 160 3579.11 II 9432 37363

270 3503.17 II 7463 36001 90 3579.44 II 22854 50783

ooU O0U4.0O 11 9432 37958 ddO I'iflO OdOOOU. U*T TT11 9870 37795
830 3505 45 IT 7485 36003 190 3582.02 II 19492 47401

270 3505.84 II 400 3,584.42 II 11801 39691

1300 3506.81 II 828 29336 3300 3585.06 II 0 27885

290 3511.68 II 21134 49603 1400 3585.78 II 7485 35365
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Dysprosium— all observed /ines— Continued

Intensity

and
Character

Wavelength
in A Spectrum

Energy levels

in cm"'

Intensity

and
Character

IT/ 1 .

1

Wavelength
in A Spectrum

tnergy levels
. —1
in cm

560 3586.11 II 4341 - 32218 1000 3648.78 II 13408 - 40807
360 3590.07 14895 - 42741 110 3654.18 II 9870 - 37229

290 ooVO.06 12674 40516 1 OA lacA OO3654.00 IT
11

ICCOA /lOOOOloooO — 42883
1 1 AA1100 0cm /II Tin 0003.02

T
1 ooiy — OOOOO

560 0cm o 13591. ol " oo4Z 1 loO Q/:^i noOOOl. lo
TT
11

lAACO OOOCC109oo - 38255

560 3592.11 II 7463 _ 35294 700 3664.62 II 11801 - 39081

100 3593.16 n 4755 - 32578 190 3665.23 II 16881 - 44156
220 3594.56 7565 — 35377 400 3666.84 I 7565 - 34829
1800 3595.04 1 Ac Ayl10594 38402 150 3668.90 II 7463 - 34712

1 £ A160 3595.28 1 1 OA1lloOl OA£AT39607 150 3671.69 II 7463 - 34691

400 3596.06 II 9870 _ 37671 990 3672.30 II 10594 - 37817
100 3596.48 n 9432 - 37229 420 3672.70 II
OOA220 3597.28

{

12892 — 40683 400 3673.14 II 0 - 27216
1 1 A110 3597.94

11

1/11 0£14126 41912 1400 3674.08 II 0 - 27209
1 1 A OCAO Oil3598.26 /4o5 35268 230 3674.45 I 4134 - 31341

110 3599.04 II 16875 _ 44653 120 3676.02 II 9870 - 37066
100 3599.56 n 22083 - 49856 2200 3676.59 II 828 - 28019
1 OAloO 9432 - 37199 640 3678.51 I 7565 - 34742
560 3600.38 9870 37637 820 3684.85 I

360 3602.82 II 11801 39549 1300 3685.78 I 7565 - 34689

140 3603.16 II 7485 35230 120 3688.36 II 18978 - 46082
90 3604.34 I 160 3693.87 I 11673 - 38737

1800 3606.12 II 7485 - 35207 140 3694.42 II 7463 - 34524
100 3606.38 II 17596 45317 4700 3694.81 II 828 - 27885
130 3606.90 II Z\Zll A OAOO48988 140 3696.95 II 24967 - 52008

110 3609.25 II 11801 _ 39499 370 3697.31 II 7485 - 34524
110 3611.23 I 7565 - 35249 990 3698.21 II 11394 - 38427
290 3612.78 II 230 3700.58 II

220 3613.08 ji 16875 44545 540 3701.63 II 11394 - 38402
290 3614.07 II 14421 42083 330 3707.40 II 4341 - 31306

100 3614.70 II 9870 37527 440 3707.57 II 828 - 27792
100 3614.95 II 14895 - 42550 440 3708.22 II 4755 - 31715
130 3616.08 II 9870 - 37517 120 3708.36 II

110 3616.37 II 9432 37076 420 3710.07 II 4755 - 31701
130 3617.20 II 4341 31978 120 3710.74 II 10953 - 37895

110 3617.63 II 9432 37066 330 3711.66 II 9870 - 36805
100 3617.78 II 17606 - 45240 160 3713.84 II 9432 - 36350
290 3618.10 II 16260 - 43891 110 3715.31 II 9432 - 36340
440 3618.51 II 828 28456 95 3715.57 II 13610 - 40516
160 3619.45 II 14126 41747 160 3716.94 II 16016 - 42911

200 3619.98 II 17036 44653 95 3717.28 I

560 3620.16 II 11801 _ 39416 80 3718.14 II

100 3620.58 II 7463 - 35075 1600 3724.45 II 4341 - 31183
470 3624.27 II 14895 42478 95 3725.94 I 9990 - 36822
1100 3629.42 II 11394 — 38939 300 3728.00 I 9990 - 36807

4000 3630.24 II 4341 31879 120 3730.67 I

220 3630.48 II 7463 _ 35000 930 3739.34 I 12892 - 39627
110 3630.60 II 110 3739.86 II 7485 - 34216
440 3632.78 II 12674 — 40194 1200 3747.82 II 828 - 27502
220 3633.02 II 18549 — 46066 130 3750.32 II 14347 - 41004

110 3633.76 II 9870 37382 160 3751.80 II 7463 - 34110
90 3634.18 II 17036 _ 44545 1400 3753.51 II 0 - 26634
110 3634.32 II 11801 - 39308 1400 3753.75 II 4341 - 30973

400 3635.27 II 11801 — 39301 95 3754.81 II 9432 - 36057
180 3636.25 II 9870 - 37363 1200 3757.05 I 7565 - 34174

360 3637.28 II 4341 31826 4700 3757.37 II 828 - 27435
220 3639.90 II 95 3758.99 II 9870 - 36466
1100 3640.25 II 4755 32218 640 3767.63 I 8519 - 35053
90 3640.83 II 26279 53738 330 3771.11 I 13495 - 40005

400 3643.92 II 0 27435 95 3771.35 I 12007 - 38515

11000 3645.40 jj 828 28252 160 3772.64 I 9990 - 36490
360 3645.86 7463 34884 640 3773.05 I 9990 - 36487

180 3646.61 11801 39215 230 3773.30 II 14347 - 40841

160 3646.89 4134 31547 70 3773.77 I

180 3648.46 II 7463 34864 370 3774.71 I 8519 - 35003
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Dysprosium— all observed Zi/ies— Continued

Intensity

and
Character

Wavelength
in A Spectrum

Energy levels

in cm"'

Intensity

and
Character

Wavelength
in A Spectrum

Energy levels

in cm"'

95 3776.92
TT
11 110 3887.54 I

3777.43 I 190 3888 4^ II loy <y

95 3779!03 II 11801 38255 190 3889.01 II

150 3779.23 It 13338 - 39791 280 3891.86 II 16601 - 42289

95 3780.31 I 12007 - 38452 280 3892.90 I 7565 - 33246

95 3780.94 I 12655 OAAA/:39096 80 3894.53 I
1 OAA712007 37676

^7fll 4.7 I 12007 38444 16ft 0070. o t
TT 14126 39791

190 3782.87 II 4755 31183 5800 3898.53 II 4755 30399
150 3783.60 II 11394 _ 37817 270 3899.17 I

150 3783.94 I 10088 - 36508 100 3901.38 I 13495 - 39120

330 3785.41 II 9432 35841 85 3903.33 I 8519 34131
3300 3786 18 JJ 828 27232 16ft 5004 91 TI11 4755 30361
120 3786.83 I 13495 39895 110 3905.60 II 14^47

130 3787.26 II 13338 _ 39735 110 3905.94 I 14153 _ 39748
1600 3788.44 II 828 - 27216 120 3912.54 I 12892 _ 38444

700 3791.87 II 828 27193 85 3912.86 II 14347 — 39896
19ft 3ftftl 0^ TT11 17596 43891 1 4.ft OQl 0 £0 T1 7565 33110
510 3804.14 II 0 96970 160 3913.97 II 1 9^^6 0 ( 0 i 0
120 3804.35 I 12007 _ 38285 540 3914.87 II 4341 29877
580 3806.27 II 12674 - 38939 540 3915.59 II 4755 _ 30287

110 3807.90 II 9432 — 35685 540 d 3917.29 I 7565 — 33086
aofio n9 II

11 10953 37199 T1 12007 37527
210 3809.82 I ooouu 110 3918.55 II IftQ';^lUVOO
180 3809.97 II 4341 _ 30580 140 3919.12 I 15862 _ 41371
470 3812.27 I 8519 - 34742 320 3923.38 II 12336 — 37817

160 3813.10 II 4755 — 30973 110 3924.47 II 15530 — 41004
47ft OO lO . u /

II
11 7463 33677 49ft QQ97 Qf.OVZ ( .OO T1 11673 37125

230 3816.21 I 1 ^4Q'^ 140 3929.33 II 1 7ft^6 4947ft

1400 3816.76 II 7485 33677 540 3930. 14 I 12892 _ 38329
190 3817.53 I 7565 _ 33753 190 3931.28 II 7485 - 32914

120 3818.75 II 13338 — 39517 2100 3931.52 II 4341 — 29769
1 9n OO IV. I

1 lift1 lU II
11 4341 29765

95 3821.47 I OO 17 320 3932.22 II 0H7ft

110 3821.88 I 8519 _ 34676 370 3933.00 II 7485 32903
280 3822.58 II 7463 _ 33616 320 3934.21 II

95 3824.02 I 12892 — 39035 160 3936.05 II 11801 — 37199
7ftft oOZO.Oo II

11 7485 33616 OO 0700. ou IT11 9870 35268
190 3829.78 I 420 3936.70 I QQQft 00000
95 3831.08 II 14421 40516 140 3937.16 I 8519 _ 33911

210 3831.64 II 12336 _ 38427 270 3938.04 II 10953 - 36340

150 3832.88 II 10953 — 37036 210 3938.20 I 11673 — 37058
ZoUU OooO.DU If11 4341 — 30399 ';4ft 074*Z.Oo IT11 4755 30112

160 3838.66 II ooOU i 10000 3944.68 II Q ^004*0

370 3840.89 I 14367 40396 420 3946.93 II 13610 I 38939

1400 3841.31 II 828 _ 26853 540 3950.39 II 10953 — 36260

330 3842.00 II 4341 - 30361 85 3953.19 I 12007 — 37295
Don330 3844.36 10088 - 36093 0V04.00 II11 9432 — 34712

420 3846.34 II 4 /DO 85 3956.32 I

420 ' 3847.02 I 7565 33552 800 3957.79 II 9432 I 34691

330 3849.39 II 9870 _ 35841 85 3959.38 II 17007 _ 42256

1200 3853.03 II 4341 - 30287 370 3962.59 I 9990 — 35219

4z0 Jo5o.40
T
1 7565 - 33475 1 lU I1 14153 39378

210 3865.48 II
A/1 0 OV43z 85 3963.81 II 1 Q^^Qloooo ooOOV

370 3866.58 II 7463 33319 110 3966.36 I 12007 37212

95 3867.85 II 14347 40194 320 3967.51 I 7565 _ 32763

560 3868.45 II 7463 - 33306 14000 3968.39 II 0 — 25192

1600 3868.81 I
1 7565 - 33406 1 AnlOU 5071 91 I1 12298 37472

300 3869 42 II 9432 35268 85 3972.41 I

820 3869 86 II 0 25833 160 3973.88 I 7565 32722

210 3871 63 II 7485 33306 2700 3978.57 II 7463 32591

7000 3872.11 II 0 25818 270 3979.47 II 4755 29877

1200 3873.99 II 828 26634 110 0AO1 0 73981.37 1 7565 32675

80 3875.18 II 10953 36751 1400 3981.92 II 7485 32591

470 3879.11 II 4341 30112 1600 3983.65 II 4341 29436

300 3881.99 II 12674 38427 800 3984.21 II 9432 34524
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Dysprosium— all observed lines— Continued

lIllCIISllj

iidi dcicr

Wavelength
in A

AO 1 1*11mopc^iruiii
Energy levels

in cm"'

Intensity

and
v>n(irdcicr

Wavelength
in A opectrum

Energy
in cm

evels

85 3984.69 II 14126 39215 200 4105.04 II 29109
85 3987.07 II 15530 _ 40604 75 4106.38 II 9870 34216

60 3988.88 I 9990 - 35053 1500 4111.34 II 0 - 24316
60 3988.93 I 120 4113.05 I 10925 - 35231

75 3990.34 II 16418 - 41472 200 4119.31 II 9432 - 33701

540 3991.32 II iUVDo OOUU

1

490 4124.63 II 31701

170 3993.57 I 8519 33552 150 4126.08 12892 37121
85 3994.53 I 4134 - 29161 390 4128.24 II 7485 - 31701
85 3995.99 I 350 4129.12 I 10925 - 35136

1600 3996.69 II 4755 - 29769 990 4129.42 II 4341 - 28550

110 3998.06 11
oooOZO O CO 0 o 350 41 10 l^i 0 94904.

8000 4000.45 II 828 25818 120 4131.02 II 11801 36001
420 4005.84 I 8519 - 33475 75 4132.83 II 13338 _ 37527
320 4006.07 I 8519 - 33474 170 4133.35 II 12336 - 36522
100 4007.76 II 828 - 25772 390 4133.85 I 9990 - 34174

120 4010.07 II 19571 44501 250 4134.15 10925
540 4011.29 II 7463 32386 100 4134.71 I 70'=iO 31229
540 4013.82 I 0 - 24906 150 4138.54 I 8519 — 32675
540 4014.70 II 7485 - 32386 120 4139.56 I 7050 _ 31200
210 4015.17 II 11801 - 36699 470 4141.50 II 828 _ 24967

160 4020.87 II 1 9nn 4141 10 TT
11 4755 OQQOCZoooD

370 4023^71 I 7565 32411 990 4146.06 091

1

y^ 1 1 33324
250 4024.43 II 9870 _ 34712 75 4147.97 I

250 4024.90 I 9990 - 34829 150 h 4152.48 II 9432 - 33507
420 4027.78 II 9870 - 34691 100 4153.12 I

520 d II 20884 45701 41 "^4 94"T 10'*. Z'T

4028.41 I 7565 120 4159.31 I 8519 32554
85 4031.08 I 12007 - 36807 75 4160.25 I

520 4032.47 II 13610 - 38402 75 4162.25 I

160 4032.84 I 13495 - 38285 5700 4167.97 I 4134 - 28119

420 4033.65 II 9432 34216 75 4169.25 II 828 24806
420 4036.32 II 4341 29109 75 4170.56 I

250 4038.51 II 7463 _ 32218 370 4171.93 I

190 4038.83 I 10088 - 34841 4172.00 I

320 4041.98 II 7485 - 32218 140 d 4176.60 I

I

4176.78 I

12000 4045.97 0 24708
85 4047^73 I 9990 34689 50 4181.27 I 8519 32428
85 4048.38 II 250 4183.60 I 7050 _ 30946
250 4048.93 I 8519 - 33210 930 4183.72 I 4134 - 28029
140 4049.36 I 4134 - 28822 12000 4186.82 I 0 - 23877

4755 29436 190 41 QO Q4 7050 10004

250 4053.83 I 41 14 zo / yo 2200 4191.64 I 41 14^ lot 27984
520 4055.14 II 9870 _ 34524 6800 4194.84 I 0 23832
120 4057.44 II 23707 — 48346 320 4195.19 II 9870 _ 33701

85 4060.57 II 13338 - 37958 800 4198.02 I 9211 _ 33025

1 nnlUU 4079 f\ \
II
11 17036 41583 UOu 4901 10 10925 14790Ot / Zv

2500 4073.12 II o4 1 ZoooO 680 4202.24 I tXJDV 30840
120 4073.98 II 11801 36340 230 4205.06 I

7400 4077.96 II 828 _ 25343 370 4206.54
•

II 0 _ 23765
75 4079.26 I 140 4207.70 I 9211 — 32970

OD ^Uoo. lU I
1 10088 34573 44fl 491 1 941 i . Z^

.

4134 97fi71

190 4085.13 1 i UoU 16000 4211.72 I Q 23736
370 4085.34 I 7565 32036 1800 4213.18 I 7050 I 30778

190 4087.20 II 11801 36260 85 4214.41 I 7565 _ 31287

85 4087.38 I 10088 _ 34547 3700 4215.16 I 4134 _ 27851

oo I
1 11673 — 36119 4.400 491ft 00^z lo.uy 4134 97R14,

190 4091.52 II 10953 35387 4400 4221.11 I 4134 27817
120 4091.76 II 14126 38559 75 4222.05 II 4341 28019

85 4093.64 I 8519 32940 540 4222.21 9211 32889

390 4096.10 I 12892 37299 75 4224.67 I

100 4096.62 I 12655 37058 2700 4225. 16 7050 OAT 1 13071

1

100 4099.88 I 4134 28518 680 4232.02 9211 32834
75 4101.93 II 15822 40194 75 4234.83 16288 39895

3900 4103.30 II 828 25192 680 4239.85 9211 32790

860 4103.87 I 7050 31410 75 4243.44 7565 31124

60



Dysprosium— all observed Zines— Continued

Intensity

and
Character

Wavelength
in A Spectrum

Energy levels

in cm"'

Intensity

ana
Character

Wavelength
in A Spectrum

Energy levels

in cm"'

440 4245.91
T
1 10925 34470 50 4689.75 1 dftO"; ^^i91

9

ODZ iZ

140 4247.34 II 12674 36212 95 4698 68 |{ lODUl 270700 ( 0 (

0

75 4248.45 II 14347 _ 37878 85 4721.22 I

440 4256.33 II 828 - 24316 70 4727.13 II 24786 - 45934

85 4258.15 I 7050 — 30528 170 4731.84 II 4341 - 25468

75 4267.87
T
1

A A40 An AC no4745.73 i4-oD ZoOOU

1 o 4268 26 I 4i.34 L / ODD 60 4754.99 JJ Wo lb

250 4276.69 I 7050 30426 50 4760.04 11 4341 25343

85 4279.73 I 60 4771.94 I 17613 - 38563
120 4291.95 I 4134 - 27427 50 4774.80 I

370 d 4294.93 II 120 h 4775.79 15972 36905
4295.04 \ 75 4786.92 II 0 z0o84

75 4298.91 I 9990 33246 95 4791.29 4134 24999
75 4302.71 II 4755 - 27990 29 4800.64 I 15567 _ 36392

1000 4308.63 II 0 - 23202 50 4807.94 I 7565 - 28358

60 4313.93 I 7565 30739 40 4810.28 17514 38297
t o TIXI 13338 36466 dftl 9 HO•tOIZ. ou 8519 29291

140 4325.11 II 13408 36522 75 4819.04 I 15972 36717
320 4325.86 I 85 4824.96 I 18462 _ 39182
100 4326.38 I 15567 - 38674 75 4828.88 I

120 4328.90 II 4341 27435 50 4829.68 II 20884 41583
160 II11 4755 27792 70 17514 38202
60 d 4346.37 II 20793 43794 35 4833.75 II 15530 36212
160 4347.71 I 13495 - 36490 75 4841.75 I 18472 - 39120
200 4358.44 II 828 - 23765 40 4856.24 II 19571 - 40158

60 4361.34 II 14895 37817 40 4868.05 II 20467 41004
100 4364.20 II 19571 42478 40 4875.93

160 4366.72 I 7565 30459 85 4880. 16 I Q 20485
320 4374.24 II 0 _ 22854 40 4884.55 I

320 4374.76 II 4341 - 27193 95 4888.08 I 8519 - 28971

120 4375.31 II 17606 40455 40 4889.33 II

ou T'OOt.OU IT
11 7485 30287 'TO7U. lU II

1

1

828 21272

75 4389.77 I 50 4893.68 16288 36717
140 4394.98 II 828 _ 23575 24 4899.24 I

540 4409.38 II 0 _ 22672 55 4916.41 I 18021 - 38356

60 4426.87 I 50 4922.22 II

II
11 18549 41111 4923. 16 II 828 21134

150 4444.58 I 1 9809 480 4957.34 II 0 20166

740 4449.70 II 0 _ 22467 24 4959.59 I 19240 - 39398

110 4455.60 II 4755 - 27193 28 4973.57 I 18462 - 38563

250 4468.14 II 828 23202 40 4985.52 12502 32554

ou I
1 10088 32382 iOOl R7ouuo. 0 1 17727 37706

60 4503.23 II t HrOO ^7UOO 55 5004.28 II ( ^00 97469c t ^u^

60 4516.95 I 11673 _ 33806 24 5010.60 I 19797 — 39750

60 4518.51 II 22031 _ 44156 24 5017.98 II 20884 - 40807

100 d 4527.58 I 19557 — 41638 70 5022.12
}

4134 24040

4o2/. /O u 828 — 22908 ou OUZH-. Uo

100 4541.66 II
1 OQ7 1
1 VD / 1 4 1 000 24 5024.54 I 1 ouo 97dfi9Z 1 ^uz

60 4555.22 I 7565 29512 40 5027.87 I 18472 _ 38356

140 4565.09 I 0 21899 50 5033.00 i 17687 — 37551

60 4567.04 I 13495 - 35385 160 5042.63
{

7565 — 27390

OU II
11 20884 — 42741 9d OU4- 1 . ZD 8519 28326

420 4577.78 I U L iOOO 50 h 5050.21 I i KJOKJ zuo^u

75 4587.91 II 14421 36212 16 5053.19 I

2100 4589.36 I 0 _ 21783 30 5053.35 I 0 _ 19783

60 4,591.78 II 20517 - 42289 24 5055.46
{

19797 39573
I
1 0 — 21675 70 o\J 1 u. uo 9990 29706

50 4613.83 I 17514 39182 120 5077.67 I u 1 OAOOlyooo

50 4614.82 I 17513 39176 80 5090.38 II 828 20467

60 4617.26 II 4755 26407 80 5110.32 I 19557 39120

140 4620.03 n 828 22467 1.30 h 5120.04 17513 37039

50 4662.72 I 18462 39903 OU
c 1 Q c AO 8519 27987

110 4664.66 II 4341 25772 190 5139.60 II 0 19451

85 4673.60 II 17036 38427 40 5161.03 II 24786 44156

50 4682.03 II 19251 40604 40 5164.12 II 23707 43066
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Dysprosium— all observed /irees— Continued

Intensity

snd
Character

Wavelength
in A Spectrum

Energy levels

in cm"'

1 nt^n GitvXII ICllSll jr

1^ nilrafterv> iiai cii.#ici

Wavelength
in A

Energy levels

in cm~'

50 5165.34 I 18339 _ 37694 24 5685.58 I 7050 - 24634
no 5169.69 II 828 - 20166 28 h 5693.67 DyO
20 5172.90 II 24 h 5694.10 DyO
80 5185.30 I IzOOT 31287 28 cw 5694.54 DyO
40 5188.45 II 18549 37817 28 5698.72 II 20884 - 38427

290 5192.86 II 0 _ 19251 24 5702.91 I 7565 - 25095
95 5197.66 II 4341 - 23575 11 5705.95 DyO
15 5205.66 I 20193 - 39398 70 h 5718.46 I 18462 - 35945
15 5205.73 I 28 h 5725.84 DyO
50 5246.94 II 55 h 5728.64 DyO

16 5248.14 II 24 h 5738.73 DyO
16 5258.37 II 19927 _ 38939 50 5740.20 I 22487 - 39903
70 5259.88 I 19240 - 38247 55 5745.53 I 9990 - 27390
130 5260.56 I 24 5750.48 I

55 bl 5263.3 DyO 24 5758.79 I 8519 - 25879

65 5267.11 I
9QQ71 80 h 5832.01 DyO

50 5272.25 II 4341 23303 55 h 5833.85 DyO
50 5275.29 II 19451 - 38402 40 h 5834.86 DyO
50 5279.70 II 19492 - 38427 28 h 5844.41 DyO
55 5282.07 I 8519 - 27445 24 5845.65 DyO

28 5284.99 II 1 (OUo 40 h 5848.05 DyO
40 5297.82 II 40 5855.56 DyO

II160 5301.58 I 0 - 18857 55 h 5868.11 0 - 17036
40 5309.02 II 19571 - 38402 40 5915.16 II

50 5324.69 I 7050 - 25825 20 5924.56 II 14952 - 31826

24 5337.43 II ooOlO 70 5945.80 1 oono — zy/uo
65 5340.30 I 50 1 5964.46 I 9990 - 26752
30 5352.11 I 7565 - 26244 120 5974.49 I 0 - 16733
30 5368.20 II 828 - 19451 24 5984.86 I 19240 - 35945
16 5369.24 II 14845 - 33465 10 5985.99 I 9211 - 25912

20 5385.63 II Z0U4/ 140 5988.56 0 — 16693
85 5389.58 II 0 18549 14 6000.84 20209 - 36868
40 5395.57 I 0 - 18528 14 6003.26 j 11673 - 28326
20 h 5398.26 DyO 24 h 6005.75 DyO
24 5399.93 II 4341 - 22854 24 h 6006.54 DyO

50 5404.19 I 41o4 24 h 6006.97 DyO
80 5419.13 I 20884 39332 30 6008.94 7050 - 23687
16 5420.77 I 9990 - 28433 65 6010.82 4134 - 20766
70 5423.32 I 0 - 18433 24 6017.26 I 9211 - 25825
30 5424.27 I 17514 - 35945 24 6030.98 I 8519 - 25095

40 5426.70 II 20517 38939 24 bl 6042.49 DyO
30 5443.34 II 19451 37817 24 6058. 18 7050 - 23552
95 5451.11 I 0 - 18339 30 6085.06 I 7050 - 23479
30 5455.47 II 19492 - 37817 140 6088.26 I 4134 - 20554
24 5469.10 II 16117 - 34396 24 6127.15 I 12655 - 28971

16 5471.91 n 17788 36058 24 6133 64 10088 - 26387
28 5496^83 I 18903 37090 24 6158.28 I 7565 - 23799
24 5502.79 I 9990 28158 100 6168.43 I 4134 - 20341
28 5506.52 I 20 6196.23 II 15691 - 31826
24 5515.41 II 4341 - 22467 270 6259.09 I 0 - 15972

30 5528 01 I 12655 30739 30 6260 36 13495 - 29465
13 5542.20 I 20209 38247 14 6343.32 I 22487 - 38247
65 5547.27 I 0 _ 18021 40 6386.80 I 7565 - 23218
16 5562.48 I 24 6396.60 II

40 d 5600.65 II 828 - 18678 50 6421.92 I 0 - 15567

24 5605.53 I 12007 29841 13 h 6436.55 22487 - 38019
30 5613.23 I 8 6460.83 I lyjov ZZOZ4
20 5627.49 I 4134 21899 10 6468.58 II 33677 - 49132
100 5639.50 I 0 17727 11 6474.91 I 23736 - 39176
16 5641.50 II 828 18549 20 6483.59 II 16117 - 31536

00 n f1 17514 35221 CO 0400.07
,

15567 - 30979
80 5652.01 I 0 17687 8 6548.26 II 14845 - 30112
11 5666.43 I 20193 37836 20 6558.02 7050 - 22294
14 5671.25 I 19240 36868 160 6579.37 0 - 15194
14 5677.68 I 17613 35221 14 6594.14 II 14952 - 30112
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Dysprosium— all observed /t/ie^ — Continued

Intensity

and
Character

W aveienglh

in A Spectrum
Energy levels

in cm"'

Intensity

and
Character

w avelengtn
in A Spectrum

Energy levels

in cm"'

6 h 6611.73 II 17589 - 32709 11 7120.81 II 14845 - 28885
7 6639.21 16717 - 31775 9 7121.23 4134 - 18172

15 4134 19182 QO 71/11 CO TI
11 18219 32218

7 fifi^id 9^ TTXI 17589 32613 c0 71/10 TT
11 ^991flozz xo

99 uuoo. ou 19907 34922 o n 7 1 CA AO oil uo

29 6661.64 I 15972 - 30979 13 7175.11 II 14952 - 28885

75 6667.86
}

15567 - 30560 3 h 7198.65 4134 - 18021

9 00 / U. 10 20789 35777 o n 70nA 77 12007 25879

lU 0 /UU.04' IT11 1 UJ 1

1

11 701 Q 07

}

1 OflQO ZO ( o/.

7 n 0 / lo.UO 1 '^'^(\7LOO\J t
QO 7000 CO 1 7Aft71 i OO t

'x^ coo

6 h 6724.70 I 20554 - 35421 3 I 7050 _ 20891

6 h 6736.07 12007 - 26848 17 h 7230.04 16733 - 30560

7 h 0 / ^o.DO 4 n 7O0/1 i^Q/2o4.o8 TT
11 20700 — 34519

A7/17 OQ

J

lOOVo oiouy 1 013 70cn m/zoO.Ol
J

yyyo o 0 70n23/80
7 L

n
/:7CA oi
0 I OU.Zl iuuoo 9/1 QQQ 7 70A1 7/1

/ 20 1 . (

4

7ACn/UoU OAQ1 72U81 1

10 6757.62 I 20341 _ 35135 8 7273.57 II 15691 _ 29436
45 6765.89

}

16733 - 31509 3 7279.90 12655 - 26387
6 £707 07 16693 — 31423 n9 7000 O/l/2o8.24

TT
11 17589 - 31306

7
/;7nA on 4134 1 oo C 718857 0 L3 h 7onA oo7300.28 12655 26349

QO A7nyl OO 1 one o 28600 o u2 h 7314.71
TT
11 35565 49233

8 h 6803.20 17 7345.13 II 0 13610
8 6805.54 16733 - 31423 3 7349.64 II

9 Tf
11 3 h 70 c /I on7354.39

TT
11 828 - 14421

1 o\l AQ1Q Oft

J

1 0 ACiC13495 oo 1 c ozol58
r
0 70*^1 CO/361.D8 TT

11 21627 35207
^Q07 n7OoZ (.11/

o 0 /1 7nZ3479 oo 1 oo38123 11 707n oo TT
11 16117 OAilO 129681

4 6828.35 II 18866 _ 33507 20 7376.04 I 4134 _ 17687
180 6835.42 0 - 14625 9 7381.57 I 9990 - 23534

4 h £,Q A'i 7C6843.75
j

25912 - 40520 n u9 h 7403. 10
}

7050 - 20554
7 6845.70

}

20817 35421 o
3

n At\A AO7404.02
}

10088 23591
4 i_n AOC1 C\<\oBoi.yv 23479 38070 1

1

7/1A7 cn 0 13495

80 6852.96 I 15972 30560 24 7412.37 I 18021 31509
22 6856.46 20341 - 34922 55 7426.86 II 14845 - 28306
4 h 0000.40

}

23552 - 38070 5 h 7428.54 22487 - 35945
22 6888.83

j

8519 23031 9 7451.11 Tf
11 15691 29109

4 6894.51 23479 37980 20 7457.05
Tf
11 14845 28252

4 6895.51 I 12892 _ 27390 3 h 7459.99 I 18021 _ 31423
15 6897.97 II 17788 - 32281 7 7483.03 22061 - 35421

65 coc\c\ oo
11 14845 - 29336 00 7cnn £n 9211 - 22524

22 6906.53
TT
11 18234 32709 17

7c 1 £ /; 17516.61 Tf
11 14952 28252

7 6912.20
TT
II 16117 30580 7 h 7533. 16 23736 37007

7 h 6925.49 I 23687 38123 55 7543.73 I 17727 30979
15 6929.55 4134 - 18561 17 h 7553.00

j

21899 - 35135
7

/;fvo o AC6V3Z.45 11 15691 - 30112 0 n 7C C 7 DC

}

9990 - 23218

4 6939.65
J

23687 38093 0727 7CCn 70 7565 20789
6 6942.11 13495 27896 A A40 7C£o nic7562.96 IT

11 16117 29336

4 h 6945.26 I 4134 18528 20 h 7577.46 II 15691 28885

29 6950.28 II 14952 _ 29336 3 7587.76 I 22045 _ 35221

11 6951.42 I 22487 - 36868 27 h
T CA 1 OA7591.30

J
18339 - 31509

6 6952.93 II 18234 — 32613 5 n 7594.86
j

24906 — 38070
4 6957.63 4 7i:nn i 77609. 17 24931 38070

40 6958.08 I 0 14367 13 h 7611.55 I 22286 35421

6 6970.43 I 12007 26349 5 h 7616.21 I 22294 _ 35421

13 h 6982.44 I 20817 - 35135 11 h 7617.70 24999 - 38123

13 6991.30 I 4134 — 18433 5 h 7635.32
j

20817 — 33911

45 6998.10 I 16693 — 30979 5 h
•7/: OA OA7639.30 23877 36964

3 h 7014.64 II 21806 36058 35 h 7641.09 I 21838 34922

20 7017.42 I 16733 _ 30979 17 7645.86 I 18433 _ 31509

3 h 7036.37 I 12298 26506 13
7£ A£. £. A7646.64 22061 35135

7 7037.53 I 4134 18339 4 7648. 1

1

TT
II 18234 31306

35 7055.95 II 14845 29014 • 9 7661.48 7565 20614

9 h 7062.30 I 20766 34922 80 7662.36 I 17513 30560
24 7075.14 II 11 7666.78 II 14845 27885

3 h 7100.54 II 21627 35707 9 h 7676.69 21899 34922

5 7101.66 II 15691 29769 3 7693.86

17 7109.26 II 14952 29014 5 7696.54 14970 27959
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Dysprosium— all observed /ines — Continued

Intensity

and
Character

Wavelencth
in A Spectrum

Energy levels

in cm~'

Intensity

and
Character

Wavelendh
in A Spectrum

Energy levels

incrn"'

6 7711.91
TT
11 18219 - 31183 0 IT

11 18219 3036

1

35 7715.33 I 18021 - 30979 4 8243.91 II 18234 30361

5 h 7721.01 II 27209 - 40158 20 8265.53 I 8519 _ 20614

45 7729.76 II 14952 - 27885 4 8323.85 I 27190 - 39201

5 h 7739.38 II 21338 - 34255 35 8326.10 I 0 - 12007

4 77oU. ib
T
1 10925 - 23824 5

OOOO CO8300.53
T
1 11673 23591

20 7751.62 II 101 1 /
9Qmd. 35 8392.01 II

0A7AA a9Al 7OZOlO

5 7757.32 I 9211 - 22099 12 8405.85 II 18219 30112

4 7760.08 I 23877 - 36760 20 8416.64 II 18234 _ 30112

4 7780.89 I 22286 - 35135 24 8438 58 II 17589 29436

8 7790.02 1 17727 - 30560 9 8444.46 II 21076 - 32914
35 7812 06 I lo ( 1 1

— 5 8472 58 II
00 /IAC 0 C OA /I

4 7814.60 I 15194 - 27987 4 II 14845 26634
7 7832.77 I 7050 - 19813 5 8490 15 I 12655 24430
7 h 7835 52 II 20748 - 33507 9 8510.79 II 17589 29336

8 7864.31
TT
II 21806 - 34519 4 8517.68 II 21177 - 32914

3 7864.96 I 18711 - 7 II 21177 32903
27 7909.38 I 18339 - 30979 4 h fl^9ft V) TT11

i; 7934.98 I 4134 - 16733 QO OUtO. 70 TT11 21813 33507
3 7962.77 I 8519 - 21074 Q OJO 1.17 IT11 14952 26634

11 7968.63 I 18433 - 30979 7 8567.97 I 24999 - 36667
0 I

1 OAO 1loUzl - oUoOU o0 ocTi; CO00 / o.oo TI
11 18219 29877

19 7989 8=; II 17589 - 30112 Sfi'^O 19 I 12007 I 23591
A*» 8004.47 II 23976 - 36466 Q Ofiac 70 IT11 21338 _ 32914
0O 8008 70 II 14952 - 27435 97 IT

11 18219 29769

9 h 8025.31 I 4134 - 16591 17
0£ C £08657.68

TT
11 17788 29336

6 h 8027.22 I
94,70(5 _ 7 h 8667.37 II 9Q7fiQ

6 8040.09 I 14625 - 27059 7 8672.62 I 12007 23534

4 8047.28 I 12007 - 24430 17 8678.49 II 17589 29109

4 8050.85 I 14367 - 26785 5 8685.26 I 7050 18561

o
O

0 1 1 £ nn01 lo.vU
IT
11 18866 - 31183

11 8696.83 II 18866 30361
0
0 ftldO 79 IT

11 14952 - 27232
11 h 8715.95 II 20748 32218

A TI
11

8519 - 20789
20 8750.40 II 17589 29014

io I
1 12 8780.83 I

4' n QIAOO IV7 . uu IT11 21338 - 33576 45 8791.39 II 21338 32709

27 8198.77 II 15691 - 27885

100 8201.57 II 16117 - 28306 7 8832.81 II 24685 36003

3 8208.34 II 18219 - 30399 13 8833.08 II 23976 35294

8 h 8217.04 II 20748 - 32914 24 8850.37 II 17589 28885

11 8218.62 II 18234 - 30399 45 8905.75 II 17788 29014
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Erbium

Er, Z = 6S,M= 167.2, Ratio^ = 2.632
Lu

En Normal state of valence electrons ^f^6s'^ ^He = 0. LP. = 49210 cm-K
Em Normal state of valence electrons 4/'265^H6i/2 = 0. LP. = 96200 cm-i.

Er III Normal state of valence electrons ^p^^Ue ^ 0. LP. = 183400 cm-^.

References

Wavelengths:
Below 2670 A;

A. Gatterer and J. Junkes, Spektren der Seltenen Erden, (Specola Vaticana, 1945).

From 2670 to 6900 A;
L. C. Marquet, Thesis, Univ. of Calif, at Berkeley (1963).

Above 6900 A;
Th. A. M. van Kleef, unpublished (1973).

Spectrum assignments were made primarily from our plates and supplemented from S. Held, Report IA-813,
Israel A.E.C. (1966).

Classification:

En, L. C. Marquet and S. P. Davis, unpublished (1967).

N. Spector, J. Opt. Soc. Am. 56, 341 (1966); 57, 308 (1967).

En and II, L. C. Marquet, Thesis, Univ. of Calif. (Berkeley, 1963).

K. L. Vander Sluis, unpubHshed (1969).

Th. A. M. van Kleef, unpublished (1973).

Erill, N. Spector, J. Opt. Soc. Am. 63, 358 (1973).

Strong lines of erbium

Intensity

and
Character

Wavelength
in A Spectrum

Energy levels

in cm"'

Intensity

and
Character

Wavelength
in A Spectrum

Energy levels

in cm"'

14000 4007.96 I 0 -- 24943 3000 4020.51 I 6958 -- 31824

11000 3906.31 II 0 -- 25592 2700 3264.78 II 0 -- 30621

7900 3692.65 II 440 -- 27514 2700 3973.04 I 0 -- 25162

7700 3372.71 II 0 - - 29641 2300 3230.58 II 440 -- 31386

7500 3862.85 I 0 -- 25880 2300 3312.42 II 440 -- 30621

6900 4151.11 I 0 -- 24083 2300 3392.00 II 0 -- 29472

6700 3499.10 II 440 -- 29011 2100 3938.63 II 0 -- 25382

5200 3896.23 II 440 -- 26099 1800 3786.84 II 0 -- 26400

4200 3892.68 I 0 -- 25682 1700 3385.08 II 440 -- 29973

3600 3830.48 II 0 -- 26099 1600 3638.68 I

3500 4087.63 I 0 -- 24457 1600 3810.33 I 0 -- 26237

3200 3937.01 I 0 -- 25392 1500 2910.36 II 6824 -- 41174

3200 3944.42 I 5035 -- 30380 1500 2964.52 II 6824 -- 40547

3200 3973.58 I 0 -- 25159 1500 3558.02 I 7696 -- 35794

3100 3616.56 II 0 -- 27643 1500 3880.61 II 5132 -- 30894
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Erbium— all observed lines

Intensity

and
Character

Wavelength
in A Spectrum

Energy levels

in cm ~'

Intensity

and
Character

Wavelength
in A Spectrum

Energy levels

in cm"'

80 2341.82 II 490 2670.26 II 6824 - 44263
110 2358.51 II 0 - 42387 330 2672.25 6824 - 44235
oU 9Q77ZO t I .Go

II
11

1 AA 20/d.oD
}{

11309 - 48676
oU Zooo./o II

11 2000.4U
}l1 AAlOU OQQA CTQZOOO.OO IT

11 Vj 20oy.9o

120 2387.17 II 60 2698.39 III

110 2396.38 III 19316 - 61032 26 2700.67 n 5132 - 42149
90 IT

11 oo24 - 4Bo25 60 mAi £.f\2701.69
}J40 2400.30 TI

11 60 2711.53
0 c Oyl A/1 At II

11 lUO 2712.12 "

40 2410.53 II 60 2713.25 II

70 2420.28 II 30 2716.60 n 10667 - 47466
£A60 2425.23 IT

11 60 2720.74 II
AA90 2427.28

TT
11 60 2721.59 II 13719 - 50451

A A Oyl OA A C2439.45
TT
11 180 2726.22 II

A Af\440 on 1 1 n— 37110

140 2446.39 II 0 - 40864 120 2730.10 II 12388 - 49005
40 2458.03 II 80 2731.56 II 440 - 37038
A A40 2459.75 11 6824 - 47466 270 2739.31 II 6824 - 43319
40 2460.71 II 310 2750.19 II 13027 - 49378
60 2464.63 III 20470 - 61032 60 2750.92 II

35 2467.26 II 230 2755.01 II

20 2477.59 II 6824 - 47174 610 2755.63 II 5403 - 41682
40 2478.32

TT
II

^ nn A A ^ n
6824 - 47162 110 2765.61 II 0 - 36148

35 2485.17 TT
11 6824 - 47050 120 2766.38 II

T OOOO12388 /I o c o c- 48525
A A40 2487.47 TT

11 510 2770.02 II 10667 - 46757

60 2491.56 II 90 2774.62 II 13060 - 49091
40 2492.27 II 5403 - 45515 230 2778.97 II 12815 - 48788
60 2493.27 II 60 2779.61 II 14280 - 50246
90 2499.67 I 100 2781.19 II 13060 - 49005
80 2503.48

TT
II 6824 - 46757 60 2781.54 II

1 O"? 1 A13719 - 49660

60 2507.64 II 40 2782.00 II 5132 - 41067
50 2513.94 II 150 2784.95 II 5132 - 41029
26 2520.95 II 120 2786.11 II 440 - 36322
50 2534.99 II 6824 - 46260 60 2787.40 II 11309 - 47174
100 2537.02 II 180 2787.71 II 12815 - 48676

60 2544.90 II 6824 - 46106 30 2788.33 II 11309 - 47162
no 2547.28 II 50 2788.47 II

40 2564.78 II 60 2792.52 III 20226 - 56025
50 2579.59 II 50 2793.84 II

90 2581.56 II 80 2799.54 II

290 2586.73 II 35 2799.72 II 440 - 36148
110 2587.04 II 0 - 38642 230 2802.53 II 0 - 35672
35 2587.34

f T
II 100

OOAA 0*7
2802.87 II 13338 - 49005

35 2591.91 II 80 2803.54 II 13719 - 49378

130 2592.57 II 310 2804.35 II 13027 - 48676

120 2595.03 II 150 2806.75 II 0 - 35618
80 2602.66 I 100 2818.86 II 13060 - 48525
80 2604.86 I 26 2819.34 II 440 - 35899
30 2606.69 II 11309 - 49660 40 2819.81 II 12388 - 47840

60 2612.37 II 13338 - 51606 410 2820. 19 II 11309 - 46757

50 2614.54 II 13338 - 51574 40 - 2820.46 II 440 - 35885

60 2616.87 II 440 - 38642 50 2824.32 II

80 2621.72 II 50 2824.90 II

140 2624.18 II 6824 - 44920 30 2825.66 II 14280 - 49660
40 2627.77 II 60 2829.38 II

35 2637.78 III 17647 - 55547 80 2830.42 II 5403 - 40723

40 2647.14 II 13338 - 51103 40 2831.21 II

35 2651.35 II 270 d 2833.91 II 0 - 35277

70 2653.73 II 13338 - 51010 60 2837.11 II 7150 - 42386

40 2654.11 II 390 2838.71 II 13572 - 48788

70 2655.25 II 100 2840.63 II

70 2656.10 II 50 2841.89 440 - 35618

60 2657.00 II 120 2845.86

80 2665.04 II 60 2846.26 13027 - 48151

90 2666.30 II 5132 - 42626 40 2847.02
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Erbium — all observed /ines— Continued

Intensity

and
Character

Wavelength
in A Spectrum

Energy levels

in cm"'

Intensity

and
Character

Wavelength c
in A spectrum

Energy levels

in cm"'

80 2848.06
TT
11

' 1 1:74 40 2946.43 11 1 RAM
270 2848 37 II Id9ft0 ^yo i 0 230 2946.62 II 1 ^^719ID / oZ

50 2848.92 II 13060 48151 150 2948.80 II

150 2850.65 II 13719 - 48788 30 2949.26 II

250 2855.41 II 80 2950.07 II 13027 - 46915

120 2858.56
TT
11 U Q/1Q70 90 2951.26 II

310 28S9 84 n 4oo7o 60 29SS 37 11

40 2860.26 II 11309 46260 50 2955.60 II

40 2862.60 II 60 2956.45 II 16643 - 50457
30 2866.35 II 80 2956.95 II 16643 - 50451

30 2869.19 II oloZ 90 2958.89 II

30 2870 52 II ^0 9060 19 TT^7UU. 1^ XX

90 2871.68 II 13338 48151 120 h 2962.49 II

60 2872.83 II 150 2963.70 II

150 2873.80 II 13060 - 47847 80 2963.90 II 13027 - 46757

110 2874.78
TT
11 440 35215 60 2964.25 II

80 2877.26 II 1500 90fid S9 TT 6824 40547
50 2878!54 II 60 2964.83 II 12388 46106
60 2878.90 II 14280 _ 49005 60 2965.21 II 5133 _ 38847
30 2879.22 II 80 2965.87 II 13719 - 47426

30 2882.60 II 7195 41876 60 2966.17 II

80 2886.11 II KO 90f>7 Od TI£,y\j 1 . 7^ XX

100 2887^09 II 16948 51574 60 2968.47 II

100 2888.16 II 410 2968.76 II 0 — 33674
50 2893.49 II 17842 - 52392 150 2970.06 II 0 - 33660

150 2893.90 II 0 34545 60 2970.96 II 5404 39053
SO 2895.92 II 5133 39654 SO 9071 9fi TT^7 1 1 . XX 11309 44955
60 2896^57 II 15732 50246 80 d 2971.63 II

310 2896.96 II 13338 _ 47847 2971.73 II

390 2897.52 II 13338 - 47840 150 2972.27 11

80 2903.44 II 13719 48151 150 2973.74 11 5403 39021
1000 2904.47 II 6824 41244 210 9Q7d d7 TT 0 33610
120 2906.50 II 14280 48676 230 2975.68 II 10667 44263
100 2908.53 II 40 2979.95 II 440 — 33988
210 2909.58 II 12815 _ 47174 110 2983.06 11 12388 - 45900

1500 2910.36 II 6824 41174 140 2983.22 II 11309 44820
9Q1 1 07 TI11 0 34342 970 9Q8'? fiO TT^yoo.oxj XX

30 2912.30 II 130 2985.52 I 0 33485
40 2912.82 II 5403 — 39724 40 2987.31 II

100 2914.66 I 30 2988.20 II

270 2915.62 11 10667 — 44955 140 2989.31 II 13719 — 47162
**u

9Q1Q DQ IT
XX ftnoyj 90R0 Sfi TT^707.00 XX

100 2919.28 II 14280 48525 30 2994.09 11 19606 52996

80 2920.24 II 440 _ 34674 110 2994.47 I

80 2923.30 11 40 2995.47 II

60 2927.36 11 90 2996.37 II 440 — 33804
1 i^niOU 9097 71 II

XX 13027 47174 noou 9007 fl7 11^77 1.0/ XX

160 2928.28 II ^0 1 00 70 2998.06 II S1 1^0 LOO ^fld7ft00*T ( 0

110 2928.45 II 1200 3002.41 II 6824 _ 40121
• 350 2929.27 II 13338 _ 47466 310 3002.65 II

100 2929.73 II 440 — 34563 90 3003.83 II 440 — 33722
II
XX fiO QftOS OS TIOUUO.UO XX

80 2931.55 11 1 QHAHloUOU 150 3008. 19 II 1 '1097XoUZ / dfi9fiO

60 2931.66 11 12815 46915 40 3009.44 II 440 I 33660
35 2932.36 II 50 3009.70 11

30 2932.60 II 16948 — 51037 80 3010.31 II 440 — 33650
fin 901 I 1 II

XX 13719 47786 on ^01 1 Ifi ITou X X . XU XX 13060 _ 46260
60 2934.64 11 230 3012.47 11

0 00 1

0

50 2939.32 11 7195 41206 60 3013.84 11 12587 45758

60 2939.47 II 5403 39413 30 3013.96 II 6824 39994

120 2941.17 II 13060 47050 30 3014.62 II

90 2941.71
TT
11 ZOU QA TT 14649 47786

140 2942.21 II 120 3017.74 11 6824 39952

100 2944.07 II 440 34397 100 3019.76 II 0 33106

270 2945.28 11 12815 46757 50 3020.33 II
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Erbium— all observed /ines— Continued

Intensity

and
Character

Wavelength o
. t Spectrum
in A ^

Energy levels

in cm"'

Intensity

and
Character

Wavelength c
2 ODectrum

Energy levels

in cm"'

60 3022.73 II 17378 — 50451 140 3152.37 II

290 3025.95 II 13719 - 46757 410 3154.29 II 15732 - 47426
270 3028.27 II 0 33012 190 3160.35 II 440 — 32074
370 3031.31 II 60 3161.36 II

310 3036.22 II 1 loUV 60 3164.52 II

70 3048.39 II 190 3167.10 II 13719 _ 45285
50 3049.21 II 19606 - 52392 80 3171.52 II

90 3049.30 II 80 3172.62 II 5133 - 36643
70 3050.00 II 14649 47426 160 3175.52 II 0 31482
70 3050.85 II 13338 46106 80 3179.61 II 15732 47174

70 3053.78 II 17378 50115 160 3181.61 II 5404 36825
210 3054.42 II 160 3181.74 II 12815 - 44235
50 3061.29 II 12815 - 45471 870 3181.92 II 11042 - 42461
140 3061.68 II 10667 43319 410 3183.42 II 440 — 31844
60 3064.83 II 0 32619 250 3185.25 II 0 — 31386

70 3064.97 II 160 3187.79 II 440 31801
230 3066.22 II 5133 _ 37737 120 3192.64 II

120 3069.22 II 440 - 33012 310 3200.58 II 13027 - 44263
450 3070.74 II 10667 — 43223 120 3203.45 II 13027 — 44235
560 3072.53 II 80 3203.95 II 13060 — 44263

610 3073.34 II 0 32528 230 3205.15 II 4. 4.71

70 3078.25 II 16529 - 49005 80 3208.05 II 12815 43977
210 3078.87 II 12815 - 45285 270 3214.44 II 13719 - 44820
70 3081.38 II 13027 45471 870 3220.73 II

720 3082.08 II 610 3223.31 II 5133 — 36148

610 3084.02 II 0 32416 210 3227.16 II 12600 43578
60 3087.12 II 80 3229.93 II 5403 _ 36355
70 3087.80 II 7150 - 39526 2300 3230.58 II 440 - 31386
70 3088.76 II 250 3232.03 II 12388 — 43319
150 3093.14 II 10667 42987 330 3237.98 II 5133 — 36007

120 3095.84 II 140 3240.48 II

370 3099.19 II 13027 — 45285 180 3243.25 II

70 3099.60 II 90 3243.47 II 14649 - 45471
150 3102.69 II 13338 — 45559 330 3249.34 II 5133 — 35899
70 3104.46 II 90 3256.35 II

230 3106.78 II 440 32619 90 3258.48 II

150 3110.88 II 560 3259.05 II

310 d 3113.43 II 3259.11 II 14280 - 44955
3113.54 II 14649 — 46757 180 3262.80 II 14280 — 44920

80 3115.09 II 7149 — 39242 2700 3264.78 II 0 — 30621

130 3115.53 II o^o^o 90 3266.66 II

150 3116.95 II 0 _ 32074 430 3267.10 II 12388 _ 42987
150 3118.83 II 15732 - 47786 3267.18 II 12815 - 43413
80 3119.05 II 330 3269.41 II 13060 — 43638
150 3121.94 II 0 — 32023 90 3273.32 II 7195 — 37737

770 3122.72 II 0 LOO ^714.7o 1 1^ t 90 3277.70 II ft ancftft

80 3123.09 II 1 1 'i(\QI lovy ^oo ly 250 3278.22 II
OCOQQooOyy

150 3125.18 II 720 3279.33 II 5133 35618
150 3125.65 II 720 3280.22 II 440 - 30917
60 3127.38 II 5133 - 37099 180 3286.18 II 7195 - 37617

oU o 10 L.V 1 11 47(1 390/; 77 11

130 3132.03 II 0 31919 140 3287.99 II

290 3132.52 II 11309 - 43223 90 3291.27 II 10893 - 41268
470 3132.77 II 90 3301.93 II 10893 - 41170
80 3135.62 II 16643 - 48525 330 d 3303.88 II 13060 - 43319

130 3137.85 II lOUDU 4.4.090
3303.95 II 13719 - 43977

160 3138.50 II 16935 48788 90 3304.07 II

410 3141.10 II 440 32267 370 3305.56 II 7195 37439
3141.15 II 14280 46106 80 3307.46 II 11042 41268

70 3141.81 II 2300 3312.42 II 440 30621

80 3142.80 II 90 3313.49 II 14649 44820
80 3143.63 II 0 31801 180 3313.66 II 5133 35302

250 3144.33 II 180 3314.43 II 13060 43223

160 3144.51 II 13027 44820 80 3314.94 II 0 30158

130 3150.55 II 5133 36864 560 3316.39 II
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Erbium — all observed /traes— Continued

Intensity

and
Character

Wavelength
in A Spectrum

Energy levels

in cm"'

Intensity

and
Character

Wavelength
in A Spectrum

Energy levels

in cm"'

150 3317.47 n 140 3434.63 II 10893 - 40000

80 3318.23 II 11042 - 41170 100 3437.63 II 11042 - 40124

90 3318.77
JJ

0 - 30123 160 3438.31 II

/ /u
i;

5133 35215 ftftOU IT11

77fl IT 440 29492

770 3332.70 n 7149 - 37146 390 3442.68 I 7696 - 36735

80 3336.74 II 7150 - 37110 100 3443.75 II 12587 - 41617

370 3337.25
II

5403 - 35359 270 3446.87 I 10557 - 39561
QQ07 7Q

II

7195 37146 1 AAlUU 0/1/17 ro TT
11 7150 36148

lOU Q/I/IQ A/r TT
11 O^Ut-

90 3340.48 II 12600 - 42527 160 3453.66 I 7176 - 36123
90 3341.60 II 180 3461.39 II 17378 - 46260

290 3341.84
II

7195 - 37110 250 3462.57 I 11557 - 40429
loK) oo^o.Oo

II

07A2 /I)
0 /I A/1 CO TT

11 5133 — 33988
QCi A

\j
A AA49U O yl AA CI3469. 51

T
1 /O7O QAQl 1OOOl 1

1300 3346.04 II 440 - 30318 270 3469.72 II 11309 — 40121
150 3346.35 II 970 3471.71 II

120 3347.64
II

11042 - 40905 100 3477.93 II

lou
II

7195 37057 A 1 A610 O A 7A A 13479.41 TT
11 7195 — 35927

ioU 00/lQ 1/1 Au OAA
291)

0 yl OA A A34oU.44
TT
11 OV /DO

60 3348.76 II 10893 _ 40747 100 3484.55 II 7195 _ 35885
470 3350.06 II 13572 - 43413 190 3485.16 II 11309 _ 39994
350 3350.26

II

5133 - 34972 970 3485.85 II 440 - 29120
1 QA oQci onOOOl.oZ 3^AODt> O/IQA QO TT

11 5403 34074
oOOu.Zl II 07A2 /U 0/1 QO OC T

1 9.f\')(\oOaU ^797 1

180 3358.15 II 5133 - 34902 140 3492.50 II 7195 — 35820
150 3361.01 II 13558 - 43302 350 3496.86 II 5133 - 33722
90 3361.67

II

15732 - 45471 6700 3499. 10 II 440 - 29011
1 y1AA OJ04.UO 440 30158 A 1 AOlU OCAO 70o5U2. to

T
1 7176 — 35717

1 OA
/ OVD 07A2 /U OCAC A7 IT

11

1400 d 3368.02 II 440 — 30123 290 3505.68 I 9655 _ 38172
3368.13 I 7696 - 37378 390 3508.38 II 11309 — 39804

450 3370.55 II 5404 - 35063 110 3508.81 I 10557 - 39049
7700

|j

0 — 29641 OAoO OCAO AO3500.93
T
1 7176 — 35667

OTAV70 0 0 "7(1 1 •?

3374. 17 II U 290ZO A AA490 0 C 1 /I OA3514.89
T|
11

90 3376.10 II 7150 36761 390 3518.18 II 10667 _ 39082
80 3376.99 II 13558 _ 43161 210 3522.52 I 7176 _ 35557
70 3379.01 II 14649 - 44235 610 3524.91 II 0 - 28361

Q 0 O 1 AO

II

440 — 30008 07A2 (U 0 C OA O 1O520.81 T
1 11401 — 39747

OAAz90 oool 0 o3381.32 II 7 1 Qt^
1 190 QA7A 1oO (01

1 AA100 0 C O 1 073531.27

230 3382.06 I 7176 36735 210 3539.47 II 15732 _ 43977
1700 3385.08 II 440 _ 29973 410 3539.59 I 11887 40131
150 3389.59

II

7150 - 36643 250 3543.02 11 13027 - 41244
A CA OOOA 7(1oooy. /4

II

0 - 29492 07A2 /U OC/IC QAoo4o. OO T
1 7176 — 35370

OQAAzoUO 0 0no AA3392.00 II 0 OA/1 70294/2 07A2 /U 0 C/1 7 CA.304 /.5U 1
1

1 1 c c 7
1 155 /

0A70 0o9 /38

90 3394.09 II 10667 _ 40121 310 3548.26 II 5132 _ 33307
90 3394.39 II 440 _ 29892 210 3549.55 I 7195 35359
190 3394.86 n 7195 - 36643 820 3549.84 II 5404 - 33566
OCA350 0 O A*?

3396.07
II

1 ,1 A140 0 C C 1 7A3551.79
TT
11 13027 - 41174

OAA 0 0 A<; O A3396.84 II
C 1 O 05133 j4oOO 0 1 AOlU 0 C C 0 OAo55o.2U

TT
11

C /I A/154U4 0 0 C 0A03539

190 3398.27 II 440 _ 29859 210 3554.30 II 7150 _ 35277
90 3401.20 II 11043 _ 40436 100 3556.08 I 15185 _ 43298

390 3401.83 II 160 3556.39 I 10557 - 38668
70 3406.95 II 440 - 29784 100

O C C A OA3556.84 IT
11 7195 - 35302

1 Oi\180 O A AO £ A3408.69 II 14649 43977 O 1 A210 O C C 7 A73557.07 1 1 1401 39506

150 3409.87 I 9350 _ 38668 1500 3558.02 I 7696 _ 35794
180 3417.28 II 10893 _ 40148 510 3558.71 I 8620 _ 36712
350 3417.63 II 1000 3559.90 II 0 - 28082
190 3420. 18 II 10893 40123 210 OCAO C/13563.54

T
1 0 28053

190 3422.90 I 9350 38556 310 3565. 17
T
1 9350 37391

270 3425.08 jj 440 29628 210 3569.27 I 7176 35185
490 3428.39 II 7195 36355 210 3569.93 I 11557 39561
190 3429.88 11042 40189 160 3570.56 I 10557 38556
140 3431.06 9350 38487 920 3570.75 II 5132 33130
270 3433.13 II 0 29120 140 3573.86 II 5133 33106
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Erbium— all observed /ines— Continued

Intensity

and
Character

Wavelength
in A Spectrum

Energy levels

in cm"'

Intensity

and
Character

Wavelength c
. ! " bpectrum
in A

Energy levels

in cm"'

310 3578.24 I 11799 - 39738 35 3710.79 II 5133 - 32073
190 3579.44 I 10557 - 38487 100 3711.82 II 13060 - 39994

1000 3580.52 II 440 - 28361 520 3712.39 II 6824 - 33753
0 fU OOoO.OU I

i 8620 36494 071 07 T 6958 - 33861
^t;,Q7 70OOo I . ly

11
XI inn ^171 7 Oc; TT 14.980 — 41174

210 3588.32 I 7696 - 35557 320 3719.35 I 7176 - 34055
610 3590.76 I 8620 _ 36461 100 3721.46 II 5404 - 32267
410 3595.84 I 11557 - 39360 65 3723.64 II 12600 - 39447
010 OCAA CA TTU 11309 — 39082 170 3724.36 11 10894 - 37737
lUUU TT

11
AA90 3724.49 11

210 3604.71 II 12388 _ 40121 230 3724.91 II 7150 - 33988
510 3604.90 II 12815 _ 40547 1300 3729.52 II 0 - 26805
160 3605.69 I 6958 - 34684 450 3731.26 II 7195 - 33988
ZIU QAfl7 OfiOOU / .ZU

T
1 15083 — 42797 55 d 3731.79 II

5AA7 AOOOU/ T
1 yooK) 07AAO 45 3732.22 I

AO CA9350 o£ 10/:- 36136

3100 3616.56 II 0 _ 27643 190 3734.45 II 5132 - 31902
510 3617.85 II 12815 _ 40447 270 3734.58 II 0 - 26769
510 3618.92 II 5404 - 33028 65 3735.71 I 7696 - 34458
1 finlUU dbZo.Zo

TT
11 17378 - 44955 540 3738.16 II 13060 - 39804

70A/zu T
1

QOCAA 180 3740.29 II 13719 - 40447

310 3629.37 I 11887 _ 39432 340 3741.10 II 6824 - 33547
210 3630.06 II 19375 _ 46915 900 3742.64 II 5133 - 31844
140 3630.30 II 200 3744.99 II 12388 - 39082

OOJI. 10
T
1 140 3745.11 II 11043 - 37737

qz:qo AftOOOZ.OV TT
11

7 1 CA
O'tOl'i

r r
55 3745.71 II 12587 - 39277

100 3632.78 II 13027 _ 40547 900 3747.43 I 7176 - 33853
270 3633.26 I 8620 _ 36136 55 3749.02 I 9655 - 36321
1000 3633.54 II 0 - 27514 190 3750.54 II 13338 - 39994
CIA51U 3634.67

T
1 35 3751.97 II 13188 - 39833

0 1 A 3636.41
T
1 1 1557 39049 540 3756.05 I 7696 - 34313

270 3637.16 II 5133 _ 32619 35 3756.40 II 13338 - 39952
1600 3638.68 I 230 3761.99 I 7176 - 33750
270 3641.27 II 13719 - 41174 230 3766.16 II 10894 - 37439
65 3641.92

TT
II 65 3767.73 II

900 3645.94
TT
II 13027 40447 160 3768.79 II 7195 O OTOO- 33722

65 3646.78 II 7150 _ 34563 270 3771.10 II 7150 - 33660
520 3650.41 II 5404 _ 32790 110 3772.47 II 7150 - 33650
360 3652.58 II 5132 - 32502 90 3774.84 I 9350 - 35833
500 3652.87

TT
11 7195 - 34563 110 3775.31 1 9655 - 36136

35 3656.38 II 5404 32745 230 3775.66 II 16935 - 43413

140 3659.58 I 7696 _ 35014 160 3777.62 II 7195 - 33660
110 3660.78 II 19606 46915 110 3778.32 II 12388 - 38847
110 3662.04 II 16935 - 44235 140 3778.67 I 7696 - 34153
1 OA180 3662.86

T
1 7696 - 34990 /* 1 A410 3781.01 11 11043 - 37483

360 3664.45 T
1 7176 34458 65 3783.87 11 17842 - 44263

470 3669.02 II 7150 34397 1800 3786.84 II 0 - 26400
80 3675.18 II 7195 34397 65 3787.38 II 11043 - 37439
190 3676.51 II 7150 - 34342 560 3787.86 II 17842 - 44234
190 3678.95 I 8620 - 35794 110 3791.16 I 8620 - 34990
65 3680.10 II 13558 40723 90 3791.54 I 9350 - 35717

500 3682.70 II 7195 34342 560 3791.83 II 440 - 26805
320 3684.01 I 7176 34313 500 3792.79 I 7696 - 34055
380 3684.28 II 5133 - 32267 560 3797.06 II 440 - 26769

160 3689.12 II 5404 - 32503 80 3798.21 I 6958 - 33279
7900 3692.65 II 440 27514 180 3798.63 I 5035 - 31353

450 3696.25 II 7150 34196 65 3803.73 I 9350 - 35632
160 3696.92 II 16935 43977 45 3806.05 II 14280 - 40547
100 3697.27 I 80 3807.07 II 13188 - 39447

380 3697.68 I 7696 34733 1600 3810.33 I 0 - 26237

540 3700.72 II 440 27454 80 3817.75 II 5403 - 31589

190 3701.57 II 7195 34203 90 3818.71 II 5132 - 31312
35 3702!51 II 7195 34196 65 3827.31 I 5035 - 31155
100 3705.77 I 7176 34153 3600 3830.48 II 0 - 26099
160 3706.52 I 9350 36321 110 3832.31 II 5404 - 31490

520 3707.64 II 14280 41244 80 3832.53 I 15083 - 41168
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Erbium— all observed /me5— Continued

Tntf>nQitv

and
Character

Wavelength
in A Spectrum

Energy levels

in cm"'

1 n n GitV111 ICIlSlL J

and
Character

Wavelength
in A Spectrum

Energy levels

in cm"'

80 3835.65 II
1 O C 0*712587 O 0£ C 138651 1400 3974.72 II 440 25592

200 3837.64 11
1 OOOO OO/I oo38438 280 3976.73 I 10750 35890

1 1 n OOoo.OU T
i

AO C A9350 O C O A.135394 olU OA77 AO
o9( / .U2 1 5035 30172

90 3839.26 II 16948 42987 50 3979. 13 II 12587 37711

40 3842.93 I 160 3980.14 II 7150 32267

80 3848.31 II 5404 31382 160 3980.60 I 12377 37492

90 3849.29 II 0 25971 1100 3982.33 I 6958 — 32062
CylA540 oo4y.y 1 1 8620 34587 1 10 oViJO. 14 IT11 12600 37698

320 3851.60 II 71 "^n 280 3987.53 I 1 QnQ7 QQl £QoolOo
680 3855.90 I 5035 _ 30962 810 3987.66 I 5035 30105

540 3858.39 II 7195 — 33106 230 3991.15 I 15083 - 40131
7500 3862.85 I 0 — 25880 50 3994.85 II 5132 - 30157
OCA250 OOi^A OA TT

11 10894 — 36761 £A60 OAAC OiC3995.26
TT
11 13558 — 38580

50 3868.23 II
0/;'70O 60 3999.07 I 8620 0 0/; 1

A

33619
50 3871.75 I 11557 37378 100 3999.16 II 5132 30130

150 3874.83 I 5035 - 30835 230 4004.05 I 6958 - 31926
100 3875.72 14000 4007.96 I 0 - 24943

1 CAA1500 3 OOA m
11 5132 — 30894 OOA230 A AAO 1 O4008. 18

TT
11 440 — 25382

1200 3882.89 II
T 1 CA7150 oooA/:32896 280 4009.16 II 0 24936

100 3884.12 I 13097 38836 150 4009.78 I 9655 34587

50 3885.38 II 12587 - 38318 1100 4012.58 I 6958 - 31873
150 3887.15 II 11043 - 36761 50 4012.98 II
OCA250 OOOO AO XT

11
OCA350 yiA 1 c cn4015.57

TT
11 5132 — 30028

150 3889.79 II 7 1 OC
/ 195 o2oyo 110 4016.36 I lo09/ 0 'TAOA0 /9o9

400 3890.61 II 11042 36738 3000 4020.51 I 6958 31824

4200 3892.68 1 0 - 25682 450 4021.55 I 5035 - 29894
160 3895.80 II 7150 - 32811 110 4022.01 II 18463 - 43319

C OAA5200 QOA£ OO3o9d. 23
TT
11 440 — 26099 1 AA190 4036. 1

1

T
1 5035 - 29804

250 3899.03 I
AO C A9350 O /IAAA34990 180 4037.69 I

CAO C5035 OATA/I29794
810 3902.76 II 7195 32811 75 4039.64 I 12377 37125

50 3903.84 II 17378 - 42987 230 4043.01 II 5403 - 30130
250 3903.98 I 5035 - 30642 1000 4046.96 I 10751 - 35454
OCA250 3904.56

TT
11 7150 - 32753 280 Af\AO 0/14048.34

TT
11 7150 - 31844

1200 3905.40 I 0 O C C AO25598 200 4049.49 II 0 Oyl £.On24687
11000 3906 31 11 0 25592 940 4055.47 II 5132 29783

100 3908.44 II 13188 - 38766 550 4059.51 I 10751 - 35378
110 3910.50 I 5035 - 30600 690 4059.78 II 5404 - 30029
1 1 A110 OA 1 1 C A39 1 1 .54

TT
11 7195 - 32753 140 /lATO OO4072.38

T
1

50 3911.91 II 440 O C AA/;25996 140 4074.00 II
1 OCO"?12587 0 ^ 1 Oi:37126

140 3912.42 II 11309 36861 420 4077.88 I 5035 29551

50 3915.69 II 550 4081.24 II 440 - 24936
85 3916.00 I 10751 - 36280 140 4083.05 I 6958 - 31443
OOA280 O A 1 O AC3918.05

T
1 12377 - 37893 0 CAA3500 /1A07 /:o408/. 63

T
1 0 - 24457

210 3918.35 II 5404 30917 75 4091.78 I 10557 34990
280 3921.88 II 5403 30894 210 4092.90 I 5035 29460

810 3932.25 II 7195 - 32619 140 4094.64 II 0 - 24415

3200 3937.01 I 0 - 25392 1100 4098. 10 I 6958 - 31353
2100 3938.63 II 0 - 25382 350 4100.56

TT
11 5404 - 29784

85 3938.912 II 17842 43223 60 4103.98 II 5133 29492

50 3939.36 II 13060 38438 60 4106.58 II 12587 36932

150 3942.58 I 15083 - 40440 130 4109.33 I 6958 - 31286
150 3943.18 II 7150 - 32503 140 4112.62 II 16935 - 41244

3200 3944.42 I 5035 - 30380 320 4116.36
T
I 9655 - 33942

550 ?94fi 06 I 8620 33942 320 4118.55 I 10750 35024
110 3950 98 I 38400 140 4123^08 II

250 3951.48 I 13097 - 38397 140 4124.76 I 5035 - 29272

320 3956.42 I 0 - 25268 600 4131.50 I 6958 - 31155
50 3959.90

IT
II 12388 - 37634 CCA550 A1 An A 14142.91

TT
11 5132 - 29263

160 3961.21 I 9350 34587 6900 4151.11 I 0 24083
110 II 6824 32048 60 4160.31 I 10557 34587

85 3964.51 I 5035 30252 190 4164.83 I 6958 30962
280 3966.35 I 10751 35955 130 4171.54 I 10750 34716
160 3969.44 II 5132 30317 140 4172.22 I 5035 28996

2700 3973.04 I 0 25162 140 4185.48 I 0 23885

3200 3973.58 I 0 25159 280 4189.98 II 5403 29263
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Erbium — all observed /ines— Continued

Intensity

Inaraftpr

Wavelength
in A

Srt^ftnim Energy levels

in cm"'

Intensity

and
Character

Wavelength
in A Spectrum

Energy levels

in cm"'

lUUU 0 23855 loO .icon lA4522.74 T
1 — 90Hni

140 4194.72 13097 36930 35 4526.92 11 lfl4/i^

60 4197.43 I 11401 - 35218 35 4531.08 I 7696 - 29760
130 4205.32 I 13097 - 36870 35 4551.99 I 7176 - 29138

1400 4218.43 I 75 4552.14 II 17842 - 39804

d.99n QQ y 6958 30642 oU /1C^^ 7A T
1 in7';n

60 4223.49 J 160 4563.26 II 1 1 Qnoiiouy 3^191 7

60 4223.73 II 35 4563.93 I

320 4230.20 II 50 4566.38 II 5403 - 27296
60 4232.46 I 35 4569.29 I 16464 - 38344

1 An140 y1 OO /I "70 TT
11 '^d.^4.04Ut 90A 1 1 75 4592.92

T
I

75 4235.18 OUoO 45 4596. 74 I

60 4237.03 I 11799 35394 75 4598.12 I 7176 - 28918
200 4251.94 II 16935 - 40447 60 4602.07 I 17073 - 38797
60 4263.72 I 0 - 23447 1000 4606.61 I 0 - 21702

ou 4/04.0 / i.J.6 1

1

3 CO 1 0 75 4611.25 II

60 4269.95 1 1 00^ 35300 30 4624.78 II

140 4276.48 II 12815 36192 160 4630!88 II 15732 - 37321
690 4286.56 I 5035 - 28357 110 4640.60 II 14649 - 36192
60 4288.51 I 0 - 23311 35 4656.69 II 17378 - 38847

320 4298.91 110 4665.44 ii

60 4301.26 Izo / / obo/U 30 4667.59 TTtx

320 4301.60 II 0 23241 45 467 L 59 I

140 4303.81 II 5132 - 28361 310 4673.16 I 0 - 21392
60 4306.36 I 11799 - 35014 570 4675.62 II 10667 - 32048

110 4319.94 II 13719 3000

1

150 4679.06 II 12388 - 33753
130 4328.81 oc5o4o 35 4688 64 II

50 4330.27 II 10667 33753 75 4697.17 II

110 4331.36 I 0 - 23080 35 4702.18 II

60 4335.03 I 10557 - 33619 30 4708.71 I

50
J O 1A C\f\4339.00 IT

II 14280 37321 35 4718.69 I 17157 - 38343
140 4340.92 1 1557 345o7 230 4722.69 I 0 - 21168
190 4348.34 I 5035 28026 85 4724^54 II

50 4351.63 I 7176 - 30149 150 4729.05 I 8620 - 29760
110 4369.39 II 10667 - 33547 85 4731.59 II 15732 - 36861

60 4378.35 II 7195 30029 40 4736.96 II 16529 - 37634
60 4380 65 5035 27856 60 4745.27 I 6958 - 28026
160 4382.17 I 7176 29989 130 475L52 II

300 4384.70 II 440 - 23240 170 4759.65 II 0 - 21004
300 4386.40 I 7176 - 29967 60 4762.64 II 16643 - 37634

60 4388.38 II 18463 41244 95 4795.48 II

75 4397.42 10751 33485 190 4820 35 II 11309 - 32048
100 4403! 17 II 17842 40547 30 4828.67 I

810 4409.34 I 0 _ 22672 21 4829.52 I 7696 - 28397
75 4413.74 I 8620 - 31270 85 4831.15 II 13060 - 33753

60 4414.35
{

12377 35024 21 4834.74 II 16643 - 37321

'Tt lO. / U 7176 29801 fin 4.04.9 T 5035 - 25682
570 4419.61 II 100 1 ^ ^61 Q9 85 4848.83 I 9350 - 29967
110 4422.51 II 17842 _ 40447 30 4851.64 II 17063 - 37669
320 4424.57 I 5035 - 27629 40 4853.12 II

370 4426.77
J

0 22583 30 4854.41 II

OKJ 6958 29514 14.0 4.ft'i7 44 I 8620 - 29201

110 4437.66 I 10750 33279 50 4858.47 II 19375 - 39952

50 4448.62 II 13719 36192 35 4861.60 II 440 - 21004
100 4459.24 II 440 — 22859 150 4872.09 II 13027 - 33547

100 4473.50 II 30 4872.48 II 0 - 20517
{I'i 44.84. 4R 7696 29989 30 4878 33 II 7150 - 27643
30 4488.90 I low zyyo/ 26 4879.89 II loUOU — OOO'il

50 4489.05 I 30 4886.29 II 5132 - 25592

130 4496.39 J 7696 29930 27 4888.84 I 7176 - 27625

200 4500.75 II 14649 36861 27 4896.95 II 13338 - 33753
45 40U0.Z I

TT
11 oU AQQQ 1 C4oyo. lo

T
1 15083 - 35493

35 4512.21 210 4900.08 II 12815 - 33217

35 4518.66 0 22124 55 4903.64 II 19606 - 39994

75 4519.44 II 27 4904.43 II 18463 - 38847
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Erbium — all observed /mes— Continued

Intensity

and
Character

Wavelength
in A Spectrum

Energy levels

in cm"'

Intensity

and
Character

Wavelength
in A Spectrum

Energy levels

in cm"'

27 4917.08 I 1 70^U 07DOO 00 5368.85 10791 —

97 492S 06 I 00 sio=; ft? 11 9niio -^uo 1

7

OOOt" i

45 4925.43 II 60 5414.63 II 0 - 18463

18 4927.00 II 17378 - 37669 18 5422.81 II

22 4927.33 II 23973 - 44263 18 h 5451.30 I

70 4928.88
T
1 7176 - 00 C AC A 0*7

5454.27 IT 10 1
1

"

4934.11 n 90Q70 _ 54S6 62 VOOD 97077

130 4944.36 I oozu 00 5462.43 II Am 91

180 4951.74 II 13027 - 33217 90 5468.32 I 10557 - 28839

45 4953.60 II 18 5477.47 II

27 4954.68 II oU 5485.97 II

35 4966.62 II 1 0Q09 07
i. 1 5497.44 II

60 4966.97 I 5035 - 25163 27 5516.02 I 11557 - 29681

55 4969.88 I 80 5593.46 I 11887 - 29760

130 4976.42 I 45 d 5601.14 I 10557 - 28406

4990.31 I 15185 - 35218
5601.32 I 9350 - 27198

35
to 4,009 Ifi IT11 45 h ifino 04.OUU7. 74" 28053 - 45874
90 5000.38 II 0 - 19992 60 5611.82 I 7176 - 24991

250 5007.25 I 5035 - 25000 70 5622.01 J 7696 - 25479
90 5008.96 II 80 5626.53 II 14280 - 32048

45 5024.28 II 30 5636.20
}

11401 - 29138
I
1 7696 - 27578 90 004'U.oO 9655 - 27380

120 5028.91 II 440 - 20319 22 5641.42 I 19362 - 37083
35 5029.77 II 22 h 5658.63 II

200 5035.94 I 9350 - 29201 70 5664.95 I 8620 - 26268

210 5042.05 II 13719 - 33547 45 5665.44 II

1 in outo . ou 1
1 15846 - 35667 55 ou 1 0. 4*0 5035 - 22649

130 5044.89 I 7176 - 26993 14 5695.53 II 11042 - 28595

35 5045.98 II 27 5710.87 II

55 5052.66 I 15846 - 35632 55 5717.48 I 10557 - 28043

70 5070.32 II 70 5719.55
{

8620 - 26099
qn?? 1^0 IT

11 55 '^79f, 070 1 ^u. y 1 0 - 17456

70 5080.52 I 5035 - 24712 22 5733.43 II

60 5119.64 II 22 5736.56 I 17297 - 34724

120 5124.56 I 0 - 19508 22 5736.94 I

130 5127.41 II 13719 - 33217 100 5739.19 10557 - 27977
1 9n o lo 1 .oo I1 7696 - 27178 35 0 * ^iv.U 1 5035 - 22450

130 5133.83 II 14280 - 33753 60 5748.65 I 6958 - 24348

60 5143.58 II 55 5752.53 I 10751 - 28130

35 5144.09 II 70 5757.63 II

55 5163.80 II 290 5762.80 0 - 17347
^ 1 AA 7 7 II

11 70 ^7ftQ 09 5035 - 22361

130 5172.78 I 0 - 19326 45 5782.82 I 6958 - 24246

27 5179.49 II 26805 - 46106 70 5784.66 I 11557 - 28839

160 5188.90 II 14280 - 33547 22 5791.15 II 21819 - 39082

150 5206.52 I 0 - 19201 70 5800.79
}

5035 - 22269

ou
CO 1 0 0

1

11 22 cQf\A in 15083 - 32301

30 5215.13 II 1110 5814.23 I

30 5218.26 II 13 5814.34 I 17796 - 34990

45 5229.34 II 21004 - 40121 430 5826.79 I 0 - 17157

140 5255.93 II 13027 - 32048 11 5833.88 II

zz c o Ci; An5256.47 II
11 17842 - 36861 45 oOoo.O'*

27 5257.02 II 14.It" 5839.95 I 1 1 7QQ _111 77

35 5264.77 II 18 5841.16 I 11401 - 28516

80 5272.91 I 100 5850.07 I 5035 - 22124

55 5277.71 I 9655 - 28598 120 5855.31 0 - 17073
0*7 C07n OAo2 /y. j4

l|
11 14280 - 33217 12 OODv.DV II

11

45 5302.30 II 19992 - 38847 14 5871.63 1 A7 C 1

55 5333.06 I 16472 - 35218 140 5872.35 I 7696 - 24721

27 5333.33 II 18 5873.53 I 10557 - 27578

27 5334.23 II 120 5881.14 8620 - 25619

22 5343.94 II 27
c 00^ Of\5886.30

1 T
11

30 5344.50 II 27 5902.08 II 440 - 17378

90 5348.06 I 9350 - 28043 55 5906.06 6958 - 23885

45 5350.47 I 7176 - 25861 45 5909.24 9350 - 26268
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Erbium — all observed /mes— Continued

Intensity

and
Character

Wavelength
in A Spectrum

Energy 1

in cm
evels
-1

Intensity

and
Character

Wavelength
in A Spectrum

Energy levels

in cm"'

18 5916.46 I 6958 - 23856 27 6721.91 I 17073 - 31946
35 5933.50 11557 - 28406 13 6722.76 17347 - 32218
1 A oyo ( . 10 TT A7^Q Q7 17157 31946
LL 0V4D.O / 11887 OO^QQ 1

0

0 /Dl.Do TT
11

c c00 OVDO.uo 00 A7^9 no
'

30^:^:7ooDO /

27 5975.49 I 11557 - 28288 11 6764.55 I 17073 - 31852

35 6006.79 II 0 - 16643 11 6766.62 22124 - 36898
14 11

/^AA"? AA 10557 — / / IVo £7£0 /I 06768.42 TT
il 18889 — 33659

on 6U00.75
TT
11 18 6768.94 TT

11
r r
55 1 A^^711)55 /

071 70 27 6773.37 22124 36883

35 6015.74 II 21819 _ 38438 16 6776. 14 II

70 6022.56 8620 - 25220 14 6780.03 22269 - 37014
AQ 0 TO TT

11 23973 — 40547 18 6780.76 6958 - 21702
6045.63 TT

11 8 6181.92
}

22269 36997
oo 0U4o. 14 TT

11
AU 16529 35 6790.92 17157 31878

45 6054.85 I 9350 _ 25861 14 6796.96 II 6824 21533
70 6061.25 18 6803.85 II

ou 6076.45 TT
11 22 6825.44 24246 - 38893

14 6105.18 TT
11 17378 33753 22 6825.98 17073 31719

35 61 16.01 1 1401 27747 12 6835.90 24246 0 AA "7A38870

35 6125.32 I 0 _ 16321 70 6848.10 I 17347 31946
12 6149.32 II 9 6857.24 I 11557 - 26136
30 6170.06 TT

11 440 - 16643 55 6865.13
{

17157 - 31719
0*7
27 6183.21 TT

11 17378 33547 11 6873.09
fOil A360 £00 1 AO6221.02 A 1 £A7A16070 18 6873.66 0>1 0 /1

0

0 00AO38893

35 6230.90 I 11887 _ 27932 16 6874.77 I 11557 26099
55 6262.56 I 9655 - 25619 27 6879.98 I 17347 - 31878
45 6267.93

}

11 6884.09
{

22361 - 36883
60 6268.87

j

11799 27747 7 6892.39 17347 31852
35 6274.94 7696 0 0£ 0023628 14 /:OA7 AO6897.48 TT

11 19903 34397

30 6286.86 I 11557 _ 27459 9 6908.23 I 11799 _ 26271
18 6288.59 I 16321 - 32218 12 6925.93 I 6958 - 21392
45 6299.42 9350 - 25220 6 6926.25 22450 - 36883
130 6308.77 0 15846 18 6938.36 17157 31565
55 6326.13 I 7176 22979 6 6944.94 II 18617 33012

22 6347.16 II 18 6951.88 I 11887 _ 26268
11 6351.56 II 9 6973.01 I 11799 - 26136
45 6388. 19 I 16070 - 31719 7 6989.30 11557 - 25861
14 6398.13 16321 31946 22 7001.40 9350 23628

11 6413.59 12 7058.55 10557 24721

9 6423.05 I 9655 25220 12 h 7065.04 I 17796 31946
9 6423.17 I 9655 - 25220 11 7070.99 II 21533 - 35671

22 6432.53 10557 - 26099 18 7101.27
J

11401 - 25479

16 6441.32 II 16552
0 r\ 0

1

32073 8 7109.67 11799 25861

7 6451.56 I 16070 31565 11 7155.40 II

7 6454.02 II 5 7161.91 I 6958 20917

14 6481.74 I 23447 _ 38870 14 h 7197.00 I

27 6485.87 I 7 h 7264.82 II

55 6492.35 I 16321 — 31719 7 h
TOA 0 AT
7283.95

12 6520.52 I 21551 36883 14
*7 0 AA "7 0
7329.73 TT

11 18889 32528

22 6541.57 I 7696 22979 18 7355.37 I 11887 25479

11 6556.33 II 16552 _ 31801 11 7356.34 I 11401 - 24991

18 6557.82 I 16321 - 31565 18 7428.67 25463 - 38921

60 6583.48 I 0 — 15185 55 7459.55 18816 32218

16 6593.51 I 9 7460.42 19125 — 32525

70 6601.11 I 17073 32218 120 7469.51 I 18335 31719

12 6616.74 II 23973 _ 39082 22 7532.34 I 25598 _ 38870

14 6637.65 I 10557 25619 6 h 7539.18 1 23885 37144

6 6648.97 I 23885 38921 27 7556.26 I 18335 31565

4 6649.06 I 16070 31105 6 h 7574.21

11 6663.52 I 10751 25754 5 h 7590.51 I 19047 32218

13 6687.14 17073 32023 11 7597.33 23855 37014

7 6690.02 II 20728 35671 6 7607.23 23855 36997

7 6701.75 17029 31946 11 7613.52 29550 42681

11 6721.00 22269 37144 6 7623.48 23883 36997
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Erbium — all observed /trees— Continued

Intensity

and
Character

Wavelength
in A Spectrum

Energy levels

in cm~'

Intensity

and
Character

Wavelength
in A Spectrum

Energy levels

in cm"'

16 h 7645.67 J 24068 - 37144 35 7921.85 J 19326 - 31946

8
T 70^7 fid 1 19125 - 31719

22 7654.45 TT
11 0 — 13060 8 7952.93

12 h
7/:cQ AC
/Doo.Uo

}
12 7964.51 19326 - 31878

22 (659. 25 23831 - 36883
8 7979.03 II

4 7665.64

32218
8 7980.87

OO 7680 01
T 19201 5

OAoo no8023.03 J 19563 32023
9 7722.14

II

27822 — 40769
12 8035.91 I IQl 9'i

8 7726.19 16552 - 29492
12 8181 7696 19915

11 h 7747.44 I 26017 38921

22
4 7762.16

19326
23831 _

32218
36710

35

18

8312.82

8328.57

I

II

7696
18617

—
-

19723

30621

9 7796.69 I 19201 - 32023 5 8367.58 440 - 12388

35 7797.47 I 19125 - 31946
cc00 Q/iAQ on

}

0 11887

Q 7838.80 I 1 01 9^^ o lo / o
1 1
1

1

BWO. lo 16552 28361

11 7844.00
T

19201 31946 35 8472.42 I 0 11799

16 7847.55 7176 19915 14 8517.71 II

5 7875.36 26198 38893 18 8521.37 18889 30621

5 7879.36 16464 29152 0 11401

18 7899.55 19563 32218 11 h 8776.63 18617 30008

8 7913.08 I 26237 38870 9 8866.84 II 18617 29892
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Europium

Eu, Z = 63,M= 151.96, Ratio^ = 2.391
Lu

Eul Normal state of valence electrons 'ifSs^ ^Sji/a = 0. I.P. 45700 cm-i.

Eull Normal state of valence electrons 4/^65 ^84 = 0. I.P. = 90660 cm-^.

References

Wavelengths:
A. S. King, Astrophys. J. 89 , 377 (1939).

Classification:

Eul, H. N. RusseU and A. S. King, Astrophys. J. 90, 155 (1939).

EuII, H. N. RusseU, W. Albertson, and D. N. Davis, Phys. Rev. 60, 641 (1941).

Strong lines of europium

Intensity

and
Character

Wavelength
in A Spectrum

Energy levels

in cm"'

Intensity

and
Character

Wavelength
in A Spectrum

Energy levels

in cm"'

60000 cw 4205.05 0 - 23774 6400 3688.42 0 - 27104
39000 cw 3819.67 0 - 26173 4200 2727.78 0 - 36649
33000 cw 4129.70 0 - 24208 3^00 2813.94 0 - 35527
32000 cw 3930.48 1669 - 27104 3200 2906.68 0 - 34394
30000 cw 3971.96 1669 - 26838

28000 cw 3907.10 1669 - 27256
3000 4522.57 1669 - 23774

20000 cw 3724.94 0 - 26839 2000 2820.78 0 - 35441

14000 cw 4435.56 1669 - 24208 1900 2802.84 1669 - 37337

11000 4594.03 0 - 21761 1400 6645.11 11128 - 26173

9800 4627.22 0 - 21605 1000 2638.77 1669 - 39554

8300 4661.88 I 0 - 21445 1000 3212.81 I 0 - 31116
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Europium— all observed lines

Intensity

and
Character

11/ 'ivolonfrthW aVClCllgill

in ^ Spectrum
Energy levels

in cm"'

Intensity

and
Character

w avcicngiii

in A Spectrum
Energy levels

in cm"'

21 2499.39 II 1669 - 41667 30 2958.91 I 0 - 33786

26 2554.78 II 16861 — 55991 35 2959.47 II 0 — 33780
OA Z007. lO IT11 17004 ooOo7 99fifl 91 II

1 AAA1669 oc A A t35441
oc.f./l 17 IT11 17004 55991 2991.33 II 0 33420

iiniiu ocfio 17ZOUO. 1 1
IT11 17141 56067 00 2995 22 II 1669 35046

26 2574.76 II 17141 - 55968 40 3006.26 II 1669 - 34923

230 2577.14 II 16861 - 55652 35 3022.15
OA ZOol.oD IT11 17248 55968 'iftAfi 77 TT11 1669 34546
OA - 9AAA Al I1

Qon ALToZU CW inc^A OA TT11 ^4 '104

o\) II11 n 1 9nizu
OACQ OQ 0v OZUO

1

1000 2638.77 II 1669 - 39554 35 3069.11 II 24208 - 56781
380 2641.27 II 0 - 37849 35 3076.07 II

ZOOo.Ol IT11 oor\Z20 QA77 Of. IT11 0 — 32486
II11 IftfiQ10D7 ^Ql "i.^ 00 QAQO QCoOoy.o5 1111

Iin 9A7^ 4.9 II11 1 OA120 0AA7 A Co0y/.45 IT11 1 AAO 110AA

250 2678.29 II 1669 _ 38996 320 3106.18 I 0 _ 32185
250 2685.66 II 0 - 37224 950 3111.43 0 - 32130

9AQ9ZDVZ.UO II11 1669 38805 1 9nizU 01 OA 70oloO. 10 IT11

ivV IT
11 u ^701 1 4U 0 1 00 T £.olo2. lo

QAA 97m onz t\jL. yu II11 nu ol4y.o8 TT11

240 2705.28 II 0 — 36954 85 3173.61 II 0 _ 31501
180 2709.99 I 0 - 36890 40 3185.54

}

0 - 31383
/UU 97 1 A QQ TT

11 1669 38464 A 9n4zU OZlU.O /

}

0 31138
9791 QA T

1 u a<i7nn00 1 nnn 191 9 Ql Au 1 1

1

01110
9797 7QZ ( Z / . /O

TT
11

A
\3 OOO'iV A 9n4zU 191 1 7t^ AU n 1 A701 lU /

190 2729.33 II 0 _ 36628 45 3235.13 I 0 — 30902
380 2729.44 II 1669 - 38296 95 3241.40 0 - 30842
dU 0701 07 I

1 0 — 36601 A t 19/1A ni 0 — 30798
/IA 0710 12 /o2.01

T
1 U O0584 A C OZ4/.OZ TT

11

QAoU 2 / JO. 20 1
1

A
U

O/lC/fA 1 nnlUU ozl/.oo A
0 oU /o4

160 2740.62 II 1669 _ 38146 100 3266.39 II 23774 _ 54380
70 2743.28 I 0 - 36442 150 3272.77

}{

23774 - 54321
1 OA 2/44.20

IT
11 0 — 36429 0 1 A210 0077 7002/ /. /8

}}
23774 54274

A A 2745. Ol
T
1

A0 o041

1

I CA150 QOAl ACoo01.y5
}{

OA 9nQ ZAAQ4
04'+C>4'

TA70
0*7 /I T OA2747.29 II

11 looy o805o A C45 OOAyl CAOOO4.5O "

80 2747.83 I 0 _ 36381 140 3308.02 II 24208 _ 54429
90 2752.17 II 1669 - 37994 140 3313.33

Jl

24208 - 54380
480 Ziol.isy

IT
11 1669 — 37606 05 00 1 0 QQooiy.BV

}{
24208 — 54321

1 AAAlyoo OOAO QA2802.04
TT
11 1 AAOlOOV 0 iOO t y5 0001 QA0021.80 I 1 1 9QI I IZo A 1 991•ilZZo

OOA OO 1 1 "7 C281 1 .75 IT
11

1 AAO 0 1 zz** 85 0000 OA0022.20 AU inno 1

30 2813.08 II 950 3334.33 I 0 29982
3400 2813.94 II 0 - 35527 45 3338.75 26838 - 56781
000 2o 10. lo II 1669 — 37168 1 in

1 lU iicin An
.{

0 — 29839
zuuo OQOA 7Q2820. /8 II 0 05441 A(\ 060 L. DO

}!
400 cw OOOO 702828.72 IT

II loo9 0 7A 1 13701

1

A(\ 000'+. Oo "

120 2829.30 II 1669 37003 45 3367.64 II 10082 39768
140 2833.26 II 1669 - 36954 140 3369.06 {I 10643 - 40317
OA
80

OO 0 A^2843.96
T|
11 1669 - 36821 o5 0 0OA OC0050.25

}j
24208 - 53783

60
OO C O AC2852.05 f 1

11
7C
/5

0 OAA 70ooVO. 10
n£A260 OO CA £ 72859.67 fl

11 1669 36628 1 AAlyo OOOl OQoov i.yy 11
1 AAOO10082 39554

280 2862.57 II 0 _ 34923 280 3396.58 II 26838 _ 56271

25 2864.42 II 11128 - 46029 45 3419.84 II

60 2876.06
TT
II 1669 - 36429 65 OA 00 AAo42o.09

}{100 2878.87
T
I 0 34726 1 CA150 0 /I oc AO3425.02

jj
11128 40317

80 2887.85
I T
11 0 34618 A C45 Oyl OA A Ao42o.44 II 9923 0AAAA39099

200 2892.54 I 0 _ 34562 45 3435.05 II

140 2893.03 I 0 _ 34556 65 3435.20 II

360 2893.83 1
/IA40 0,10c 70o4o5. /2

jjIT
II 0 34546 A C45 0 A An 003440.82

jj

27256 56311

3200 2906.68 II 0 34394 1 CA150 0 AA^ A

A

o44 1 . 00 " 10082 39135

160 2908.99 I 0 34366 45 3445.18 II 10082 39099
30 2917.44 II 1669 35936 85 3457.05 0 28918

850 2925.04 II 1669 35847 45 3457.56 10082 38996
60 2947.29 II 0 33920 130 3461.38 9923 38805
200 cw 2952.68 II 1669 35527 85 3467.88 0 28828
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Europium— all observed /ines— Continued

Intensity

and
Character

Wavelength
in A spectrum

Energy levels

in cm"'

Intensity

and
Character

Wavelength
in A spectrum

Energy levels

in cm"'

3477.07 ^0 h ^Q49 91 1 AAOO10082 - 35441
75 h 3505.30 n 1669 30189 60 3942.94 II

470 cw 3521.09 11 26173 - 54565 120 3943.08 11 23774 - 49128
75 3531.15 n 26173 - 54484 30 3944.59 n
45 3532.23 n 27256 - 55559 30 3945.67 n

\JO ^S'^ft Oft jj 26173 54429 ^0 H040 1^
„

150 3542.15 II 9923 38146 60 3949.60 I lOKj^y

85 3543.85 II 45 3950.76 II

45 3549.71 II 55 3951.33 II

180 3552.52 II 10643 - 38784 60 3955.75 I 15582 - 40854

1 o 0 27853 qQC7 09

45 3591.31 II 30 3963.61 I 41 I/O
150 3603.20 II 10313 _ 38058 120 3964.90 II 10313 - 35527
75 3611.57 II 10313 _ 37994 150 3966.59 II

45 3616.15 II 26838 - 54484 45 3967.18 I 14068 - 39268

yo 11128 38725 oUUUU cw 1669 - 26838
95 3632.18 II o / uuu 60 3978.42 I OODoO
45 3673.19 II 27104 _ 54321 30 3979.63 II

45 3674.63 II 10643 _ 37849 55 h 3986.60 I 13457 - 38534
45 3678.26 II 27256 — 54435 40 3988.24 II

oOoo.4*Z 0 27104 oU QAQQ AO

60 3710.87 II 1 UU'tO 17'^ftdO 1 OOHf 55 3995.98 II

95 3713.45 II 10082 _ 37003 60 4003.71 II

95 3714.90 II 10313 _ 37224 180 4011.69 II 24208 - 49128
35 3716.94 II 150 4017.58 II 10643 - 35527

^7 1 7 AO 1 OA /lAQQ IQ4Uoy. ly

40 3719.16 I 45 h 4078.24 I 1 ^770

20000 cw 3724.94 II 0 I 26839 120 4085.38 II 9923 - 34394
45 3729.68 II 75 4096.80 II 10643 - 35046
45 3729.74 II 11128 _ 37932 60 4106.88 I 12924 - 37266

14068 40854 OA Uyu n /1 1 1 9 A/1 10082 - 34394
45 3738.08 II 45 4119.30 II

350 3741.31 II 11128 37849 75 4127.28 I 16080 - 40302
100 3743.56 II 9923 36628 33000 cw 4129.70 II 0 - 24208

260 3761.12 II 10643 _ 37224 30 4136.59 II

yo o lOo.yA 10082 — 36628 4U 4 117 A7 16080 - 40245
40 3774.10 I

1 AAl 9 30 4141.02 II

60 3781.40 II 60 4141.72 II

40 3788.76 II 27104 _ 53490 30 4151.52 II 10313 - 34394
45 3791.50 II 10643 _ 37011 45 4151.64 II

1 3A Q7QO Al 10313 - 36628 QA A 1 C7 79 13049 - 37094

70 3801.36 110 4172.80 II

95 3807.54 II 30 4175.16 II

120 3811.33 I 14068 40298 110 4182.22 I 13222 - 37126

120 3815.50 II 40 4195.36 II

j9000 cw 3819.67 0 - 26173 An40 A 1 n£ 1 o4iyo. 18

il120 3826.68 {} 26838 52963 60000 cw 4205.05 A — ZO//4

140 3844.23 II 10643 36649 45 4221.08 II

190 3865.57 I 15582 41444 40 4223.88 II

45 3872.72 I 15582 41396 90 h 4227.40 II

70 •JOT? n3877.27 11
7C/o /iOOQ4zzy.oo

i{150 3884.75 14564 40298 75 4232.45

23 3896.78 I 90 4237.51 II

23 3900 18 I 45 4238.69 II

70 3900.51 I 13222 38852 45 4244.74 I 13049 - 36601

28000 cw OAAT 1 A3907. 10 11 1669 - 27256 AOAl AA

II45 3915.24 II 45 4253.80

45 3916.00 30 4270.24 II

230 3917.29 I 13049 38569 150 4298.73 I 13779 - 37035

23 3917.70 11 9923 35441 90 4329.36 I 13457 - 36549

40 3918.52 13779 39291 75 4329.97 13779 - 36867

100 3919.09 II 60 4330.61 II

40 3928.87 II 10082 35527 40 4331.18 12924 - 36006

32000 cw 3930.48 II 1669 27104 90 4337.68 1.3457 - 36504

55 3941.56 II 240 4355.09 II 26173 - 49128
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Europium — all observed /ines— Continued

Intensity

and
Character

Wavelength o

j„ ^ spectrum
Energy levels

in cm"'

Intensity

and
Character

^t^avelcngth

in A Spectrum
Energy levels

in cm"'

27 4361.57 II 90 5303.85 I 16612 35461

55 4369.47 II
OA 1_30 h COCA At5350.41 17945 36630

4372 20 II 75 h 5351.69 1 =1491 141 n9

75 4383.17 II 26838 _ 49647 40 5352.84 J 17945 36622

90 4387 88 I 13222 36006 90 5355.10 J 16612 _ 35280

21 h 4405.27 II 16861 — 39554 540 5357.61 I 13457 — 32117

55 4407.07 II 60 5360.83
{

15138 — 33786

18 4419.66 II 120 5361 61 loUoU 0/1 70Ao4/Z0

120 4434 fil 11 27104 49647 1 10 5376.94
T

16612 35205
14000 rw 4435 56 IT 1669 24208 120 5392.94

I
15249 _ 33786

75 h 4464.97 II 27256 - 49647 450 5402.77 I 13222 - 31726
24 4485.15 II 26838 — 49128 45 5405.33 16612 - 35107

3000 4522 57 II 1669 lill'i 4^ i41 1 Sfi 17341 35813
45 h 4535 59 I 15952 37994 S491 07 T

16612 35053
11000 4594.03 I 0 21761 90 5426.94

T
15680 34102

21 4602.63 I 16080 - 37800 40 5443.56 I 15421 - 33786
9800 4627.22 I 0 - 21605 380 5451.51 13779 - 32117
8300 4661 88 I 0 21445 260 S4S9 04 13049 31383

4713.59 I 15680 36890 4fl OHfO 1 . uz J 19273 37591
27 4740.50 I 13457 34546 00 X

13457 31726

45 4792.59 I 13457 - 34317 120 5488.65 I 12924 - 31138
40 h 4829.30 I 15680 - 36381 45 5495.20 12924 - 31116
60 4830 33 1 17341 38037 It;10 00\J\J,00 15952 34126
40 h 4840.47 I 17341 37994 120

T
14068 32210

60 h 4849.64 I 15952 36567 30
T

13049 31138

110 4867.62 I 13779 - 34317 30 5533.25 I 13049 - 31116
40 h 4884.05 I 16080 - 36549 30 5542.54 17341 - 35378
on 16080 36504 9nn ^Ul 44 12924 30945

4000 Qf, I 14068 34467 1 ^in 00 1 \J. 00 13779 31726
4Qn7 1ft 1 14068 34440 =i=i77 14 13457 31383

180 4911.40 I 14068 - 34423 75 5579.63 i 14564 - 32481

55 4953.52 I 15891 - 36073 120 5580.03 13222 - 31138
oo dofin 91 1 15891 36045 on ^'^Rf, 94 13049 30945
t;t;oo ^^OZ.OO 1 15952 36098 1 0 CLCQt 00ooou. 00 13222 31116
^0 If. It 7 J O . J U 1 1 704=; iftn'^7OOUO 1

Ifl10 CLCQO OC007Z . ZO 12924 30801

180 5013.17 I 14564 - 34506 18 5599.80 I 13049 - 30902
170 5022.91 I 14564 - 34467 18 5605.86

J

17341 - 35174
1 in i;flOQ £14. I 14564 34440 40 SfilR Rl«ju 10.01 13222 31014
on OUOO.OO 1 15952 35813 fin c;a90 aa y 14068 31849

t 0 ouo / . VO 1 13222 32948 7'^ OUOZ. J4' J 13049 30798

75 h 5092.69 I 16612 - 36242 210 5645.80 I 0 - 17707

90 h 5096.44 I 19447 - 39063 15 5651.11
{

17707 - 35398
1 7n il 14. ^7 I 13049 32596 5673 8S 13222 30842
Qn cLi 94 77 I 1 =;floi1 007

1

000 70 97£• 1 OUO 1 . i J 13222 30819
1 90 1 n 1 1 ^41^7 •^9048 97 CIAQA 94.OUOt. ^'t J 1 0447 17^=;0 ( voo

90 5130.08 I 15891 - 35378 60 5730.87 I 13457 - 30902

210 5133.52 I 12924 - 32398 60 5739.00
}

19447 - 36867
z / u DlOU.Ui 1 13222 32596 tin 0 ( 00. Zu

!
0 17341

D 100. /U I
1 3 040 0Z070 1 an 0 ( 00. 07

!

1 4'ifi4i ^out 11ft400 1 04" 7

DU C 1 QO 74. 10 1 70. ( t 1
1 71411 ( 0^ 1 OOOOV 10 ^709 790 1 7Z . < Z 0UO7V/

200 5199.85 I 17341 - 36567 60 5800.27 I 13779 - 31014
110 5200.96 I 15952 - 35174 170 5818.74 II 9923 - 27104
1 onizu con/; AA 1 16612 35813 OUU Cw coon QR

!
13779 30924

7c:n 1 Q77Q OZV4-0 97Z /
CQAc: 77004-0. 1 i

!

7 0447 Ifit^dOOOO^-V
^nnouu oZDVO 97z 1

c;of;n Q7 1 0447 ifi^ndooouf

120 5239.24 I 13049 - 32130 15 5864.77 I 19364 - 36411

200 5266.40 I 13779 - 32762 90 5872.98 II 10082 - 27104
C1971 OA I 15582 34545 1 c

1 D CLOQC 01 19544 36502
1 1 A C070 I 13457 32418 97 "^009 07

i
19764 36700

ID\)
coQO Qo 1oZoz.oZ 1 15582 34506 19 t^ono 04 15680 32596

55 5287.25 I 13222 32130 75 5915.74 I 15582 32481
60 5289.25 I 17707 36608 12 5925.30 19712 36584

120 5291.26 I 19273 38167 27 5926.52 16080 32948

60 5293.68 I 15582 34467 45 5942.72 19462 36285

120 5294.64 I 17707 36589 27 5953.49 19794 36586
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Europium— all observed lines— Continued

Intensity

and
Character

Wavelength
in A opectrum

Energy levels

in cm~'

Intensity

and
Character

Wavelength
in A Spectrum

Energy levels

in cm"'

n SQS^ 84 n lUolo 8 h 15952 - 31217
30 5954.28 19794 36584 75 6567.87 I 15680 - 30902
90 5963.76 I 15421 - 32185 45 6593.79 I 15680 - 30842
330 5966.07 II 10082 - 26838 18 h 6603.55 I 15680 - 30819
480 cw 5967.10 I 13457 - 30211 1400 6645.11 II 11128 - 26173

15 h 19631 36381 26 6685 21 14564 - 29518

30 5971.69 I 19544 95 6693.96 J - ^1014

170 5972.75 I 15680 _ 32418 7 h 6701.06 I 19447 - 34366
15 5980.47 I 19364 - 36081 12 h 6710.45 I 21761 - 36659
27 5983.14 I 15421 - 32130 30 6744.88 J 16080 - 30902

27 oyoo. 1 o 19364 36072 A7Q00 /oZ.o4 16080 - 30819
240 5992.83 I 16080 32762 14 h 6787.48 J

60 6004.36 I 15138 _ 31788 140 6802.72 J 14068 - 28764
15 h 6005.61 I 15680 - 32327 35 6816.06 I 15952 - 30619
60 h 6012.20 I 15582 — 32210 11 h 6834.30 I 21445 - 36073

110 \J\J L£i , OU 15249 31876 1 7 004U.Vo 21605 - 36219
60 6015.58 I OOUO

1

17 h 6844.83 J 1 91 7

420 6018.15 I 0 16612 14 h 6847.04 J 21445 - 36045
60 6023.15 J 15138 31736 360 6864.54 J 0 - 14564
170 6029.00 I 15421 32003 21 6898.21 J 21605 - 36098

60 15249 31788 OU n AOAQ A7 21761 - 36242
490 6049.51 II iUO lo 9<;q5qZOooo 14 h 6910.17 J 91 AAC OAA70ODU/0
140 6057.36 15680 I 32185 30 h 6914.82 J 21761 - 36219
90 6075.58 I 15421 _ 31876 120 7040.20 I 14564 - 28764
30 6077.38 I 15680 _ 32130 12 7074.54 J 16080 - 30211

240 OUoo.O'r 13779 — 30211 ooU 7A77 lA TT
11 10082 - 24208

6099.35 J 90ft 1

1

100 7106.48 AU 1 AAAQ14U0O
60 6108.15 J 19364 35732 6 7164.66 J 21445 - 35398
120 6118.78 I 16080 _ 32418 30 7175.55 J 15680 - 29613
60 6124.67 J 15680 _ 32003 570 7194.81 II 10313 - 24208

330 0 1 ( a.Uo IT
11 10643 — 26838 0 /U 7017 E^C IT

11 9923 - 23774
1 in 6178.76 IVZ / o 11 h 7224.68 91

260 cw 6188.13 I 13457 I 29613 15 7258.72 J 21605 - 35378
140 6195.07 J 13049 _ 29186 30 7262.77 J 15421 - 29186
15 h 6207.60 J 16080 _ 32185 11 h 7281.53 J 21445 - 35174

15 ^OOA CIDZoU, D I 15680 — 31726 0 n 7907 CA/zy / . 00 21761 - 35461
on I,n 6233.73 1 Anon 701 1 7 540 7301.17 II 1 AAQ9lUUoZ 9Q77A— ZO / / 4
55 6250.47 J 12924 28918 11 7310.46 21605 - 35280

240 6262.25 J 13222 _ 29186 12 7313.63 J 15249 - 28918
55 6266.95 J 0 15952 55 cw 7336. 18 J 15891 - 29518

15 h oZoo.Vo 12924 — 28828 A
4 /o40./0 21445 - 35053

ou 6291.34 U 1 cool 4 7356.65 {
O 1 /I y1 C 0 CAO y1— oo0o4

170 6299.77 13049 28918 11 7362.25 J 15249 - 28828
230 6303.41 II 10313 26173 55 cw 7369.60 J 15952 - 29518
24 h 6313.78 13779 29613 720 7370.22 II 10643 - 24208

15 /lO 1 O CO 19631 — 35453 A
4 70O7 0£

/JO ( . OO 16080 - 29613
75 6335.82 13049 28828 12 7389. 16 15138 - 28667
120 c w 6350.04 J 12924 28667 11 h 7404.41 J 21605 - 35107
60 6355.89 J 13457 29186 300 7426.57 II 10313 - 23774
60 6369.25 13222 28918 21 h 7436.59 21761 - 35205

55 t)6oZ. li 15138 - 30801 oo 7/1 7A CO 15138 - 28520
75 6383.86 j 15138 30798 5 h 7491.00 21761 - 35107

120 cw 6400.93
I

13049 28667 50 cw 7528.70 17341 - 30619
40 6406. 1

1

J 13222 28828 5 h 7533.02 15249 - 28520
180 6410.04 J 12924 28520 6 7547.32 J 15421 - 28667

140 041 l.OZ 15249 30842 1 AAlOU 7rQO Al/ooo.yi 15582 - 28764
55 6428.29 { 15249 30801 60 cw 7742.57 } 17707 - 30619

830 6437.64 II 10643 26173 70 7746. 19 J 16612 - 29518
18 6439.93 15421 30945 8 h 7803.32 J 15952 - 28764

120 6457.96 J 15421 30902 8 7818.21 J 19631 - 32418

12 6470.70 14068 29518 35 7887.99 17945 - 30619
18 6483.02 15421 30842 7 8015.47 19712 - 32185
45 6501.55 15421 30798 24 cw 8209.80 17341 - 29518
60 6519.59 15680 31014 15 cw 8226.81 16612 - 28764
15 6522.72 15891 31217 6 h 8464.71 17707 - 29518
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Europium— all observed lines— Continued

Intensity

and
Character

Wavelength o
in A Spectrum

Energy levels

in cm~'

Intensity

and
Character

¥¥ vplf*n(Tth ^

in A Spectrum
Knprf7v IpvpIq

in cm ~ *

21 cw 8642.67 I 19447 - 31014
7 8727.77 I 19447 - 30902

6 8782.46 I 19631 - 31014

12 cw 8790.88 I 19447 - 30819

18 8870.30 I 19631 - 30902
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Gadolinium

Gd,Z= 64,A/= 157.2, Ratio^= 2.475

Gdl Normal state of valence electrons 4^f5d6s^ 9D°= 0. LP. = 49500 cm-K
Gd II Normal state of valence electrons 4-f5d6s '"D" j/2= 0- I-P-= 97500 cm "i.

References

Wavelengths:
A. S. King, Astrophys. J. 97, 323 (1943).

Classification:

Gd I and Gd ll, H. N. Russell, J. Opt. Soc. Am. 40, 550 (1950).

J. Blaise, J. Chevillard, J. Verges and J. F. Wyart Spectrochimica Acta 26B, 1(1971).

Molecular Spectra:

GdO, A. Gatterer, J. Junkes and E. W. Salpeter, Molecular Spectra of Metallic Oxides (Specola Vaticana,
. 1957).

Strong lines ofgadolinium

Intensity

and
Character

Wavelength
in A Spectrum

Energy levels

in cm~'

Intensity

and
Character

Wavelength
in A Spectrum

Energy levels

in cm"'

8700 3768.39 II 633 27162 2900 3783.05 I 999 27425
6900 3422.47 II 1935 31146 2800 4078.70 I 533 25044
6100 3646.19 II 1935 29353 2700 3439.99 II 1935 30997
5400 3350.47 II 1159 30997 2700 3463.98 II 3444 32304
5400 3362.23 II 633 30367 2700 3664.60 II 7992 35272

5400 3584.96 II 1159 29045 2700 3712.70 II 3082 30009
5100 3796.37 II 262 26595 2600 4053.64 I 999 25661
5100 3850.97 II 0 25960 2600 4058.22 I 215 24850
4800 4225.85 I 1719 25376

2600 4098.61 II 6605 30997
4500 3743.47 II 1159 27865

2600 d 4325.57 II 11067 34179

4300 3358.62 II 262 30027 4325.69 I 533 23644

4300 3545.80 II 1159 29353
4175.54 I 1719 25661

4300 3852.45 II 262 26212 2400

3900 3549.36 II 1935 30101 2400 4184.25 II 3972 27865

3900 3654.62 II 633 27988 2200 3481.28 II 4841 33558

2200 3916.51 II 4841 30367
3700 3813.97 II 0 26212
3500 3100.50 II 1935 34179 2200 4049.86 II 7992 32677

3300 3850.69 II 633 26595 2200 4130.37 II 5897 30101

3100 3656.15 II 1159 28502 2200 4190.78 I 999 24854

3100 3687.74 II 2857 29966 2200 4346.46 I 999 24000
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Gadolinium— all observed lines

Intensity

ana
Character

Wavelength
in A

opectrum
Energy levels

in cm"'

Intensity

and
Character

Wavelength c
jjj ^ Spectrum

Energy levels

in cm"'

100 2468.22
Tl
11 OOO

1

'T7UOT' 70 3003.58 11 ^497OtZ I ou ill

oo 2471 S8 11 888'^oooo 100 3005.09 II ^444 ou (11

35 2485.67 II 9329 _ 49547 70 3009.37 II 3427 _ 36647

70 2487.46 II 9143 - 49332 35 3009.65 II 4841 - 38058

110 2488.72 II 8885 - 49054 2100 3010.13 II 0 - 33212

55
O /* AO Of*2493.29 IT O/l 1^9y4oz OA80 OA! A AA TT3010.90 11 OOO^- 1

oo 2496 II 9452 Af\A f\Ct49498 130 3012.19 II
AOA 14841 OOAOA

45 2499.04 II 9329 49332 40 3022^10 II 10292 43372

28 2543.68 II 3444 - 42745 1900 3027.60 II 1159 - 34179
28 2586.13 II 3972 - 42628 120 3028.98 II 4841 - 37846

28 2661.50 II 1 1492 49054 45 3030.65 II 10292 43279
70 2720 50 II 9100 ^0'^9 84 TTOUO^.O^ 11 633 33596

430 2750.22 II 3427 39777 1600 3034.05 II 262 33212
460 2764.08 II 2857 - 39025 60 3040.34 II 4852 — 37734
40 2768.51 II 3427 - 39537 130 3043.01 I 999 - 33852

320 2769.81 II 3444 39537 160 3046.48 I 533 33348
230 2770.17 II 3082 39170 980 ^0'^'^ "^7 TT 3972 36711
21 2770.98 II 2856 38934 100 3059.92 I 215 ^9886O^OOU
45 2778.76 I 215 — 36192 1000 3068.64 II 633 _ 33212
45 2779.14 II 2857 - 38828 70 3069.42 I 215 - 32785

440 2781.40 II 3082 39025 560 3072.56 II 10092 42628
70 9787 fift I

X 533 36395 307^1 09 TT 0 32491
390 2791.96 II 3444 39251 150 3077.08 II 3972 36461
100 2794.66 II 2857 _ 38629 2100 3081.99 II 1159 — 33596
930 2796.93 II 3427 - 39170 95 3083.35 II 262 - 32685

60 2808.38 II 3427 39025 140 3084.01 II 9943 42359
1 o\j fflOQ 79 II

i i 3444 39025 70 Ov/OO.UU 11 9092 41497
160 2810.93 II 3972 39537 95 3087.05 I 0 32384
45 2814.01 II 7992 — 43518 280 3089.95 II 10392 _ 42745
300 2833.75 II 3972 - 39251 140 3092.06 II 10633 - 42965

35 2836.69 II 9943 45185 460 3098.64 II 0 32263
7(1 ^OO i • \J\J n 3082 38320 IQO ^OQS QO TTo\jyo,y\j 11 0 32260

560 2840.23 II 3972 39170 3500 3100.50 II 1935 34179
140 2841.33 II 3444 _ 38629 120 3101.18 II 10392 _ 42628
40 2853.91 II 230 3101.91 II 262 - 32491

60 2856.52 II 4027 39025 580 3102.55 II 8551 40773
19 9ftSQ 78^OO 7 . 1 O II11 4213 39170 I ^0low <108 '\f\ TTOIVJO.OU 11 10803 42965

120 2862.48 II 39777 170 3111.19 I 1719 OOOO
60 2865.06 II 3427 — 38320 160 3113.17 II 10633 — 42745
40 2866.33 II 10292 - 45170 120 3118.60 II 10908 - 42965

40 2871.75 II 4213 — 39025 120 3119.01 I 533 — 32585
9881 ^'l^oo 1 . oo 11 4841 39537 •ilOO Iv ^1 10 04 TTo i 1 7. y^ 11 262 32304

40 2882.13 II 4.4.8d ^Ql 70oy 1 i\j 100 3120.18 II 888^oooo 4009=^+U7iO
130 2885.60 II 7992 _ 42636 60 3123.69 II 8884 _ 40888
35 2907.44 II 9092 — 43476 370 3123.99 II 262 — 32263

170 2910.53 II 3972 — 38320 120 3124.25 II 262 — 32260
ou 901 1 HQ n11 4852 39170 0";yo Qi 97 oc I0 iz / . zo 1 999 32967
45 2918.52 II QQA1 /l/il 07 130 3128.56 II QIA^V IH-o 4- lUV (

95 2923.32 II 5340 I 39537 95 3129.96 II 9452 I 41392
35 2924.25 II 9092 _ 43279 130 3130.81 II 9329 _ 41260

35 2928.34 II 2857 — 36996 100 3133.09 II 0 — 31908

oo 90/17 QO II 3082 36996 •31 oo or; IIOioo.OO 11 8885 40785
70 2948.01 II oVZO 1 210 3135.03 II 9A9ZDZ ^91 C^f\oZ IDU

35 2952.43 I 1719 35579 190 3136.93 I 0 31869
35 2955.60 II 9092 _ 42916 190 3137.30 I 0 _ 31865

70 2960.93 II 3082 — 36845 120 3138.71 I 533 — 32384
1 in ZVOo.OU II11 9092 — 42825 yo ^149 QO II014-Z.7U 11 9452 41260
80 2965.43 II

A OA ^4841 OOC C 0ooooo 230 3143.13 II 0004/

29 2972.74 II 3082 36711 930 3145.00 II 1159 32946
560 2980.15 II 633 34179 370 3145.52 II 9143 40925

35 2983.74 II 7992 41497 230 3146.88 II 9329 41097
An 9nm CO It

11 3427 36845 OQO 0 1 cA CO ITolOO.oo 11 633 32304
95 2993.04 II 3444 36845 200 3158.63 I 215 31865

1200 2999.04 II 262 33596 140 3160.69 II 633 32263
370 3002.86 II 7992 41284 980 3161.37 II 1935 33558

83



Gadolinium— all observed /iVie5— Continued

TntPTiQitvXII ICllSIi J

llai Id

Wavelength
in A

Energy levels

in cm~'

xiiLciisiiy

3n(l
Wavelength ^ ,

ill
opecirum

Energy levels

in cm"'

80 3167.20 I 999 32564 110 3401.07 II 633 30027
80 3169.47 II 11084 — 42626 540 3402.07 II 10392 39777

90 3171.09 II 1159 - 32685 110 3403.08 II 9452 - 38828

220 3190.28 I 533 — 31869 90 3405.04 II 10803 — 40162

90 3193.17 II 5340 — 36647 200 3406.92 I 533 — 29877

220 3199.30 I 1 71

Q

1100 d 3407.56 II ^0071

160 3199.58 I 533 31778 3407.61 II 4841 34179
110 3203.41 I 999 - 32207 250 3409.30 II 3427 - 32750
70 3206.47 II 18369 - 49547 220 3411.02 I 999 - 30308
50 3215.26 I 999 - 32092 110 3412.02 II 9329 - 38629

690 3223.74 II 220 3413.27 II
1 AOAO /fAAAO4UU92

3223.78 I 1719 32730 1400 3416!95 II 3427 32685
110 3225.46 II 9092 - 40086 130 3417.33 II 10908 - 40162
160 3226.32 II 8551 - 39537 1400 3418.73 II 0 - 29242
220 3232.78 I 533 - 31457 6900 3422.47 II 1935 - 31146

90 3238.62 II 10392 41260 390 3422.75 II 1159 30367
100 3250.19 II 10633 A 1 OAO41392 1100 3423^90 I 999 30197
110 3259.25 II 10803 — 41476 3423.92 II 0 — 29198
540 3266.73 I 533 - 31136 830 3424.59 II 2857 - 32049
250 3267.64 I 215 - 30809 390 3425.93 II 3082 - 32263

140 3268.34 II 262 30850 100 3426.34 II 9143 38320
110 3274.18 II 10392 40925 220 3428.47 II 10092 39251
110 3279.53 II 10908 - 41392 110 3430.24 II 10633 - 39777
100 3281.61 II 10633 - 41097 150 3430.98 II 9092 - 38230
250 3282.25 I 999 - 31457 690 3432.99 II 2857 - 31977

3282.30 II 10803 - 41260
1700 3439.21 II

0AOO 0O1 CA32150
430 3291.48 I 1719 32092 830 3439^78 II 3427 32491
370 3292.21 II 8885 - 39251 2700 3439.99 II 1935 - 30997
430 3294.08 I 533 - 30882 110 3441.79 II 3444 - 32491
330 3313.73 II 3427 - 33596 390 3449.62 II 262 - 29242

200 3315 59 11 3444 33596 1400 3450 38 II
0ATO3972 0 OA/1 £32946

90 3316.56 II 9943 40086 1100 3451.23 II 3082 32049
190 3320.44 II 9143 - 39251 540 3454.14 II 1159 - 30101

130 3329.34 II 9143 - 39170 880 3454.90 II 262 - 29198
430 3330.34 II 7992 - 38010 200 3455.27 I 1719 - 30652

1400 3331 38 II 0 30009 200 3457 05 II
AAAO9092 OOA 1 A38010

830 3332.13 II 8551 38553 220 3461.95 II 3427 32304
90 3334.06 II 9092 - 39077 220 3463.00 II 1159 - 30027

1100 3336.18 II 0 - 29966 2700 3463.98 II 3444 - 32304

90 3336.98 II 8551 - 38510 100 3466.50 II 5340 - 34179

son II 0 29878 330 3466 95 II 3427 32263
200 3350.10 II 9329 39170 1700 3467.27 II 3427 32260

5400 3350.47 II 1159 _ 30997 150 3468.08 II 3082 _ 31908

220 3357.61 I 533 - 30308 1700 3468.99 II 3444 - 32263

270 3358.43 II 3444 - 33212 80 3469.31 II 3444 - 32260

OOJO. II11 262 30027 1400 ^47^ 99 IT 262 29045

780 3360.71 II 150 3476.31 II 10292 39050

5400 3362.23 II 633 _ 30367 2200 3481.28 II 4841 _ 33558

270 3364.24 II 0 _ 29716 1700 3481.80 II 3972 - 32685

200 3365.59 II 262 - 29966 490 3482.60 II 3444 - 32150

^1ft7 f\f\OOU 1 . uu II11 10092 39777 220 3486 20 I 533 29209

150 3369.62 II oooo 110 3491.74 II 11084 39715

100 3373.84 I 0 _ 29631 980 3491.95 II 0 28629

220 3374.69 II 3972 _ 33596 1700 3494.40 II 633 — 29242

220 3379.76 II 10392 _ 39971 90 3497.09 I 533 - 29120

inn OOOU.U i
II11 7992 37569 100 h 3501 58 II 9092 37643

220 3380.52 II 9452 0AAOC 80 3503.21 II lUOoo QAl 7

A

90 3390.88 II 9452 38934 1400 3505.51 II 3972 32491

1100 3392.53 II 633 30101 780 3512.22 II 3444 31908

150 3393.63 II 10633 40092 1100 3512.50 II 10092 38553

540 0 one 1 o3395. il
IT
11 10092 39537 ooU 00 10.00 1 999 29451

220 d 3397.22 I 1719 31147 90 3516.78 II 11670 40097

3397.32 I 0 29426 100 3517.89 II 10092 38510

200 3399.41 II 3082 32491 90 3522.45 II 2857 31238

540 3399.99 II 2857 32260 980 3524.20 II 262 28629
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Gadolinium— all observed Zi/ies— Continued

Intensity

and
Character

Wavelength
in A Spectrum

Energy levels

in cm"'

Intensity

and
Character

Wavelength c
• i " Spectrum

Energy levels

in cm"'

110 3525.15 I 999 - 29359 310 3649.44 II 9452 - 36845

430 3528.54 II 3972 - 32304 450 3650.95 II 9329 - 36711

§ 3534.24 II 9944 - 38230 160 3651.19 II 11670 - 39050

150
qco7 le
oDot .lO

TT
11 10292 - 38556 ozu 5Ac;9 TToOoZ.o'+ 11 7992 - 35362

540 I^AO 77 II11 ooooo o/:c/i f^y TTo004'.0Z 11 970ftft^ 1 yoo

4300 3545.80 II 1159 - 29353 3100 3656.15 II 1159 - 28502

3900 3549.36 II 1935 - 30101 210 3658.19 I 533 - 27861

90 3553.72 II 10803 - 38934 100 3661.66 II 11084 - 38386

1400 OC CI AC3557.05 TT
11 4841 - 32946 1400 3662.26 11 0 - 27298

540 occo in3558. 19 TT
11 oo51 - 3oo4/ 2700 3664.60 11 /yy2 — Q C070

430 3558.47 II 4852 - 32946 80 3668.32 II 11670 - 38922
200 3564.05 II 4213 - 32263 2000 3671.20 II 633 - 27865
90 3564.64 II 11670 - 39715 1000 3674.05 I 215 - 27425
110 d o5o7. 12 TT

11 10803 - 38828 350 3679.21 I 533 - 27705
110 300/.00

TT
11

y1 AOT4027 - 0 OA/IA32049 2000 3684.13 I 0 - O"? 1 0£i27136

100 3569.57 II 4484 - 32491 720 3686.33 II 7992 - 35111
90 3570.41 II 12309 - 40309 3100 3687.74 II 2857 - 29966

690 3571.93 II 0 - 27988 210 3694.03 II 3082 - 30144
330 3574.74 TT

11 10092 - 38058 130 3696.76 II 11344 - 38386
100 00 (0. / /

TT
11 4027 - 31977 100 3696.93 1 0 - 27042

^90 3578.36 II 4213 - 32150 2000 3697.73 II 262 - 27298
100 3579.55 II 10392 - 38320 1300 3699.73 II 2857 - 29878
150 3580.62 II 10908 - 38828 40 3703.51 II 13031 - 40024
980 0 C O 1 A 13581.91 TT

11 8551 - 36461 A60 O ^AA to TT3709. 13 11 6605 - 33558
100 35o3.o5 1 215 - 28112 0*7AA2700 O "7 1 O TA TT3712.70 11 3082 - 30009

5400 3584.96 II 1159 - 29045 2000 3713.57 I 215 - 27136
90 3586.58 II 11670 - 39544 40 3715.23 II 11084 - 37993
150 3587.19 II 633 - 28502 100 3715.92 I 215 - 27119
AO 3588.21

T
I 0 - 27861 1400 3716.36 II 262 - 27162

540 O CAA A

n

3590.47 TT
11 4841 - 32685 OAAA2000 on 1 ^ A o T3717.48 1

COO533 - 0*7.1 OC27425

3591.44 II 4213 - 32049 1800 d 3719.45 II 9944 - 36822
1 3591.91 II 4852 - 32685 3719.53 II 3972 - 30850

1 inn 3592.71 II 8885 - 36711 250 3722.07 II 13926 - 40785
9nn 3593.44 IT

II 4484 - 32304 60 3723.69 11 13926 - 40773
110 3596.84 I 999 - fin^n o

28793 430 3725.47 II 9944 - 36778

3600.96 II 8885 - 36647 90 3726.57 I 215 - 27042
inn 3602.00 II 10092 - 37846 1500 3730.84 II 3082 - 29878

1 1 nn 3604.87 I 1719 - 29451 270 3732.32 I 1719 - 28504
97n 3605.26 I T

11 9092 - 36821 230 633 - 27418
250 3605.66 II 262 - 27988 230 3732.67 I 533 - 27316

1 3607.12 II 12309 - 40024 510 3733.08 II 9944 - 36724
Q'i(\o6\) 3608.75 II 9143 - 36845 100 3736.44 I 1719 - 28475
OoXJ 3610.76 II 10633 - 38320 490 3739.76 I 999 - 27731

3610.91 TT
11 9092 - 36778 O OA330 OlAn AO TT3740.02 11 9092 - 35823

80 3612.88
TT
II 90 3741.91 II 11670 - 38386

3613.39 11 9329 - 36996 4500 3743.47 II 1159 - 27865
0*7A J270 d 3614.21 II 5897 - 3'?SS8 40 3744.14 II 3444 - 30145

3614.42 I 0 - 27660 620 3744.83 I 1719 - 28415
3617.16 II 10392 - 38030 40 O"? A A A TT3746.44 11 13031 - 39715

390 3620.46 II 7992 - 35605 120
O^AO OO TT3748.88 11 11343 - 38010

ivo 3622.81 II 11084 - 38679 100 3751.10 I 215 - 26866

270 3624.89 II 10292 - 37872 80 3755.24 II 9944 - 36566
1 TA170 3625.26 II 8885 - 36461 80 3755.56 II 10092 - 36711
1 TA J170 d 3626.32 II 9143 - 36711 230 3757.74 II 12318 - 38922

3626.41 II 11670 - 39237 1000 3757.94 1 533 - 27136

250 3629.51 II 9452 - 36996 1400 3758.31 II 3427 - 30027

90 3630.25 II 10292 - 37831 820 3759.00 II 0 - 26595

130 3630.88 II 11344 - 38877 100 3759.98 I 0 - 26588

330 3634.76 II 9143 - 36647 100 3760.47 I 7562 - 34147

220 3639.05 II 12072 - 39544 620 3760.71 II 3444 - 30027

250 3640 18 11 4841 - 32304 290 3760.92 II 3427 - 30009
330 3641.39 II 10392 - 37846 870 3762.20 I 999 - 27572

870 3645.62 II 3427 - 30850 150 3763.00 II 1935 - 28502

6100 3646.19 II 1935 - 29353 210 3763.33 II 3444 - 30009
100 3648.48 I 1719 - 29120 370 3764.20 II 11084 - 37643
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Gadolinium — all observed /iraes— Continued

Intensity

flnd

Character

Wavelength
in A

Snf*ftriim Energy levels

in cm"'

Intensity

and
Wavelength

in A opectrum
Energy levels

in cm"'

'\lf\A. (\(\ TT
11 10092 36647 IW oo^7 o/;OOO /.ZD

TT
11 4027 29878

870 3767.04 II 3427 29966 140 3871.54 II 633 26455
8700 3768.39 II 633 - 27162 140 3872.62 II 3427 _ 29242
620 3769.45 II 3444 - 29966 250 3873.57 I 6976 - 32785
1400 3770.69 II 9092 35605 160 3874.46 I 533 26336

£.0\J ^771 9fi I1 533 27042 99nzzu oo ( 0.40 TT
11 4213 30009

210 3773.45 I 7654 34147 110 3881.84 II 3444 29198
160 3774.30 II 11343 - 37830 65 3884.66 II 11084 — 36819
210 3776.83 I 7235 - 33705 75 3887.16 II 633 - 26352
100 3779.83 II 9092 35541 75 3887.73 I 533 26248

lUUU TT
11 10292 36723 QQQQ QQ T

1 10947 36653

2900 3783.05 I 999 27425 85 3890.42 I 7234 32931

60 3783.73 II 13515 - 39936 55 3890.85 II 11084 — 36778

170 3787.15 I 0 - 26397 45 3892.72 I 7103 - 32785

1100 3787.56 II 3972 — 30367 1500 3894.70 II 0 — 25669

6 ( VU.OO T
1 91 ZUOOO 1 7A

1 /U
QQAC no TI11 'tZ lO 9Qfi7flZ70 I O

770 3791.17 II luuyz QA/I AT 450 3895.79 II QQ4'l OOOKJD

80 3791.72 II 4484 30850 65 3897.32 I 7235 _ 32886
490 3792.39 II 12318 - 38679 750 3902.40 II 3427 - 29045
80 3795.25 II 2857 - 29198 300 3902.71 I 999 - 26615

loU 3795.75
T
1 Z166I 240 3904.29

T
1

91 ^ZlO 9^Q91

120 3795.93 II 450 3905.65 I
97Q1

5100 3796.37 II 262 26595 65 3907.12 I 6976 32563
160 3798.39 II 10392 - 36711 45 3909.25 I 6976 - 32549
720 3801.29 II 11343 - 37642 65 3909.94 I 532 - 26100

15U
TT
11 /

9Q71 1;zy i lo 45 3911.62
T
1 7A9^

210 3804.39 I oo I UO 75 3912.75 I
79^"^/ZoD oZ (oO

210 3805.09 II 1 A9Q9 oDODO 65 3913.78 II oUUZ i

560 3805.52 II 9092 — 35362 2200 3916.51 II 4841 — 30367
150 3807.65 II 10392 - 36647 120 3918.06 II 9092 - 34608

4U 0 O 1 A 0 C TT
11 OOOOD 1 OAIzu OA TO f^A

3918.z4 IT
11 /IQQ94'oOZ OUOD t

6l\)\J
0 O 1 0 AT TT

11
AU 9A9 1 9ZOZ IZ 450 o9z3.z5 IT

11 zyyoo
430 3814.74 II 13030 39237 110 3926.68 I 7427 32886
770 3816.64 II 262 - 26455 120 3932.98 II 9943 - 35362
430 3818.75 II 11343 - 37522 1200 3934.79 I 533 - 25940

60 0 O O 1 CI3821.51 TT
11

QAQOoUoz zyz'+z
3934.82 II 262 - 25669

120 3822.17 II
0AOA7 220 3935.38 I

AU zo^Uo
120 3824.15 I 7562 33705 75 3938.11 II 12318 37703

350 3826.05 II 3972 - 30101 110 3938.97 II 11343 - 36723

230 3827.33 II 13515 - 39635 450 3941.80 I 1719 - 27081

230 3829.46
TT
11 luzyz

oz: QAn 590 3942.63
T
1 zi5 zoo / z

180 3830.98 II
1 0 C 1 cloolo 0 A<; 1 A 270 3943.24 I

A
U z5o5o

370 3831.80 II 262 26352 220 3943.62 I 7235 32585

210 3832.97 I 533 - 26615 1400 3945.54 I 999 - 26337

330 3834.99 II 12318 - 38386 I 0 - 25338

970 3836.91 II
0ATO 3AA07 55 3949.25

TT
11

1 1 AQ/1 O^OAQoDoyo

40 I
AAA999 z7u41 300 3952 00\J y kJ^ ^ \J\J II 20455

1000 3839.64 II 3972 30009 590 3953.37 I 533 25821

120 3840.26 I 215 - 26248 1200 3957.67 II 4841 - 30101

1200 3842.20 II 9092 - 35111 110 3958.68 I 0 - 25254

1400 3843.28
T
1

1 T 1 A1719 077 0 111 Hi 7 CA750 OACA AA3959.44 TT
11

/I QC9 OA! Al

80 ^84"? 80 II 4841 30850 3959 52 II
COA75oy / 01140

1400 3844.58 II 1159 27162 180 3960.11 I 6976 32221

120 3845.47 II 4852 _ 30850 55 3962.10 II 4483 - 29715

150 3846.49 I 6976 - 32967 220 3963.66 II 11343 - 36565

3300 3850.69 II 633 26595 75 QA^C I\A3965.04 I
1

7O0 C7z35 OOyI A O02448

5100 ^850 97 II 0 25960 590 3966.28 I
1 7 1 A
1 / ly 2oy25

4300 3852.45 II zoz 9^i919ZUZ IZ 590 3968.26 II 1159 26352

140 3854.18 II 4027 29966 750 3969.00 I 215 25403

470 3855.56 II 1935 27865 270 3969.29 II 4841 30027

140 3858.45 I 6976 32886 65 1 6976 32157
1 An ooO 1.1'* II

11 13030 38922 1 tu IT11 4852 30027

250 3863.05 II 9943 35822 450 3971.75 II 4027 29198

130 3864.79 I 999 26866 85 3972.17 II 9943 35111

1600 3866.99 I 1719 27572 390 3972.71 I 0 25165
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Gadolinium — all observed Ziraes— Continued

Intensity

and
Character

Wavelength
in A Spectrum

Energy levels

in cm"'

Intensity

and
Character

Wavelencth
m A Spectrum

Energy levels

in cm"'

590 3973.98 II 4852 30009 540 4063.59 II 4027 28629
300 3974.81 I 1719 26870 260 4066.04 7562 32150
120 3975.11 II 11669 36819 520 4068.35 j 7427
750 3979.33 I 215 _ 25338 260 4068.74 J 7562 _ 32133
150 3983.01 II 5897 - 30997 750 4070.29 II 4484 - 29045

3987.21 II
DATA 29045

4070.39 II 3427 - 27988
450

470 QOQ7 Q/t
1 0 25069 o5u Anno OA TT

11 3444 27988
95 3989.25 II 11084 36144 300 4073.76 II 6605 31 146

320 3992.69 I 533 - 25572 1300 4078.44 II 4841 — 29353

220 3993.21 II 633 - 25669 2800 4078.70 533 - 25044

650 3994.16 II 4213 29242 190 4080.53
}

215 24715
TAA700 ovyo.oz TI

XX
AAAO9092 Q /I 1 AO Woo. /U 6976 31457

320 3997.76 II 8551 33558 65 4084.68 II 11669 36144

65 4000.18 I 6786 — 31778 1500 4085.56 II 5897 _ 30367

470 4001.26 II 4213 - 29198 260 4087.69 II 11084 - 35541

65 4001.96 II 650 4090.41 215 — 24656

65 400J.85 XT
Ix 11492 36461 A C A AA 1 7 C4Uy 1 . /

a

7427 31859
260 4004.94 II 1 1 ^^0X lOOV '\f\f\X\oODol 1100 4092.71 1710X t ly 9A14fiZOX'tO

110 4006 96 I 215 25165 260 4093.72 J 7427 31848
320 4008.33 I 999 _ 25940 260 4094.48 II 4213 _ 28629

300 4008.91 II 9092 - 34029 2600 4098.61 n 6605 - 30997
110 4009.22

TT
11 12071 — 37007 520 4098.90 4852 — 29242

150 4013.43 I 7/107 650 4100.26 QQQ

300 4013.80 II 11084 35991 95 4104.99 7103 31457
85 4013.95 II 3082 _ 27989 75 4108.40 jj 12662 _ 36996

150 4015.22 I 7235 - 32133 45 4110.43 n 11669 - 35991
200 4015.58 1 1719 26615 150 4110.60

}|

11084 35404
300 4017.25 I / OOi 390 4111.44 o40U I

430 4017.71 I 6976 31859 130 4111.74 JJ 12318 36631

300 4019.73 I 533 _ 25403 65 4112.94 J 7562 _ 31869

300 4022.33 II 11084 - 35938 45 4113.77 n 12071 - 36373
1100 4023. 14

T
1 1719 26568 75 4115.38

'J

12704 36996
810 4023 35 I 65 4119.21 1 1 9QA

1 IZVO oOOOO
220 4027.61 I 999 25821 65 4119.38 JJ 11669 35938
1100 4028 IS I 6976 _ 31795 55 4125.78 J 8499 _ 32730

860 4030.88 I 6976 - 31778 45 4127.72 12776 - 36996
TAA700 4033.49 1 7235 — 32020 OOAAzzOO A 1 on O

7

5897 30101

340 4035 40 I
0 1 270 4131.48 JJ i io4o ooo41

260 4036 84 I 7235 32000 1 100 4132.28 JJ 4852 29045
1400 4037 33 II 5340 _ 30101 750 4134.16 J 533 24715

700 4037.90 II 4484 - 29242 410 4137.10 n 9943 - 34108
110 4039.49 II 12309 - 37058 45 4138.03

j|

6976 - 31136
170 4039.67 II

1 OA*? 1 q/:q 1 Aoooiv 120 4140.45 A A QA

65 4042.76 II 11669 36398 45 4141.02 JJ 12704 36845

410 4043.71 I 7427 32150 45 4144.25 J 7426 31549

45 4044.02 I 533 - 25254 280 4148.86 I 1719 - 25815

1600 4045.01 I 0 - 24715 55 4149.48
j|

7235 - 31328
130 4045. 15 II 4484 29198 45 4150.61 9943 34029
970 4046.84 II 11669 36373 40 4151.63 JJ 12318 36398

270 4047.09 I 7654 32356 1 10 4153.51 JJ 12776 36845

160 4047.81 II 12309 - 37007 190 4154.86 II 8885 - 32946

110 4048.60 II 9092 - 33785 190 4157.78
{

999 - 25044
97n^ i u 4040 90'rut?. I

1 7562 32252 40 4158.48 7C £07562 31602
4.040 4'? II

1

1

5340 30027 540 4162.73 JJ 3972 27988
99nn 4049.86 II 7992 32677 280 4163.09 JJ 5340 29353

270 4050.37 I 7654 - 32336 280 4167.16 II 3427 - 27418

810 4053.29 II 9943 - 34608 4167.27
j!

999 - 24989
2600 40=i^ fi4 I 999 25661 130 4170.11 3444 27418
O 1 u I

1 0 24656 120 4171.71 J 11830 35795
I
1 215 24850 120 4173.56 JJ 12892 36845

no 4059.37 II 13926 38553 2400 4175.54 I 1719 25661
650 4059.88 I 7235 31859 95 4182.77 7235 31136
270 4061.30 II 12071 36687 2400 4184.25 3972 27865

650 4062.59 II 10292 34900 85 4188.10 3427 27298
1900 4063.39 II 7992 32595 45 4188.82 12520 36386
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Gadolinium— all observed Ziraes— Continued

Intensity

and
Character

Wavelength
in A Spectrum

Energy levels

in cm"'

Intensity

dnd
Character

Wavelength
in A

Snppfnim Energy levels

in cm"'

65 4190.20 I 6976 _ 30834 130 4322.20 II 3082 26212
2200 4190.78 I 999 - 24854 130 4324.06 II 9143 - 32263
750 4191.07 II 3444 — 27298 2600 d 4325.57 II 11067 — 34179
750 4191.63 I 4325.69 I 533 23644
75 4193.15 II

OQ7QC
45 4326.32 II

1 70 1 717817 40925

110 4197.07 II 12892 _ 36711 1900 4327.12 I 0 _ 23104

450 4197.68 II 10292 - 34108 II 2857 - 25960
85 4202.52 II 13030 - 36819 120 4328.94 I 7103 - 30197
590 4204.86 II 4213 27988 370 4329.58 I 6786 29877
55 4208.08 I 6550 30308 340 4330.61 II 4213 — 27298

1300 4212.00 II 3427 27162 240 4331.38 I 6550 29631
970 4215.02 II 3444 - 27162 75 4333.24 I 13506 — 36576
650 4217.20 II 5340 - 29045 40 4335.29 II 17725 - 40785
45 4223.02 II 12318 35991 40 d 4336.63 I 14669 — 37722
65 4224.27 I 7480 — 31147 4336.78 I 15121 — 38173

320 4225.03 I 1719 25381 140 4337.51 I UO 1 o

160 4225.15 II 4841 _ 28502 11 17725 40773
4800 4225.85 I 1719 - 25376 40 4340.60 I 17600 - 40632
220 4227.14 II 4852 — 28502 450 4341.28 II 3427 — 26455
220 4229.80 II 13076 — 36711 910 4342.18 II 4841 — 27865

75 4232.47 II 12318 1000 4344.30 II

65 4232.93 I 13506 _ 37123 2200 4346.46 I 999 _ 24000
55 4235.07 II 8885 - 32491 910 4346.62 I 215 - 23215
85 4235.88 II 13030 — 36631 220 4347.31 II 10600 — 33596

650 4238.78 II 9092 — 32677 75 4353.79 I 14253 — 37215

95 4241.28 II 13076 36647 30 4354.06 II 13030 35991
180 4243.84 II 11343 _ 34900 55 4359. 15 II 4484 _ 27418
150 4245.34 I 7103 - 30652 30 4359.64 II 9329 - 32260
200 4246.57 II 9143 - 32685 160 4360.92 II 3427 — 26352
65 4250.28 I 6786 - 30308 160 4369. 15 I 12057 — 34938

1700 4251.73 II 300 4369.77 II

860 4253.37 II 4484 _ 27988 190 4370.18 I 6550 _ 29426
650 4253.61 II 9092 - 32595 970 4373.83 I 533 - 23390
810 4260.12 I 533 — 24000 85 4376.07 I 6786 — 29631

1600 4262.09 I 6786 - 30242 190 4378.56 I 7562 — 30395

II 140 4380.64 II 9^90 ^91 'ifl

650 4266.60 I 999 _ 24430 95 4382.06 II 4484 _ 27298

470 4267.00 I 215 - 23644 140 4383.12 II 9452 - 32260
160 4268.73 II 8885 — 32304 45 4386.20 I 15121 — 37913

55 4270.28 I 6786 - 30197 30 4387.17 I 14253 — 37041

55 h 4273.29 I 180 4387.67 II 9fi91 9

300 4274.17 I 0 23390 180 4389.88 I 7103 _ 29877

55 h 4278.22 II 13030 - 36398 180 4390.00 I 11685 - 34458

910 4280.49 II 2857 - 26212 150 4390.95 II 3444 - 26212

45 4282.79 II 13030 - 36373 65 4391.44 II 9143 - 31908

430 4285.82 I OoDU 00077 280 4392.06 I

300 4286.12 I 1719 25044 27 4394.72 II 6605 29353

55 4289.88 II 13515 - 36819 180 4397.51 II 9943 - 32677

540 4296.08 II 4027 - 27298 30 4400. 18 II 9329 - 32049

140 4296.30 II 13378 - 36647 85 4400.76 I 7480 - 30197

220 4297.17 II
1 1 Q/J Q
1 lo4J oWUo 1400 4401.86 I 1710

45 4298.43 II 13800 37058 520 4403. 14 I 7947 30652

430 4299.29 I 6378 - 29631 260 4406.67 II 11492 - 34179

130 4304.90 II 12318 - 35541 260 4408.25 II 4484 - 27162

1100 4306.34 I 0 - 23215 220 4409.25 I 8498 - 31172

30 4307.87 II looUU Q 7A/17 520 4411.16 I ooo

260 4309.29 I 7947 31147 27 4413.44 I 6976 29628

85 4310.98 II 3972 27162 860 4414.16 I 8498 31147

1800 4313.84 I 215 23390 700 4414.73 I 999 23644

520 4314.40 I 7480 30652 340 4419.03 II 3972 26595

n 5340 28502 140 4421.24 II 10600 33212

65 4316.27 II 9328 32490 1400 4422^41 I 215 22821

370 4320.52 I 7103 30242 45 4424. 10 II 9452 32049

750 4321.11 II 4852 27988 120 4425.01 I 12345 34938

4321.20 I 1719 24854 55 4426.15 II 3082 25669
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Gadolinium — all observed /iraes — Continued

Intensity

and
Character

Wavelength
in A Spectrum

Energy levels

in cm"'

Intensity

and
Character

Wavelength
in A ispectrum

Energy levels

in cm"'

45 4427.61 II 019070ZV 130 4573.81 I
AU ZloOO

1100 4430.63 I Q 260 4575.91 704 7/y4 /

85 4431.76 I 7947 _ 30505 280 4579.59 J 12346 34175
45 4433.64 II 10633 - 33182 85 4581.09 II 5340 - 27162

240 d 4436.10 I 1719 - 24254 410 4581.29 I 999 - 22821
4436.22 II 13926 — 36461

95 4582.38 II 1 nnQ9lUUVZ 01 AAQ

1 AH IT C 0 j1 ADo40 Z /odd 1 in 4'^89 '^1 II
11 000 i 30367

30 4444.98 I 13506 35997 410 4583.07 7480 29294

75 4446.49 II 3972 - 26455 85 4584.26 I 7947 - 29754
27 4449.02 I 14777 - 37248 160 4586.99 I 12057 - 33851

27 4449.41 I 14777 37246 220 4596.98 II 4213 25960
I
1 12487 34938 i9n 4i;07 01 IT

11 4852 26595
40 4453.93 II 8551 30997 410 4598.90 7103 28842
22 d 4458.32 I 15852 _ 38276 340 4601.05 II 4484 _ 26212

4458.41 I 15121 - 37544 240 4602.93 999 - 22718

30 4461.36 I 7427 29835 55 h 4606.06 15720 37425
1 in 4.4.69 8^ I

1 12057 34458 in 4AnQ ni40UO.U0 IT
11 19402 41097

55 4463.25 II 10092 32491 27 4608.58 S11 99996

300 4464.74 I 12520 _ 34911 55 h 4611.04 J 15720 _ 37401
300 4466.55 II 4213 - 26595 520 4614.50 J 6786 _ 28451

4466.60 I 6976 29359 85 bl 4615.6 GdO
I
1 00 10222 31865

75 4467.23 II 10803 33182 140 4624.42 J 98160ZO 1U7
110 4471.29 II 10392 — 32750 430 4636.64 J 6550 _ 28112
65 4473.28 I 215 - 22564 110 4639.00 II 8551 _ 30101

700 4474.13 I 170 4640.04 11685 33231
oou d.d.7fi 1 9 I

1 0 22335 1 7n 464A nn 11830 33348
220 4478.80 II 4841 97169 170 4647.64 I 1710 91990

280 4481.06 II 4852 _ 27162 170 d 4648.59 J 12345 _ 33851
220 4483.33 II 8551 - 30850 4648.70 J 10360 _ 31865

220 4484.70 I 12520 34811 430 4653.54 6378 27861
97 4.4.(1'^ 4fl I

I 533 22821 8^ 4AQ4 004004.W II
11 8551 30027

65 4486.35 II 18641 40925 45 4664.27 II 1 781

7

1Q9'il

280 4486.90 I 1719 _ 24000 55 4666.45 II 11067 _ 32491
65 h 4488.40 II 10908 — 33182 140 h 4670.87

500 4497.13 I 999 23229 55 4678.25
{

16534 37904
14.07 19 I

1 1 7n 4A70 18to (V. 10 12487 33852
170 4498.28 II 1444 ZJUU7 260 4680.04 I 7480 28842
27 4503.79 I 999 23196 65 4683.07 I 7103 _ 28451

430 4506.21 I 533 _ 22718 430 4683.33 J 7947 _ 29294

140 4506.33 II 4027 — 26212 65 h 4686.41
}

17016 — 38348
DO 4c:n^ 01 II

ii 3427 25609 1 4n 4A88 1 94Doo. IZ 533 21858
55 4509.08 II 10009IUU7Z 19961 85 4691.16 I uoou 97861

140 4514.50 II 11067 33212 700 4694.33 I 8498 _ 29795
85 4516.98 I 14253 _ 36384 170 4695.49 J 12057 _ 33348

1100 4519.66 I 215 — 22335 430 4697.42
j

6378 — 27660
00 A C OA AT If

11 10633 — 32750 1 7A
1 /U 4 7A'I 1 14/Uo. lo

{

8498 29754
55 4521.30 II 200 4709.78 000 9999A

75 4521.94 II 18677 40785 55 4711.98 II 8885 I 30101
300 4522.82 II 11492 _ 33596 30 4712.80 II 20047 41260

150 4524.12 I 13506 - 35603 110 4721.46 12057 — 33231

Vo A C 'ii. A*?4000. y

/

1 12520 34555 lou /1 700 A 74(Zo.4( IT11 8885 30027
910 4537.81 I

t^ii000 OOC^AAzZ0o4 85 4728.64 £^11000 91 A7c;

220 4540.02 II 18753 40773 220 4732.60 II 8885 30009
300 4542.03 I 215 _ 22226 45 4734.43 II 5340 _ 26455

65 4544.23 I 7427 - 29426 260 4735.75
j

6550 - 27660
ACAQ AA 1

1 10947 — 32928 DO 471Q 1 14/00. 1 1 11685 — 32785
65 4550.95 II 5897 27865 410 4743.65 J 6786 27861

45 4554.99 II 10803 32750 110 4745.82 J 7103 28169
120 4558.08 II 4027 25960 30 h 4749.15 J 16758 37809

27 4559.62 I 14253 36179 30 d 4755.35 II 19750 40773
45 d 4561.08 I 16775 38693 4755.50 II 20369 41391

27 4564.59 I 10884 32785 45 4758.26 533 21543

30 h 4570.98 II 10392 32263 320 4758.70 7103 28112
85 4572.20 I 6976 28842 110 4760.74 1719 22718
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Gadolinium— all observed Zines— Continued

Intensity

and
Character

Wavelength
in A Spectrum

Energy levels

in cm"'

Intensity

and
Character

Wavelength
in A Spectrum

Energy levels

in cm"'

130 4763.82 I 10884 - 31869 75 4999.07 I 10884 - 30882
470 4767.24 7480 - 28451 65 5010.82 II 8551 - 28502

65 d 11297 - 32207 OD
CAT 1 HA
OUl 1. /4 1 11830 - 31778

:
12057 - 32966 (OU

cni c f\A.0U10.U4'
T
1 R4QS - 9ft4.^^

;
999 - 21905 oU TT

11

40 d 4783.47 I 11685 - 32585 27 5020.37 I 7562 - 27476
4783.56

j

11830 - 32730 II 9329 - 29242
300 AIQA AO4 /o4.02

}

7947 - 28842 55
TT
11 9143 - 29045

i iU 4/00. /o ooZol 65 CAO 1 OA5031.29
TT
11 loU/0 — O0O/1

A

02940
4 /oo.y

1

TT
11

OAA97oUUz /
A A40 CAOT5031.56

TT
11 9o29 — onioQ29198

45 4791.15 II 9143 - 30009 75 5039.09 I 11297 - 31136
140 4801.05 II 9143 - 29966 19 5048.78 II 19223 - 39024
30 A OAO C O4oUz.oo

TT
11 4852 - 25669 65 5050.88 II 12892 - 32685

/in 4o0o.o4
TT
11 1 1 AQO114VZ 27 5061.06 II

1 Aom10391 — Of\T A AOU144
97 /IQAC on4oUo.oz TT

11 27 5062.86 II C^A CO9402 — on 1 no2919o

220 4807.45 I 8498 - 29294 30 5067.06 II 20047 - 39777
45 h 4808.01

{

13926 - 34719 45 5070.19 I

55 y1 Q 1 A QQ4olD.oo 11830 - 32585 A C45 CAT! AO5071.02 TT
II 12776 - 32491

OiU /tool <;n4821.69 1 71 O OOyI CO 30 5072.99 I 16534 - 36241
/loon (\A
48.29.94 1 1 AQt^11 0(50 — o2oo4 55

r A*? 1 '^^ A
5073.74 I

1 £OA£16296 - OiCAAA36000

85 4834.23 II 9328 - 30009 55 5082.80 I 16534 - 36203
130 4835.26 I 999 - 21675 95 5092.25 II 13926 - 33558
110 4848. 10

j

12345 - 32966 65 5096.06 II 8885 - 28502
9to 4856. 17

j

1 1 AQ^
1 looo — 61116 130

CAAO OO5098.38
TT
11 loU/0 — 0 OAOC020oD

OD AQZC TO4o5o. 1 A7QQ 'XTXA Q6 /O'+O 55 C 1 AA A A5100.94
TT
11

1 OQQO12092 — 02491

75 4859.22 I 10884 - 31457 910 5103.45 I 7947 - 27536
75 4861.78 I 11297 - 31859 180 5108.91 II 13378 - 32946
110 4862.59 10576 - 31136 30 5123.68

f T
II 10633 - 30144

1 7A 4865.02 f T
11

noon 29o /O 120 5125.56 f T
II

11/1 AO11492 - 0AAA"?oU99 /

o c00 A O A A4870.04 1 one? 0 oc oco258o 65 5130.28
IT
II 12776 - 0OO£ 0

120 4871.50 I 10360 - 30882 65 5135.59 I 17015 - 36482
30 4873.34 II 9452 - 29966 75 5136.04 I 7103 - 26568
85 Add ^ AO4881.08 11297 - 31778 85 5140.84

IT
II 12704 - 32150

00 4881.36 12487 - 32967 75 5141.50 I
1 A OA7480 - o/;ao c26925

n 4881.92 II
1 o 1 e T18151 - 38629 75 5142.68 I 7427 - 26866

85 4883.19 I 10222 - 30695 15 5149.38 II 13076 - 32491
27 4889.19 11685 - 32133 30 5149.84 II 12892 - 32304
65 bl 4892.

1

GdO 860 5155.84 I
1 7480 - 26870

o c00 4894.30 II
n,i c oV4o2 - onoTO2Vo la 55 5156.76

IT
II 12002 - OOA/I

A

02049
75 4910.12 6976 - OT 0 0 T27337 75 5158.48 I

TOO C7235 - OA<C 1 c26615

30 4915.83 I 7235 - 27572 45 5160.90 II 12892 - 32263
45 4916.60 10222 - 30556 75 5163.70 I 6976 - 26337
65 d A O O CO4923.58 T T

11 17725 - 38030 55 CI C A C A5164.54 Tf
11 11492 - 30850

85 4929.84 15758 - 36037 45 5171.69 T
1 0 - 1 AO 0 119331

65 4930.69 I 15519 - 35794 190 5176.28
TT
II 8551 - 27865

280 4934.12 I 11830 - 32092 40 5178.10 II 13378 - 32685

85 4936.01 I 15833 - 36087 45 5178.84 II 19947 - 39251

85 4936.33 10884 - 31136 40 5179.92 II 11067 - 30367

220 4938.61 1 12487 - 32730 45 5186.92
TT
II 12704 - 31977

45 4948.56 I 15989 - 36191 55 5187.24
TT
II 12776 - 32049

65 4950.11 I 10360 - 30556 55 5187.88 I 6550 - 25821

30 4951.58 I 11830 - 32020 55 5191.08 II 12892 - 32150
110 4952.47 I 1719 - 21905 410 5197.77 I 7103 - 26337

65 4953.15 I 11685 - 31869 45 5199.21 II 13076 - 32304
40 4956.80 I 15173 - 35342 27 5200.55 II 19947 - 39170

65 4957.29 I 15833 - 36000 55 5210.49 II 13076 - 32263

130 4958.79 I 11297 - 31457 85 5217.48 I 999 - 20160
II 8885 - 29045 280 5219.40 I 6786 - 25940

40 4961.47 I 12057 - 32206 75 5220.30 II 10092 - 29242

27 4965.05 II 19402 - 39537 130 5233.93 I 7235 - 26336

22 4968.58 II 17725 - 37846 22 5244.38 I 17318 - 36381

95 4969.16 10576 - 30695 65 5246.87 I 7562 - 26616

55 4972.61 6976 - 27081 320 5251.18 I 8498 - 27536

19 4985.30 II 10091 - 30144 120 5252. 14 II 11067 - 30101

55 4998.37 II 18319 - 38320 I 6786 - 25821
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Gadolinium— all observed Ziraes — Continued

Intensity

and
Character

Waveleneth
in A Spectrum

Energy levels

in cm"'

Intensity

and
Character

^^avelenffth

in A Spectrum
Energy levels

in cm"'

85 5254.75 I 6378 - 25403 22 5475.72 I 6786 - 25044

140
C O C C OA5255.80 6550 - 25572 22 C A OA 005480.23

}

10884 - 29126

22 5260.81 { l'^ft'33 -lOOOO 34836 22 5482.01 iwoot 9Q1 90

30 5263.81 J 533 - 19525 22 5493.42 I 7947 - 26146

22 5268.01 J 7947 - 26925 27 5498.75 I 7480 - 25661

65 5268.78 I 533 - 19507 40 5499.97 11830 - 30007

22 5271.79 6976 - 25940 40 5500.43
TT
11 11067 - 29242

30 5272 37 ioVoy — 04901 27 h 5505 11 OAQQAo4Vot
55 5272.91

T
6378 - 25338 22 5515 61

I
16920 - 35046

55 5282.48 J 10576 - 29502 27 5521 75 J 6550 - 24656

280 5283.08 I 7947 - 26870 19 5524.60 II 19750 - 37846
30 cono CO5298.58 10222 - 29090 22 5533.37 6976 - 25044

280 5301.67 /4oU — ZOOO / 27 5538 32 II
1 AOm10391 - OO/I A 0zo442

220 5302.76 J 6550 - 25403 27 5539 81 II

55 5306.70 J 6976 - 25815 22 5545.01 II 10600 - 28629

280 5307.30 7103 - 25940 27 d 5548.20 I 12487 - 30505
45 5311.84 16758 - 35579 19 5550.21 6976 - 24989
22 h 5315.79 11

QQAOOOoUZV 22 5559 73 1 "7 1 A1719 - 1 ATA 119701

30 5316 80 II 19750 - 38553 30 5560 69 II 11067 - 29045
45 5321 25 6550 - 25338 27 5572 53 7103 - 25044

130 5321.50 I 6378 - 25165 40 5576.13 I 6786 - 24715
280 5321.78 6786 - 25572 55 5583.68 II 8551 - 26455
30 5322 37 1 AOOO10222 - OAAA/:29006 13 5586 16 II 10092 - 27988
45 5322 69

I
10576 - 29359 22 5586 32 7480 - 25376

110 5327 32 J 10360 - 29126 55 d 5591 85
I

14669 - 32548

65 5328.30 I 10222 - 28985 40 5594.13 I 14036 - 31907
45 5331.92

{

10222 - 28971 19 5597.21 II 11492 - 29353
170 5333 30 1 AOO .110884 - OA£ OO29628 22 5614.45 1 "7 1 A1719 - 1 AC 0 C19525

55 5337 53
T

10360 - 29090 27 5616.21 n 8551 - 26352
30 5341.17

T
7103 - 25821 190 5617.91 0 - 17795

30 5341.81 I 1719 - 20434 17 5621.43 II 18677 - 36461
300 5343.00

}

11297 - 30007 65 5629.55 215 - 17974

85 6550 - 25254 110 5632 25 0 - 17750

75 999 - 19701 30 5633 49 7103 - 24850
900 T

6378 - 25069 260 5643 24
T

215 - 17931

300 5350.38 I 12487 - 31172 27 5644.84 II 8885 - 26595
240 5353.26 11830 - 30505 13 h 5653.33 7654 - 25338

45 5357.79 II 9329 - 27988 40 bl 5664 42 GdO
TO OOO 7 . 1 o 16296 - 34951 30 5677.45 14298 - 31907

oo q^A] AftOOU 1 . uu J 10360 - 29006 55 bl ^^680 8Q GdO

95 5365.38 I 10576 - 29209 40 5683.33 I

30 5367.70 10360 - 28985 27 5684. 1

1

GdO
30 S368 79 7947 - 26568 22 5686.66 215 - 17795
^0ou tJOU7 . U 1 10884 - 29502 40 5692.13 7480 - 25044

6786 - 25403 390 S696 99 533 - 18084

150 5370.63 I 10222 - 28837 95 5701.35 I 215 - 17750

5370.74 6550 - 25165 65 5709.42 999 - 18509
in OO 1 ^

.

II11 11492 - 30101 40 5710.32 14669 - 32176

to OOOt . 1 o 29451 22 5721.99 n 13378 - 308^0

to OOOO . tJ7 1 J U 1 o ooo 1 y 45 5724.75 11830 - 29294

85 5389.50 I 10576 - 29126 120 5733.86 II 11067 - 28502

27 5411.20 10884 - 29359 45 5735.98 7947 - 25376
99 11 10091 - 28561 4"^to 5744.66 215 - 17618

1 1 9fi 7 1 0^ —
( lUo zoo I L OO Wlih 3fi0 1 tu. ou 'i33 -000 1 7Q31i I 70

1

4-0 D4 lo .07 } ^i7flfi —D ( oO zozot 40 5749.41 II IflfiOO -
1vuw 97QSft

85 5415.69 I 7480 - 25940 40 5751.88 I 0 - 17381

27 5419.88 II 10600 - 29045 85 d 5754.17 7480 - 24854

to
i

1719 - 20160 22 5771.20 GdO
04-oO.oU

}

7947 - 26337 1

7

S774 '^h0 1 1 ou 1111 9143 - 26455
07 0441 .00 8499 - 26870 i 0 i77fi 09 12487 - 29795

22 5447.74 II 10091 - 28442 240 5791.38 I 533 - 17795

65 5453.46 11297 - 29628 65 h 5796.80 15720 - 32966

30 5455.31 10884 - 29209 55 5802.92 0 - 17227

45 5469.72 7103 - 25381 27 5807.05 II 12662 - 29878

II 8885 - 27162 55 hs 5807.72 6786 - 24000
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Gadolinium— all observed Zme5 — Continued

Intensity

and
Character

Wavelength
in A Spectrum

Energy levels

in cm"'

Intensity

and
Character

Wavelength
in A Spectrum

Energy levels

in cm"'

55 h 5809.22 I 15852 - 33061 40 h 6538.15 I 16886 - 32176

55 5815.85 II 12776 - 29966 22 6549.25 I 17931 - 33195

65 hs coin c 1OoiV.Dl OD 0004. to
T
1 17319 - 32548

45
TT
11 IZ iVH; 90Q7Q lU f.Cf,Q AAOoOo.UU TT

11 x t t

AC I.45 h 00Z0.9/
T
1 ZlO 1 ioOl LK)

/;c7Q on T
1

55 5840.47 II 12892 30009 30 6591.60 I 1719 - 16886

22 5845.71 II 12776 - 29878 15 6593.42 I 17795 - 32958
220 5851.63 1 999 - 18084 10 6610.04

TT
11 13378 - 28502

55 5855.24
TT
II 12892 29966 9 6628.43

T
I 16825 Q 1 AA*?— 31907

ZOU 0056.22 T
1 999 18070 50 6634.36 TT

11 10600 - 25669

45 5856.96 II 9143 _ 26212 35 6640.08 I 1719 - 16775
55 5860.73 II 8551 - 25609 10 6642.76 I 12487 - 27536
65 COT7 n/:5877.26

TT
11 11492 - 28502 30 6643.98 I 18014 - 33061

r r
55 5886.46

T
1 15173 32157 10 6646.85 I 11297 - 26337

A C45 boy 1 .OZ
TT
11 13076 30027 10 6653.55

T
I 18509 - 33535

55 5904.07 II 13076 30009 10 6679.56 II 20574 - 35541
110 5904.56 I 999 - 17931 35 6681.23 II 11492 - 26455
170 C A 1 1 AC5911.45

TT
11 10 6692.86

T
I 10884 - 25821

65 5913.55 II 18366 35272 6 6694.92 II 21005 - 35938
55 5916.77 I 7103 24000 9 6702.12 II 18641 - 33558

85 5930.29 I 6786 23644 10 6704.18 II 13076 - 27988
85 5936.84 I 6550 - 23390 14 6718.14 II 18677 - 33558
65 5937.71 I 6378 - 23215 17 6727.83 II 11492 - 26352
55 h 5940.95 GdO 85

"TO/A '7 0
6730.73 T

1 999 - 15852
re l_
55 h 5942.78 GdO 50 6752.67 TT

11 18753 - 33558

55 5951.60 II 11067 27865 14 6753.91 II 20098 - 34900
55 5956.48 II 8885 - 25669 9 6772.03 I 25676 - 40439
85 5977.25 I 6378 - 23104 14 6783.39 I 11830 - 26568
110 h 5988.02 I 15852 32548 26 6786.33 II 19376 - 34108

85 5999.08 I 6550 23215 10
zr "TOT 1 o
6787.18 1 10947 - 25676

65 6000.96 GdO 12 6814.56 I 7235 - 21905
75 h 6001.87 GdO 26 6816.49 I 999 - 15665

55 6004.57 II 13378 - 30027 17 6820.90 I 17906 - 32563

55 6008.71 I 15519 32157 100 6828.25 I 533 - 15174

55 6021.13 I 6786 — 23390 35 6846.60 II 11067 - 25669

55 6080.65 II 13926 30367 9 6849.89 I 20160 - 34755

430 6114.07 I 1719 - 18070 30 6857.13 II 17725 - 32304

55 6180.42 II 13926 - 30101 15 6864.25 I 19479 - 34044

110 bl 6182.68 GdO 21 6887.63 II 20093 - 34607

110 bl 6200.86 GdO 14 6900.73 II 17817 - 32304

110 bl 6211.71 GdO 100 6916.57 I 215 - 14669

110 bl 6220.93 GdO 21 6920.62 II 17817 - 32263

55 bl 6231.62 GdO 15 6924.99
TT
11 10091 - 24528

75 bl 6241.66 GdO 21 6926.49
T
1 10222 - 24656

55 b 6252.12 GdO 17 6945.98 II 17870 - 32263

55 bl 6262.64 GdO 15 6957.74 II 9328 - 23697

45 b 6273.00 GdO 15 6959.24 II 18319 - 32685

85 6289.73 II 17910 - 33804 14 6964.33 I 10360 - 24715

30 6292.87 I 999 — 16886 15 6971.66 II 18151 - 32491

75 6305.15 II 10600 — 26455 12 6976.35
TT
11 9142 - 23473

30 6309.11 II 1 UUU 1 o 1 y\j t 10 6978.27 II 20574 - 34900

27 6317.19 I 999 _ 16825 26 h 6980.86 I 20434 - 34755

40 6331.35 I 18014 - 33804 8 h 6983.53 I 11830 - 26146

17 6333.75 I 6550 - 22335 50 6985.89 II 18366 - 32677

17 6336.34 I 6786 - 22564 10 6988.75 II 18641 - 32946

27 6346.65 II 1UUUV7 75 6991.92 I 0 - 14298

27 h 6351.72 I 17795 33535 21 6993.18 I 10360 - 24656

17 6363.23 I 16196 31907 60 6996.76 II 18389 - 32677

40 6380.95 II 13378 29045 17 7000.75 II 17870 - 32150

17 6382.19 II 21157 36821 45 7006. 16 II 18677 - 32946

22 6408.55 I 1719 17319 10 7016.60 I 7427 - 21675

22 6422.42 II 21157 36723 7 7017.73 II 9451 - 23697

17 6424.52 I 7654 23215 21 7037.26 II 18389 - 32595

19 h 6470.29 I 18084 33535 7 7045.02 II 22533 - 36723

15 6480.11 II 13926 29353 14 7051.00 II 17972 - 32150
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Gadolinium — all observed /ireei — Continued

Intensity

and
Character

Wavelength
in A

Snprtrii nn
Energy levels

in cm~'

Intensity
Wavelength

in A opcdi UIll
Energy levels

in cm"'

7 ( UOZ. I y T
1 999 - 15174 91 l(\^f\ ^9/OoU.OZ 10576 - 23644

13 7054.62 II 18319 - 32491 25 7672.56 I 10360 - 23390

10 7058.02 II 18096 - 32260 10 7676.06 I 11830 - 24854
10 7068.09 II 9328 - 23472 7 7677.16 I 19525 - 32548
7 7069.93 II 8884 - 23025 7 h 7683.36 I 19165 - 32176

18 7ft71 ftft T1 10576 - 24715 10 10222 - 23215
ifllO 7073.63 I 1710- 4 7717.66 748ft — 9ftd.^4

5 7084.18 I 17795 - 31907 80 7733.50 I 999 - 13926
II 18151 - 32263 6 7738.09 II 9142 - 22062

7 7085.52 II 18151 - 32260 3 h 7748.37 II 19402 - 32304

o
7AQO QA T

1 IRftSd. — ^91 7fiOZi l\3
0 c00 77/IA DA

/ (49.30 OOO 10404-

14 7098.11 I 10 7755.97 1 9dft7 —l^^O 1 zoo i o
14 7098.73 I 215 - 14298 10 7766.48 II 21157 - 34029
6 7099.44 I 12487 - 26568 7 h 7787.22 II 22062 - 34900
7 7100.71 I 10576 - 24656 8 7834.46 I 10884 - 23644

A'# 71ftl 7^ TT
IX 17079 — 7 7000 OA/ooo.o4

TT
11

0QA7A 00 (ZO
1ft un 7116.77 II 1 finm 11 h 7844.87 lUooU — OO 1 A/tZ01U4
21 7118.86 II 18641 - 32685 10 7845.80 I 19165 - 31907
35 7122.57 I 0 - 14036 35 7846.35 II 22531 - 35272
8 7133.16 II 20093 - 34108 35 7856.93 I 6976 - 19701

1 ^
( loo. /

J

TT
11

OA 1 HQo41Uo 5 7867.73 1 7rf;AA
1 ( ouu — 0AOA7oUoU/

D un 7141.17 II 1 ft <jZ lOU 14 7869. 72 1 1 007 O/l AAA

6 7146.13 II 17988 - 31977 4 7884.39 I 7480 - 20160
18 7147.31 II 18690 - 32677 4 h 7908.06 II 17725 - 30367
6 7150.77 I 7562 - 21543 6 7910.08 I 10576 - 23215

1 ^lo 7 1 OQ 1
1 25 7A0A OC/930.25

TT
11 oool — 9 1 1 C 7zl lo /

7164.30 II 91 1 ^^7 — 00 ill 6 h 7963.25 II
1 Q7CA OOO fl/loZ0U4

170 7168.37 I 1719 - 15665 4 7966.66 6976 - 19525
21 7172.26 II 13926 - 27865 6 7978.15 I 6976 - 19507
4 7173.40 II 17972 - 31908 6 7993.82 I 10884 - 23390

OQZO 71QO Q7 If
11 looyu — oZoVo 0 OAA^ O^ /y4 /

— OA/10/1zU4o4
0 7191.49 II Q7Q710 /tt / 1 6 8010.53 II 0004 — 0 1 OA/1Z 1004
13 7197.08 II 18369 - 32260 6 8019.82 7235 - 19701
6 h 7198.63 I 7562 - 21450 4 8037.40 I 19718 - 32157
13 7201.41 II 9142 - 23025 6 8048.08 I 7103 - 19525

1 a 7000 AO 1
1

1 OQO/1lUoo4 — z4 ( lo 1 0lo OA77 CAoU / / . OV 7 1 AQ
/ lUo - 1 0/1 OAiy4ou

OltZo 7233.45 I
0 1Zlo — 14UoO 3 8089.96 II

1 QOyI 7 OOO A/1oZoU4
6 7242.24 II 9451 - 23255 4 h 8144.00 16228 - 28504
14 7252.70 II 13378 - 27162 18 8146.15 I 7235 - 19507
28 7262.66 I 533 - 14298 4 h 8185.90 I 7947 - 20160

1 A14 7291.35 1
O 1 czlo - 109^6

r
5 OOAA A78209.07 1 AA7019978 - 0 O 1 C 732157

4 7301.22 II Z009o - O 0 70C33785 11 8218.08 }
700 C7235 - 19400

21 7313.28 I 999 - 14669 10 8275.42 I 7427 - 19507

18 7324.89 II 8884 - 22533 5 h 8315.02 II 8551 - 20574

8 7327.07 I 20160 - 33804 7 8316.38 II 20574 - 32595

1 A14 7373.81 I
1 1 OA711297 - z4o54 10 8349.73 7/1 077427 - 1 A/1 AA19400

14 7376.41 [ 11297 - 24850 4 8374.76 10884 - 22821
13 1377.21 II 23270 - 36821 4 8377.79 I 11297 - 23229
6 7377.77 I 11830 - 25381 11 8398.30 I 7427 - 19331

13 7380.28 I 11830 - 25376 7 8442.58 II 23270 - 35111

8
•7 o o c m7385.97 TT

11
1 OAC C18955 - O 0/1 A 132491 1 AlU OA AC Alo44o.4/

{

7CiCO7562 - 1 A/1AA19400

13 7394.90 II 13076 - Oi; c AC26595 13 h 8527 88 7 C £07562 - 1 AOOC19285

13 7430!l9 I 1719 - 15174 5 8559.11 I 10884 - 22564
4 7432.57 II 21157 - 34607 6 8561.72 I 7653 - 19331

5 7434.46 I 17362 - 30809 4 h 8579.77 II 25167 - 36819

35 7441.85 T
1 0 - 13434

*
4 QAl C 07 TIU 25404 - 37007

40 7464.36 I 533 - 13926 6 h 8659.66 1 7AA£17906 - 29451

0 7489^44 II
0*190VoZO 99/^77 8 h 8661.48 II OOO 1 9nno^ZUUVo

6 7505.35 II 12892 - 26212 21 8668.63 I 6976 - 18509

55 7562.97 I 215 - 13434 5 8674.86 I 11297 - 22821

10 7563.19 II 19376 - 32595 0 olbl.ll
!

11297 - 22718
6 (oOO. lU I

1 11830 - 25044 1

1

1 1 Oil \j.Cj\j 11830 - 23229
10 7588.20 I 12487 - 25661 13 8784.85 6550 - 17931

10 7611.78 I 11297 - 24430 10 8795.76 11830 - 23196

21 7621.96 I 10884 - 24000 21 h 8832.06 II
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Gadolinium— all observed /mes— Continued

Intensity

and
Character

Wavelength
in A Spectrum

Energy levels

in cm"'

Intensity

and
Character

Wavelength c
jjj ^ spectrum

Energy levels

in cm"'

14 h

18 h

8849.14

8867.31

I

I

6786 - 18084

7235 - 18509
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Gallium .

Ga,Z= 31, M= 69.72, Ratio7^ = 1.0972

Ga I Normal state of valence electrons 45^4^ apo^^^Q. LP.= 48388 cm-K
Gall Normal state of valence electrons 45^ *So= 0. I.P.= 165458 cm-^

References

Wavelengths:
G. R. Harrison, Massachusetts Institute of Technology Wavelength Tables (John Wiley & Sons, New York,

1939).

Classification:

Ga I, W. F. Meggers and R. J. Murphy, J. Research NBS 48, 334 (1952) RP 2320.

Gallium — all observed lines

Intensity

and
Character

Wavelength c
^ spectrum

Energy levels

in cm~'

Intensity

and
Character

Wavelength cbpectrum
Energy levels

in cm"'

35 2294.20 I 0 - 43574 340 2659.87 I 0 - 37585

70 2338.28 I 826 - 43578 800 2719.65 I 826 - 37585
40 2371.32 I 0 - 421.58

110 2418.70 I 826 - 42158 5000 2874.24 I 0 - 34782

750 2450.07 I 0 - 40803 9.500 2943.64 I 826 - 34787

1300 h 2500.17 I 826 - 40811 1,500 2944. 18 I 826 - 34782

120 2500.70 I 826 - 40803 10000 4032.98 I 0 - 24788

25 2624.82 I 826 - 38913 20000 4172.06 I 826 - 24788

559-795 0-75-9 (Pt. 1)
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Germanium

Ge,Z = 32,M= 72.6, Ratio 7;-= 1.142

Ge I Normal state of valence electrons 45^4p^ ^Po = 0. LP. = 63715 cm~^
Cell Normal state of valence electrons 4s-4p-P°i2= 0. LP. ^ 128521 cm-i.

References

Wavelengths and Classification:

K. L. Andrew and K. W. Meissner, J. Opt. Soc. Am. 49, 146 (1959).

Germanium — all observed lines

Intensity

and
Character

Wavelength o
^ spectrum

Energy levels

in cm "

'

Intensity

and
Character

Wavelength ^
^ " spectrum

Energy levels

in cm"'

30000 1954.47 I 557 - 51705 900 2497.96 I 0 - 40020
20000 1961.36 I 7125 - 58093 700 2533.23 I 557 - 40020
32000 1970.23 I 1410 - 52148 25 2556.30 I 16367 - 55474
14000 1987.62 I 1410 - 51705
42000 1998.24 I 1410 - 51437 280

5000
2589.19 I

2592.54 I

1410

557

- 40020
- 39118

17000 2019.07 I 557 - 50069 60 2644.19 I 16367 - 54175
24000 2041.71 I 0 - 48962 12000 2651.18 I 1410 - 39118
16000 2043.77 I 1410 - 50323 5500 2651.58 I 0 - 37702
4200 2054.46 I 1410 - 50069
2200 2057.24 I 7125 - 55718 5000 2691.34 I 557 - 37702

7500
26000
4200
20000

2065.21 I

2068.66 I

2086.02 I

2094.26 I

557
5,57

557

1410

- 48962
- 48882
- 48480
- 49144

8500
400

6500

70

2709.63 I

2740.43 I

2754.59 I

2793.94 I

557

16367

1410

16367

- 37452
- 52847
- 37702
- 52148

2400 2105.82 I 1410 - 48882 80 2829.01 I 16367 - 51705

950 2124.74 I 7125 - 54175 7500 .3039.06 I 7125 - 40020

3400 2198.71 I 7125 - 52592 600 3067.01 I 16367 - 48962

180 2256.00 I 7125 - 51437 200 3124.82 I 7125 - 39118

180 2314.20 I 7125 - 50323 1100 3269.49 I 7125 - 37702

240 2327.92 I 7125 - 50069
700 4226.57 I 16367 - 40020

200 2379.14 I 7125 - 19144 60 4685.84 I 16367 - 37702

1300 2417.37 I 7125 - 48480 6 8789.87 I 37702 - 49076
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Gold

Au, Z = 79, M = 196.9665, Ratio^ = 3. 100
Lu

Au I Normal state of valence electrons 5d^"6s 2S1/2 = 0. LP. = 74410 cm"'.
Au II Normal state of valence electrons Sc^^" 'So 0. I.P. = 165000 cm"'.

References

Wavelengths:
G. R. Harrison, Massachusetts Institute of Technology Wavelength Tables (John Wiley & Sons, New York,

1939).

Classification:

Aul and Aull, J. R. Piatt and R. A. Sawyer, Phys. Rev. 60, 866 (1941).

Gold— all observed lines

Intensity

and
Character

Wavelength r-

jj, ^
spectrum

Energy levels

in cm

Intensity

and
Character

Wavelength
in A Spectrum

Energy levels

in cm"'

11000 2012.00 I 9161 - 58845 320 3029.20 I 9161 - 42164
2600 2021.38 I 9161 - 58616

3122.78 9161 - 41174
180 2352.65 I 9161 - 516,54 1600

120 2387.75 I 9161 - 51029 40 3897.89 42164 - 67812

2600 2427.95 I 0 - 41174 40 4040.94 21435 - 46174
70 4065.08 37359 - 61952

16 2544.19 I 21435 - 60729 20 4315.09 45537 - 68705
30 2590.04 I 21435 - 60033

260 2641.49 I 9161 - 47007 12 4437.27 46174 - 68705

3400 2675.95 I 0 - 373.59 25 4488.25 45537 - 67812

30 2688.71 I 21435 - 58616 90 4607.34 47007 - 68705

50 4792.60 41174 - 62034
80 2700.89 I 9161 - 46174 25 5837.40 37359 - 54485

1100 2748.26 I 9161 - 45537

16 2883.45 I 21435 - 56106 60 6278.18 21435 - 37359

16 2932.19 60 7510.75 41174 - 54485
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Hafnium

Hf, Z = 72, M = 178.5, Ratio tF = 2.809
Cu

Hf I Normal state of valence electrons 5c?^65^^F2 = 0. LP. = 53600 cm"^
Hf II Normal state of valence electrons 5d6s^ 1/2= 0. LP. = 120000 cm-i.

References

Wavelengths:
G. R. Harrison, Massachusetts Institute of Technology Wavelength Tables (John Wiley & Sons, New York,

1939).

C. H. Corhss and W. F. Meggers, J. Research NBS 61 , 269 (1958) RP 2904.

Classification:

Hf I, W. F. Meggers, unpubUshed material (1966).

Hf II, W. F. Meggers and B. F. Scribner, J. Research NBS 13, 625 (1934) RP 732.

Molecular Spectra:

HfO, W. F. Meggers, unpublished material (1958).

Strong lines ofhafnium

Intensity

and
Character

Wavelength
in A Spectrum

Energy levels

in cm"'

Intensity

and
Character

Wavelength
in A Spectrum

Energy levels

in cm"'

8500 2028.18 II 13486 62775 1200 2820.22 II 3051 38499
6200 2012.78 II 3051 52717 1200 2904.41 I 4568 38988
2300 3399.80 II 0 29405 1200 2950.68 I 2357 36237

2200 3682.24 0 27150 1200 3020.53 I 2357 35454

2100 2866.37 0 34877 1200 3505.23 II 8362 36882

2100 3072.88 0 32533 1100 2638.71 II 0 37886

2000 2916.48 4568 38845 1100 2641.41 II 8362 46209

2000 2940.77 0 33995 1100 2954.20 I 4568 38408
1800 2898.26 2357 36850 1100 2980.81 I 0 33538

1400 2964.88 2357 36075 1100 3012.90 II 0 33181

1400 3777.64 0 26464 1100 3016.94 II 0 33136

1400 3785.46 4568 30977 1100 3057.02 I 4568 37270

1300 3561.66 II 0 28069 1100 3569.04 II 6344 34355

1300 3820.73 4568 30733 1100 4174.34 I 2357 26306
1200 2096.18 II 15084 62775 1000 3717.80 I 2357 29247
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Hafnium— all observed lines

Intensity

eind
Wavelength

in A
Energy levels

in cm""'

Intensity

and
iidrat-icr

Wavelength
in A opectrum

Energy
in cm

evels
-1

£ O ArtozOu Ort 1 O TO II
11 3051 52717 zOO 2637.33 11 3645

8500 2028.18 II 13486 62775 110 2548.20 II 13486 52717
1200 2096.18 II 15084 _ 62775 320 2551.40 II 17389 56572
540 2210.82 II 36883 - 82101 27 2551.85 II 12921 - 52097
320 2254.01 II 3645 — 47996 60 2559.02 I 2357 41422

1 Artlou II11 3645 47973 oc C rt 1 rtZDOV. IV
TT
11 12071 1 1 1/1Dl lo4

250 2266.83 II 4Q05 4.0006 250 2563.61 II 4905 43901

620 2277.16 II 0 _ 43901 55 2570.71 II 15084 _ 53973

230 2321.14 II 4905 - 47973 890 2571.67 II 3645 - 42518
580 2322.47 II 0 — 43044 320 2573.90 II 12071 — 50910

0 Q T3 O C IT
11 364.5 4.6675 firt6U OC7/1 on 56'^8,JUOO

120 2324.50 II 12071 55077 320 2576.82 II 8362 47158
300 2324.89 II 4905 _ 47904 300 2578.14 II 4905 _ 43681

200 2332.97 II 3645 - 46495 320 2582.54 II 3051 - 41761

200 2337.33 II 0 - 42771 130 2591.33 II 0 — 38579

1

1

11 40006 Ort30 OCO/l 1 0zoy^-. iz 4568 4-0 1 (Jo

320 2347.44 II 4S0'^ 1 55 2,599.22 II 53546
540 2351.22 II 0 _ 42518 55 2602.67 2357 40768

110 23.53.02 I 0 - 42485 27 2602.87 I 0 - 38408
90 2365.98 II 4905 - 47158 390 2606.37 II ,3051 - 41407

250 2380.30 11 450 2607.03 II 44691

100 2381.00 II 55 2607.24 II 52703

170 2393.18 II 12921 54693 120 2608.45 0 I 38325
450 2,393..36 II 4905 - 46675 35 2609.96 I 4568 - 42871

670 2,393.83 II 0 - 41761 22 2612.59 I 5522 - 43786

130 2400. 78
r I
11 1ou.j 1 230 2613.60 1

1 / ooV 55639
70 2404..56 II

' r HAH 70 2614.29 1 DZ.J4- 53494
540 2405.42 II 6344 I 47904 90 2616.61 I 5639 43845
130 2406.44 II 11952 - 53494 450 2622.74 II 3645 - 41761
370 2410.14 II 8362 - 49841 35 2623.32 I 8984 - 47092

90 2413.33 I r
11 1 9*^7 1

1 ZU I I 70 2626.95 f.lAA 44400
55 2415.96 II 1 IVoZ 1O.JO.J 1 27 2635.57 05 / 0 44504

320 2417.69 II 305

1

44400 60 2635.79 II 17711 I 5,5639

120 2425.98 II 13486 - 54693 160 2637.00 I 2357 40267

45 2428.75 I 23S7 - 43518 1100 26.38.71 II 0 - 37886

120 2428.99 11
I 'KM 1

.),)ZZ ( 1 100 2641.41 o.jO/ 46209
130 24.33.57 11

1 113,>o44o 70 2642.08 J Zo.) / 40194

45 2434.74 II 17,389 58448 160 2642.75 I 4568 42,396

35 2444.99 I 4.568 - 45455 670 2647.29 11 8362 - 46125
390 2447.25 [| 305

1

- 43901 45 2649.15 II 14.360 - 52097

140 2449.44 II 6,jH '11 l.m 100 2651. 16

{{

1 77AO
1 / .)0V

C C rt77

35 2452.30 II
1 1 rtC ')
1 ly.iz ,0Z / 1 / 30 26.52.86 A 1 Ai\l 79090

110 245I34 II 17,369 ,58117 60 2657. ,50 H 15084 52703

450 2460.49 II 3051 - 4,3681 160 2657.84 II 4905 - 42518
70 2463.97 II 12921 - 53494 210 2661.88 II 6344 - 4.3901

430 2464. 19 II 8,562 4893

1

90 2665.97
'{

1 ono 1izy/i 50420

90 2465.06 II 1 5084 55639 90 2668 28 .16.59 43105
35 2465^67 I 4568 451 12 80 2669.00 II 305

1

40507
140 2467.97 II 0 - 40507 45 2671.25 [| 13486 .50910

210 2469.18 11 13486 - 53973 22 2676.63 II 17711 - 55060

100 2473.92 II 1 292

1

;i333

1

18 2677.58

{{

6344 43681

55 248 1 .44 [j 17830 58117 18 2678.43 17369 54693
55 2482^65 1 0 40267 35 2682' 19 I 6573 43845

55 2487.16 I 0 - 40194 290 2683.35 II 1.5084 _ 52340
290 2496.99 II 3645 - 43681 55 2685.22 II 17830 - 55060

70 2500.74 II 15084 55060 18 2686..36 6572 43786
7(1 2502.66 1 2357 42302 18 2688 35 o9o4 46170

580 2512!69 II
1 LAO 1 70 2696. 18 I Z,)0 / ,39435

580 2513.03 II 6344 46125 60 2699.63 I

130 2515.48 II 13486 53227 670 2705.61 1 0 36949

890 2516.88 II 3051 42771 1 10 2706.73 II 13486 50420
7rt zrt 1 1 .06

I

i 0 39704 7i\l\t 971 1 niz / 1 1 . 00 8984

70 2521.49 11 17830 57478 45 2711.99 II 17830 54693

340 2,531.19 11 4905 14400 22 2712.14 II 12071 48931

80 2532.97 II 305

1

42518 210 2712.42 II 4905 41761
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Hafnium— all observed lines— Continued

Intensity

and
Character

Wavelength
in A Spectruni

Energy levels

in cm""'

Intpnsitv

3n(i
Wavelength

in A
^n**ftriim Energy levels

in cm"'

140 2713.84 I 2357 39194 55 2885.47 II 14360 49006
60 2718.51 II 14360 - 51134 210 2887.14 I 4568 - 39194
250 2718.59 I 0 - 36773 100 2887.54 I 6572 - 41194
80 2726.70 I 5639 42302 800 2889.62 I 0 34596
70 2729.10 I 2357 38988 60 2892.56 I

90 2730.71 I 0 36610 18 2894.84 I 8984 43518
120 2730.85 I 4568 — 41175 1800 2898.26 I 2357 _ 36850
35 2732.68 II 17389 - 53973 130 2898.71 II 13486 - 47973
70 2737.83 I 5522 42036 1200 2904.41 I 4568 — 38988

710 2738.76 II 4905 41407 890 2904.75 I 2357 36773

200 2743.64 I 5639 42076 140 2909.91 II 0 34355
35 2746.62 I 5639 - 42036 2000 2916.48 I 4568 _ 38845

360 2751.81 II 8362 - 44691 30 2917.49 II 17830 - 52097
60 2756.91 II 17711 — 53973 580 2918.58 I 2357 - 36610
30 2758.31 I 10533 — 46776 320 2919.59 II 3645 — 37886

90 2758.78 I 0 36237 180 2924.62 I 5522 39704
450 2761.63 I 4568 _ 40768 60 2929.01 I 6572 _ 40704
60 2762.69 I 5639 - 41825 490 2929.63 II 0 - 34124
160 2766.96 I 5639 - 41769 450 2929.90 I 8984 - 43105
55 2770.46 II 12921 - 49006 710 2937.80 II 8362 - 42391

45 2772.32 II OvtZU 2000 2940.77 I nu 31Q0'i

170 2773.02 I Zoo t 160 2944.71 I
nu

980 2773.36 II 6344 42391 55 2947.13 II 15084 49006
180 2774.02 II 8362 - 44400 1200 2950.68 I 2357 — 36237
55 2775.27 II 11952 — 47973 27 2951.90 I 10509 — 44375

Li 1 ooozo 1 1 Art
1 100 one /I OAzy54.zU

T
1 4568 38408

70 2783.69 I 6572 42485 540 2958.02 I 5639 39435
45 2786.30 11 15254 - 51134 60 2960.82 II 17369 - 51134
100 2789.50 II 17389 - 53227 120 2961.80 II 12921 - 46675
140 2789.73 II 17711 - 53546 1400 2964.88 I 2357 — 36075

2789.80 11 12071 - 47904
I620 2966.93 UO 1 z rUZU /

230 2808.00 II 4905 _ 40507 140 2967.23 II 119,52 _ 45643

27 2812.32 I 10509 - 46056 710 2968.81 II 4905 - 38579

230 2813.86 II 3051 - 38579 110 2973.37 I 6572 - 40194

170 2814.48 II 13486 - 49006 890 2975.88 II 4905 - 38499

90 2814.76 II 17711 70 2977.60 II 1 9Q911 Z 7Z 1

45 2815.82 I 6573 I 42076 150 2979.28 I 5639 _ 39194

45 2816.07 II - 17830 - 53330 1100 2980.81 I 0 - 33538

230 2817.68 I 8984 - 44464 210 2982.72 I 10533 - 44049

140 2818.94 I 6572 - 42036 55 2984.05 I 8984 - 42485

200 2819.74 I u 170 3000. 10 11 "iCi^ 1D 1 oDO / o

1200 2820.22 II 3051 38499 800 .3005.56 I 10533 43795

55 2820.42 11 13486 - 48931 80 3011.24 11 17711 - 50910

490 2822.68 11 6344 - H761 1100 3012.90 II 0 - 33181

80 2829.32 11 17369 - 52703 540 .3016.78 I 0 - 33138

180 2833.28 1 U Q ^ OO 1
.i.TZ04 1 100 3016.94 II Q oo I oO

110 2834.13 I 8984 44258 27 ,3017.37 I 6572 39704

70 2841.49 I 5522 - 40704 980 ,3018.31 I 0 - 33122

410 2845.83 I 5639 - 40768 1200 3020.,53 I 2357 - 35454

270 2849.21 II 12071 - 471.58 80 3024.60 I 8984 - 42036

70 2850. 15 II l/VZ 1 1- ( vvo 80 3024.76 II 1 llfxQ
1 / oOV

270 28.50.96 I 5639 40704 140 3025.29 II 8362 41407

180 2851.21 II 6344 - 41407 410 3031.16 II 4905 - 37886

55 2857.65 II 12921 - 47904 110 3046.08 II 1,5084 - 47904

55 2860.31 II 1 7389 - 52340 80 3049.29 I 8984 - 41769

180 2860 56 I 0 0 1 A 1 O04V4o 710 3050. 76 I
OQ/I AOoo4U()

760 2861.01 II Q 80 3054.52 II 3645 36373

760 2861.70 II 3645 38579 45 ,3055.44 II 15254 47973

2100 2866.37 I 0 34877 1100 3057.02 1 4568 37270

55 2867.70 I 8984 43845 130 3063.78 I 5522 38152

zooy.oz II
1

1

3051 37886 1 in1 .>u ouu^. uo II
1 1 12071 44691

27 2873.65 I 10.5,32 45321 850 ,3067.41 I 2357 34948

150 2876.33 II 15084 49841 90 3069.18 I 10532 43105

45 2877.16 I 10509 45255 2100 3072.88 I 0 32533

55 2879.11 II 11952 46675 170 3074.10 I 2357 34877
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Hafnium — all observed lines — Continued

Intensity

and
Character

Wavelength
in A Spectrum

Energy levels

in cm ~

'

Intensity

and
Character

vJ vpifnfIn

in A Spectrum
Energy levels

in cm"'

250 3074.79 I 5639 - 38152 210 3306.12 I 4568 - 34806
27 3075.30

T
I 10509 - 43016 120 3309.19 I 8984 — 39194

150 3080.66 II 17389 - 49841 340 3310 27 I 00/0 6t>l 10

430 3080.84 I 2357 - 34806 45 3310.86 II 13486 43681

90 3092.24 II 12071 - 44400 670 3312.86 I 2357 _ 32533

200 3096.76 I 4,568 - 36850 70 3316.19 I 17901 - 48048

340 3101.40 II 6.; 14 - 38579 180 3317.99 II 3051 - 33181
710 3109.12 11 6344 - 38499 45 3323 36 II 23146 c 0 007

130 31 10.87 II 14360 - 46495 130 3328.21 II 4905 34942
70 3116.95 II 15084 - 47158 45 3331 89 I 10509 _ 40514

130 3119.98 I 4568 - 36610 890 3332.73 I 0 - 29997
45 3126.29 11 4905 - 36883 370 3352.06 II 8362 — 38186

90 3128.76 I 0 - 31952 90 3356 09 II 17369 /I 7 1 c 0

70 3129.58 I 0 - 31944 130 3356 78 I 15673 45455
710 3131.81 I 10533 - 42454 70 33.58.30 II 17389 47158

45 3133.50 II 41761 - 73665 230 3358.91 I 14741 - 44504
850 3134.72 II 3051 - 34942 180 3360.06 I 0 - 29753
130 3137.51 I 10533 - 42396 140 3366 68 I 14092 43786
170 31 39 65 II 35 3372.21 I 5639 35284
120 3140.76 II 12071 - 43901 180 3378 93 I 2357 31943

220 3145.32 II 0 - 31784 140 3384.14 II 14360 - 43901
220 3148.41 I 6572 - 38325 230 3384.70 II 3645 - 33181

120 3151 63 I 8984 - 40704 170 3386 21 I 16767 46290
35 3152.96 I 14092 - 45799 800 3389 83 11 3645 33136

450 3156 63 I 4568 - 36237 230 3392 81 I 15673 45139

270 3159.82 I 2357 - 33995 230 3394.59 II 4905 - 34355
710 3162.61 II 12071 - 43681 140 3394.98 II 17711 - 47158

3163.39 I
1 in'^no - 4.2112 230 3397.26 I 4568 33995

3165 73 I
i 230 3397 60007 1 . \J\J I 8984 38408

450 3168.39 I lOSOQ - 42(162 2300 3399 Snijtj 7 7. \J\J II 0 29405

890 3172.94 I 4568 - 36075 170 3400.21 I 0 - 29402

450 3176.86 II 4905 - 36373 180 3402.51 I 4568 - 33949

to 3 1 7Q A'ioil O. rO I
1 Qfl ^4.07 14 I 8984 38325

1 7Q f\\ I
1 i4n ^407 76 IT11 12071 41407

O I O I . U 1 I 3410. 17 II 15084 44400

120 3181.15 I 4568 - 35994 60 3412.34 I 14542 - 43838

130 3189.62 I 0 - 31342 90 3413.74 II 13486 - 42771

ouu O I 7i) . 1JO 11
1

1

230 3417.34 I 2357 31611

U I u 1 QJ. I

Q

1

1

410 3419. 18 I 5639 34877

ou > 1 7. ) , V) I
1

1

342 1 42 II 4905 34124

200 3196.93 I 140 3427.44 I 8984 - .381,52

130 3199.99 II 15254 - 46495 200 .3428.37 II 0 - 29160
111

1

13186 - 44691 250 3438.24 II 18898 47973
I
1 140 3438.43 1 5522 34596

1 oU •JO 1 (> no T
1 0007 OU / I 0 1 on 344 1 84 I 14741 43786

90 3213.72 I llo42 - 4S649 45 3448.29 I

180 3217.30 I! 3051 - 34124 100 3452.31 I 5639 34.596

1 oU
•3 9 on I.jZ*;U.() 1

1

1

iouol- tOIZO 1 dfi ^462 64 II 4905 33776
'^9 ^H i\f\ I1 140 3467 60 I 1 '^ftl'i 4* 4- ,jut
'^9 10 11 I

1 710 3472.40 I
n
\j 2fl7Qn

130 3243.35 I 16767 - 47S90 200 3478.99 II 17389 - 46125

360 3247.66 I 23S7 - 33139 480 3479.28 II 3051 - 31784

ZzU o-> lo CO 1
1 zoo / 00 1 z 1 r.) 3487.57 II 17830 46495

oVU 1

1

1

1

1111f\ouo 1 00 / (

0

2^n n1

1

OtVtZ

/u
I

1
117 11 fin 3495.93 +OUO 1

270 3255.28 II 3645 - 34355 2.50 3497.16 I

45 3261.90 I 14435 - 45083 980 3497.49 I 0 - 28584
1 OA •)•)/;.) J 7 1

I
1 n c: 1117^
I Uooo 1- 1 1 / 0 inn 3498.98 I 4,568 33139

r
L 1 00 lo 4-OZVU 1 2nn ^'in'i 2^ i 1 8362 36882

OZO < .0 I

1
I

1 ^n 1 2ftOil 1 0. ^0 1
1 10532 38988

70 3267.18 1 5639 - 36237 1.30 3518.75 11 14360 42771

180 3273.66 II 6344 - 36883 55 3521.56 I 17901 46290

270 3279.98 II 3645 - 34124 980 3.523.02 I 2357 30733

45 3283.38 II 12071 - 42518 100 3530.87 I 19293 47606

160 3291.05 I 6572 - 36949 100 3531.23 I 5639 33949
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Hafnium— all observed /me5— Continued

Intensity

and
Character

W avelength

in A Spectrum
Energy levels

in cm~'

Intensity

and
Character

Wavelength
in A Spectrum

Energy levels

in cm"'

980 3535.54 II 4905 - 33181 850 d 3800.38 I 0 - 26306
760 3536.62 0 - 28267 3800.45 I 5639 - 31944
loU Q Q 1 18011 - 46181 /O

OOA/1 CO3804. DO
o4U OOOZ. iU IT11 0D4-0 0 i ( o't

1 y1 Ai4U QOAA A"? TT
11 Z lOOO A70n/1

0004.UU 49#i71 0 OAOZU 00 1 1 "70
ool 1. (O ZOO / zoOo't

1300 3561.66 II 0 - 28069 100 3817.20 II 17711 - 43901

150 3564.31 0 - 28048 100 3819.38 I 14092 - 40267
Z /U 006 < .06 6572 - 34596 1 OAA1300 3820.73

{

4568 — 30733
1 100 0 C A A/10009. U4

T I
11 "XAI^^O'+OOO 140 3829.67

}

10 /o /
/I 0Q7 1

1 C A150 0 C 1C\ AA00 /y.yu OOA280 OOOA AO3830.02

110 3583.28 I 5639 - 33538 800 3849. 18 I 5639 — 31611
210 3597.42 II 15254 - 43044 140 3849.52 II 17711 - 43681

0 C AT CI3597.51
J

8984 - 36773 600 3858.31
{

2357 — 28267
C /I A540 OCAA OT

J

10 /O / '+'+00 /
OOA230 0 ocr\ A

1

3860.91 %A Q77
1 1 A
1 lU OOIO.O4 Au — Z / UO'+

OAoO 0

0

A000 / .o4
TT
11 1 /ooU A QAQ 1

800 3616.89 I 2357 - 200 3872.55 II 12071 _ 37886
110 3617.68 14542 - 42176 160 3877.10 II 23146 - 48931
AA90 0 <i on (\A 5522 - 33138 9 OAobO OOOA 00 TT

11 3645 — 29405

110 3624.00 11
1 OAO 1 /I AC A"?4UoU / 200 3882.52 15673 /1 1 /1 00414/z

320 3630.87 11
0 0 1 A C/olU.) — C C^ 0A.00009 150 3883.77 II lo4oo OOOOAoy//o

100 3635.43 1 5639 - 33138 200 3889.23 I 10532 _ 36237
55 3637.59 5639 - 33122 200 3889.33 5639 - 31342

800 3644.36 11 6344 - 33776 70 3892.47
{

19791 - 45475
320 3649. 10

j

/.5.T /
- 0A "7 C 0/9 /.oo 620 OOAA r\A3899.94 U OCAO A/ooo4

90 3650.53 ! AOA 0
19/9.5 - 466 /o 35 0AAA C3900.65 IT

11
0 AA/I 0 C/; CTO060 //

200 3651.84 I 4568 - 31943 45 3906.89 I 14542 _ 40130
140 3661.05 11 15084 - 42391 80 3909.18 19791 - 45,365

80 3664.60 14018 - 41298 80 3917.45 TT
11 21638 - 47158

220 3665.35 II 11952 - 39226 620 3918.09 II
O/l /I c3645 OA 1 £A29160

100 3668.21 8984 - 36237 200 3923.90
T T
11

1 OAO 11/9/1 0 00AAooo99

200 3672.27 I 120 3926.42 I 10533 _ 35994
480 3675.74 I 1.5673 - 42871 150 3927.57 14741 - 40194

2200 3682.24 0 - 27150 110 3929.54 11 28105 - 53546

280 3696.51 I 2357 - 29402 320 3931.38 I 4568 OAAA"?29997

100 3698.40 11 17369 - 44400 120 3935.65 II 17369 42771

240 3699.72 11 13486 - 40507 120 .3939.04 I 6572 _ 31952

340 3701.15 11 17389 - 44400 80 39,50.80 I 24085 - 49389

100 3704.92 18381 - 45365 410 395 1 . 83 I 2357 - 27654

120 3705.40 II 1771 1
- 44691 80 3964.95 II

1 "TOOA17830 A OA/1 A4o044

1000 3717.80 2357 - 29247 160 3968.01 I 0 C 1 A /I/,Tl94

650 3719.28 II 4905 - 3 1 784 1.50 bl .3970.05 Hf 0
140 3726.49 I 10.509 - 37,336 200 ,3973,48 23,56 - 27516

160 3729. 10 20960 - 47769 80 OATA A r\3979.40 11 28105 - ,53227

460 3733.79 4568 - 31342 180 4032.27 2357 27150

160 3737.88 II 18898 - 45643 90 4044.39 I 16163 40882

120 3739.04 [ 10533 - 37270 100 4047.96 II 30942 55639

60 3743.99 I 18.381 - 4.5083 70 4049.45 II 17830 - 42518

100 3744.98 11 23146 - 49841 70 4049.74 I

400 3746.80 14741 - 41422 230 4062.84 I 10509 35115

80 3747.49 15084 - 41761 140 4066.21 I 14542 39128

140 3753.22 I 17901 - 44537 180 4083.35 I 10,509 34992

60 3762.51 11 31878 - 58448 35 4087.96 I 16163 - 40619

100 3765.05 I 18225 - 44778 540 4093. 16 II 3645 - 28069

100 3765.56 I 6572 - 33122 1 10 4104.23 I 5639 29997

170 3766.92 II 20135 - 46675 140 4106.58 I 10532 34877

200 3768.25 I 10509 - 37039 110 4113..53 II 12071 36373

60 3771..36 II 12070 - 38579 35 4115.90 I 18381 _ 42671

60 3773.12 I 14018 - 40514 1 10 4118.60 I 10532 34806

1400 3777.64 I 0 - 26464 70 41 18.91 I 14018 38289

35 3782.43 I 5522 - 319.52 150 4127.80 II 14360 38579

70 3782.78 II 12070 - 38499 140 4145.76 I 5639 29753

1400 3785.46 4568 - 30977 80 4158.88 II 17.369 41407

35 3787.37 18381 - 44778 1,50 4162.36 II 17389 41407

650 3793.37 II 3051 - 29405 110 4162.69 4568 28584

100 3798.66 10,532 - 36850 1100 4174.34 2357 26306
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Hafnium — all observed /iraes— Continued

Intensity

and
Character

Wavelength
in A Spectrum

Energy levels

in cm

Intensity

and
Character

Wavelength
in A Spectrum

Energy levels

in cm"'

80 4187.66 II 18898 - 42771 90 4766.51 I 14018 - 34992

120 4190.95 I 14435 - 38289 80 4773.72 I 5522 - 26464

160 4206.58
^{

20135 - 43901 26 4774.89 22901 - 43838
IQOxy\j 4209.70 14542 38289 1 60 47R9 741 1 O^ . 1

1

18225 39128
170 4998 08 0 23645 40 4790.72 II 17711 38578

170 4232.44 II 18898 - 42518 310 4800.50 I 5638 - 26464

80 4245.16 I 8984 - 32533 35 4817.21 II 21638 - 42391
40 4245.84 20135 - 43681 65 4818.87

}

18381 - 39128
4.9 '^9 OR Hf Oill \j 40tu 4R'^4 IQtoot, ly 14435 35115

10533 33994 RO 4R'^7 9'?too 1 . zo 5639 26306

200 4263.39 I 0 - 23449 21 4850.61 I 10509 - 31119
170 4272.85 11 13486 - 36883 40 48,58.41 I 6572 - 27150

320 4294.79
{

2357 - 25634 1.30 4859.24 14542 - 35115
no 49Qfi 417U. 4" 1 5522 28790 fiOOU touo. z / 14435 34992
190 4'^lft 14 5639 28790 91Z 1 4R79 Q4to i Z. 7t 20960 41476

80 4320.67 II 17,369 - 40507 80 4877.58 I 19293 - 39789

160 4330.27 I 4568 - 276,54 22 4915.26 I 19791 - 40130
40 4334.64

!!
23146 - 46209 25 4934.45 II 12921 - 33181

21638 44691 00 4Q4R Q4tVto. 7t 10533 30733
OO II

4'?4Q 74t.Jt7 . i t 24785 47769 9=;zo 4Qft9 '^7tvoz . o

/

1R14'?1 0 1to

150 4350.51 II 23146 - 46125 120 4975.25 I 2357 - 22450
40 h 4351.15 I 15 4999.68 II 14360 - 34355
80 4352.57

}

8984 - 31952 95 5018.20
{

20960 - 40882
70 t.j.).) . > r 16163 39128 1 o c:n91 7^OVJZ 1 . 1 o 18381 38289

tO.;U . .jO 4568 27516 o,j 'i040 S9outu. oz 1 1952 31784

55 43.56.99 I 5639 - 28584 95 5047.45 I 8984 - 28790
70 4.365.37 I 14435 - 373,36 55 b ,5074.74 Hf 0
110 4367.90

}}

13486 - 36373 30 5079.65 11 18898 - 38579
1 so A-lin 07'to lyj ,y i 12071 34942 0,) D c;r)Q'} Qfi,)U70. OO Hf OIII V /

0.) D tH/o. o 1
Hf nni yj

1 r.
i,) 'il 1 9 1 ^01 iz. lo 0U07 9'^104zo 1 7t

120 4417.35 II 152,54 - 37886 19 SI 28..S3 11 17,389 - 36883
160 4417.91 I 5639 - 28267 30 5157.96 I 22901 - 42283

35 4418.25
j

8984 - 31611 .S.S 5167.42
}

24785 - 44132

oO
!

10532 331,39 7s,
i . J . J 1 lo

!
19791 39128

1 1 'J Q f\i44.JO.U4 ' ZOU'+o Z.jU .J lo 1 .oO u 1 7Z 70

55 h 4443.07 I 18,381 - 40882 30 5186.84 I 22901 - 42176

55 4453.00 I 0 _ 22451 30 5187.75 II 15084 - ,34355

140 4457.34
{

2.357 - 24785 110 5243.99 8984 - 28048
1 AC\ I 1 A I I w

[

5639 28048 .J,J t9 17 1

0

.>Zt 1 . 1 u n1

1

28105 47158

4.) 1 1 Wl4 fnO. HI 90 1 1'^
'fZ.j lo 9^z,> =i9A0 44.OZOU.tt II

11 1 7'^6Q1 1 ,JU7

55 4486.13 II 12071 - 343,55 30 5264.95 11 18898 37886

55 4499.65 1 6572 - 28790 55 ,5275.04 1 16163 - ,35115

45 4518.29
[

16163 - 38289 22 5286.09
[

23449 - 42,361

1 ,in
1 'tU

!
5639 — 2765

1

1 90
1 ZV7 ^9Q.l R7.)Z 7t. o / 4568 23449

oU 4044. VJZ
J o r -J }
.1 Z.T.JO

1 r; '^9QR Ofi,JZ70. uo II
1

1

1 ,>Z,^t
^4 I 94,)t 1 Zt

250 4565.94 I 5639 _ 27534 30 ,5,307.82 I 23449 - 42283

23 4573.79 II 17,369 _ 39226 45 5309.68 1 16163 — 34992

45 h 4597.90
j

23644 - 4,5387 55 ,5311.60 11 14,360 - ,33181

oUU (1
1 C ( 10 Oli4.iyo.o() 0 - 217,39 1 z ^'^9.1 9^^,9.)Zt. ZO II

1

1

14360 33136
1
- oil o*> 4o0o Oil on/LZO.JuO Q OtJtU. ,JU H1

1

Zot,9o 47 1 ^Rtil OO

23 4605.77 II 12071 33776 no ,53,54.73 I 2,5462 - 44132

90 4608.09 1 6573 _ 28267 no .5373.86 1 2357 - 20960

230 4620.86 4.568 - 26203 40 5389.34 8984 - 27534

70 4622. 1

0

20135 - 41761 1 O COO] Of, M
1

1

178,30 — .36373

45 n 4630.6

1

1 vzy.i Klooz 1 Q D4U4.4 i
1 070 1IV /V 1 ooZoV

210 46.55.19 I 6572 _ 28048 28 5424.02 I 22451 - 40882

80 4664.12 II 12921 _ 34355 12 ,5435.78 1 21738 - 40130

26 4669.24 10.532 - 31943 40 ,5438.74 0 18.381

Ion120 4699.01 18011 39286 1

1

0444. U i
II
1

1

20135 38499

40 4699.72 20135 U407 7^
/,)

C .1 CO QO
o4.)Z. Vz 4568 22901

45 h 4708.84 I 22901 44132 30 .5463.,38 II 1.3486 31784

45 h 4719.10 II 11952 33136 15 .549 7..30 I 29753 47938

45 h 4731.37 17,369 38499 15 5510.12 0 18143

40 4738.,58 14018 35115 15 5510.45 18,381 36524

40 4757.58 8984 29997 19 5,524.35 II 15084 33181
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Hafnium— all observed /ines— Continued

Intensity

and
Character

Wavelength o

^ spectrum
Energy levels

Intensity

and
Character

Wavelength c
^ bpectrum

Energy levels

in cm"'

45 5538.02 21739 39791
28 5538.26 10533 - 28584

230 5550.60 0 - 18011

230 5552.12 5639 23645

55 5575.86 26203 44132

14 5600.77 23449 _ 41298

95 5613.27 5639 - 23449
25 5614.01 21739 - 39546
8 5628.27 23449 41211

19 5650.83 10509 28201

40 bl 5698.03 Hf 0
25 5713.28 24785 - 42283

160 5719.18 8984 - 26464
25 bl 5720.16 Hf 0
12 5748.72 24785 42176

14 5767.18 n 12071 29405

12 5809^50 II 11952 - 29160
19 5817.47 14435 - 31620

25 5842.23 II 17830 34942
25 5845.87 14018 31119

19 5847.77 22451 39546
22 5883.66 23645 — 40636

15 5926.47 23645 - 40514
60 5933.69 18143 34992
75 5974.28 18381 351 15

25 5974.72 19791 36524
60 5978^66 18270 - 34992

25 5992.96 23448 - 40130
45 c 6016.79 27516 44132
28 b 6021. 12 Hf 0

25 b 6043. 19 0
25 60.S4'l7 14542 — 31055
95 6098.67 4568 - 20960
95 6185. 13 0 16163

55 6210.70 24785 — 40882

62 16.82 26203 42283

45 6238.58 2357 - 18381

60 6248.95 12071 - 28069

22 h 6299.54 26306 42176
25 h 631 1.85 22451 38289

1

Q

U.) 1 O , .).> ^51)5

30 6338.10 10532 _ 26306

19 h 6380.19 15673 - 31342

60 6386.23 2357 - 18011

19 h 6409.52 21739 — 37336

I
-

10 Ln

28 6587.23 16766 _ 31943

45 6644.60 14360 - 29405

19 6647.06 23146 - 38186

11 66.59.40 14741 - 297.53

fi7 1 'XD i 1 J . to 3 1055

u 2245

1

37336

17 6754.61 14360 29160

11 6769.95 27516 42283

85 6789.27 4568 19293

160 6818.94 8984 23645

15 6826.56 23645 38289

13 6850.07 25194 39789

35 6858.70 16766 31342

45 6911.40 8984 23449

10 6926.19 I 14092 - 28526

19 6979.59 I 15673 - 29997

21 6980.91 II 15084 29405
7 9Q9d.7

7
/ i\JO\J.oo

IT
11 ZUloD

7 7035.13 I 16767 - 30977

11 7061.90 I 25634 - 39791

15 7062.87 25634 — 39789

160 oooy 1 Q7Q 1

11 h /UV4.4U
or 1 Q/1 oyzoo

15 7100.54 I 15673 — 29753

55 7119.52 I 17901 - 31943

570 7131.81 0 14018

650 "TOOT 1 A7237. 10
J

4D0O 1 QOQllooo 1

410 7240.87 ZOO /

6 7262.62 J 14435 _ 28201

75 7320.05 I 4568 - 18225

16 7321.76
{

5639 — 19293

6 7356. 10
J

oo /I /inzo44y Q7A0Q
o / (Joy

6 7365.28 15673 Z9z47

20 7390.70 J 14741 _ 28267

6 7423.69 I 8984 - 22450

25 7437.56 I 14092 - 27534

13 7463.86
}

zoo4o 0 "TAOno (Uoy

7 7484.56 OOQOA ooZo /

15 7556.37 I 16766 _ 29997

75 7562.93 I 6572 - 19791

15 7564.22 I 34806 - 48022

1

1

7576.95
!

1 oo O 118381

1

1

7592.96 23253 0/; /I 1 Aoo4iy

13 7608.59 31943 _ 45083

360 7624.40 I 10533 - 23645

20 7645.64 I 17901 - 30977

110 7740.17 10532 23449

8 7743.57 15673 OOC O/l28584

5 7757.89 II 18898 _ 31784

40 7790.90 17901 - 30733

7 7796.81 I 23253 - 36075

35 7814.55 14741 27534

310 7845.35 5639 18381

7 7846 56 23253 35994

130 7920.71 I 5522 - 18143

29 7938.06 I 15673 - 28267

250 7994.73 I 5639 18143

7 8010.58 I 16766 29247

£.'1 I 14741 27150

25 8080.32 I 5639 - 18011

16 8173.89 I 20908 - 33139

130 8204.58 I 2357 14542

7 8248.81 I 36237 48357

8276.95
T

2357 14435

13 8305.91 JJ 17369 29405

25 8344.25 15673 27654

5 8380.06 28584 40514

5 8382.98 22880 34806

35 8460.01 16767 28584

150 8546.48 6572 18270

160 8640.06 6572 18143

40 8711.24 15673 27150

65 9004.73 14092 25194
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Holmium

Ho, Z = 67, M = 164.9303, Ratio 7^ = 2.595

Ho I Normal state of valence electrons 4>p^6s^ %ii2 = 0. LP. = 48540 cm~K
Ho II Normal state of valence electrons 4/** 6s ^Ig = 0. I. P. = 95200 cm-i.

References

Wavelengths:

Below 7000 A;

A. Gatterer and J. Junkes, Spektren der Seltenen Erden (Specola Vaticana, Vatican, 1945).

About 50 wavelengths were measured on our plates, including all lines above 7000 A.

Classification:

Ho I, J. Blaise, P. Camus, G. Guelachvili, J. Verges, and J. F. Wyart, C. R. Acad. Sc. Paris, Ser. B.275,81

(1972); 274,1302 (1972).

Ho II, J. Sugar, J. Opt. Soc. Am. 58, 1519 (1968).

Spectrum Assignments:
From 3837 A to 4661 A: A. S. King, Astrophys. J. 72, 221 (1930).

The rest of the assignments are from our plates.

Molecular Spectra:

HoO, A. Gatterer, Ricerche Spettroscop. 1, 139 (1942).

Strong lines of holmium

Intensity

and
Character

Wavelength
in A Spectrum

Energy levels

in cm"'

Intensity

and
Character

Wavelength
in A Spectrum

Energy levels

in cm"'

16000 c 3456.00 II 2900 4108.62 I

13000 c 3891.02 II 637 - 26331 2700 c 3861.68 II

8900 c 3796.75 II 0 - 26331 2700 4040.81 I 0 - 24740
8900 c 3810.73 II 0 - 26234

2500 3494.76 II8900 4103.84 I 0 - 24361 c

2500 4173.23 I

8100 c 3398.98 II 0 - 29412 2000 c 3425.34 II

8100 4053.93 I 0 - 24660 2000 c 3428. 13 II

8100 4163.03 I 2000 4227.04 I

6300 3484.84 II
1800 3854.07 II5400 3416.46 II 637 - 29899 c

1700 4065.09 II

5400 c 3474.26 II 637 - 29412 1600 3461.97 II

5400 c 4045.44 II 0 - 24712 1600 3546.05 II

4300 4127.16 I 1600 c 3662.29 I

4100 c 3515.59 II
1500 4120.20 I3200 3453.14 II
1500 4136.22 I

3200 cw 3748.17 II 1400 c 3414.90 II 0 - 29275
3000 c 3888.96 II 1400 3667.97 I

105



Holmium— all observed lines

Intensity

and
Character

Wavelength
in A Spectrum

Knprfyv 1

in cm
>Ycls
-1

Intensity

and
Character

Spectrum
r npforv I^v^lciiiiicigj levels

in cm ~

'

170 2502.91 II 100 2844.68 II

80
O C AO C O2508.53

TT
11 270 2849.10 II

110 2513.55 11 45 2852.89 II

95 2518.73 II
* 40 2860 87 II

170 2533.80 I 100 2861.23 II

130 2536.86 II 250 2861.49 II

80 2556.84 I 0 - 39098 150 2862.72 II

80 2567 73 II 90 9866 7Q IT

80 2586 52 I 910 9871 OQ IT

60 2591.05 II 90 2872.44 II

95 2592.99 I 70 2873.88 II

190 2605.86 II 230 2874.06 II

110 2610.51 II 160 2874.43 II

95 2613.99 II 360 9880 96 TT

60 2625.20 II 460 2880 98 II

80 2640.09 I 0 - 37865 55 2882.04 II

80 2640.30 II 35 2883.47 II

60 2649.68 n 80 9884 64 TT

9666 94 IT 70 Z071.Z7 11

70 9689 03 II 9ftQ4. QQ II

45 2704.18 II 160 2895.62 II

45 2709.30 II 170 2900.84 II

210 2713.65 [I 00 9Q09 IQ TT

45 c 2721.77 II 570 c 2909.41 II

45 2728 32 II 55 2910.40 II

230 2733.95 II 70 2914.09 II

45 27.38.79 I 45 2915.12 II

270 2750.35 II 170 2915.82 II

45TO 2757.77 II
1

1

^00 2919.62 H
110 c 2759.35 II 55 2921.85 II

110 2766.85 II 70 2922.60 II

270 2769.89 II 1 10 2925.35 11

70 2772.60 I] 160 2926.09 II

1 1 0111/ 9779 R'\ II
1

1

QO 9Q96 QQ II

70 9771 R4 II
1

1

^00 r 9Q98 '^0 IIi.y^o, o\j 11

140 2777.10 II 55 2936.24 II

55 2778.87 II 90 2940.99 I

97fl7 90 II
1 i 220 2942.05 II

97QI OR II
1

1

cc 2942.59 II

00 ')7QQ on II
11

^00 9Q44 4Q II^y^^.^y 11

140 2794.41 II 35 2945.04 II

100 2799.99 II 55 2945.83 II

100 2806.72 [[ 70 2952.36 II

70 II
1

1

.5.5 2952.73 II

noou 9H0Q 00 n 250 c 2953.11 II

160 c 2809.99 11 70 2954.28 II

220 281I.:U) II 70 c 2954.94 II

1 QH
1 OU >Q 1 > (U^Zo .UU 1

1

00 oqcc )7 II

oU 9ft 1 I J.1 1

1

70 2957.41 II

1 QO1 7V 9ft 1 1 71 II
1

1

70 c 2964.40 II

70 2814.91 II 55 2972.43 II

45 2819.68 II 390 2973.00 II

on 9Q1Q ttnZo 1 V. oU 11
1

1

cc 9Q75 94 II£.y I '1 , 1

1

finoU 000 J
ZoZ.j. .>0

1

1

.110r lU C 9Q7Q f\'\ ITL.y t y . uo 1

1

11
1

1

CC 2980.64 II

300 2824.20 II 180 2981.46 II

140 2826.64 11 80 2984.07 II

CCDO Zo.jU. VZ 1

1

14.0 9Q85 48 TT

ZiX) C Zoo I .oy 1

1

11 din 9Qfi7 fiA ITZ 70 ( . 04- 1

1

ort Zo.J.i. 1 V II
1

1

9=;o 9QQ0 97 II^77U. A 1 11

210 2834.99 11 90 c 2992.71 II

110 2835.85 II 110 2995.86 II

55 2836.70 II 90 2998.29 II

70 2843.39 II 70 3000.69 II

110 2844.18 11 45 3005.29 II
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Holmium — all observed ZiVies — Continued

Intensity

and
Character

Wavelength
in A

Spectruni
Energy levels

in cm"'

Intensity

and
Character

Wavelength c .
Energy levels

i opectruni _i
in A ^ in cm

45 3007.08
TT
11 810 c 3181.50 II

320 c 3008.10 11 390 3183 84 II

160 3009.48 II 270 cw 3184.48 II

55 3012.07 II 200 3186.37 I

220 3014.60 II 140 3187.39 II

1 1 A110 9A 1 ^ O 1oUlo.zl
IT
11 160 OIAIAO IT3191.02 11

45 3017.73 II 70 3195.09 II

70 3018.16 II 140 c 3196^07 II

160 3023.14 II 65 3196.52 II

130 c 3024.38 II 390 c 3197.83 II

70 c 3026. 13
II
11 1 10

n OA 1 AA T
3201.00 I

110 3028.18 II 390 3201.76 II

130 3033.44 II 160 3204.28 II

170 3035.65 II 100 3206.17 I

270 3038.69 II 200 3206.86 II

90 on A A An3044.40
1 T
11 270 c 3210.41 II

70 3046.44 II 120 3211.85 II

480 c 3049.38 M 80 3213^28 II

160 3050.73 11 140 3215.36 II

410 c 3054.00 II 200 c 3221.42 II

130 c 3054.87 II 80 3224.27 II

500 c 3057.45 II 65 3230 04 II

70 3060.24 II 80 c 3231.67 II

110 c 3062.53 II 320 3233.34 II

80 3063.14 II 80 3233.87 II

180 3064. 19 II 200 3236.90 II

230 3074.30 II 200 3237 40 11

100 3075.53 II 65 3240.42 II

80 c .3078.41 II 80 3243.00 11

500 c 3082.34 II 80 3247.22 11

910 3084.36 II 80 3256.28 II

430 c 3086.54 II 200 c 3257.45 11

180 3102.69 [I 120 c 32,58!45 II

150 3105.18 II 80 3262.20 II

200 3108.31 11 70 .3263.66 11

150 3108.65 II 80 3266.34 11

200 c 3109.91 II 90 3267.36 11

65 3111.85 II 80 3277^16 II

65 31 14.,36 II 390 c .3278.15 II

760 31 18. .50 II 270 3279.25 II

65 3129.21 II 120 3281.18 II

'\
1 \l) 77 |i 980 c 3281.97 II

300 c 31.30.99 II 140 3283^08 II

200 c 31,34.39 II 390 3288.46 II

300 c 3144.36 II 270 c 3290.96 II

70 3146. 13 II 120 c 3297.06 II

1 ^11 (
I ou c

1 1 lo o;
,> 1 fo. o,> 1

1

90 3298.12 II

120 3149.94 II 1.30 3,30 L.34 I

65 c 31.53.04 II 200 c 3,305.16 II

130 31.53.82 1 1,30 ,33 12..39 II

200 31.56. 18 11 140 3315.66 II

1
1
c/, 07,» 1 , lO. V 1 200 3319.87 II

120 3 157..35 1 2.30 3320!25 II

120 3158.40 II 80 3321.11 II

200 c 3159.67 [I 110 3323.74 II

65 3160.47 II 120 c 3329.02 11

uo 1 f\l HA0 1 y}'r .
II 200 3331 93 II

120 3165.69 II 160 ,3333.16 II

580 c 3166.62 II 630 c 3.337.23 II

160 3167.89 II 390 c .33.38.86 11

390 dl 3171.72 II 160 3340.44 11

80 3172.37
1

1

II oU .JO'+Z. i\) 11

810 3173.78 II 980 c ,3.343.,58 II 0 - 29899

390 3174.84 II 200 ,3.344.47 II

270 c 3176.97 II 65 ,3344.79 II
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Holmium— all observed Zines — Continued

Intensity

and
Character

• X
in A

c . Energy levels
bpeclrum

in cm

Intensity

and
Character

Wavelength
in A Spectrum

Energy levels

in cm '

110 3348.61 II 140 3469.40 II

360 3350.49 II 130 c 3470.76
JJ320 oooZ. . lU TT

11 9QA ^ZOu C o4/z.ol
!}

cw oooo.oo IT11 Ql A r>OIU C 0y17Q OlO^- / O. VI
qoc4 CO TT

11
C/lAA „
04-UU C 0/174 9A

'
AQ7 90A19oo / zy4iz

80 3356.98 II 200 3477.75 II

320 3357.91 II 200 c 3478.06
}j140 OOf.fi Q7

11 QAoU Q-1QQ QA

}{1 9nIZU oooo.<+l
TT
11 AQAA 0/1O/1 0,1

TT
11 9AA ^ZUU C

O^or Q7o4oC>. 0 I '

80 c 3368.36 II 160 c 3486.34 II

100 3369.89 II 490 3489.58
j|290 Q07A Q7 IT11 OQAZVU C Q/IQA AC
^}

AQ7 9O07Coo / — zyz/o
inn TT

11 ACOO Q/4QO 1 1o4Vz. 1 1

j}9^n OO /4-. 10 II
11

c;qa ^OoU C "XAQI AO

70 3374.36 II 80 3493.60 I

80 3380.49 11 2500 c 3494.76
j|80 0 OQ/; /I 1Oo(50.4 I

T
1

QA 0/1Q7 /;co4y / . DO
1}c oo<5y.oO

T T
11

O 1 AolU C
0/IAO OO

jjc 0 0 fin 7C IT
11

"TA 0 CAC A 0

160 c 3392.05 II 410 c 3506.95 II

80 3392.47 II 130 3507.99
J320 c OOfl/l AAooy4.ou 1

1

11 ozU QCAA 0 7

1 lU ooV / .OO II
11

O 1 AolU QC 1 A 7Q yi4/ — O/OZO
Q 1 AntJlUU c

QOAQ OQOOVO.Vo 11 U ZV41z 1 AftlOU oc 1 1 7AOOl 1. /O jj

110 3400.60 11 4100 c 3515.59 II

200 3401.,59 II 410 c 3519.94
{j130 Q 4 no 1 o IT

11
OOA ^zzU C

0 C9A 1 A

IzU 1 1 AA 0 7 II
11

1 CA OOOZ.
!

ZUU Q 1 AQ 0 1 II
11

99AzzU QCQQ QOoooo.oy

200 c 3409.06 II 130 c 3539.35 II

810 c 3410.26 II 630 3,540.76

390 c .1410.0.1 II •lAAZUU J041.41
!1111 r r

.14 1 1 ..T.o II
1 /;aaloUU or AC, AC

O,040.0,0
jj150 j4 Iz.o

/

1

1

11
1 /".A OCylQ CO "

200 c 3414.25 II 80 c 3550.60 II

1400 t ,3414.90 II 0 - 29275 1100 c 3,5,56.78

jj5400 ,54 10. 4o IT AQ7 OflQAA
II OO/ — zVoyy QAoU C

}}OAOU c 34 18. 19
f I
11

n\
l\)

0 c; cA AO

jj120 3418.47 I 0070 OT/lOO
1 8378 - j76z3 41U Q CAA 1 CoooU. io

1200 3421.63 11 160 c 3563.45 11

290 3424.11 I 8427 - 37623 110 3567.32

2000 c .i4z.o..>4 1

1

I AnlOU OCAQ 70OOOo. /V

230 3426.76 11
OOAzyu OO /U.44

j2000 c 3428. 13
1 T
II

d 1 A « QC7Q 0/1OO /o.z4 ^'

630 c 3429.18 II 35 3574.20 II

320 c 3432.10 II 630 c 3574.80 II

140 3434.76 II 810 0 C "TA t Ooo/y. IZ
j140 3435.6

1

I I

II
^ 1 A410 QCQ/\ 7C

oooU. /o
jj160 3436.3

1

T 1
II 410 OCQ1 QQooo 1 . <5o

290 3437.04 I 80 c 3.582.80 II

130 c 3437.91 II 250 cw 3.589.77 I

65 c 3438.35 II
1 CA 0 C A I '> 0

j.oy 1 .z,i

jj
160 3445.66 11 630 c

OCAO OO

jj130 c 3449.01 II
1 7A ^
1 l\J c OCAO A"?

'I

390 3449.35 I 1100 cw 3.598.77 II

140 3451.23 I 340 ,3599.48 I

3200 3453. 14
1 f
II

CIA «
,o40 C OAAA QCoOOO.Vo

jj
110 c 3453.85 II 130 c

O/^AO <;CooOz.Oo ij

810 c 3455.70 II
1 OAloO OAAC 77

I

16000 c 34,56.00 II 340 3613.31 n
140 3461.36 II 110 c .3616.93

1600 3461.97 II 70 3618.08

360 c 3467.07 II 410 3618.43

80 3468.13 I 200 3619.41 II
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Holmium— all observed /ireei — Continued

Intensity

and
Character

W flvclcngtn

in A Spectrum
Lnergy levels

in cm ^

Intensity

and
Character

^Vavelength

in A
r> t,ncr£y levels
bpectrum ° _]

in cm

200 3623.59 I 3200 cw 3748.17 II

170 c 3625.46 II 110 c 3748.78 II

^oU c oOZO.OV II
11 on o I oKj. ly TI

11

/I OA TI11 iUU c
07c;9 A7 II

11

ooou.y i
I
1 1 in nlou c ^7c:o Ai TI

11

430 c 3631.76 II 320 c 3753.73 II

110 3632.95 II 160 3754.45 I

loU c if.iA f^noOo'+.o /
IT
11 97n <^z /u c 07C7 O/i0 lo I . zO II

11

oU C
IT
11 on 07/;a AO0 /OU.'+o

I
1

^OU c OOoO.oU II
11 ^7AQ AO I

1

130 c 3640.17 II 250 3772.40 I

220 3641.25 I 110 3773.83 I

QA :0oU C O04-Z.00 II
11 99nzzu oil 4-. 00 I

1

onyu c o04-y.0U II
11 low "XllA QAOil '4.yu

I
1

II
11 1 A 077^ 070 1 1 0.0

1

I
1

200 c 3658.48 I 250 3776.15 I

1600 c 3662.29 I 130 he 3778.00 I

4'OU %f\fS> QQ T
1 9QA 070A 070 / GV.O I

TI
11

/ zU oOOD.OO 1
1

1 lA
1 lU C

07QA OQ0 /ou.yy II
11

loU 000 / .Uo II
11

1 1 A
1 lU Q7Q0 Ac:0 /oZ.OD II

11

1400 3667.97 I 180 3785.23 II

320 3669.05 II 320 3788.08 II

oooy.oz I
1

1 lA
1 lU Q7QQ AA0/00.'+'+ II

11

on OO / U.Zo IT
11 97AZ l\j

Q701 AA0 /y 1 .UU II
11

oo 1 z.oy I
1

99AZZU Q7Q10 ( y 1 . OD I
1

140 c 3674.36 II 110 3791.97 II

450 c 3674.77 II 290 3792.95 I

loO cw 1

1

11
1 QA I

1

0A7Q CA U QOAA ^ 07A£ 7C IT A 0^'i'i^11 \J — ZOool

/ zU 0 A 7n 1 A
.io /V. ly I

1
0707 OA T

1

670 3679.70 I 220 3798.25 II

160 c 3680.00 II 290 c 3801.28 II
"7 0 A Q <; o '> /; c.iOoZ.O.T I

1
oc:a ooU4. lo

T
1

4jU 'J o c 1 AOo .0 . .1 0
f r
11

OQ/\7 AA 1
1

14U C .lOoO.O.T
1

1

LI
1 QA 10AO /lO TI

1

1

580 3690.65 I 110 c ,3809.93 II

230 c 3691.32 II 8900 c 3810.73 II 0 - 26234

.5oy 1 .v.T 1
1

/I OA 00 1 1 .00 I
1

1 "JA .lOyi-.oo 1 yuu c QQ 1

Q

oolo. ZO II11

1 10 3695.69 I
I OA

11

410 3700.04 I 300 3821.73 11

130 3701.27 I 220 3825.64 I

1 "3 A '37A1 7Q
.5 / U 1 . (

O

1

1

II
^Q90 97ooZy. Z I

1
1

/I OA «4yu c
^7AO T C

1

1

QOA «...ozU cw 600 1 .y
If
11

OAoO .1 1 04. o4 I r
11

/I 1 A4 lU C 0000.00 T T
11

100 3706.90 II 1300 cw 3837.51 II

250 3709.27 11 220 .3838.36 II

320 3709.76 1
/I I A „410 c

9 O/I 0 AC TT
11

160 c 37 10.74 1

1

1 1 AA .io4o.o0 I TU
160 37 1 1 .3

1

1

1

II
A AA ^ OQAii 70 T T

11

430 3712.88 1 300 3849.88 I

270 3718.62 I 230 h 3851.54 II

450 3720.72 I 320 0 0 C 0 ^ A3852.40 IT
11

180 c 3721 .32 II 1800 c
00c A A73854.07 II

11

160 c 3721.80 II
OAA390 cw QOCA A/1ooo0.y4 1

1

11

270 3724.45 1 720 3857.72 II

70 3725.05 I 250 3859.34 I

180 c 3725.98 11
07AA2700 c 000 1 . DO II

11

1100 3731.40 I 540 3862.62 I
1

360 3732.09 I 1 10 3864.91 f I
11

220 3732.59 I 360 3872.05 II

180 3734.99 I 320 c 3874.09 II

810 3736.35 I 630 3874.68 II

180 3737.65 II 250 3879.-59 II

200 3742.40 I 540 3881.61 II
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Holmium — all observed /mes— Continued

Intensity

and
Character

Wavelength
in A opectrum

Energy levels

in cm"'

Intensity

and
Character

Wavelength
in A

«;,,»^tr..,r.
Energy levels

Spectrum . _i
in cm

c 3888.96 II 8100 40S3 93 I 0 - 24660
490 3890.42 I 540 4054.48 II

13000 c 3891.02 II 637 - 26331 270 4057.55 I

290 c 3893.08 II 220 4060.31 I

100 3893.52 II 1700 4065.09 II

3896.76 II 170 4067.57 I 8427 - 33005

270 c 3897.27 II 720 4068.05

130 3899.64 II 270 4071.83 I

130 3900.79 I 270 4073.13 I

290 3902.23 II 290 4073.51 I

3904.44 I 120 c 4080 23 n
1300 cw 3905.68 II 637 - 26234 230 4083.67

100 3909.56 I 140 4085.09 I

120 3910.30 I 170 4087.35 I

320 3911.80 I 200 4087.59 I

3912.44 II 140 4091.64

320 3919.45 I 120 4094.78 I

100 c 3923.28 II 230 4100.22 I

100 3924.55 II 90 4101.09 I

100 3925.64 II 8900 4103.84 I 0 - 24361

cn 3929.93 II 1 9fl 4105.04
320 c 39.36!44 II 270 4106'50 I

220 39.38.85 I 100 4107.36 I

320 cw .3940..53 II 2900 4108.62 I

180 3942.54 I 300 4112.00 I

1 AnlUU 3949.00 I 100 4112.72

220 39.50!.56 I 270 4116^73 I

90 3951.14 I 90 4118.94 I

90 c 39.55.05 II 1500 4120.20 I

580 .39.55.73 I 1300 4125.65 I

120 I
1 4.197 16

.

230 c 39.59.5! II 300 4134.,54 I

490 3959.68 I 90 4135.08 I

120 .3963.29 II 1.500 41,36.22 I

120 3967.33 I 1.30 4 1,39.,34 I

100 3972.64 II 2.30 4142. 19

90 3973^83 II 290 4148'97 I

110 .3974.55 I 980 cw 4152.61 II 637 - 24712

220 .3975.88 1 8100 4163.03 I

390 c 3976.93 1 160 4172.23 I

170 IOTA 07 11
1

1

75(11) 4173.23

130 3982.04 II 540 4194^35 I

220 cw 3985.71 11 100 4198.08 I

160 3992.72 I 1.30 4203.21 I

220 3993.73 II 65 4203..39 II

80 '^007 I fi-jW t . lo 111

1

ion1 \f\j 4.9 1 1 ^0

1
1 ou 3998.29 1 90 4219.10

380 3999..58 I 290 4222.29 I

80 c 4001..<2 II 290 4223.47 I

160 cw 4002.59 II 2000 4227.04 I

220 i
499Q 59 II

1 1 II
I I u 4013.50 1 130 h 4231.24

320 4014.20 II 290 4243.78 I

160 c 4018.09 II 90 4245.40 II

160 c 4022.76 II 1,300 cw 4254.43 I

160 c 111 )! Q 1 II 130 c 4258.61 II

1 10 4025.,39 1 490 4264' 05 I 0 - 23445

320 4027.21 I 300 4266.04 I

270 4028.86 1 100 4273.63 II

180 c 4031.80 I 80 4284..58 il

220 4037.62 1
An 1-zyu. Its 11

220 c 40.38.87 II 90 C 4298.47 II

2700 4040.81 1 0 - 24740 90 4299.15

5400 c 4045.44 II 0 - 24712 90 4301.09 II

220 c 4047.52 1 200 4311.04
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Holmium — all observed /mes— Continued

Intensity

and
Character

Wavelength
in A Spectrum

IT 11Lnergy levels
-

1

in cm

Intensity

and
Character

TV/ 1 » l_Wavelength
in A Spectrum

bnergy levels
-

1

in cm

90 4315.03 II 55 4683.08 I

250 4330.64 II 55 4685.83 II

80 c 4332.55 II 45 4688. 19 II

300 A o on 114337.13 TT
11 70 4701. 17

TT
11

100 cw 4346.84 f T
11 80 4701.69 IT

II

1300 4350.73 I 130 4709.84 II

290 4356.73 II 65 4711.39 I

140 4363.93 II 130 c 4717.52 I 9147 - 30338
70 4371.43 II 35 c 4728.72 II

70 4373.33 I 35 4738.00 II

80 4376.58 II 290 4742.04 II

170 4379.14 II 35 c 4749.09 II

90 4379.83 II 35 4751.40 I

180 c 4384.83 II 100 c 4757.01 I

70 c 4388.69 II 35 4762.39 II

70 h 4394.98 I 35 4763.57 II

150 4400.55 II 55 4777.48 II

126 4401.24 II 30 4779.42 '

180 4403.27 I 70 c 4781. 19 I

200 4420.56 II 65 4782.92 I 9147 - 30048

55 4426.20 II 55 c 4786.29 I 16735 - 37623
80 4429.81 II 35 4791.48 n
70 44.34.96 I 15081 - 37623 35 4795.92
130 4444.63 I 15130 - 37623 45 h 4798.87 I

70 4445.07 II 27 4812.92 II

80 4447.23 II 55 4832.31 n
65 4463.40 II 30 4833.32 I

70 4467.28 I 30 4855..54 II

70 4470.23 I 45 4860.39 I

100 4473.59 II 27 c 4889.67 II

300 4477.64 II 30 4892.35 I 18737 - 39171
120 4484.57 II 35 4896.44 II

140 4510.82 1 55 4906.99 II

90 4512.55 11 45 4922.73 I

100 c 4526. 14 11 55 c 49.34.89 I

170 4530.08 11 290 49.39.01 I 0 - 20241

170 c 4.531.28 I 27 c 4946.80 I

130 c 4531.65 II 45 4948. 18 II

170 ' 4534.58 I 65 c 49.59.42 'I

65 4543.80 I 35 4961.03 II

90 4548.94 II 55 cw 4966.73 II

45 45.58.41 II 2.50 c 4967.21 11

200 4562.52 I 8427 - 30338 220 4979.97 I 0 - 20074

65 (• 4567.82 11 35 c 4988.96 I 8378 - 28417

55 4572.42 11 90 4995.05 I

Q(l r7\J t '^T riji J \. 5012.42 1

70 4589.70 II 55 .5013.28 11

90 c 4608.00 I 65 5026.53 I

45 4608.67 II 30 5028. 17 I

120 cw 4609.32 II 55 .5032.95 II

4609.52 II

5037.6065 c I

130 4613.37 1 8378 - 30048 130 .5042.37 I

45 4613.99 II 35 ,5044.73 I 8427 - 28244

100 4618.84 1 30 5051.44 II

100 c 4628.22 1 30 5054.92 II

290 4629. 10 11 35 c 5060.75 I

55 h 4632.84 1 65 5074..34 I

45 c 4638.19 II 80 5093.07 I

4638.29 II 140 5127.81 I

70 4647.75 II 55 5129.27 II

200 c 4649.77 11 1.30 5 142..59 II

45 4651.39 II 110 5143.22 II

35 46.52.71 II 160 5 149..59 II

130 c 4661.33 11 90 c 5167.88

140 c 4674.62 11 1.30 c 5182.11 8378 - 27670
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Holmium— all observed /mes— Continued

Intensity

and
Character

Wavelength
in A Spectrum

Energy levels

in cm

Intensity

and
Character

Wavelength
in A

c Energy levels
spectrum^ m cm '

00 0 1 O / . OO Q14.7 _ 9Q<117 0727 b Oo/V.O no yj

90 5190.11 II 70 c 5882.99

18 5195.23 I 35 c 5892.56 I

45 5221.54 J 22 5904.29 J

35 c 5244.47 I 70 5921.76 I 0 - 16882

uo 30 c 0700. 1

1

55 5275.48 I 70 5948.03 I

90 5301.25 I 0 - 18858 45 5955.98 J

35 5319.24 I 70 5972.76 J

35 5319.65 I 90 5973.52 I 0 - 16735

OU oooU. 1

1

U lot 00 22 CQQ1 A'X T 11 C.Ofi OQOA A

90 5359.99 I 0 - 18651 230 Q 5982.90 I 0 - 16709
55 5381.40 I 55 6002.04
30 5384.56 I 27 6005.33 J

30 5384.97 I 35 6021.43 J

10 n 00 70.00 16 OUoo. V /
T 11 ^QQ OaOAA
1 liOOV Z0Z44

70 5403.17 I 27 6050.71
100 5407.08 I 45 6060.31 J

14 5413.62 jj 120 6081.79 I 0 - 16438
16 5434.39 jj 70 cw 6133.60

1 Q c
yi
or Q704O.T.0 (

O07O 0A77n 35 6100.00
30 5445.39 I 97z I 6156.58 {

18 5449.8 JJ 55 6191.68 J

30 h 5451.90 J 0 - 18337 70 6208.65 J

14 5454.0 JJ 18 6234.17 J

oU c 04VO.0 1 45 c OZ.0O. /o 1 11 AQO 07A7A
1 116oy — ZiOlyj

30 5504.51 j c 6305.36 I 0 - 15855

27 5515.56 JJ 22 6306.68 I 22392 - 38244
18 5516.45 JJ 30 6321.94
30 5534. .33 J 30 c 6354.35 J

oo.i.i. 14 30 c 60/z.OV
}35 c 5560.94 j Id u

11 6373.86

35 b 5563.6 HoO 22 h 6413.41 I 1,5855 - 31443
70 5566.52 21378 - 39338 27 c 6471.77

18 5573.96 11 13 6479.17 J

OO Dl ^ O 1 1
.1.104. I no U 11 Oolo.oU

55 b 5591.1 HoO u
11 6538.99 J

55 bl 5592.3 HoO 70 6550.97 I 15855 - 31115
30 b 5607.

1

HoO 15 6.560.08 I 11530 - 26770
27 .5613.64 I 35 d 6600..58

4.T b .i6zo.4 Ho O 260 AAA/1 CiA06U4.y4 1 n 1 c: 1 "3 A
1 U - l.Tlo6

65 5627.60 I 8378 - 2fU3 6607.47 I 0 - 15130

30 5628.24 II 13 6628.35

55 5640.62 1 22024 - 39747 120 6628.99 I 0 - 15081

70 bs 5655.9 HoO 15 6632.24

65 b 5658.9 HoO 9 h 6652.98

140 5659.58 I

1 r
6662..52 I 16438 - 31443

70 c 567 1 .84 19 c 6680.46

65 5674.70 [ 24 c 6681.62 J

140 c 5691.47 I 15 h 6682.02

70 bs 5696.3 Ho 0 55 cw 6694.32 ¥ 1 AOOO 0 1 0 1 A
1 lo8o2 - .5I0I6

140 c 5696.57 I lo cw 6722.34

27 5734.02 I 40 6745.05 I 5419 - 20241

45 5736.4 HoO 13 6766.74

55 5739.24 I 28 c 6774.68 I 17059 - 31816

22 5749.58 1 55 c
A70C A 0 T 1 A 7AA 0 1/1/10

1 16(Uy — ol44o

30 5766.64 13 6793.1

27 b 5803.8 HoO 13 cw 681 1.04 I 16438 - 31115

45 b 58 19.2 HoO 15 cw 6820.38

27 h 5821.90 I 24 6821.64 I 5419 - 20074

22 5839.47 I 17 c 6825.72

45 b 5849.4 HoO 8 h 6826.62

140 c 5860.28 1 0 - 17059 8 h 6852.97

27 h 5864.42 I 17 cw 6865.85 I 16882 - 31443

45 5870.85 I 9741 - 26770 9 6883.36

112



Holmium— all observed /mes— Continued

Intensity

and
Character

Wavelength
in A

o , Energy levels
opecirum _i

in cm

Intensity

and
Character

Wavelength
in A Spcctruin

Energy levels

in cm"'

13 6888.50

}

16 7605.35
j15 c 6892.96 12 7617.05 8427 - 21552

17 6897.95 I 11530 - 26023
1 A14 /OZ / . Vo Q07Q 01/lQQ

15 h 6903.80 I 21682 - 36163
}

15 cw 6913.47
W
9

c 7A9Q AO

7641.14
}9 6916.70 I 11689 - 26143 4 7648.16

40 cw 6939.49 I 16709 - 31115 14 c 7653.80 I

45

13

cw
hi

6950.39

6955.3 I

II

12

20

c /oo / .oU

1 U"V/. to
19 6976.7

50 c 7693.15 I

10 6985.11 40 cw 7715.06 I

9 6994.38 16 7719.05 I 8427 - 21378

14 h 7000.71 16 h 7738.98
10 7079.07 8 c 7752.01
12 7098.58 60 cw 7815.48 I 18651 - 31443

0 794.9 ns I 19^'^Q — ')f\}A'\ 40 cw
h

7823.63 I

0 8 7879.22 I

14, 7308.55 60 7894.64
25 7341.43 10 h 8464.66 ; 9741 - 21552
18 7389.40 10 h 8482.67

cD

10

un

h

'7A(\A. on

1 0 tU. 1 4

1 D^IV — lo<5o
50

20

8512.94
8545.61 II

9741 - 21485

140 7555.09 I 18 8601.84 II

18 7589.20 I 8378 - 21552 40 8670.19 I 0 - 11530
25 7591.87 I 8 h 8697.32

7593.64
16 h 8805.48 II

9 h
20 c 8834.49 5419 - 16735

7 h 7594.35

12 7602.31 II 90 8915.98 II
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Indium

In, Z = 49, M = 1 14.82, Ratio = 1 .807
Cu

In I Normal state of valence electrons Ss^Sp ^p^/j^O. LP. = 46670 cm-^.
In II Normal state of valence electrons 5s^ ^So = 0. I. P. = 152195 cm"^

References

Wavelengths and Classification:

In I, F. Paschen, Ann. der Physik 32, 148 (1938).

In II, F. Paschen and J. S. Campbell, Ann. der Physik 31, 29 (1938).

Indium — all observed lines

Intensity

and
Character

Wavelength
in A Spectrum

Energy levels

in cm~'

Intensity

and
Character

Wavelength o
^ " spectrum

Energy levels

in cm"'

180 2306.06 11 0 - 43349 180 c 2836.92 I 2213 - 37452

40 2389.54 0 - 41836 30 c 2858.14 I 0 - 34978
60 2460.08 0 - 40637 1100 2932.63 I 2213 - 36302

30 h 2468.02 2213 - 42718 20 c 2957.01 I 2213 - 36020
100 2521.37 2213 - 41862

8000 3039.36 I 0 - 32892

1100 2560.15 0 - 39048 13000 3256.09 I 2213 - 32916

200 2601.76 2213 - 40637 3000 3258.56 I 2213 - 32892
1600 2710.26 2213 - 39098 17000 4101.76 I 0 - 24373

300 2713.94 2213 - 39048 18000 4511.31 I 2213 - 24373

700 2753.88 0 - 36302
8 h 6847.44 I 24373 - 38972

40 2775.37 I 0 - 36020 4 h 6900.13 I 24373 - 38861
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Iridium

Ir, Z = 11.M= 192.2, Ratio - 3.025
Lu

Ir I Normal state of valence electrons ^''ds^ '^Y^ 1/2 = 0. LP. = 73000 cm-'.
Ir II Normal state of valence electrons 5d''6s ^¥5 = 0.

References

Wavelengths:
G. R. Harrison, Massachusetts Institute of Technology Wavelength Tables (John Wiley & Sons, New York,

1939).

Classification:

Ir I, W. Albertson, Phys. Rev. 54, 183 (1938); T. A. M. van Kleef, Physica 23, 843 (1957).

Ir II, T. A. M. van Kleef, unpublished material (1969).

Strong lines of iridium

Intensity

and
Wavelength

in A Spectrum
Energy levels

: -1

Intensity

and
Wavelength

in A Spectrum
Energy levels

in cm"'
Character

111 Ulll
Character

17000 2088.82 0 - 47858 4500 2175.24 0 - 45957

15000 2033.57 0 - 49159 4400 2924.79 0 - 34180
14000 2092.63 2835 - 50606
9900 2010.65 0 - 49719 4100 2502.98 0 - 39940

8700 2022.35 2835 - 52266 3800 2849.72 0 - 35081

2158.05

2543.97
2052.22

2835 -

2835 -

6324 -

49159

42132
55036

3700 2083.22 5785 - 53772
7900

7900
6200

3700

3500

2148.22

2152.68 II

7107 -

4788 -
53642

51227

5800 2169.42 II 3500 2372.77 0 - 42132
5100 3220.78 2835 - 33874 3500 2639.71 0 - 37872

5000 2060.64 7107 - 55619 3400 3133.32 6324 - 38230

4500 2126.81 II 0 - 47004 3300 2475.12 0 - 40390

4500 2127.94 0 - 46979 3200 3513.64 0 - 28452
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Iridium — all observed lines

Intensity

and
Character

W avelenEtn

in A Spectrum
Energy levels

in cm"'

Intensity

and
Character

Wavelength
in A Spectrum

Energy levels

in cm"'

9900 2010.65 I 0 - 49719 230 2357.53 II

8700 2022.35
}

2835 - 52266 410 2358.16 I 4079 - 46472
louuu

i
0 - 49159 CAA 00/;A 70

J

9878 - 52224

;
6324 - 55036 ZoUU OQ/:o r\A 6324 - 48629

DUUU 7107 - 55619 ZJDO.U4 If
11 4788 - 47004

3700 2083.22 I 5785 - 53772 3500 2372.77 I 0 - 42132
3100 2085.74 7107 - 55036 290 2375.09 II

1 (UUU 9AQQ Q9 0 - 47858 OCAzoU 0077 0016 1 1 .la
j

7107 - 49159
1 A C\(\(\ OAQ9 f-O

}

2835 - 50606 OCAZ5U OOTT AO161 1Ma
J

7107 - 49146
z /uu 9119 6324 - 53642 oUU 16 /y.oo 4079 - 46094

1800 2119.54 I 0 - 47165 540 2381.62 I 6324 - 48299
2000 2125.44 7107 - 54141 210 2383.17

{

13088 - 55036
9 1 9^» Q 1Z 1 ZO. o

1

IT
11 0 - 47004 00 OOOQ 7A 9878 - 51815

9197 C9Z IZ / .OZ
}

2835 - 49824 1 OAIZU OQO/^ COzooo.ao 11

4-DUU 9 1 97 OAZ 1 Z ( .y^t 0 - 46979 loOU Zooo.ov ' 6394

3700 2148.22 I 7107 - 5.3642 2500 2390.62 I 2835 - 44652
2500 2150.54 4079 - 50564 2700 2391.18

{

2835 - 44643
ooUU 9 1 [^9 AQZ ioZ.Oo TI

11 4788 - 51227 0/1A1 77z4U \. ( I

J

13088 - 54711
zvUU O 1 C C O 1zloo.ol

{

— A.f\'K104-00 i Z 230 0 /IA7 C A2407.59
J

7in7
( lU / 400ZV

/yuu O 1 C O ACz 1 .:)o.Uo
OAAz90 O/tAA 0*7

2409.37 4.070 4-00 i 1

2100 2162.88 I 0 - 46220 290 2410.17 I 13088 - 54566
5800 2169.42 II 290 2410.73 I 12218 - 53687
4jUU Zl /o.z4

{

0 - 45957 C /IA640 O/l 10 0 12413.31
}

4079 - 45503
07AA 9 1 7 Q 17 nu 4.0070 5 7A3 (U O/I 1 C OAZ410.00

j

0 i 00 4 ( 100
1 AAAloUU 9 1 O 7 A'i

11 OzU Oyl 10 11z41o. 1

1

Tin? - dflddO

1100 2190.38 11 120 2424.32 I 10579 - 51815
740 2191.64 2835 - 48449 120 2424.66 I 9878 - 51108

O'1/IO AA I r
11 2 10

C\ ACS A OA2424.89
j

5785 - 47011
/ZZO..i / 9Jl^^

't i OOo Q "7A3 /O
O/I 0 4 AAz4z4.99 OOZ4

(90 111 1 .0

/

11 ft 1 Q7 'TAA290 O/l 0 cz42o.66 OOZ4

2500 2242.68 II 0 - 44576 170 2426.53 II

620 2245.76 II 11719 - 56234 50 2426.78 I 5785 - 46979
O 1 Ail 7107 - 51471 C yl A540 O/l 07 1z4z7.ol

j

4079 - 45259
2253.49 'to't't 1 540

0-101 O/l2431.24 Au — d.! 1 1 0

2 100 2255. 10 loir) — 4/100 1300 0 /I 0 1 CvA243 1 .94 /l A70^-u /y A ^ 1 QA— 4-01 00

1400 2255.81 I 5785 - 50101 170 2432.36 I 7107 - 48207
350 2258.51 • 9878 - 54141 100 2432..58 13940 - 5.5036

1 1 AA1400 z/.io.n6
[

6324 - 50580 OTAZ /O
O/l 0 C 1/1z43.T. 14

j

13088 - .54141

830 2264.6

1

ZO.jO 'toy / y 85 2436.42 loUOo — i^dl 1 Q

1 100 2266.33 A19'1DOZ4 cr\A OA 250 2445.34 f\'X1A.OoZ4 d79n/\4/ZUO

1000 2268.90 1 10579 - 54639 40 2447.49 I 17779 - 58625

660 2280.00 6324 - 50170 250 2447.76
{

6324 - 47165
A C A950 zz8 1 .Oz 11

I AAIVO O/t/IO 00z44o.ZJ
j

5785 - 46618

660 228 1 .91 - D.500 (

A A40 0 /I /I A AOZ449.0Z 1 OOQO CO 770

330 2284.60 I
1 '1 A 1 A1.5V40 C 7AAO 910 2452.81 000 cZHoo A "X CQ9

330 2295.08 I 5785 - 49342 85 24.54.12 I 12952 - 53687

790 2298.05 I 11831 - 55333 1300 2455.61 I 0 - 40711

2298. 16 I 6324 - 49824 230 2455.87
j

4079 - 44785
460 2299.53 / 10 /

C/l C OA 210 0 /I C 7 /'lO2457.03 C7QC: /I A/I 79— 4o4 /

Z

910 2300.50 'J 'J 163Z4 1 AT 7A- 49 / /9
'1 I A1 10

Od c 7 00
Z4.T / . ZO loUoo c 0770— 00 / /z

2700 2304.22 I 2835 - 46220 85 2462..36 I 13088 - 53687

410 2305.47 I 5785 - 49146 85 2463.03 I 12218 - 52807

210 2307.27 I 7107 - 50434 85 2464.90 11831 - 52388

910 2308.93 6324 - 49621 120 2465.09
j

1 OAOOI3OOO c o/;/i 0- 0364Z

460 23 15.38 0 - 43 1 76 870 ^A£.n OA2467.30 /I ATA40 /y
/I /I CA7- 4459 /

410 2321.45 1 7107 - 50170 3300 2475.12 I 0 - 40390

410 2321.58 I 2835 - 45896 210 2478.11 I 2835 - 43176

210 2327.98 I 12218 - 55161 40 2479. 16 1 13940 - 54264

540 2333.30 1 5785 - 48629 2100 2481. 18 0 - 40291

740 2333.84 I 6324 - 49159 100 2485.38 9878 - 50101

580 2334.50 [ 6324 - 49146 40 2486.37 I 18547 - 58754

1600 2343.18 5785 - 48449 40 2486.75 13940 - 54141

740 2343.61 5785 - 48441 40 2489.20 16103 - 56265

100 2352.62 12218 - 54711 620 2493.08 7107 - 47206

580 2355.00 9878 - 52327 210 2496.27 6324 - 46372
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Iridium— all observed lines — Continued

Intensity

and
Character

Wavelength
in A Spectrum

Energy levels

in cm"'

Intensity

and
Character

Wavelength o
jj, ^ spectrum

Energy levels

in cm"'

85 2500.27 I 11831 - 51815 50 2628 20 I 16103 - 54141
250 2502.63 I 9878 - 49824 40 2629 41 I 13088 - 51108

4100 2502.98 0 - 39940 700 2634 17 I 12218 - 50170
1 1(\1 /u 17779 57697 1 7ft

1 (yj 2635 27 I 4079 - 42014
1 Oft OCAC 7/1ZOUD. / 4- 6324 oo zuoo Q7 T 1991Q _XZZ lO ou lu 1

85 2506.60 I 12506 - 52388 250 2639 42 I 2835 - 40711

120 2507.63 I 10579 - 50445 3500 2639 71 I 0 - 37872
85 2508.35

{

12952 - 52807 50 2640 38 I 10579 - 48441
1 7ft OCAQ 71

}

12218 52052 0 1 ft2 lU 2644 19 I 5785 - 43592
1 7ft oc 1 1 0/1

1 1 .V'+ 1 zouu 1 7ft ZOOo Ifi T/O 1
Q07Q _yo (

o

4- i o^y

170 2512.58 II 4788 - 44575 70 2653 95 I 16103 - 53772
210 2513.71 I 6324 - 46094 100 2656 81 I 10579 - 48207
120 2515.36 9878 - 49621 35 2657 71 I 11831 - 49446
A(\
Hi\J

OCO/i QQ It
11 1 QftftloUU 2661 98 I 2835 - 40390

1 7ft OU I / U Q ^^ft ZOOZ Oj 1 7 1 n7 — AAA ^9

40 2526.77 I 19061 - 58625 80 2663 31 I 7107 - 44643
50 2532.20 I 18547 _ 58027 2700 2664 79 I 0 - 37515
120 2532.52

J

5785 - 452,59 140 2668 99 I 2835 - 40291
or QQ 1 Q

j

9878 — 49342 r r
55 2669 46 I 16103 - 53553

1 1 ftft A 007Q C OAo2U OAAO2uoy y 1 1
/1ft704u /y — 41522

580 2537.22 J 5785 _ 45186 520 2671 84 I 5785 - 43201
170 2537.68 I 16103 _ 55497 330 2673 61 I 5785 - 43176
40 2538.88

{

12952 - 52327 120 2616 83 1 13088 - 50434
A ft

J

12952 — 52304 yt> 2679 06 I 11831 - 49146
1 /^ftlUU 1 1 Q.'X 1

1 1 Oo 1 0 1 100
c r
DO Zoo 1

1ft T t;,7QQo loo A 'ift79

580 2542.02 J 5785 _ 45112 27 2682 46 I 6324 - 43592
40 2542.80 II 110 2684 04 I 10579 - 47825

7900 2543.97
j

2835 - 42132 55 2691 06 I 12952 - 50101
12952 — .52224 OTA 2692 34 I 4079 - 41210

70ft OCIA AQ /I A Q 7 04oo (

2

2 / 20^2 oo 1oo 1 12210 — 4yo42

120 2547.20 J 6324 _ 45571 27 2693 49 I 17779 - 54895
120 2547.69 1 13088 _ 52327 3000 2694 23 I 2835 - 39940
210 2551.40 I 12952 - 521.34 110 2704 03 I 2835 - 39806

j

13088 - 52224 A A4U 2704 93 I 10579 - 47537
210 2.155.35 A Q OAO4.52UZ 27

0*7A^2 /Uo GO I88 1
1 TTlCl
i 1 I l\)

- C /I "7 1 154 / 1

1

170 2555.88 I 7107 _ 46220 160 2712 74 I 6324 - 43176
150 2563.28 I 5785 _ 44785 70 2720 45 I 6324 - 43072
910 2564.18

j

7107 - 46094 35 2723 76 I 16103 - ,52807
0 1 ft oc/'.n oo

2.l()y .oo
J

129.52 — 51852 4U 2729 56 I 10579 - 47204
1 Aft100 2570.62 1 oo 1 o12210 C 1 1 AO0 1 lUo

r r
55 070A2 (oU

"7 1 1
/I 1

1 1 0 Q 1llool - 4o441

70 2572.07 [ 10579 _ 49446 70 2732 67 I 12218 - 48802
70 2572.37 1 12952 _ 51815 35 2739 32 1 13940 - 50434

230 2572.70
j

5785 - 44643 35 2740 00 I 7107 - 43592
IW 2.T 1 1 .lb

}

7107 - 45896 Qc:Jo 2740 18 I 5785 - 42268
1 ftA O C TO 7 120 <o. /

1

' 16565 55333 1 1ft
141) 2744 00 I 10579 - 4701

1

70 2578.91 [ 13088 51852 27 2747 51 1 19593 - 5,5979

35 2579.49 11 17478 56234 27 2749 32 I 17779 - ,54141

35 2.583.18 I 18547 - 57248 80 2758 23 1 5785 - 42029
740 2592.06

j

0 - 38568 TA70 27.59 32 I 12218 - 48449
•7 1 A740 •1 C Afi /\ 1

2.199.04 7107 4557

1

r r
0,5 2759 91 I 12218 - 48441

150 2602.04 J 16565 54985 27 2767 65 I 16103 - 52224
190 2604.55 I 13088 51471 80 2771 61 I 7107 - 43176
190 2607.52 I 13088 - 51427 330 2772 46 I 1,3088 - 49146
700 2608.25

[

6324 - 44652 27 2774 58 1 16103 - 52134
1800 261 1.30 ' 2835 411 19

OCA250 2775 55 I 9878 - 45896

70 2612.04 J 6324 44.597 80 d 2777 43 I 11831 - 47825
210 2614.98 I 0 38230 2777 53 1 17779 - 53772
70 d 2615.88 I 16103 _ 54320 520 2781 29 I 6324 - 42268

2616.00 129.52 51166 330 2785 22 I 10579 - 46472
330 2617.78 4079 42268 80 2796 46 I 16103 - 51852

210 2619.88 [ 0 .381,58 540 2797 35 I 5785 - 41522
70 2623.64 II 1600 2797 70 I 2835 - 38568

250 2625.32 7107 45186 380 2798 18 I 4079 - 39806

40 2625.67 16.565 54639 40 2799 74 1 16681 - 52388

100 2626.76 12506 50564 410 2800 82 I 9878 - 45571
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Iridium— all observed /mes— Continued

Intensity

and
Character

Wavelength
• 1in A Spectrum

Energy levels

in cm

Intensity

and
Character

Wavelength
in A Spectrum

Energy levels

in cm"'

40 2812.80 I 13088 - 48629 160 3011.69 J 9878 - 43072
680 2823.18 I 0 - 35411 120 3016.43 I 12952 - 46094
1200 2824.45

}

2835 - 38230 270 3017.31 I 13088 - 46221
9Q'in 17

i
2835 38158 OA! A OO

01)19. ZO
{

26307 - 59419
Do OOOA ClZoOU.0

1

12218 47538 QAoU OAOA Al aUOU (

40 2831.36 I 9878 - 45186 80 3022.41 I 26307 - 59384
110 2833.24 II 11719 - 47004 110 3025.82 I 13940 - 46979
110 2835.66

{

12952 - 48206 380 3029.36 I 6324 - 39324
oZ\)

}

4079 39324 70 ^, 3032.41
J

12218 - 45186
OQQ7 QOZoo / .oO A A QAOO AOoUoo.oz 1 1

1

1 100 i ( 00

1100 2839.16 I 13088 - 48299 95 3037.75 J 12506 - 45415
2839.24 I 4079 - 39289 330 3039.26 I 12218 - 45112

820 2840.22
}

6324 - 41522 55 3040.47 18547 - 51427
1lOU Zo4z.Zo

}

7107 42279 35 O A/1 O AC3042.65 TT
11 11719 - 44576

ooUU n OOUO i
0AA OA/1 "7 1 A lOuOO — A'^RQf,^-OOVD

40 d 2855.82 I 18547 - 5,35,53 300 3049.44 I 5785 - 38568
2855.93 I 16103 - 51108 40 3052.16 I 19061 - 51815

40 2860.66 12218 - 47165 80 3053.60 I 11831 - 44570
1 1 A OOi^Q 0/1

{

9878 44786 300 3057.28
}

7107 - 39806
c r
00 .iOOO.OV 1 ZV.jZ ^ i oZ.) 70 3061.41 1 7770Lilly CA/I OA

35 2867.63 [ 16.565 — 51427 40 3064.51 J 10579 - 43201
80 2869.70 I 10579 - 4,5415 1600 3068.89 I 2835 - 35411
380 2875.60 I 9878 - 44643 190 3069.09 I 5785 - 38358
0 OAooU OCTC no

j

12218 46979 1 AA190 0 f\£.ATI3069.71
j

12218 - 44785
07A 00*77 AO O ( oo 170 OATA AA3076.69 lUo ty Hroyj t Z

140 2879.41 J 9878 — 44597 320 3083.22 J 12218 - 44643
55 2881.16 I 12,506 47204 240 3086.44 I 9878 - 42268

820 2882.64 ' 2835 - 37515 390 3088.04 I 5785 - 38158
c AooU oom 1 c

j

5785 — 40291 70 OAA/l Al3094.01
j

4079 - 36390
QA OOAA AO 1 A 1 t\1 cncQA

OU.JoU CIAOU) 0 1 AA OAolUU.z9 Zooo OiJUO 1

35 2900..39 J 19593 _ 54061 510 3100.45 1 6324 - 38568
260 2901.95 I 13088 _ 47538 60 3114.05 I 16103 - 48206
260 2904.80 1 7107 - 41522 90 3114.55 I 13088 - 45186
40 2905.64

J

4079 — 38485 340 O 1 OA 1^3120.76
J

6324 - 38358
200 2907.24 200 3121.78 loUoo — 40 1 1

Z

70 2909.56 J 13940 _ 48299 90 3122.38 1 1,3940 - 45957
440 2916.36 I 4079 38358 70 3 128.,39 I 13940 - 45896
230 2918.57 I 12218 - 46472 70 3133.09 5785 - 37693

4400 2924.79 0 — ,34180 Q A AA3400 0 1 O 0 O '1

J

6324 - 38230
80 2930.63 1 *? riA

iz,oUo A AA 1 Q1-00 lo 70 3140.41 lZVr)Z — 'i^ 1 OO

1200 29.34.64 6324 _ 40390 70 3145.07 J 28452 - 60239
880 29.36.68 I 4079 38121 190 3150.61 I 5785 - 37515
250 29,38.47 5785 - 39806 70 3154.55 12952 - 44643

190 2939.27 7107 - 41119 1 AA190 ol.o4. /4
J

10579 - 42268

140 2940.54 1 A t 11016103 C A 1 A 1oOlOl 190 3159. 15
1 OAC O1Z9dz A A CCi'7— 44,09 (

40 2941.08 10579 _ 44570 140 3168.18 J 13088 - 44643
2700 2943.15 1 6324 40291 490 3168.88 I 6324 - 37872

230 2946.97 1 13088 - 47011 370 3177. ,58 I 7107 - ,38568

200 2949.76
J

13088 - 46979 170
0 1 OA O C
3 180.35

}

16103 - 47,538

1200 2951.22 0 33874 370 0 1 AO AOol9o.9z
•7 1 AT 0 O 0 c o- 00000

150 2962.99 I
1 1831 _ 4,5571 610 3212. 12 J 7107 - 38230

50 2965.20 I 9878 43592 70 3213.55 I 19061 - 50170

35 2968.49 I 12218 - 4,5896 70 3218.46 I 16103 - 47165

27 2974. 10 I 4079 - 37693 370 3219.51
J

7107 - 38158

200 2974.95 16565 50 1 70 5100 3220.78 OOO cz835 0 0 0*7/1- 33874

440 2980.65 5785 _ 39324 100 3221.28 J 28452 - 59487

150 2985.80 I 6324 39806 300 3229.28 I 12218 - 43176

190 2990.62 I 11831 - 45259 100 3230.76 I 10579 - 41522

300 2996.08 4079 37446 60 3232.00 28452 - 59384

70 2997.19 11831 45186 470 3241.52 4079 - 34920

180 2997.41 [ 12218 45571 80 32.54.40 J 19061 - 49779

220 3002.25 I 9878 43176 200 3262.01 I 9878 - 40525

600 3003.63 7107 40390 390 3266.44 5785 - 36390

80 3005.21 13940 47206 160 3277.28 13088 - 43592

40 3009.90 16,565 49779 60 3287.06 9878 - 40291
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Iridium— all observed /ines— Continued

Intensity

and
Character

Wavelength
in A Spectrum

Energy levels

in cm"'

Intensity

and
Character

Wavelength ^
• i ° spectrum
in A

Energy levels

in cm"'

100 3287.59 I 7107 - 37515 23 4127.92 I 13940 - 38158
160 3310.52 I 11831 - 42029 27 4155.70 I 28452 - 52509

80 3312.13 11831 - 42014 15 4166.04 I 9878 - 33874
OoZZ .OU

i

1 OAOO13088 - 43176 on A 1 70 Cf. T 16565 40525

OU oqon 07 19060 - 49147 00 Q9 4.7 T 32513 56416

130 3334.16 I 13088 - 43072 15 h 4183.21 I 38230 - 62128

60 3338.37 I 10579 - 40525 18 4185.66 I 12506 - 36390
560 3368.48

{

2835 - 32513 23 4197.54 I 11831 - 35648
OU

!
13940 - 43176 07z /

/I 0 1 7 7A I4Z 1 / . /O 1 16103 39806
DOU OA 07 no 6324 - 35411 1 "i /lOOA QA T 26365 50050

100 3437.50 I 16103 - 45186 75 4259.11 I 2835 - 26308
410 3448.97 I 4079 - 33065 27 4265.30 I 12952 - 36390
80 3476.46

j

6324 - 35081 260 4268.10 I 7107 - 30530
OU 0/177 77

}

10579 - 39325 ZO 4ZOO.OZ 1 12218 35540
oU 9878 - 38568 7RID /1"3A1 AA T 16565 39806

3200 3513.64 I 0 - 28452 55 4310.59 I 12218 - 35411

220 3515.95 I 7107 - 35540 220 4311.50 I 9878 - 33065
410 3522.03 4079 - 32464 18 4.351.30 I 18547 - 41522

loo
J

16681 - 44785 1

0

^ 0 C 0 C ^ T4-ODZ.OO 1 19061 42029
ion

5 1 O.J - 33R74.0,50 t

1 Q 4oyz.oy 1 3039'i

60 3568.00 12.506 - 40525 160 4399.47 I 16565 - 39289
1200 3573.72 I 7107 - 3.5081 65 4403.78 I 12218 - 34920
320 3594.39

j

7107 - 34920 110 4426.27 I 9878 - 32464
OOUV. ( /

j

2835 - 30530 1 r yl /I CA 1 0 T44dU.1o 1 16103 38568
17 0 1

ot) 1 ( . i 1 ' 9878 - 37515 c r
00 44/0. 4o 1 13088 3541

1

80 3625.71 [ 129.52 - 40525 16 4495.35 I 33065 - 55.304

160 3626.29 I 9878 - 37446 11 h 4496.03 1 34180 - .56416

660 3628.67
j

6324 - 33874 55 4545.68 I 13088 3.5081

^ZU .50.50. ZU 11831 - 39324 OA AZAO AO T4o4o.4o 1 30530 52.509

oUO *} A A 1 7 1.500 1 . / 1 i 0000 1 0 /I C CA 70 I
4.0,W. 10 1 3dQ'>n

300 3664.62 [ 5785 - 33065 35 4568.09 1 10579 - 32464
320 3674.98 I 13088 - 40291 18 4570.02 1 23310 - 45186

200 3687.08 • 10579 - 37693 18 4604.48 1 3.5081 - ,56793
OAoO .5698. 10

j

19060 - 46094 1 ^ 1 <i 0 A 14OIO.39 1 12218 33874
140 3725.38 'f.JoVO 26 4656. 18 I

200 3731.36 11 17 h 4668.99 1 16103 - 37515
130 37.38.53 6324 - 33065 21 4708.88 I 19060 - 40291

530 3747.20 5785 - 32464 50 4728.86 I 13940 35081

40 'J ' A 1/1
.5 1 .1U. H) 32831 - 59487 'J 1Z I

1 7 0 1 OA I4 /.5 1.00 I 16.565 37693

40 3753.32 1 <,t:/;r
I DOOO 26 4756.46 I 0.50 t T

65 3768.68 1 11831 - 383,58 13 4757.96 I 16681 _ 37693

50 3770.73 I 9878 - 36390 65 4778.16 I 12952 - 33874
120 3793.79 ' 13940 - 40291 30 4795.67 I 12218 - 33065

35 3 1 9 kOo
!

12218 - 38568 1 AHI 10/17 1,1 I4o(m . 14 1 19593 40390

3100 3800. 12
AU

>) 1 /1 0/1/1 17 1
1 .51100 ,5,50 / 4

230 3817.24 6324 - 32513 10 4840.77 1 9878 - 30530

170 3865.64 I 11831 - 37693 17 4845.38 I 11831 - 32464

480 3902.51 • 2835 - 28452 50 4938.09 1 12218 - 32464
95 3902.66 129,52 - 38568 z6 1 A7/ 1 1 0 149/U.40 1 12952 33065
180 39 15.38 0Q7Q Z,T

1 AAA 7 1 I4Wy. /4 1 .)Z.l 1 ,5 ,JZ.)UV

400 3934.84 1 7107 - 32513 25 ,5002.74 I 6324 - 26,308

120 3946.27 I 16681 - 42014 17 ,5009.17 1 12,506 - 32464
65 ,3951.95 I 12218 - 37515 30 .5014.98 1 13940 3.3874

30 3952.62
[

17779 - 43072 17 .1046.06 1 35081 54893

30 3962.78 '
1 0 ') 1

0

IzZ lo - 0 1 440 OA30 olz3.66 1 IZVOZ oZ l-0'+

35 3966.09 I 12952 - .381,58 20 5177.95 I 16103 - .3,5411

590 3976.31 I 13088 - 38230 22 5238.92 I 16565 - 35648

460 3992.12 I 9878 - 34920 12 ,5,340.74 I 23310 - 42029

180 4020. 03 26307 - 51176 35 5364.32 1 19,593 38230

350 4033.76 13088 - 37872 75 5449.50 I 32831 51176

130 4040.08 5785 - 30530 30 5454.50 I 34180 52,509

370 4069.92 I 12952 - 37515 7 .5469.40 I 19.593 37872

150 4070.68 11831 - 36390 10 5620.04 I 37515 55304

100 4092.61 13088 - 37515 45 5625.55 I 16103 33874

140 4115.78 13940 - 38230 10 5828.55 I 38230 55,382
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Iridium— all observed Zmes— Continued

Intensity

and
Character

Wavelength r.

! Sspectrum
in A ^

Energy levels

in cm"'

Intensity

and
Character

Wavelength c
! opectrum

in A ^
Energy levels

in cm"'

10
COOO QA Toooz.oU 1

"J A 1 OA C 1 1 "7/^ n
I 6334.44 I 16681 - 32464

7 5887.36 I 23310 - 40291
r
0 A^O/l "70 T6624. /o 1

35 5894.06 I 16103 - 33065 10 6686.08 I 39940 - 54893

7 6026.10 I 13940 - 30530
6830.01 I 37872 - 52509

12 6067.83 I 39940 - 56416 5

5 6929.88 I 16103 - 30530

20 6110.67 I 16103 - 32464 4 7183.71 I 18547 - 32464

12 6288.28 I 16565 - 32464 6 7834.32 I 42132 - 54893
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Iron

Fe,Z= 26, M= 55.85, Ratio^ = 0.879

Fe I Normal state of valence electrons 3dHs^ = 0. LP. = 63700 cm"*.

Fe II Normal state of valence electrons 3dHs^D4ii2 = 0. I.P. = 130524 cm-^.

References

Wavelengths:

G. R. Harrison, Massachusetts Institute of Technology Wavelength Tables (John Wiley & Sons, New
York, 1939).

Classification:

Fe I, H. N. Russell, C. E. Moore, and D. W. Weeks, Trans. Am. Phil. Soc. 34, 111 (1944).

Fe II, J. C. Dobbie, Ann. Solar Phys. Observatory, Cambridge, England, 5, 1 (1938).

Strong lines of iron

Intensity

and
Character

Wavelength r.

^ Spectrum
Energy levels

in cm"'

Intensity

and
Character

Wavelength
in A Spectrum

Energy levels

in cm"'

7000 3734.87 I 6928 - 33695 2800 2522.85 0 - 39626
6000 3581.20 I 6928 - 34844 2800 3020.64 0 - 33096

6000 3719.94 I 0 - 26875 2600 2488.15 416 - 40594
5000 3820.43 I 6928 - 33096 2600 2719.02 0 - 36767

4200 3859.91 I 0 - 25900 2400 3745.56 704 - 27395

4000 3440.61 I 0 - 29056 2000 2599.40 II 0 - 38459

4000 3570.10 I 7377 - 35379 2000 3608.86 8155 - 35856
4000 3749.49 I 7377 - 34040 2000 3618.77 7986 - 35612
3600 2166.77 I 0 - 46137 2000 3631.46 7728 - 35257

3400 3737.13 I 416 - 27167 1800 2489.75 978 - 41131

3200 3825.88 I 7377 - 33507 1800 2490.64 704 - 40842

3000 2084.12 I 0 - 47967 1800 3886.28 416 - 26140

3000 3758.24 I 7728 - 34329 1700 2966.90 0 - 33695

3000 4045.82 I 11976 - 36686 1700 3763.79 7986 - 34547

2800 2483.27 I 0 - 40257 1700 4383.55 11976 - 34782
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Iron— all observed lines

Intensity

and
Character

u/ a V^ 1^n ort hTV aVCiCllglll

in A Spectrum
Energy levels

in cm"'

Intensity

and
Character

W avelengtn
in ^ Spectrum

Energy levels

in cm"'

3000 2084.12 I 0 - 47967 1400 2491.16 I 888 - 41018
3600 2166.77 I 0 - 46137 180 2493.18 II 21430 — 61528

2178.09 I llo — 40ol4 940^ 9fi IT 0 1 oco m 0A1

UOv 2191.84 I 704 - 46314 140 I 7377 47420
f\(\(\\J\J\J 2196.04 I 888 - 46410 100 2498.89 I 416 _ 40422

2297.79 I 416 - 43923
II 21582 _ 61587

220

260 2332.80 II 385 - 43239 900 2501.13 I 0 - 39970
1 Art 9^^fl fin II o63 - A 0£O14oOZl 00 ocfii 7n T 6928 46889

ODU OQAa 4,0 IT 0 - 42658 inn ocn7 on T
1 7728 47590

1 9n II 1873 - 44447 onn 9^^0 83 TX 416 40231

120 2348.30 II 668 - 43239 70 2511.76 II 21712 - 61513

110 2359.10 II 863 - 43239 70 2512.36 I 416 - 40207
1 1 rt
1 iU 9^^i^n Oft Tl

11 1873 - 44233 00 9c;i 7 AAZOl ( .00 T
1 7986 47693

yu 91Art 90 TT
11 T'T' 1 OO 700 OCT Q 1 nZolo. lU T

1 7n4 4n4n'^
TT
11 OU ZDiy.oo T

1 81 i'l 478^1T" ( OO 1

100 2368.60 II 2838 - 45044 2800 2522.85 I 0 - 39626
260 2373.73 II 0 - 42115 140 2523.66 I

70 9q7c iQ TT
11 3118 - 45207 OUU ZOZ^-.Z? T

1 888 — 40491

loU 9Q70 9Q TT 9/1 1(\ — AAAAl OU OCOC AO T

09QA 7<: TTXX DUO 7A/u zozo.oy TTXX 91 9=;9ZIZOZ OUoOo

1300 2382.04 II 0 - 41968 50 2526.30 II 20831 _ 60402
80 2383.24 II 2838 - 44785 1400 2527.43 I 416 - 39970
uU OOQ/l QO TTXX 3118 - 45044 oUU oroQ 1 oZDZy. lo T1 704 40231

ZOOtJ.OO TT
Xi ooo 499^7 ^^0OU ZOZV. DD TI

11 99fi^7 fi91 'i8loo
1 1 on 9'iO'^ ^i9 TI

11 ooo 491 1 ^'rZl 10 1 fidIDU OCOQ oqZOZV.oD I
1 888ooo 4040

360 2399.24 II 668 - 42335 70 2530.69 I 704 - 40207

70 2404.43 II 863 - 42440 70 2533.63 II 21430 - 60888

iUUU OAf\A QQ TT
XX 668 - 42237 AOOU 9tHq 00ZDoo. OU I

1

oUU Z4U0.O0 ITXX oOo '+Z4'U1 AOOU 0^'kA AO TT11 91719z X J IZ f\^ 1 "^7Ol 10 i

94 1 0 ^9 TT
XX AO'^'i^4'ZoOO 700

/ UU 9t;,q'^ AOZooO.OU I
1 078y t o 4040 "i

220 2411.07 II 977 - 42440 120 2536.82 II 21582 _ 60990

220 2413.31 II 977 - 42401 120 2537.17

OU
TT
11 22637 - 63876 70iU OCQQ QlZOOO.oX TT

11 21430 60807
Q C00 0/1 9A A7 TT

11 zzolU — 70/u OCQQ nozooy.uu TI
11 91 9'^9 DUDZO

OAoO O /I 0 A "7/1
z4oy. /4

T
1

1 QQQnxyovu OUoOO ooooUU OC/4A AO
zo'+u.yo T

X 8RROOO 409^1T-UZO 1

60 2440.11 I 19788 - 60758 160 2542.10 I 21039 - 60365

110 2442.57 I 19621 - 60549 35 2543.38 II 21582 - 60888

oU /to 07Z'+40.0 I
1
X 6928 - 47835 1 AOlOU 9R/iq 09 I1 20875 60172

^ A 0/1/1/1 CI TIu 90Qn 01/ ZD 70/U O^AA 71 I1 9nfi4iZUU'T 1

0 A30 0/1 /t C C A TI
Xl 9 1 Q 1 9 ozoyu QOOf5UU Zo^-O.Vo I

1 7n4/U4 0QQ7A

70 2447.71 I 0 - 40842 650 2549.61 I 416 _ 39626

60 2453.47 I 7377 - 48123 25 2550.02 II 26353 - 65556
1 OAloU 0/1 C7 AA 1

X 6928 - 47606 AOOU 9ct:i AQZOO 1 .uy I
1

7A 0/1 CO 70 II
XX ZDOUO — AA/1 AA00404 900ZUU 9c^A9ZOOZ. OO IT

11 70";

1 1 A
1 10

O/i £ O 1 o 1
X 410 — /I 1 A1 Q41U10 1 10ioU 9c;Aq Ai IT11 OOVZ 47^00

700 2462.64 I 0 - 40594 60 2566.91 II 8680 — 47626

35 2463.73 I 7728 - 48305 60 2570.52 II

140
O /I A C 1 c2465. 15 1 7377 - 47930 /104U ocv/i on IT11 20831 — 59663

35
O /I £ T TO2467.73

T
1

7*700 A OOQn4oZoy AOOU O^IC, 7AZO lo.iHf I1

140 OA no OO2460.00
T
1

AOOovzo - AIA OA4 (4zU 1 OOlUU 9£^7A AQZO ( o.oy I1
A09Qoyzo At^79A^0 (ZO

140 2472.34 I 6928 - 47363 90 2577.92 II 8847 _ 47626

900 2472.88 I 704 - 41131 50 2582.30 I

2472.91 T
1 416 - 40842 OOyu zooZ.oo TT

XX 8680 — 47390

220 2474.81
T
1 7728 - 48123 ZOU Z0O4.0'+ T

X
AOOoyzo A CAAO4oOUo

70 2479.48 T
1 7986 - 48305 AQOOOU

OCQC QQZOOO.OO TT
XI

A
U OOOOU

1000 2479.78 I 704 - 41018 90 2588.00 I

2800 2483.27 I 0 - 40257 90 2591.54 II 8392 - 46967

900 2484.19 I 888 - 41131 OAoU OCOO 7Q TTXX 32875 71432

90 2486.37 I 0 - 40207 AA90 OCAO 70 TTXX 8847 47390

70 2486.69 I 7728 - 47930 ACAOoU OCAQ 07 ITXX 385 38859

90 2487.06 I 8155 - 48351 2000 2599.40 II 0 38459

35 2487.37 I 704 - 40895 300 2599.57 I 7377 45833

2600 2488.15 I 416 - 40594 80 2605.65 I 6928 45295

1800 2489.75 I 978 - 41131 160 2606.82 I 7377 45726

1800 2490.64 I 704 - 40842 650 2607.09 II 668 39013
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Iron— all observed Zines — Continued

Intensity

and
Character

Wavelength c
^ spectrum

Energy levels

in cm"'

Intensity

and
Character

Wavelength
in A Spectrum

Energy levels

in cm"'

800 2611.87 II
OQCOOD OOOOU 750 2755.74 II

7AC C/955 /I /I oo 044zo3
O^Oooo Qm AA 94/1 97C6 96 /I 1 £416 36686

320 2617.62 II 668 38859 2756.33 J 888 37158
120 2618.02 I 7728 - 45914 80 2757.32 I 8155 - 44411

90 2620.41 II 863 - 39013 20 2759.82 I 8155 - 44378

170 2621.67 II Q77 OQl AnoV lUV 150 2761.78 /yoo A At QA44184
ZOZO.Oa 1

770Q A CQQQ 9761 QlZ jOl.ol IT
11

OO/l 7oo4/ A C Ail A45044
440 2625.67 II 385 38459 160 2762.03 7728 43923

320 2628.29 II 977 - 39013 50 2763.11 J 7986 - 44166

40 2629.59 I 978 - 38996 20 2764.33 I 17727 - 53892

550 2631.05 II OOvS 20 2766.91 0 1 c c A A OOC44zoD
CCA OAQl QO XTZOOl.oZ 11 OOO oooOU 1 onlou 9767 IT

11
o<; 1 7Azol Iv rfLOOAOozzyo

80 2632.24 I 7986 45965 2767.52 7377 43500

160 2635.81 I 7986 - 45914 180 2772.08 J 6928 _ 42992

60 2641.65 I 7377 - 45221 30 2773.24 I

120 2644.00 I 8155 45965 30 2774.73 8155 44184
oU 9*^/17 CA T 416 38175 1 CA 977Q 09Z / /o.zz 6928 42912

40 2656.15 I 30 2778.84 J

30 2662.06 I 7728 I 45282 35 2781.84 J 7986 _ 43923
70 2664.66 II 27315 - 64832 700 2788.10 J 6928 - 42784

50 2666.64 II 27620 65110 20 2789.80 21716 — 57550
1 AA Oi:/:/: no TZOOO.OZ 1 6928 44415 9CZO 97A1 7A 19621 55430
180 2679.06 I fiQ9ftU7ZO 4.4.94.4. 20 2795.01 J Q oo I uo
120 2689.21 I 7377 _ 44551 80 2797.78 I 7377 _ 43109
80 2699.11 I 7377 - 44415 150 2804.52 I 7377 - 43023

40 2703.99 II 27315 — 64286 160 2806.98
{

7377 42992
^AOU 97AA A9 1 19390 56334 A 9A4zU OQl 0 OQzoio.zy 7377 42912
180 2706.58 I 779R 20 2817.51 J 779fl 41910

70 2708.57 I 20641 _ 57550 500 2823.28 I 7728 _ 43138
20 2710.55 I 12969 _ 49851 150 2825.56 [ 7728 - 43109

80 2711.65 I
— 44244 30 2825.69

}

0 — 35379
1 0A 97 1/1/11 ITi / 14.41 11 7955 44785 9C OOOQ Ql^ozo.ol 7986 43326
100 2718.44 I 7086 4.4761 320 2832.44 7728 43023

2600 2719.02 I 0 _ 36767 25 2835.46 J 0 _ 35257
1200 2720.90 I 416 _ 37158 100 2838.12 J 7986 _ 43210

700 2723.58 I 704 — 37410 25 2840.42 416 35612
QAOU 979/1 Q/i T 7728 44415 on OQ/JQ Al Till 42533

80 2726.05 I HI ^'^ 44fl97 260 2843.98 J 411 1ftloo

180 2727.54 II 8392 _ 45044 70 2845.60 J 7728 _ 42860

60 2728.02 I 7377 44023 16 2848.72 J 7986 _ 43079

50 2728.82 I 19788 — 56423 380 2851.80 8155 — 43210
AA O70A7/1 If 8680 45290 CA 9QA1 AAZoOo.44 11976 46889

700 2733.58 I
A09QOVZo 41end4ooUU 40 2863.86 } 704 1'^61 9

30 2734.00 I 7986 44551 25 2866.63 J 7986 I 42860

30 2734.27 I 17550 54112 80 2869.31 J 416 _ 35257

280 2735.48 I mi - 43923 50 2872.34 I 7728 — 42533

100 2736.97 II 8680 — 45207 1 AA
100

007 A 17 0 — 34782

700 2737.31 I
000ooo 17/1 1 Ad (41U 25 2875.30 J

1 1 Q7A
1 ly (0 A£.nA C40 (40

750 2739^55 II 7955 44447 50 2877.30 J 11976 I 46721

80 2742.26 I 7728 _ 44184 10 2887.81 J 21716 _ 56334

550 2742.41 I 704 - 37158 80 2894.50 I 18378 - 52916

280 2743.20 II 8847 — 45290 A A40 OOAC nA2895.04 12561 47093
50 2743 56 I

779Q 44100 40 2899.42 J Loo i

0

DZOOO

300 2744.07 I 978 37410 20 2901.92 J 19350 53800

60 2744.53 I 7986 44411 25 2907.52 J 21999 56383

420 2746.48 II 8680 - 45080 200 2912.16
{

0 - 34329
OOA380 07 >l £ AO IJ746.98 1 6928 - 43321 OAoU OAl Q A1zyio.Uo 26106 — 60366

8392 44785 50 2920.69 12969 47197

120 2749.18 II 8680 45044 80 2923.29
I 26351 60549

600 2749.32 II 8392 44754 50 2923.85 J 21716 55907

700 2750.14 I 416 36767 60 2926.59 II 7955 42115
30 2750.88 I 17550 53892 200 2929.01 416 34547
80 2753.29 II 26353 62662 800 2936.90 0 34040
40 2753.69 I 8155 44459 130 2941.34 704 34692

40 2754.04 I 7986 44285 35 2944.40 II 13673 47626
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Iron— all observed /iraes— Continued

Intensity

And
Character

Wavelength
in A Spectrum

Energy levels

in cm"'

Intensity

and
Character

Wavelength
in A

Snppfni in
Energy levels

in cm"'

800 2947.88 I 416 34329 110 3125.65 J 7986 39970
35 2948.43 I 21999 - 55906 70 3175.45 I 19351 - 50833
600 2953.94 704 - 34547 140 3180.23 I 19757 - 51192
320 2957.36 I 888 34692 60 3184.90 I 416 31805
80 2959.99 21716 55490 70 3191.66 I 0 31323

180 2965.26 I 978 34692 70 3192.80 I 20020 51331

1700 2966.90 I 0 - 33695 110 3193.23 I 0 — 31307

40 2969.36 I 888 - 34556 240 3196.93 I 19562 - 50833

80 2969.48 I 6928 — 40594 140 3199.52 I 19562 — 50808
340 2970.10 I 888 — 34547 150 3200.48 I 19913 — 51149

600 2973.13 I 7nd.
( US' 110 3205.40 J DiZUo

1200 2973.24 I 416 _ 34040 70 3210.83 I 19913 51048

10 2976.13 I 18378 - 51969 150 3211.99 I 19351 - 50475
10 2980.54 I 22249 - 55791 300 3214.04 I 19757 - 50862

280 2981.45 I 416 - 33947 60 3214.40 I 704 - 31805

12 2981.85 I 1 (OoU 70 3215.94 I lyylo cAAOQ

1400 2983.57 I 0 33507 50 3217.38 I 19351 50423
120 2984.78 I 6928 - 40422 120 3219.58 I 19757 - 50808

2984.83 II 13474 - 46967 70 3219.81 I 19562 - 50611
12 2986.46 I 888 - 34363 340 3222.07 I 19351 - 50378

120 2987.29 I
noilloll 500 3225.79 J

r AO/1 0

50 2990.39 I 21999 55430 190 3227.75 II 13474 44447
1200 2994.43 I 416 - 33802 3227.80 I 19562 - 50534

10 2996.39 I 19552 - 52916 70 3230.97 I 19757 - 50699
360 2999.51 I 6928 - 40257 70 3233.97 I 19562 - 50475

50 3000.45 1 1 07A
1 ly /o 300 3239.44 I

1100 3000.95 I 704 34017 220 3244. 19 I 19562 50378
100 3003.03 I 7728 - 41018 130 3265.62 I 17550 - 48163
35 3007.14 I 11976 - 45221 150 3271.00 I 17727 - 48290
100 3007.28 I 704 - 33947 280 3286.76 I 17550 - 47967

900 3008.14 oooooo 280 3305.97 J
I 7707II lil A 70A7

280 3009.57 I 7377 40594 280 3306.35 I 17927 48163

50 3011.48 I 22249 - 55446 60 3355.23 I 26627 - 56423

80 3016.18 I 7986 - 41131 80 3369.55 I 21999 - 51668

200 3017.63 I 888 - 34017 120 3370.79 I 21716 - 51374

180 3018.98 I 1 iZo A AO A O 80 3383.98 I
A 7A03

600 3020.49 I 704 33802 70 3392.31 I 17727 47197

2800 3020.64 I 0 - 33096 150 3392.66 I 17550 - 47017

1600 3021.07 I 416 - 33507 220 3399.34 I 17727 - 47136

260 3024.03 I 888 - 33947 150 3404.36 I 17727 - 47093

180 3025.64 19390 52431 300 3407.46 J 17550 4oooy

380 3025.84 I 978 34017 230 3413.14 I 17727 47017

180 3026.46 I 7986 - 41018 150 3417.84 I 17927 - 47177

190 3030.15 I 19621 - 52613 150 3418.51 I 17927 - 47172

190 3031.22 I 19788 - 52769 80 3422.66 I 17927 - 47136

190 3031.64 8155 41131 160 3424.29 J
1 7C CA17550 40 /4o

950 3037.39 I 888 33802 70 3426.39 I 17550 46727

170 3040.43 I 7377 _ 40257 70 3426.64 I 17727 - 46902

70 3041.64 I 12561 - 45428 320 3427.12 I 17550 - 46721

120 3041.74 I 7728 - 40594 80 3428.20 I 17727 - 46889

60 3042.02 8155 41018 4000 3440.61 J 0 29056

190 3042.66 I 7986 40842 800 3440.99 I 416 29469

1300 3047.60 I 704 — 33507 400 3443.88 I 704 - 29733

60 3055.26 I 12561 - 45282 160 3445.15 I 17727 - 46745

650 3057.45 I 6928 39626 50 3447.28 I 17727 - 46727

1000 3059.09 416 33096 80 3450.33 J 17927 4o90z

400 3067.24 I
7Q77loll oyy l\} 80 3451.92 I 17097

340 3075.72 I 7728 40231 80 3452.28 I 7728 36686

240 3083.74 I 7986 40405 600 3465.86 I 888 29733

200 3091.58 I 8155 40491 800 3475.45 I 704 29469

oou a SflOO Oft 8155 40405 320 3476.70 978 29733

3099.97 7377 39626 60 3485.34 17727 46410

260 3100.30 7986 40231 800 3490.58 416 29056

260 3100.67 7728 39970 60 3495.29 20641 49243

60 3116.63 8155 40231 80 3497.11 17550 46137
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Iron— all observed /traes— Continued

Intensity

and
Character

Wavelength c
. i " opectrum
in A

Energy levels

in cm"'

Intensity

and
Character

Wavelength c
X

" opectrum
in A *^

Energy levels

in cm"'

240 3497.84 I 888 - 29469 750 3727.62 I 7728 - 34547

60 3506.50 I 18378 - 46889 120 3732.40 I 17727 - 44512

400 obi3.oZ 1 6928 35379 Q7QQ QO T6166. 6Z 1 888 — 27666

360 toil
or7£Q

/UUU onoA Q7 To/o'+.o/ 1 oyzo 66Kiyo
1 OA
180 zvuoo 0707 1 Q T

130 3526.17 I 7728 — 36079 70 3738.31 I 26351 _ 53094

80 3533.20 I 23245 - 51540 600 3743.36 I 7986 - 34692

200 3536.56 I 23193 — 51461 2400 3745.56 I 704 — 27395

240 3541.09 I 22997 51229 600 3745.90 1 978 27666
220 O C >l O AO T3542.08 1 23111 51335 1400 3748.26 1 888 27560

60 3553.74 I 28820 _ 56951 4000 3749.49 I 1311 _ 34040
280 3554.93 1 22846 - 50968 70 3753.61 I 17550 - 44184
650 3558.52 I 7986 - 36079 3000 3758.24 1 7728 - 34329
1600 3565.38 I 7728 35768 60 3760.05 I 19390 45978
4000 3570.10 1 7377 35379 16

OT^A CO T
3760.53 I 17927 44512

6000 3581.20 I 6928 34844 1700 3763.79 I 7986 34547
130 3584.66 I 21716 - 49604 140 3765.54 I 26106 _ 52655
360 O C O C O O T3585.32 1 7728 - 35612 1200 3767.19 I 8155 - 34692
300 3585.71 I Till 35257 10 3774.83 I 17927 44411
130 3586.11 I 26106 53983 10 3776.46 I 17550 44023

400 3586.99 I 7986 35856 30 3785.95 I 19621 46027
70 3589.11 I 6928 - 34782 30 3786.68 I 8155 - 34556
80 3594.64 I 22997 - 50808 460 3787.88 I 8155 - 34547
160 3603.21 I 21716 49461 60 3790.10 1 7986 34363
240 3605.46 I 21999 49727 30 3794.34 1 19788 46136

320 3606.68 I 21716 49434 650 3795.00 I 7986 34329
2000 3608.86 I 8155 - 35856 60 3797.52 I 26106 - 52431

200 3610.16 I 22650 - 50342 320 3798.51 I 7377 - 33695
130 3617.79 I 24336 51969 480 3799.55 I 7728 34040

2000 3618.77 I 7986 35612 120 3805.34 I 26628 52899

240 3621.46 I 21999 49604 60 3806.70 I 26351 52613
160 3622.00 I 22249 - 49851 30 3807.54 I 17927 - 44184
80 3623.19 I 19390 - 46982 320 3812.96 I 7728 - 33947
50 3625.15 I 22846 — 50423 1600 3815.84 I 11976 — 38175

2000 3631.46 I 7728 — 35257 5000 3820.43 I 6928 — 33096

80 3632.04 I 24772 52297 70 3821.18 I 26351 52514
130 3638.30 I 22249 - 49727 800 3824.44 I 0 - 26140
220 3640.39 I 21999 - 49461 3200 3825.88 I 7377 - 33507
60 3645.82 I 25091 — 52512 1300 3827.82 I 12561 38678

1600 3647.84 I 7377 — 34782 30 3833.31 I 20641 — 46721

160 3649.51 I 1300 3834.22 I 7798 000\J£.

300 3651.47 I 22249 _ 49628 35 3839.26 I 24575 _ 50614
80 3659.52 I 19788 - 47107 800 3840.44 I 7986 - 34017

160 3669.52 I 21999 — 49243 800 3841.05 I 12969 — 38996
200 3677.63 I 22249 - 49433 60 3843.26 I 24575 — 50587

650 3679.92 I Q 971^>7 60 3846.80 I 9fi99'i "1991 ^

160 3682.21 I 28605 I 55754 500 3849.97 I 8155 _ 34122

110 3683.06 I 416 - 27560 70 3850.82 I 7986 - 33947

110 3684.11 I 21999 - 49135 20 3852.58 I 17550 - 43500
130 3686.00 I 23711 - 50833 850 3856.37 I 416 - 26340

800 3687.46 I 60 3859.22 I

130 3689.46 I 23711 _ 50808 4200 3859.91 I 0 _ 25900
240 3694.01 I 24507 - 51570 340 3865.53 I 8155 - 34017

80 3695.05 I 20875 - 47930 20 3867.22 I 24336 - 50187

300 3701.09 I 24181 - 51192 340 3872.50 I 7986 - 33802

80 3704.46 I 91 71^1 dfl7fl'^^-o I wo 35 3873.76 I lQfi91

800 3705.57 I 416 27395 500 3878.02 I 7728 33507

280 d 3707.82 I 704 27666 850 3878.58 I 704 26479

3707.92 I 17550 44512 25 3885.51 I 19552 45282

850 3709.25 I 7377 34329 1800 3886.28 I 416 26140

60 3716.45 I 23711 50611 350 3887.05 I 7377 33096
6000 3719.94 I 0 26875 350 3888.52 I 12969 38678
800 3722.56 I 704 27560 35 3893.39 I 23784 49461

80 3724.38 I 18378 45221 350 3895.66 I 888 26550
30 3726.92 I 24507 51331 35 3897.90 I 21716 47363
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Iron — all observed /iVies— Continued

Intensity

and
Character

^ Spectrum
Energy levels

in cm"'

Intensity

and
Character

• t ^ bpectrum
in A

Energy levels

in cm"'

35 3898.01 I 8155 — 33802 110 4233.61 I 20020 — 43634
oov 3899.71 I /04 Z004U 170 49^"^ 04 IT'^OO.7^ X 19562 /I Q 1 £ O4ol6o

12561 38175 •^0ov 49'^8 89 T 27395 50980
1 ft 24119 49727 4947 4^ TT"^^ i . 'TO 1 27167 50704

888 26479 ^ 90 491^0 11 T 19913 43435

20 3916.73 I 26106 - 51630 240 4250.79 I 12561 - 36079
An 7986 33507 oOU AOAn AQ T'+Z0U.4'O 1 19351 42816
ov QQIQ f\C, T 24339 49851 1 onizu d.071 lA T'tZ i 1. 10 1 lQ7'i7^y t o t ^O iUO

ouv Q7R 96470 lUUU /1071 7A T^-Z / 1 . /0 1 1 lQ7fiL Ly i\j OOO J y
^099 01 T 416 25900 oU /lOQO A^ T4Zi3Z.'+l 1 1 71^ 'iOi J oou 4080 "i

700 3927.92 I 888 - 26340 140 4294. 13 I 11976 - 35257
704 26140 1 onizu A OOO 0/1 T 19562 42816

9n qoai; QO T 489^0 1 nnnlUUU /I om m T 1 9c:aiIZOOl OO /Do
lU OU AO 10. no I 1 1101 4uoyo
14. 9904.7 48^0"^^oouo o^nyou /iQOt^ 7A T4oZo. /O 1 1 9QAQizyov QAn70oOU ly

35 3948.78 I 26351 - 51668 40 4337.05 I 12561 - 35612
17550 42860 /IQCO 7/1 T4ooz. /4 1 17927 — 40895

ou QQCl 17 TOVO 1.1/ 1 •il 708 1 A /IQAA 77 T4oOV. 11 1 94. '^7';Z40 (

0

A1A0,'\4 / 400
91 7^f\ 47008 oO Aonc no T4o7o.9o 1

Au ZZo40
OVDO.'tO 1 9fiinfi£.U L\J\J

'?74O lO / ^ 1 7nn
1 /UU 4000.00 1 1 107A1 ly iO 04 /oZ

70 3956.68 I 21716 - 46982 850 4404.75 I 12561 - 35257
A(\ 12969 38175 A on4oU A A 10. 1 0 T4410. iZ 1 12969 35612
OU OVDO.Oo 1 9 conn '^1 10^0 1 lUO AnOU /1/107 31 T44Z/,ol 1 A^ f.410 00QO7zzyy (

OU %lft9^i t^noU /1/1/10 'iA T 1 7797 4UZ01
1 107fi O 1 lUO onZU /1/1j1q on T 4'OOOZ

25 3971.33 I 21716 - 46889 50 4447.72 I 17927 - 40405
OU QQ77 7/1 1 17727 42860 CA00 A A 0.O 10 144oy.iz 1 17550 39970

QQQl 77 T 91 QQOZ 1 777 471 n7^ i lU / OO 4401.00 1 1(\A
( U4 ZO 111

0OQ9 Q<; 1 91 QQOZ 1 77 7 AA00 4400. OO 1 ZZooo 40ZZ

1

oU 91 000Z 1 77 7 AA00 AAif\ no T44(0.UZ 1 9904.7zzy4 ( 40ZOZ

30 3998.06 I 21716 - 46721 30 d 4482.17 I 888 - 23193
/I An /lAnc o<^ 141)00.

1

12561 37521 4/100 O^l T44i5Z.zO 1 17927 40231
oo /I AAA TO 1 1 7097

1 ( VZ I 4-Z(5DU OO AACiA ^1 T44^4.0/ 1
1 7797 3007noyy r u

/I A 4014.00 1 ZooZU DO I ZZ 1 AAlUO .1 coo £0 T40ZO.0Z 1
1 7^Rn
1 / ooU oyozo

yl AO 1 07 I40zl.o( 1
000/1 ozzz<+y OAzO /I C Q 1 1 C T4ool.lo 1

1 107A
1 ly /o 0^ A/1 Ao4U4U

3000 4045.82 I 11976 - 36686 25 4602.94 I 11976 - 33695
oU 40Di.44 1 22947 47556 10 Al'Xfx 7Q T4 (oO. lo 1 25900 47006

iZUU /1A/^0 £A I4000.00 1 IZDO

1

^71 ^^'^o 1 10a OAzO /locn 7C 14ooy./o 1
9"^ IQ^ZO 1 70 40 i 04

1 AAA1000 4071.74 1
1 OOAO Q7^0 1O (OZ 1

/;a60 A 0*7 1 OO T 93111ZO 111 40004
jfA40 >l 1 AT .4 A T4107.49 1 ZZooo /I 7 1 77 Q C00 /lOTO 1 C T4o/z.lo 1 40 /04

30 4109.81 I 22947 - 47272 12 4878.22 I 23270 - 43764
on /I 1 1 O C C I4110.00 1 28820 — 53094 00 /IQOn 77 T4oyu. / / 1 23193 — 43634
OAzo A 1 07 A 1 I41Z(.01 1

OQAQO^oOo^ A 7070 QAoO 4oy i . ou 1
990Q7zzyy I 40400

0 OA 41o2.0o 1
1 OAAA 0 / loo 1 A10 /tOAO QO T4yuo.oz 1 4o0o4

40 4134.68 I
ooooo A 7A 1 74/01 / 50 /Im n AA T4yiy.uu 1

on 1

1

Zol 1

1

/I 0/1 0 c4o4oo

80 4143.42 I 24575 - 48703 120 4920.50 I 22846 - 43163

400 4143.87 I 12561 - 36686 40 .1 AC 7 0 1 T4957.31 1 22997 - 43163

20 4147.67 I 1 1976 36079 130
/I AC 7 £ 1 T4957.61 1 22650 42816

40 4154.50 I 22838 46902 12
CAAl 07 IoUOl.o/ 1

0 1 0A7oloO/ C 1 OA/iOlzV4

40 4156.80 I
ooooo22838 A £.oon 1 A10 CAAC 70 IOOOO. /z 1

Ql 000 C 1 OQ/1oizy4

35 4175.64 I 22947 - 46889 25 5006.13 I 22846 - 42816

80 4181.76 I 22838 - 46745 12
CA 1 O AT T5012.07 I 6928 — 26875

30 4184.90 I 22838 46727 10
CA/1 1 7£ T5041.76 1

1 1 ana
1 1^76 0 1 OAC01805

130 4187.04 I 19757 43634 OAzO CAylA OO To04y.oz 1 18378 38175
130 4187.80 I 19562 43435 1 A10 CAC 1 t^A TOOo 1 . 04 1

70 77lit I
07 1 £7Z /lO/

80 4191.44 I 19913 - 43764 10 5068.79 I 23711 - 43435

110 4198.31 I 19351 43163 o
8

CAOO OA To0oo.o4 1 7728 27395

130 4199.10 I 24575 48383 10
CAAO 71 I5098.71 1 17550 37158

340 4202.03 I 11976 35768 20 C 1 1 A /I 1 15110.41 1 0 19562

14 4203.99 I 22947 46727 ocZO C 1 0-0 £.0 Toloo.oB 1 33695 53169

40 4210.35 I 20020 43764 25 5139.26 I 24181 43634

16 4216.19 I 0 23711 35 5139.48 I 23711 43163

70 4219.36 I 28820 52514 130 5167.49 I 11976 31323

40 4222.22 I 19757 43435 60 5171.60 I 11976 31307

130 4227.43 I 26875 50523 40 5191.47 I 24507 43764
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Iron — all observed /jnes — Continued

Intensity

and
Character

W avelength

in A Spectrum
Energy levels

in cm"'

Intensity

and
Character

Wavelength c
• ! Ispectrumm A

Energy levels

in cm"'

60 5192.36 I 24181 - 43435 6 6301.52 I 29469 - 45334

30 5194.95
J

12561 - 31805
r
5

^ 0 1 0 AO T 19788 - 35612
r nAO 0 A5202.34

J

17550 _ 36767 in 19621 - 35257

5216.28
J

12969 32134 10 ^AOn 09 T 29056 - 44677

5226.88 24507 43634
10 6411.66 I 29469 - 45061

120 5227.19 12561 31686 8 6421.36 I 18378 - 33947

110 23711 - 42816 in 6430 85 1 17550 - 33096

ou C 0££ CO5266.58
{

9dlftl in 6494.98 I 19390 - 34782

5269.54 6546 24 I 22249 - 37521

OU 52 /O.oo { 1 9QftQ 9 6592.92 I 21999 - 37163
18 6677.99 I 21716 - 36686

20 5281.80 I 24507 - 43435 4 6945.21 I 19552 - 33947
40 5283.63 26140 45061 3 6978.86 1 20038 - 34363

lb 5302.31 26479 45334 6 n'\ OA f\A T7130.94 1
Q /I Al 7o4Ul /

A OAO 7— 48UJ /

1 QA
5324.18
C 0 OO AC5328.05 J

or AAAz5yuu
7Q77loll

AA£.nn440 ( (

20i4U
8

20
7164.47 I

7187.34 I

33802
33096

- 47756
- 47006

25 5328.53 I 12561 - 31323 12 7207.41 I 33507 - 47378

14 5339.94 I 26340 - 45061 6
"7OOA /! 0 T7389.42 1 34692 - 48221

18 5341.03 12969 31686 7 7/1 1 1 1 P T 0 /I C /I 7d454 /
/I OAO 7- 48Uo /

12 5364.88 0 C OC£35856 C A Ani54491
14 7445.78 I 34329 - 47756

14 h 5367.46 35612 54237
18 7495.09 I 34040 - 47378

20 5369.96 I 35257 - 53874 30 7511.04 I 33695 - 47006

120 5371.49 I 7728 - 26340 5 7531.17 I 35257 - 48532

30 5383.37 I 34782 53353
Q T\(S>. Q9 T AC An34547 - 47756

20 5393.18
}

26140 - 44677 4 7583.80 I 24339 - 37521
70 C 0 A"? 1 0539 /. 13 7377 25900 10 7586.04 I 34782 - 47961

35 h 5404.15 I 35768 - 54267 3 7620.54 I 38175 - 51294

70 5405.78 7986 - 26479 2 7661.22 I 34329 - 47378

18 5410.91 1 36079 _ 54555 6 7664.30 I 24119 - 37163

30 h 5415.21 35379 _ 53841 10 7748.28 I 917ftd

35 h CA^A AO5424.1)8 34844 _ 53275 10 7780.59 I 36079 - 48928

80

50

5429.70

5434.53

I

I

7728
8155

-
-

26140
26550

14

14

14

7832.22 I

7937.17 I

7945.88 I

35768
0/1700o4 /o2
0 C 0 7A606 /y

- 48532
/1 7 0 70- 4/0/0
A 7A^ 1- 4/yoi

10 h 35379 53739
60 7986 26340 7998.97 I 35257 - 47756
40 5455.61 8155 26479 3 8028.34 I 36079 - 48532

16 5497.52 8155 26340
12

OA A iL rvH T8046.07 1
Q l^A 1 0OOOI2 A QAO 7— 48Uo /

J
_

10 8085.20 1
Q c 0 c/;o585o A 000 1- 48221

10 J 1 . ^ i

T
7728 - 25900

3 8198.95 I 35768 - 47961
20 OOUD. iO J 7986 26140
20 DDO7.OZ

J
27560 45509 R99n dl T 34844 - 47006

5572.85 3 8232.35 I 35612 - 47756

45595
40 0 0 0 "T f\iL T8327.06 1

1 7707
1 / /2 /

0070^— lyloi
7 5576.11 27666 _

9 8331.94 I
QC 070o5o /y

A 70704/0/8
40 ODoO. /

0

:
27167 _ 45061 4 8339.43 I o5 / Oo ^ i 1 50

oo OOUZ.VO
!

97AAA
I uuu 4. "^^00

D\J
C£ 1 c coolo.oo • ZOO / 0 AAf\ll4'4'0 / /

81R7 7ft T 17550 - 29469
1 f\ 5624.55

1

0

12

9

OA^^Q A'\ I8400.41 1

OC 1 A AO T8514.08 1

17927

17727

- 29733
- 29469

12 5658.83
J

27395 45061 0
3

OC 1 C 1 1 T8515.11 1
0/1 Q OA24ooy — oou/y

7
cn ^0 A 15700.U1

j

33947 51294 6 8611.81 I
OOQ/I 722y4 /

O/i CCf.— 04550
o
8

£ A 0 /I A£6024.06 3oo8o C Q 000

6065.49 j
1

35 8661.91 I 17927 - 29469

30 6136.62 I 19788 36079
A
y 8674^75 I 22838 - 34363

"TA 0008. Oo 1 17550 - 29056
20 6137.70 20875 37163 0 0'7C 7 1 A T8/5/. ly 1 22947 - 34363
20 6191.56

}

19621 35768 8 8764.00 I 37521 - 48928
20 02oU. (

0

20641 36686
8793.38 I 37163 - 48532

7 6246.34 29056 45061 6

12 6252.56 19390 35379 40 8824.23 I 17727 - 29056
10 8866.96 I 36686 - 47961

5 6265.14 I 17550 33507 25 8999.56 I 22838 - 33947
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Lanthanum

La, Z = 57, M = 138.905, Ratio 7^ = 2.186
Lu

La I Normal state of valence electrons 5d6s^ ^Di 1/2 = 0. LP. = 44981 cm~*.
La II Normal state of valence electrons W2 = 0. LP. = 89200 cm"*.
La III Normal state of valence electrons Sc^^Dn/z = 0. LP. = 154675 cm"^

References

Wavelengths:
A. Gatterer and J. Junkes, Spektren der Seltenen Erden (Specola Vaticana, Vatican, 1945), below 7550 A.

G. R. Harrison, Massachusetts Institute of Technology Wavelength Tables (John Wiley & Sons, New York,

1939), above 7550 A.

Classification:

La I, La ll and La III, H. N. RusseU and W. F. Meggers, J. Research NBS 9, 625 (1932) RP 497.

La I, A. Giachetti and M. Wilson, J. Opt. Soc. Am. 58, 740A (1968).

LaO, W. F. Meggers and J. A. Wheeler, J. Research NBS 6, 239 (1931) RP 273.

Strong lines of lanthanum

Intensity

and
Wavelength c

in A Spectrum
Energy levels

;_ -1

Intensity

and
Wavelength

in A Spectrum
Energy levels

in cm"'
Character

in cm
Character

9000 3949.10 11 3250 - 28565 2200 3929.22 1394 - 26838
5500 4086.72 11 0 - 24463 2000 4429.90 1895 - 24463
4600 4333.74 11 1394 - 24463
4400 3988.52 11 3250 - 28315 1700 3886.37 2592 - 28315

4400 4123.23 11 2592 - 26838 1600 3849.02 0 - 25973

3900

3700
3600

3794.78 11

3790.83 11

3995.75 11

1971 -

1016 -

1394 -

28315

27388
26414

1600

1500

1500

4238.38

3337.49

3380.91

3250 -

3250 -

2592 -

26838

33204

32161

3400 3871.64 11 1016 - 26838 1500 4196.55 2592 - 26414
3000 4042.91 11 7473 - 32201 1300 3916.05 1895 - 27424

2800 4031.69 11 2592 - 27388 1100 2297.78 III 1603 - 45111

2800 4077.35 11 1895 - 26414 1100 3921.54 1895 - 27388

2400 3759.08 11 1971 - 28565 1100 4151.97 1895 - 25973
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Lanthanum— all observed lines

Intensity

and
Character

Wavelensth
in A Spectrum

Energy levels

in cm"'

Intensity

and
Character

TV ClVdC.IIglll

in A Spectrum
Energy levels

in cm"'

240 2187.87 II 0 — 45692 1000 3645.42 II 0 — 27424
770 2256.76 II 1394 45692 90 3649.53

.{
0 27393

1100 2297.78 III ^0 ill 390 3650 18 Q / I OOO
90 2317.82 II 18895 62026 170 3662 08 TT

1016 I 28315
200 2319.44 II 2592 _ 45692

75 2328.75 II 16599 — 59528 17 3672.02 I 0 — 27225

1000 2379.38 III 0 42015 35 3701.81 28315 — 55321
20 2438 01 II 120 3704.54 I nc^QiUoo OQA/tn/i)U4U

65 2471.90 II 5250 45692 320 1705 89 JT 6227 33204
35 2472.44 II 17826 _ 58259 550 3713.54

TT
1394 _ 28315

35 2479.85 II 19215 — 59528 140 3714.87 II 5250 - 32161
65 2487.59 11 17212 57400 270 3715.53 2592 29498
45 2533 14 II 90 1795 05 {| U /Ooo<5

45 2560 17 II 19215 58259 35 1715 85o i OO . oo
TT

1394 28155
18 2580 82 II 15699 _ 54435 2400 1759 08O 1 O J7 . yjKJ

IT
1971 _ 28565

22 2582.56 II 14148 - 52858 75 3773.12 II 26838 - 53333

35 2596.09 II 16599 — 55107 120 3780.67
{{

5718 - 32161
400 2610 34 11 65 3784.81 0 /0414
55 2672.91 II 18580 55982 i7nn 17Q0 81 JJ 1016 27388

2695.47 II 19750 56838 17Q4 78 II 1971 28315

55 2725.58 I 1053 - 37732 65 3808.79 II 3250 - 29498
55 2791.51 II 22106 - 57919 190 3835.08

}|

5718 - 31786
2798.56 II

I 1 2/537 c oo cn00/59 1840 79 1394 O"? .1 O274/4
420 9SnH 19 II 10095 45692 1 90 1R4(S 00 ,.

1394 27388
11 2838 45 II 19215 54435 1600 1849 09 IT

0 25973

16 2840.51 II 29498 - 64693 130 3854.91 II 6227 - 32161
45 2855.90 II 24523 - .59528 80 3864.49

|j

28565 - 54435
9Hfi9 Q8 II

1 1 20403 55321 14.00 1871 ft4 1016 26838
II
1 1 20403 55107 1 700 188fi 17 II 2592 28315

2885. 14 I 1 21332 55982 "iOo\j 18Q8 fiO 1 0 25643

160 2893.07 11 22283 - 56838 35 3902.,58 I 0 - 25617
110 29.50.50 11 28526 - 62408 40 3910.81

[{

2592 - 28155
111

1

0 0 onA

1

3//01 1 100 101 fi 0^oy I u.\jO
1 on c1895 27424

f\(\ 1 1 ns dft IT
1

1

0 32161 1 100 1091 "14 11 1895 27388
J 1 AO -If, [I 1394 33204 1 yjKJ 1097 'iftoyz

I

. OU 1 0 25454

150 3171.68 III 13591 - 45110 2200 3929.22 II 1394 - 26838
75 3193.02 II 1895 - 33204 180 39.16.22

[{

1016 - 26414

oo yli. 1 1 1 . O 1
1
1 1053 32141 9000 3949. 10 3250 28565

•J 1 u II 1394 32201 4.0 lOSI 68oyoo.Kjo 1 1053 26339
1910 1

1

1394 32161 4400 1088 =19 J, 32,50 28315

550 3265.67 II 2592 - 33204 3600 3995.75 II 1394 - 26414
800 3303.11 II 1895 - 32161 180 4015.39

.{

1053 - 2.5950

1500 1117 IQ II
1 1 3250 33204 90 4023.59 14376 39222

yo 11.19 91 1
1 1 053 30965 250 4095 88 ..

2592 27424
M
1

1

1895 31786 9800 11 2592 27388

200 3376.33 II 2592 - .32201 40 40,16.59 II 7395 - ,12161

ISOO 3380.91 II 2592 - ,32161 140 4037.21 0 - 24763
I 'X(\ •5 I C •> 1 Q 1

1

1

1

1394 30353 1000o\jyj\j 4049 Q 1 7473 32201

1 oU "IL^'X 17 II 3250 32201 190 40'i0 08 J, 15774 40458
uo •JtO 1 . 1 o 1 29937 220 4060 11rUOV . OO [ 4122 28743

75 3510.00 11 1016 - 29498 160 4064.79 I 3495 - 28089

75 3512.93 11 1895 - 30353 60 4065.58 1053 - 25643

4. J
1
! 1053 29502 40fi7 10^uu I .oy TT

1

1

1394 _ 25973
7Q J c I 7 1 1

or) I / . 14 1 II
L 1

1

13.591 _ 42015 1 10I lU 407*1 71 II
11 0 - 24523

'VZi o.j.jU.oz
1

1

i 1 0 _ 28 1 55 9800 4077 I"?i t ,oo n 1895 _ 26414

65 3557.26 II 1394 - 29498 120 4079.18 I 0 - 24508

200 3574.43 I 0 - 27969 5500 4086.72 11 0 — 24463

65 360 L 06 II 2592 30353 180 4089.61 3010 27455

50 36 10.25 II 280 4099.54 II 14148 38534

75 3612.31 II 24463 52138 1 10 4104.87 2668 27023
75 3613.08 I 0 27669

50 4109.80 10,53 25378
320 3628.83 II 1016 28565 I

35 3636.67 1 1053 28543 50 41 17.68

II 2592 26838
120 3637.15 II 5718 33204 4400 4123.23

170 d ,1641.53 1 1053 28506 110 4137.04
II

1053 25218

3641.66 II 27388 54840 550 4141.74 3250 27388
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Lanthanum— all observed /irees — Continued

Intensity

and
Character

Wavelength
in A

^i^<i/*t I'llmOpec 11 U 111

Energy levels

in cm"'

IJllCllsiiy

3.nd

v> iidl acici

Wavelength
in A

Energy levels

in cm"'

1100 4151.97 II 1895 - 25973 200 4570.02 I 4122 25997
220 4152.78 II 14148 - 38221 400 4574.88 II 1394 _ 23247
40 4157.52 I 0 - 24046 200 4580.06 II 5718 - 27546
100 4160.26 I 1053 - 25083 35 4602.05 I 8052 — 29776
50 4172.32 I 3495 - 27455 160 4605.78 II 5718 — 27424

70 4177.48 I 1053 - 24984 410 4613.39 II 5718 27388
280 4187.32 I 0 - 23875 23 4615.07 I 7231 28893
280 4192.36 II 14375 - 38221 410 4619.88 II 14148 - 35788
1500 4196.55 II 2592 - 26414 40 4636.43 II 18895 - 40458
240 4204.04 II 5718 - 29498 110 4645.28 II 1016 — 22537

300 4217.56 II - 3Q4n3 45 4646.34 I OQ^lyyu 1 314.77O 14" 1 1

200 4230.95 II 15774 - 39403 70 4647.51 II 15699 _ 37210
1600 4238.38 II 3250 - 26838 80 4648.65 I 2668 - 24174
140 4249.99 II 15699 - 39222 35 4650.33 I 3010 - 24508
50 4262.34 I 1053 - 24508 45 4652.08 I 3495 - 24984

4263.59 II 1 ^11 A. 540 4655.50 II IDOW ^717^o I i I o

480 4269.50 II 14375 - 37791 35 4660.70 I 8052 29502
240 4275.64 II 2592 - 25973 360 4662.51 II 0 - 21442

300 4280.27 I 1053 - 24410 230 4663.76 II 15774 - 37210
600 4286.97 II 15699 - 39019 200 4668.91 II 14375 - 35788

ouu 4296.05 II OZZ / 160 4671.83 II lo / /4 Q7 1 7QO / 1 /o

120 4300.44 II 0 - 23247 90 4691.18 II 1394 22705
50 4315.90 II 3250 - 26414 230 4692.50 II 14148 - 35453

440 4322.51 II 1394 - 24523 90 4699.63 II 3250 - 24523
4600 4333.74 II 1394 - 24463 35 4700.26 I 13260 - 34530

4334.96 II 14 14o o / Z lU 35 4702.64 I 4 IZZ zooou
40 4340.73 1 8446 - 31477 140 4703.28 II 15699 36955
550 4354.40 II 7395 - 30353 35 4708.19 I 9184 - 30417

60 4354.80 I 9184 - 32141 70 4712.93 II 3250 - 24463
110 4364.67 II 5250 - 28155 170 4716.44 II 6227 - 27424

1 1 fi
1 lU 1 4371.97 LaO 35 4717.59 II

0 7 70 1o / /y 1

110 bl 4375.84 LaO 140 4719.94 II 15774 36955

110 4378.10 II 14375 - 37210 35 4724.43 II 6227 - 27388

60 bl 4379.72 LaO 230 4728.42 II 1394 - 22537

280 4383.44 II 14148 - 36955 500 4740.28 II 1016 - 22106

100 4385.20 II 14375 - 3/1/3 390 4743.09 II 14o /D 0 Q/l 1^0

60 4389.87 I 9719 - 32493 320 4748.73 II 7473 28526

50 4402.65 I 9044 - 31752 45 4750.41 I 9920 - 30965

50 4411.21 II 28565 - 51229 160 4766.89 I 0 - 20972

220 bl 4418.24 LaO 35 4770.43 I 7012 - 27969

80 4H9. 16 II 1 6599 - 39222 28 4796.69 11
"7/170/4/j OOO 1 c

160 bl 4423.17 LaO 28 4800.00 I 9961 30788
160 4423.90 I 9920 - 32518 23 4800.25 I 7680 - 28506

260 4127. .55 II 14375 - 36955 160 4804.04 II 1895 - 22705

100 bl 4428.10 LaO 160 4809.01 II 1895 - 22684

2000 4429.90 II 1895 - 24463 28 h 4817. 17 I
m O/iy lo4 /yy3 /

hiUl 4432.98 LaO 200 4824.06 11 5250 25973

50 4435.85 II 0 - 22537 23 4826.88 11 1394 - 22106

100 bl 4438.01 LaO 70 4839.52 1 7012 - 27669

50 bl 4443.00 LaO 45 4840.01 11 2592 - 23247

100 4452. 15 I 45 4850..58 II bZZ I
Orf^O 0 oZDOOO

inn 4455.80 11 5718 - 28155 70 48,50.82 1 1053 21663

40 4468.97 I 3010 - 25380 23 48.54.95 1 9184 - 29776

40 4486.06 I 7490 - 29776 320 4860.91 11 1971 - 22537

40 4493.11 [ 1053 - 23303 35 4870.,56 1 8446 - 28972

40 4494.7

1

I 2668 - 24910 65 4878.86 I
OAC OoOoz OO C /I 0

90 4500.22 I I ()oU 26 4887.61 1

850 4522.37 II 10095 - ,32201 850 4899.92 11 0 20403

170 4525.31 II 15699 - 37791 65 4901.87 1 1053 21448

420 4526.12 II 6227 - 28315 26 4905. 13 I 7012 27393

30 4o41 . /y 1 7490 - 29502 1 uuu d.Q9n QH 1016 21332

80 4549.50 I 3010 - 24984 1000 4921.79 11 1971 22283

400 4558.46 II 2592 - 24523 140 4934.83 11 10095 30353

110 4559.29 II 6227 - 28155 26 4935.62 II 5718 25973

160 4567.91 I 3495 - 25380 26 4945.85 I 7012 27225
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Lanthanum — all observed /ines— Continued

Intensity

cind

Character

Wavelength
in A

Sn**rtriim Energy levels

in cm"'

Intensity

and
Character

Wavelength
in A

Snf**^triim Energy levels

in cm"'

IT 1895 - 22106 ^•377 AO II
11 18580 37173

370 4949.77 I 0 - 20197 21 5380.01 I 9961 28543

65 4952.07 II 19215 - 39403 140 5380.99 II 7395 - 25973
340 4970.39 II 2592 - 22705 80 5381.92 II 17212 - 35788
35 4977.95 I 0 - 20083 21 bl 5405.66 LaO

4986 83 II 1394 - 21442 24 bl 5407.69 1 a O
140 4991.28 II 7395 - 27424 26 5415.68 7490 25950
65 4993.88 I 0 - 20019 40 5429.86 I 7231 — 25643
35 4996.82 II 19215 - 39222 21 5437.54 I 7231 - 25617
720 4999.47 II 3250 - 23247 500 5455.15 I 1053 — 19379

I
1 8052 - 28040 •JO Ot-OO. O" J. 18895 37210

35 5002.13 II 18236 - 38221 45 5464.,38 II 6227 24523
35 h 5019.51 I 13 5466.92 I 8052 _ 26339
140 5046.88 I 3495 - 23303 40 5475.17 I

26 5048.04 II 19215 - 39019 26 5480.73 II 17212 — 35453

91ft =>ft'in '^7
1 301 ft - 99flft4. UJ CAQO 97 J. 0 189^6I ozou

170 5056.46 I
- 99d'^QZZ'*07 26 5491.07 I 7ft 1 9

' u 1 z 9^91 RZ,>Z 1 o

45 5062.92 11 6227 - 25973 40 5493.45 II 1016 _ 19215

45 5067.90 I 3495 - 23221 470 5501.34 I 0 - 18172
24 5078.92 I 15197 - 34881 26 5502.25 I 9920 - 28089

OU / V.oo I
1 lo ooUz.o / 91 66^Z IDOo

35 h 5080.21 II 1 "^774 90 5503.81 I dl 99^ 1 zz 99986zzzou
24 5103.13 I 15197 - 34787 50 5506.00 I 0 I 18157

200 5106.23 1 2668 - 22247 40 5515.28 I 7490 - 25617
470 5114.56 II 1895 - 21442 65 5517.34 I 9920 - 28040

C 1 on QQ
.J 1 ZU.oo 1

1
— 97Q6Q 1 Q CCOA Q7 006

1

yyO 1 98ftdn

470 5122.99 II - 991ft6 13 5.532.06 I 7fll 9
/ U 1 z OCAQQZ,)V/00

21 5135.44 1 15197 - 34664 90 5,535.67 11 10095 28155
24 51.39.16 I 16099 - 355.52 65 5541.26 I 9184 - 27225

450 5145.42 I 3010 - 22439 24 5544.91 I 9719 - 27749

loU ^ 1 ^f. 7,1
.) 1 .>0 . / 4-

r r
1

1

1 U lO — 9fid.n*^Zl.'4-Uo dO 0.90.9. 44-
.

i OoV Z,0O4',5

180 5157.43 II I I oZD - '^7910
. > ( Z I VJ 40 5.565.72 I ou 1 \J 9ft079ZW7 I z

290 5158.69 I 0 - 19379 24 5.566.94 II 19215 I 37173
120 5163.62 II 1971 - 213.32 80 5.568.46 I 3495 - 21448
80 5167.79 I 4122 - 23467 16 5.570.38 I 0 - 17947

zo 1 79 0 1
. } i / Z . V 1 1

1

looV.) ^09 9 1 ou O.Ooo. .?4- I O'+V.) 9 1 ^PAZ 1 .jo^

80 5173.84 II OZZU I
1 c:9,l0 1 r)Z4- 80 bl .5600.02 LaO

580 5177.31 I
99Qn/l— ZZoVJ'4- 110 bl 5602..50 LaO

24 5179.12 I 8446 - 27749 35 bl .5626.03 LaO
850 5183.42 II 3250 - 22537 45 bl ,5628.60 LaO
OA

1 o.>. Vz I

1 U.J.) ZU.j.Jo 1 AA QA"?! 00O0,5 1 .ZZ
!

ou 1 \) Z\} i 1)0

.1 loo.zz 1

1

0.) .00.5Z.U.5 '
7f\ 1 9
/ U I

Z

9/1 7^*^L'i i DO

170 5204. 15 II 18S80 - 37791 40 ,5639.31 I 7490 I 25218

720 5211.86 I 4122 - 23303 240 5648.25 I 9920 - 27620

35 5226.21 II 17826 - 36955 35 b ,56,54.82 LaO
1 7231 - 24910con C 0 'J 1 O 7

1 1 111

35 5239.55 I - ll\ .5.5 16 ,56,56.54 [
(17 1 A 0 7 "JZ /.5y.5

26 5240.83 I 15197 - 34272 1.30 ,5657.72 I 2668 20338
340 5253.46 1 1053 - 20083 50 ,5671..55 11 17826 35453
35 5257.85 1 16538 - 35552 90 .5696.19 I 10.53 - 18604

1 1 A r-lcil "J

A

.)J.lV..iV
1

1

1 'J A 1
1 jy4 OA 1 AO

1.5

.
/I I 001- Izz 0 1 AA "3

Z iDOO

370 5271. 19 1 lU.o.i
OAA 1 O 45 5703. .33 II

C7 1 Q 0 "J 0/1 7

50 5276.42 1 8446 - 27393 10 5710.85 9719 2T22S

26 5279.13 II 18236 - 37173 65 5712.40 II 1394 - 18895

140 5290.84 II 0 - 18895 40 5714.02 I 7012 - 24.508

37A f I

1

1

- zz lUo 0 / I'+.O.O
.

yyo 1
O 7 /I C Cz / 4.0.0

140 5302.62 11 i6.ivy 45 5720.02 1
1 -1 AC 0AA7 Ozuy / Z

180 5303.55 11 26 5727.29 II 5250 22705

45 5301.02 I 7490 - 26339 40 57.34.95 1 9961 27393

24 5307.53 I 15197 - 34033 180 5740.66 1 2668 20083

16 5320. 16 1 3495 - 22286 lo ^710 OA
,0 / 'fZ.

.

7231 24639

35 5323.57 1 8446 - 27225 160 5744.41
T

7680 25083

110 5340.67 II 18236 - 36955 160 ,5761.84 2668 20019

110 5357.86 1 7680 - 26339 160 5769.07 II 10095 27424

21 5365.89 1 7012 - 25643 370 5769.,34 3010 20338
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Lanthanum— all observed /irees— Continued

Intensity

and
Character

Wavelength
in A Spectrum

Energy levels

in cm

Intensity

and
Character

Wavelength
in A Spectrum

Energy levels

in cm"'

80 5769.99 I 8052 - 25378 80 6129.56 II 6227 - 22537
320 5789.24 I 3495 - 20763 50 6134.39 I 7231 - 23528
450 C "7A 1 OA

i> /y 1 .o4 4122 21384 24 h 6142.98
jC7A'7 CO

11 1Q71 1091^% 13
iit AC OA6145.30 ^ 1 9RH

loO COAC "70
OOUC). /o

IT
11 1016 1 o

lo
/il A£. CO6146.53 Tf

11 17 J 1

10 5808.06 I 9920 - 27132 80 6165.70 I 7490 - 23705
50 5808.32 II 0 - 17212 35 6172.73 II 1016 - 17212
140 C OO 1 AADOZl.VV

}

9961 27132 26 6188.09 II 23247 39403
50 com o o5823.83

}

9^9 1

R

16 6203.51 II ZZ lUD
24 COO"? C£ ^0007 13

£ O 1 O OA6218.20 0090wzu 9CQQ7

80 5829.72 I 7490 - 24639 35 6233.51 I 7490 - 23528
16 5839.79 1053 - 18172 35 h 6234.86 I 9184 - 25218
24 5845.03

J

1053 18157 18 h 6236. 17
j65 5848.38 13 h 6236.74
{

79^1
/ ZOi 9^9A1ZOZO

1

13 C 0,1 0 AC
11 9 1 d.d.9 18 h £000 CA6238.59 /oou Zo i\)o

35 h 5852.27 I 7680 _ 24763 720 6249.93 I 4122 _ 20117

80 5855.58 3010 - 20083 260 d 6262.30 3250 - 19215
80 5863.71 I f

11 7473 24523 90 6266.02 I 9920 25875

16 bl 5866.42 La 0 13 6273.76 II
OA COO Ar\A CO4U4ao

16 bl 5869.50 LaO 18 6287.74 I
O 1 Q/iy lo4 0CAQ3zoUBo

16 5869.95 I 8052 _ 25083 16 6288.56 I 9719 _ 25617
21 5874.00 II 6227 - 23247 65 6293.57 I 3495 - 19379

45 5874.73 I 7490 — 24508 180 6296.09 II 10095 — 25973
21 5877.63 I o\)l\)

OAA 1 AZUU IV 21 6305.46 II 1 7Q0A

16 5877.99 1 16 6310. 14 I
I 7Q1 f\ OO loo

65 5880.64 II 1895 _ 18895 35 6310.92 II 21332 _ 37173
16 bh ,5893.57 LaO 16 6318.26 I 8052 - 23875
65 5894.85 I 7680 — 24639 160 6320.39 II 1394 — 17212
16 bh 5896.67 LaO 1 10 6325.91 I

1 AC 0 lOoo /

10 5900.75 I
"7011 O/l 1 "7 1Z4 1 (4 35 6358. 13 II 0 / lo 91/1/10

16 5901.96 11 22283 39222 35 6360.22 I 9044 _ 24763
16 5904.30 1 8052 - 24984 170 6390.48 II 2592 - 18236

45 5917.63 I 1053 - 17947 450 6394.23 I 3495 — 19129

16 bh 5920.84 LaO 50 6399.05 II
O I 0 0 o o/^nc c

16 bh 5923.97 LaO 210 6410.99 I 3010 18604

16 ,5927.71 II 22,537 _ 39403 35 6446.61 II 22283 _ 37791

21 5928.49 I 7012 - 23875 21 6448. 1

1

I 2668 - 18172

320 .59.'^0.62 I 10,53 - 17910 13 6450.34 I 9719 - 2,5218

.5930.68 I
AU 1 /lO C "7

16oo / 90 c 64.54.52 I
1 O 1 C 7

65 .5935.24 ' 3495 20338 2,50 6455.99 I
1 AC 0 1 C 0 O

50 5936.22 11 1,394 _ 182,36 13 h 6468.44 I 9184 _ 24639

13 5940.83 I 7680 - 24508 24 h 6485..55 8052 - 23467

18 h 5948.30 11 20403 - 37210 40 6498. 19 11 20403 - .35788

26 5960.59 I 8446 252 18 10 6506.23 I
1 A AA<i14uy6 OA,1 £ 129401

16 5962.60 ' 9184 25950 21 h 6520.74 I

16 ,5965..30 1 110 6,526.99 II 1895 _ 17212

13 ,5971.09 II 10095 _ 26838 10 h 6529.73 II 7395 - 22705

45 5973.53 II 22283 - ,39019 130 6543. 16 I 2668 - 17947

18 h .5975.75 ' 7680 24410 26 6565.44 I 1053 1 £ OOA16280

26 5982.35 I 2668 19379 8 6570.96 II 6227 O 1 .1 .1 o21442

16 5992.36 I 7490 24174 140 6578.51 I 0 _ 15197

65 6007.36 I 4122 - 20763 10 6.582. 19 I 16099 - 31288

16 6017. 16 I 13260 - 29875 45 6593.46 I 3010 - 18172

50 6038.59 I 7490 24046 35 6600. 17 I 3010 18157

13 6041.55 I 14804 313,52 45 6608.26 I 9961 25090

13 6067.14 II 6227 22705 50 6616..59 1 3495 _ 18604

45 6068.68 1 7231 _ 23705 10 6631.21 I

13 6072.05 I 8446 24910 10 6636.,53 II 7473 22537

16 h 6084.89 1 16857 33287 26 6642.79 II 20403 35453

40 6100.38 II 5718 22106 35 6644.41 I 1053 16099

16 6107.27 [ 3010 19379 18 6645.16 I 16243 31288

80 6108.48 7680 24046 70 66,50.81 0 1,5032

45 6111.72 8052 24410 80 6661.40 4122 19129

80 6126.09 11 10095 26414 35 c 6671.40 II 3250 18236

26 6127.05 8446 24763 40 6692.87 3010 17947

132



Lanthanum— all observed /mes — Continued

Intensity

and
Character

Wavelength
in A Spectrum

Energy levels

in cm~'

Intensity

and
Character

Wavelength
in A

Snppf riiml^K UIII
Energy levels

in cm"'

Qo 66QQ ?S I 50 h JAM ns J 8052 21448
9 6699.85 I 50 bl 7465.25 LaO

180 6709.50 I 3010 - 17910 95 bl 7465.48 LaO
19 6714.09 II 22283 37173 75 cw 7483.50 II 1016 14375

7 6718.68 II 24523 - 39403 40 bl 7496.50 LaO

7 A7Q0 7Q 11 22106 - 36955 VD 01 7496.78 LaO

35 6748.13 I 8446 - 23261 jU 7498.83 I oVdZ z lo(54

60 6753.04 I 0 - 14804 30 LD 7506.79 LaO

120 6774.26 II 1016 15774
19 bl 7528.21 LaO

7 0 ( VO. / O 1 0 14709
50 bl 7528.39 LaO

29 h

14

6808.86

6813.66

II

11

1016

22537

-
-

15699

37210

ou
oo

oo hi

7533.59
7539.23
7560.09

I

I

LaO

oUiU
0

lOZoU.

A C45 6823.78 I 7012 - 21663
35 bl 7592.26 LaO0 c35 i^oo A nc00^4.1)5 1

1

11 1971 16599
19 h 7612.94 II 1016 — 14148

6837.90 I T
11 9509 1 791 9

6859.03 II

10 hu 7624.99 LaO
8 h 3250 - 17826 21 /004.o4

T
1 3405o^yo 165^fl

21 6917.24 I 3495 - 17947 15 h 7841.80 I 3495 16243
12

^ rt 1 o OA6918.30 1 1053 _ 15504 ZL
L
t> 7876.87 LaO

70 6925.24 I
7m •> O 1 /I /I o

75 bl 7877.22 LaO
45 6935.01 I 6Vii> 1 70 1 A

75 bl 701 A 1 O/y lu. ly La U
8 h 6952.51 11 1394 _ 15774 150 bl 701A t^/l/y iu.o4 La U

21 h 6954.52 II 0 _ 14375 50 b 7944.61 LaO
35 6958.10 II 10095 - 24463 110 bl 7944.95 LaO
10 6976.86 I 40 7964.83 I 2668 15220
13 b 6996.89 LaO

L,a vj35 b 7070 XA.

13 b 701 1.22 I a OLid \J 75 bl 7070 70 I a O
75 7023.67 I 8052 _ 22286 35 h 8001.89 I 3010 - 15504

26 7032.05 I 9044 - 23261 21 b 8014.43 LaO
26 b 7040.84 LaO 65 bl 8014.79 LaO
110 7045.96 I 2668 — 16857

30 b 8019.48 LaO
13 b 7054.80 LaO 35 he 8051.39 I 4122 _ 16538

160 7066.23 II 0 _ 14148 75 8086.05 I 2668 - 15031

65 7068.37 I 1053 - 15197 15 b 8122.20 LaO
21 bl 7070.79 LaO 15 b 81.59.02 LaO
13 7076.38 I 9961 - 24088 7 h 8203.38 I 3010 - 15197

21 bl 7085.40 LaO oO 8247.44 I 41ZZ 1 /LOyl 0lDz4o

26 bl 7101.02 LaO 13 h 8316.04 I 3010 1,5031

10 h 7116.8 II 7,395 _ 21442
85 8324.69 I 3495 - 15.504

19 bl 7131.58 LaO 95 8346.53 I 4122 - 16099

1 fi 7 I to 77
1 9 1 (\f\'\ o0 h 8379.80 I

1 A 1 OA19129 31060

40 h

50

7158.08

7161.25

1
1

I

10,53

7012

-

_
1,5020

20972

o0
0o

26

b
L
n

84,53.55

8467.62

8476.48

LaO
I

I

'7A 1 1 7
z() 1 1 /

3010 —

0 1 AO ,1

.i iyz4

14804
10 7 162.60 La O

oUlU 1 AQt^7looo /

13 h 8507.37 I 8446 - 20197
>1 1
21 7219.91 1

10 b 7257. 16 LaO 1 Tlo h 8513.57 I yyzu z looo

ZD
Q u

n 8514.65 11

1 7012 _ 20763 1 "7 y
D 8526.,59 LaO

lU
r
1

11

1
05'? 14804

17 C 8,543.46 I 9961 — 21663
1 10 cw 7282.34 1 07 1

65 8,545.44 I 3010 — 14709
10 7320.91 1 1053 14709

110 cw 73.34. 18 I 0 13631 ID uD La O
Q7 Un 8,590.94 J 04-4-0 ZUUoo

c00 734.5.34 I
1 8052 21663 0 uD 8600.81 LaO

50 bl 7379.71 LaO 7 h 8624.22 I 7012 18604
85 bl 7380.08 LaO 15 8638.47 1 8446 - 20019
35 7382.73 I 9719 23261

1

110 bl 7403.52 LaO 19 hw oO / Z . 1

1

9920 21448
40 I

1 3495 1,5020

210 bl 7403.75 La 0 13 h 8720.41 I 9920 21384
50 b 7411.34 LaO 35 8748.38 1 2668 14096
65 bl 7434.28 LaO 19 8818.93 I 13747 25083
110 bl 7434.,36 LaO

35
21

8825.82
8839.63

I

I

8052
3495

19379
14804

30 b 7442.92 LaO
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Lead

Pb, Z = 82, M = 207.2, Ratio^ = 3.261

Pb I Normal state of valence electrons 6s^6p^ ^Po = 0. LP. = 59820 cm'^.

Pb II Normal state of valence electrons 6s^6p ^P°,^ = 0. LP. = 121243 cm-i.

References

Wavelengths:
G. R. Harrison, Massachusetts Institute of Technology Wavelength Tables (John Wiley & Sons, New

York, 1939).

W. F. Meggers, unpublished material (1955).

Classification:

Pb I, D. R. Wood and K. L. Andrew, J. Opt. Soc. Am. 58, 818 (1968).

Pb II, L. T. Earls and R. A. Sawyer, Phys. Rev. 47, 115 (1935).

Lead— all observed lines

Intensity

and
1

Character

Wavelength
in A

Spectrum
Energy levels

in cm

Intensity

and
Character

Wavelength r.

^ bpectrum
Energy levels

in cm"'

6000 2022.02 0 - 49440 3000 2663. 16 I 10650 - 48189

7000 2053.27 0 - 48687 10000 2801.99 I 10650 - 46329
5500 2169.99 0 - 46069 4100 2823.20 I 10650 - 46061
1400 2203.53 II 14081 - 59448 9500 2833.06 I 0 - 35287
200 2246.88 7819 - 52312 2800 2873.32 I 10650 - 45443

70 2332.44 10650 - 53511 30 3220.57 I 21458 - 52500
35 2388.80 10650 - 52500 1100 3572.74 I 21458 - 49440

1700
30

600

2393.79

2399.60
2401.95

10650
106.50

7819

- .52412
- .52312

- 49440

5500

340

14000

3639.58 I

3671.51 I

3683.48 I

7819 -

21458 -

7819 -

35287

48687

34960

130

20 h

2411.73
2428.63

106,50

21458

- 52102
- 62621

2800 3739.95 I 21458 - 48189

380 2443.84 7819 - 48726 400 4019.64 I 21458 - 46329

700 2446.19 7819 - 48687 34000 4057.83 I 10650 - 35287

1300 2476.38 7819 - 48189 550m 4062.14 I

4168.03 I

21458 -

21458 -
46069

45443
1100 2577.27 106,50 - 49440
500 2613.65 7819 - 46069 90 5005.44 I 29467 - 49440

7000 2614.18 7819 - 46061 35 5201.47 I 29467 - 48687

240 2628.28 10650 - 48687 8 hi 6001.93 I 35287 - 51944

16 2657.09 7819 - 45443 140 7229.00 I 21458 - 35287
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Lithium

Li, Z = 3, M = 6.94, Ratio^ = 0.1092

Li I Normal state of valence electrons ls^25 ^S:/2 = 0. LP. = 43487 cm"^
Li II Normal state of valence electrons Is^ ^So = 0. LP. = 610079 cm"i.

References

Wavelengths and Classification:

Li I, I. Johansson, Ark. for Fysik 15, 169 (1958).

Lithium — all observed lines

Intensity

and
Character

Wavelength
in A Spectrum

Energy levels

in cni~'

Intensity

and
Character

Wavelength
in A Spectrum

Energy levels

in cm"'

50 2741.18 I 0 - 36470 3200 6103.62 I 14904 - 31283

170 3232.63 I 0 - 30925 36000 6707.84 I 0 - 14904

130 hi 4602.86 I 14904 - 36623 480 8126.34 I 14904 - 27206

80 h 4971.70 I 14904 - 35012
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Lutetium

Lu, Z = 71, M = 174.97, Ratio 7^ = 2.753

Lul Normal state of valence electrons 5c?65^^Dii/2 — 0. I. P. = 43762 cm~^
Lull Normal state of valence electrons 65^ 'So = 0. LP. = 112000 cm~'.

LulII Normal state of valence electrons 6s ^Si = 0. LP. = 169049 cm"'.

References

Wavelengths, Spectrum Assignments and Molecular Spectra (LuO):

W. F. Meggers and B. F. Scribner, J. Research NBS 19 , 31 (1937) RP 1008.

Classification:

Lu I, P. F. A. KUnkenberg, Physica 21, 53 (1954).

Lull, L. F. H. Bovey and R. W. B. Pearse, Atomic Energy Research EstabHshment C/R 1976 (Harwell,

1956).

LulII, W. F. Meggers and B. F. Scribner, J. Research NBS 5 , 73 (1930) RP 187.

A. Steudel, Zeits. Physik 152, 599 (1958).

Strong lines of lutetium

Intensity

and
Character

Wavelength
in A Spectrum

Energy levels

in cm"'

Intensity

and
Character

Wavelength
in A Spectrum

Energy levels

in cm"'

18000 2615.42 II 0 - 38223 4800 3567.84 I 0 - 28020
9000 2911.39 II 14199 - 48537 4500 2900.30 II 12435 - 46904
8300 c

7600
3507.39
3281.74

II

I

0 -

1994 -
28503
32457 4200 2701.71 II 14199 - 51202

7600 3359.56 I 1994 - 31751 4200 2963.32 II 11796 - 45532

7500

6300
6200

3077.60

2894.84
3312.11

II

II

I

12435 -

14199 -

0 -

44919

48733
30184

4100

3800

3600

3397.07

3278,97

2754.17

II

I

II

11796 - 41225

0 - 30489

12435 - 48733

6200
5100 h

3376.50
3081.47

I

I

0 -

1994 -
29608
34436

3300

3100

4518.57

4124.73

I

I

0 - 22125

7476 - 31714

4800 3254.31 II 14199 - 44919 3000 2847.51 II 11796 - 46904

4800 3472.48 II 12435 - 41225 3000 3020.54 II 12435 - 45532

4800 3554.43 II 17332 - 45458 3000 3118.43 I
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Lutetium— all observed lines

Intensity

and
Character

flvclcngth

in A Spectrum
Energy levels

in cm"'

Intensity

and
Character

\V 3 vfIprurt h

in A Spectrum
Energy levels

in cm''

1700 h 2195.54 0 45532 3800 3278.97 I 0 — 30489
580 2236. 17

T I ¥
III 0 44705 7600 3281.74

{

1994 32457

yo 2276.94 7 1 1 AO A9nnozuu 3312.11 Q

190 2297.41
II 28503 _ 72017 7600 3359.56

T
1994 _ 31751

1300 2392.19 JJ 17332 _ 59122 6200 3376 50
T

0 _ 29608

120 2399.14 II 32453 — 74122 950 3385.50 I 1994 — 31523

80 2419.21
{!

38223 — 79547 160 h 3391.55
j

c cDO 2430 26 ( 0000 1 /inn 3396 82

130 2459.64
II

12435 53079 4100 3397.07 II 11796 41225
80 2469.27

II
28503 _ 68989 4800 3472.48 II 12435 _ 41225

21 h 2481.72 II 32453 - 72736 8300 c 3507.39 II 0 — 28503
370 2536.95

{{

11796 51202 1600 3508.42 1994 30489

w 2S46 87 00/1 CQ "+01)11 •l'S54 43 II 1 ll'iO
1 I ooZ /I r /I r Q

20 2549.44
I

0 39212 4800 3567 84 0 28020
20 2549.72

I
4136 _ 43344 340 3596 34

I
7476 _ 35275

35 2561.80 II 12435 - 51458 800 3623.99 II 17332 - 44919

930 2571.23
}}

14199 - 53079 680 3636.25
{

0 — 27493
1 /UO 2578.79 1 O /I 0 c1/4.53 ZOUU 3647.77 A 1 0/; 0 1 C/1 0

80 h 2582. 13 32453 71169 60 3684 39 1

570 c 9603 33 Ill 0 38400 60 3710.95 J

1800 2613.40 II 11796 - 50049 110 3756.70 I 4136 - 30748
18000 2615.42

jj

0 - 38223 110 3756.79
{

4136 - 30747

1800 2619.26 1 1796 49963 OA30 h 3786 18

90 9657 (15 150 3800 67

2700 9657 80 ji 12435 50049 75 h 3899 07 .

90 h 2677.25 I 7476 - 44816 2700 3841.18 I 1994 - 28020
570 h 2685.08

{

4136 - 41368 75 3843.61
{90 h 9685 54 1993 39220 95 3853 90

4200 97(11 71 II 14199 51202 40 3874 61 4136 29938
90 h 97 1 5 Ql 530 3876 65 II 12435 38223

180 d 2719.09 1 4136 - 40901 29 3911.77 I

480 h 2728.95
[

0 - 36633 50 3918.86
{75 c 97'?R 17 27264 63774 0 c h 3Q96 69

3600 97 c; A 17 1 2435 48733 480 3068 46 J 0 25192

750 h 976=^ 7d 1 4136 40282 50 ^00 1 18 J

390 2772.58 III 8648 - 44705 670 40.54.45 I 4136 - 28793

2700 2796.63 17332 - 53079 75 bl 4096. 13 LuO
35 9ft91 9^^ III111 35 h 4107.44

270 Q OQQl -iZ.^OOH- . .1.) 28503 63774 95 h 41 12.67 0 24308

330 h 90.1c 1
}

1994 37131 310 4199 40

3000 2847.51 II 11796 - 46904 3100 4124.73 I 7476 - 31714

570 h 2885. 14

,[

1,50 c 4131.79
{6300 2894.84 14199 48733 460 4154.08 7476 3 1 542

4500 9<)()(i in 12435 46904 24 4158.98
I

300 90(i'i 0 34436 1600 4184 954" 1 04-. ^1) M
1

1

17332 41225

9000 2911.39 II 14199 - 48537 1.50 4277..50 I

270 h 2949.73
[

7476 - 41,368 2.50 4281.03
j1200 zVr) I .()V 17332 51202 330 d 490=^ 07 7476 ,30748

ZVr).>. /

0

.!

4906 00 7476 30747

Z V()i> . .IZ 1 1 796 45532 150 4,309.57 1994 25192

2400 2969.82 II 11796 - 45458 75 4332.72 I

1800 2989.27 I 0 - 33443 29 4341.98 II 36098 - 59122

3000
!

12435 45532 65 h 4490 06 21462 44076
1 ')n o/\«>7 on c 4.4.0(1 AQ

9 1 nnZ 1 uu JAC^; 70oUr>0. / Z 1 J. 1 OQ 35,0.) 4.4.0Q 70 J

140 3057.90 III 5708 - 38400 190 44,50.81 I 7476 - 29938

7500 3077.60 II 12435 - 44919 50 h 4471.55
{390 -ilJot). 1 1

!
0 32457 60 h 440R R'i'T^yo. o,> 0 22222

5100 h *JAO 1 1 1 1994 34436 3300 4.C10 C7 0 22125

3000 J 1 1 Q 10 24 b 4'i60 Q'^ 1 iiO

2400 3171.36 I 0 31523 24 b 4575.31 LuO
100 3183.73 II 17332 48733 85 c 4605.39 18851 40559

260 3191.80 11 32453 63774 95 h 4645.47

1400 3198.12 II 14199 45458 100 h 4648.21

4800 32,54.31 II 14199 44919 95 h 4648.85
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Lutetium— all observed Zines— Continued

In t pn ^itv

\\\ arapfpr
V_> lldl <3l,ld

Wavelength
in A

Supftnim Energy levels

in cm"'

1 nt^rtciti/Xll Jlsll J

V^llalaClcr

Wavelength
in A

Energy levels

in cm"'

65 b 4654.03 LuO 11 6140.71 I 21462 37743
1000 4658.02 I 0 - 21462 150 6159.94 II 32504 48733
85 h 4659.03 I 160 6199.66 II 29407 — 45532

630 bl 4661.75 LuO
310 bl 4672.31 LuO

91 [\(\ZlUU OZZl.o / 1 943=1

35 6228.14 29407 45458
420 bl 4684.16 LuO 80 6235.36 II 32504 48537

270 bl 4695.46 LuO 160 6242.34 II 30889 46904
190 bl 4708.00 LuO 16 h 6248.80 I 21195 — 37194
30 4716.70 I 0 - -21195

i\) n 0o40. JO 39970
65 b 4720.86 LuO

18 h 6354.85 I 91d69 371Qd.O 1 17^

65 h 4726.20 I 9 6365.79 I 21195 36900
100 bl 4735.00 LuO 16 6366.00 I

75 bl 4749.11 LuO 22 6441.14 I 22222 37743
40 bl 4764.22 LuO

1 1
CA A A on TI

11 29407 44919
150 4785.42 II 17332 - 38223 IT

ii 1 1 7Q6

85 4815.05 I 0 - 20762 29 lOOd. 1 7d.97

50 c 4839.62 II 11796 - 32453 55 c 6523.18 I

18 4865.36 II 38575 - ,59122 35 cw 6611.28 II I IHI 3.^4o3

460 4904.88 I 4136 - 24518 661 1.58 II

180 4942.34 I 1994 - 22222 6611.80
6611.95

II

II

800 4994.13 II 12435 - 32453 6612.04 II

800 5001.14 I 4136 - 24126 11 6619.15 II 36098 51202
55 h 5057.60 I 17427 - 37194
140 5134.05 I 17427 - 36900 23 c 6677.14

!

99999 37 1 Qd.

2700 51.35.09 I 1994 - 21462 9 h

30 c

6735.76

6793.77 I 4136 18851
130 bl 5170.11 LuO 11 6826.59 II 36557 51202
170 5196.61 I 18.505 - 37743 45 6917.31 I

90 .5206.47 I 1994 - 21195
T T
1140 .5304.40 I 20433 - 39279 8 6943.96 OOODZ

80 5349.12 I 18,505 - 37194 23 7031.24
!14 c 7096.34 2S192 39279

500 5402.57 I 0 - 18505 45 7125.84 II 30889 44919
140 c .5421.90 I 1994 - 20433 9 7142.79 I

100 54.37.88 I

7
"7 1/10 1

A

7143. 1035 5453.57 J 4136 - 22468
II2100 .5476.69 II 14199 - ,32453

8 7165.94

14 ch 7237.98 I 21462 3,5275

9 .5664.89 II 30889 - 48537 5 7409.70 II 36557 50049

14 5713.49 II 29407 - 46904 11 c 7441.52 I 24308 37743

550 57.36.55 I 0 - 17427
r f
11 00,jO (

55 5775.40 20433 - 37743 8 7456.96

80 5800.59 7 ch 7640.08
1

24109 37194
7 cw 77,58.30 24308 37194

40 h .5860.79 I 22222 - 39279 7 h 7815.9 1 24109 36900
9 5866..30 1 7476 - 24518 9 c 8178.16 I

690 cw .598.3.9 11 11796 - 28503
7476 19403

140 5997.13 22609 - 39279
1 7

11
1400 6004.52 7476 - 24125 35 8459.19 29407 41225

10 d 8478.,50

35 h 6041.66 21195 - 37743 29 c 8,508.08 23524 35275

440 6055.03 1994 - 18505 35 c 8610.98 22222 33832
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Magnesium

Mg, Z = 12, M = 24.305, Ratio^ - 0.3825
Lu

Mgl Normal state of valence electrons 2p^3s^ ^So = 0. LP. = 61671 cm-i.

Mgll Normal state of valence electrons 2p'*3s ^Si/a = 0. I. P. = 121268 cm"'.

References

Wavelengths:
G. R. Harrison, Massachusetts Institute of Technology Wavelength Tables (John Wiley & Sons, New
York, 1939).

Classification:

Mgl, F. Paschen, Sitzber. Preuss. Akad. Wiss., Physik. math. Kl. 32, 709 (1931).

Mgll, A. Fowler, Report on Series in Line Spectra, p. 118 (Fleetway Press, London, 1922).

Magnesium— all observed lines

Intensity

and
Character

Wavelength
in A Spectrum

Energy levels

in cm

Intensity

and
Character

Wavelength
in -A

Spectrum
Energy levels

in cm"'

380 2776.69 I 21870 - 57874 20 h 2942.11 21911 - 55892

320 2778.29 I 21850 - 57833 140 hi 3096.90 21911 - 54192

900 2779.83 I

I

21911 - 57874
60 3332.15 21870 - 51872

2781.42

21870 - 57833
90 3336.68 21911 - 51872

320 I 21870 - 57813 1400 3829.35 21850 - 47957

360 2782.97 I 21911 - 57833 3000 3832.31 21870 - 47957

130 2790.79 II 35669 - 71491 5000 3838.26 21911 - 47957

10000 2795.53 II 0 - 35761 70 4703.02 35051 - 56308
160 2798.06 II 35761 - 71490 7,50 5167.34 21850 - 41197

6000 2802.70 II 0 - 35669 2200 5172.70 21870 - 41197

60000 2852.13 I 0 - 3.5051
4000

60 h

5183.62
5528.46

21911 -

35051 -
41197
53135

16 2928.75 II 35669 - 69805

30 2936.54 II 35761 - 69805 140 8806.79 I 35051 - 46403
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Manganese

Mn, Z = 25, M - 54.9380, Ratio^ = 0.865

Mm Normal state of valence electrons 3dHs^ '^821/2 = 0. LP. = 59970 cm-\
Mnll Normal state of valence electrons 3dHs '^Ss = 0. I.P. = 126145 cm-^.

References

Wavelengths:
G. R. Harrison, Massachusetts Institute of Technology Wavelength Tables (John Wiley & Sons, New York,

1939).

Classification:

Mm, M. A. Catalan, W. F. Meggers, and O. Garcia-Riquelme, J. Res. Nat. Bur. Stand. (U.S.), 68A
(Phys. and Chem.), No. 1, 9-59 (Jan.-Feb. 1964).

Mn II, L. Iglesias and R. Velasco, Publ. Inst, de Optica de Madrid, No. 23 (1964).

Strong lines of manganese

Intensity

and
Character

Wavelength
in A Spectrum

Energy levels

in cm"'

Intensity

and
Character

Wavelength
in A Spectrum

Energy levels

in cm~'

27000 4030.76 0 - 24802 3700 2801.06 0 - 35690

19000 4033.07 0 - 24788 3200 3806.72 17052 - 43314
18000 2003.85 0 - 49888 2200 3569.49 18705 - 46713
14000 1998.86 0 - 50013

2100 3823.51 17282 - 43429
12000 2576.10 II 0 - 38807

II1900 2949.20 9473 - 43370
11000 4034.49 0 - 24779 1900 4055.54 17282 - 41933

9700 1995.41 0 - 50099 1700 2109.58 0 - 47388
6200 2593.73 II 0 - 38543 1500 2092.16 0 - 47782
6200 2794.82 0 - 35770

II5600 4041.36 17052 - 41790 1500 2939.30 9473 - 43485
1500 4018.10 17052 - 41933

5100 2798.27 0 - 35726 1500 4035.73 17282 - 42054
4300 2605.69 II 0 - 38366 1400 3577.88 17052 - 44994
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Manganese— all observed lines

Intensity

Bnd
Vi a ra rtpr

Wavelength
in A Spectrum

Energy 1

in cm
evels
-

1

Intensity

and
I nil rji pt pr

Wavelength
in A

Snfpf riim Energy levels

in cm"'

T H-o n Z / OU. Vo 17052 - 53261

14000 1998.86 I 0 - 50013 30 2771.44 I 17052 - 53124
18000 2003.85 I 0 - 49888 30 h 2776.23 I 17282 - 53291

1500 2092.16 I 0 - 47782 30 2780.00 I 23297 - 59257

1700 2109.58 I 0 - 47388 55 2789.20 I 17282 - 53124

900 9908 ftl I 0 - Z I OU 17282 - 53109

540 2213.85 I 0 - 45156 60 2791.08 J 17052 - 52870
770 2221.84 I 0 - 44994 6200 2794.82 I 0 - 35770
75 2533.06 I 25266 - 64732 5100 2798.27 I 0 - 35726
50 2543.45 II 27589 - 66894 220 2799.84 I 17052 - 52758

I o II
11 ODDoO o / UU ZOU 1 .uo 0 - 35690

95 2558.59 II 27571 - 66643 70 2804.10 I 17452 - 53103
150 2563.65 II 27547 - 66542 60 2806. 14 I 25266 - 60891
580 2572.76 I 18532 - 57389 55 2808.02 I 17282 - 52884
480 2575.51 I 18402 - 57218 110 2809.11 I 17282 - 52870

11 0 — ou 9Q1 9 fid.Z01Z.04- ^3100JO 1U7

550 2584.31 I 18705 - 57389 70 2813.47 J 17'^6R - OO lU 1

45 2589.71 II 32788 - 71390 60 2815.02 II 35004 - 70518

250 2592.94 I 18532 - 57086 85 2817.97 I 17282 - 52758
6200 2593.73 11 0 - 38543 40 2818.77 I 17637 - 53103

I
1 1 0 / U.I

— c 70 1 n cr
oo OOOl /I czozl.4o 1 I H-OZ OZOOt"

95 2598.90 II 29951 - 68417 55 2822.55 J 1 / H-OZ JZO ( u

II 32857 - 71323 80 2830.79 I 17568 - 52884
40 2602.14 I 27 2836.31 I 17637 - 52884
45 2603.72 II 29889 - 68284 60 2870.08 II 44315 - 79147

TT
1

1

0 — oOoOO oU 0Q7O Adzo /y.'+y II11 'i'^td.7 —oo 1 H- / 0 i oOD
190 2610.20 II 27547 - 65847 40 2882.90 174. '^9 - ^91 9QOZ 1 Z 7

140 2622.90 I 2.5281 - 63395 70 2886.68 II 33278 - 67910
150 2624.04 I 25266 - 63363 160 2889.58 II 33248 - 67846
40 2624.80 II 27571 - 65658 55 2892.39 II 33248 - 67812

zuu n
1

1

OoOoo OU oonn 1

A

zvuu. 10 II11 ouZ / 4- i\J I 4-0

95 2626.64 I 18402 - 56462 40 2907.22 ZoZOO oVOoo
30 2630.26 I 25281 - 63289 140 h 2914.60 I 18402 - 52702
60 2630.57 I 25285 - 63289 190 h 2925.57 I 18.532 - 52703
190 2632..35 II 27,588 - 65,566 27 2928.68 I 2.5281 - 59416

')AOO I 7Z().)0. 1 / 1

1

07 C QQ 1 1 C\(\ II11 0/17774- /o — /I o r c 7'tooo /

80 26.39.84 II 32788 - 70657 27 2934.02 ZoZoo oVoO 1

27 26.50.99 II 32788 - 70497 1500 2939.30 II 9473 - 43485
60 2655.91 11 32857 - 70497 2,50 h 2940.39 I 18705 - 52705
1.5 2667.00 1 18705 - 56190 2940.48 1 18705 - 52703

1 1 i\
I lU Zn //..iV 1

1

0 / ZV.T OU zy4 1 . U4 ZDZOO — cnot^7

55 2673.37 II 32836 - 70231 1900 2949.20 II Q/1 7'^^4 / o — A T3 7n4oo /U

55 2674.13 II 33147 - 70527 40 ,3007.66 2S281 - .58520

30 2676.33 I 23549 - 60903 40 .3011.16 I 25286 - 58486
45 2680.34 II 33248 - 70546 40 3011.38 I 25288 - 58486

1 A10 26n 1 . //
A n4U 'I c '1/;Az.ozOO - C O /I '1

7

45 2683.02 I 60 ,3016.45 {
»T C 'T OZ 58427

23 2683.75 I 70 ,3022.75 1 25266 - 58339
55 2684.55 II 33278 ~ 70518 55 ,3031.06 II 34762 - 67744
55 2685.94 II 30523 - 67744 95 3040.60 I 2.5281 - 58160

1 1 A
2()00.2.T u C O 0 O 0 one "T'") 07Z / oU4z. (,}

OCOQ 1z.ozol — CO 1 9 7

85 2692.66 I 25266 - 62393 85 3043.36 } zozHo — CO 1 0 7Ool3/
27 2693.19 II 29889 - 67009 330 3044.57 I 17052 - 49888
55 2695.36 II 29919 - 67009 120 3045.,59 I 25286 - 58110
27 2698.97 II 29889 - 66929 200 3047.04 I 25266 - 58075

Q C
O.l z / U 1 .U()

1

1

1

1

/VooV - oovu 1
/in OA/IQ Of.oU4o. 00 z5zoo - C OAT C58075

160 2701.70 II 27547 - 645,50 2,50 3054.36 J
1 7000
1 /ZoZ —

130 2705.74 II 27,571 - 64519 140 3062.12 I MA^O -
1 ( H-OZ

CAAQQ

80 2707.53 II 27571 - 64494 170 3066.02 1 17282 - 49888
110 2708.45 II 27.583 - 64494 170 .3070.27 I 17452 - 50012

A C 2 1 09.96 1

1

1

1

07 CO 0 A 1 1 7*3 I f^C\lou 0A70 1 0oU lo. \6

{

17569 - 50099
ftOo\j

11
1

1

z 1 ooo 64473 90 17637 - 50099
110 2711.58 II 27588 - 64456 50 3081.33 17569 - 50012
55 2728.61 II 41182 - 77820 23 3082.05 17452 - 49888
30 2738.86 I 30354 - 66855 40 3097.06 27248 - 59527
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Manganese— all observed lines— Continued

Intensity

and
Character

Wavelength
inA Spectrum

Energy levels

in cm ~'

Intensity

and
Character

Wavelength ^

ju ^ spectrum
Energy levels

in cm"'

40 3110.68 27201 - 59339 700 3809.59 I 17282 — 43524
60 h ^ 1 Afi 1 Q 18403 - 50158 rr

00 QO 1 A ACi Iooiu.oy 1 25281 51516
u
11 3161.04 I 1 oooz ou lOo 90 3816.75 I

1 7/1 C9
1 /40Z 4o044

140 h 3178.50 I 18705 - 50158 2100 3823.51 I 17282 43429
220 3212.88 I 17052 - 48168 390 3823.89 I 17452 _ 43596

65 3216.95 0 - 31076 200 3829.68 I 17568 — 43673
1000 17052 - 48021 A OA4o0 3ooo.o6 1 17568 — 43644
'ir\f\ouu 3230.72 J

1 79Q9 A Q90A4oZZ0 1300 3834.36 I
1 7/1 CO
1 /4oz /I Q CO/1

850 3236.78 J 17282 - 48168 350 3839.78 I 17637 43673
330 3243.78 I 17452 - 48271 670 3841.08 I 17568 _ 43596

650 3248.52
{

17452 - 48226 350 3843.98 I 17637 - 43644
100 OZO 1.14 17569 - 48318 00 oni O "3 o ToVlo.oz 1 34139 59653

3252.95 J i / OOV /iQ'3r\i— 4ooUl 120 3926.47 I olUUl o646z
65 3254.04 J 17052 - 47774 65 3952.84 I 33825 59117

310 3256.14 I 17569 - 48271 55 3975.89 I 34845 _ 59990

220 3258.41
j

17637 - 48318 65 3977.08 I 34463 - 59600
180 ozOU.zo 17637 - 48301 1 QAloU OAOO CO TOVOZ.OO 1 25281 - 50383
180 3264.71 J 17282 - 47904 150 3985.24 I 25288 - 50373
65 3296.88 J 17452 - 47774 190 3986.83 I 25266 _ 50341
65 3298.22 J 27201 - 57512 150 3987.10 I 25286 50359

65 3320.69 I 17282 - 47388 1500 4018.10 I 17052 - 41933
70 3330.67 I 17452 - 47467 150 4026.44 I 25266 - 50095

3441.99 ]i 143zO /I 0 Q "7A 27000 4030.76 I 0 OA OAOz4o0z
360 3460.33 [[ 14594 - 43485 19000 4033.07 I 0 24788
360 h 3474.04 II 14.594 - 43370 11000 4034.49 I 0 24779

3474.13 II 14781 - 43557
1500 4035.73 I 17282 - 42054

290 Q /I oo n 1o4oz.y 1

{}

14781 - 43485 C rOO 4Uoo. /J 1 30354 — 55108
1 OA 3488.68 1 A HA 114901 A OCC?- 43557 5600 4041.36 I

1 7AC OITOoz A 1 7AA41790
140 3495.84 11 14960 - 43557 210 d 4045.13 I 34939 59653
50 3496.81 jj 14781 - 43370 4045.21 I 34139 58853

100 3497..54 II 14901 - 43485 1100 4048.76 I 17452 - 42144
360 'J C 0 1 o c

{

18402 - 46708 OA /I A/1 A AA I4U4y.UU 1 3,5041 - 59732
3532.00 1 0.1 AO18402 - 46707 55 4051.73 I

1100 3532. 12 1 18402 - 46706 65 4052.47 I 35115 59784
1300 3547.80 1 18532 - 46710 150 4055.21 I 35165 59818

1100 3548.03 18.532 - 46708 1900 40,55.54 I 17282 - 41933

390
) c 1 o on 18.532 - 46707 O 1 AZ lU y1 AC 7 nc I

4U,0 / . y ,0 1 24779 - 49415
2200 3569.49 { 18705 - 46713 1100 4058.93 I 17569 42199
720 3569.80 I 18705 - 46710 150 40.59.39 I 24788 49415

3570.04 1 18705 - 46708 730 4061.74 I 24802 49415

1400 3577.88 I 170.52 - 44994 730 4063.,53 I 17452 - 42054
720 3586.54 17282 - 451.56 80 4065.08 1 34251 - 58843
290 3595. 12 { 17452 - 45259 80 4068.00 I 17569 42144

420 3607.54 1 17282 - 44994 290 4070.28 I 17637 42199
420 3608.49 I

17452 - 45 1 56 730 4079.24 I 17282 41790

360 36 10..30 I 17,569 - 452,59 730 4079.42 I 17637 - 42144

290 3619.28 17637 - 452,59 1 100 4082.94 1 17569 - 42054
220 3623.79 { 17.569 - 451,56 1 100 4083.63 I 17452 41933

3629.74 J 1 i 'r.)Z - 44994 65 4089.94 I 34423 58867

100 3660.40 I 37420 - 64732 55 4105.36 I 34939 59290

70 3670.52 I 17052 - 44289 200 4110.90 I 34939 - 59257

70 3676.96 37631 - 64820 150 4131.12 I 34139 - 58339

50 3682.09 } 37737 - 64888 120 4135.04 I 34251 58427

ZoU 3693.67 U 1 Zl/O 80 4141.06 I oo^ou
1 fln1 ou 3696.57

I
ZOZ7 ( 55 4147. .53 I 27202 51306

70 3701.73 I 17282 - 44289 80 4148.80 I 34423 - 58520

210 3706.08
{

34251 - 61226 150 4176.60 I 34139 - 58075

130 37 18.93 34344 - 61226 120 4189.99 I 34251 58110

55 3728.89 1 23.549 - 50359 65 4201.76 I 34344 58136

130 3731.93
,

41404 - 68192 65 4211.75 I 34423 58160

260 3790.22 I 170.52 - 43429 370 4235.14 I 23549 47155

55 3799.26 17282 - 43596 510 4235.29 I 23297 46901

110 3800.55 31001 - 57306 190 4239.72 I 23720 47299

55 3801.91 25266 - 51561 290 4257.66 I 23819 47299

3200 3806.72 17052 - 43314 290 4265.92 I 23720 47155
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Manganese— all observed lines — Continued

Intensity

and
Character

Wavelength
in A Spectrum

Energy levels
• -1

Intensity

and
Character

Wavelength c
jj, ^ Spectrum

Energy levels

270 4281.10 ] 23549 46901

65 4284.08 ] 23819 47155
4312 SS 1 23720 46901

45 4374.95 I 27248 — 50099

45 4381.70 I 38670 - 61485

55 4411.88 ] 38009 60668

350 4414.88 1 23297 45941

55 4419.78 ] 38120 60739

210 4436.35 ] 23549 — 46084
800 4451.59 I 23297 — 45754

160 4453.00 ] 23720 46170
130 4455.01 1 24779 47220

44'^'i ^9 IT'T'iJtJ . OZ. J 24779 479 IR

110 4455.82 I 24779 — 47216

55 4457.04 I 24788 - 47218

210 4457.55 1 24788 — 47216
270 4458.26 I 24788 47212
55 4460 38 I 24802 47216

150 4461.08 I 24802 _ 47212
510 4462.02 I 24802 — 47207

290 4464.68 1 23549 — 45941

200 4470.14 1 23720 46084
1 w1 ou 4,4,79 7Q ] £.00 ly d.fil 70tU I l\J

40 4479.40 I 41230 _ 63548
170 4490.08 I 23819 _ 46084

240 4498.90 1 23720 45941

240 4502.22 I 23549 45754
finou rUUO.OU 1 .JO iLyj .>70ZO

80 4626.54 I 38009 _ 59617
35 4671.69 I 23297 — 44696

50 4701.16 1 23549 — 44815
160 4709.72 I 23297 44524
1 finlow 4,797 AO 1 t4DVO
130 4739.11 I 23720 _ 44815

1000 4754.04 I 18403 39431

180 4761..53 I 23819 — 44815

750 4762. .38 I 23297 44289
'f/0.).00 4J.AQA

500 4766.43 I 23549 44524
940 4783.42 I 18532 39431

1000 4823.52 1 18705 - 3943

1

25 4844.32 I 31001 - 51638

35 4965.88 1 23297 43429
19 5004.91 1 23549 43524

30 5074.79 1 27202 46901

60 5117.94 I 25281 44815
50 5150.89 ] 25288 44696
50 5196.59 ] 25286 44524
85 5255.32 ] 25266 44289
160 5341.06 ] 17052 35770

19 5349.88 1 43314 - 62001
95 5377.63 1 31001 - 49591

95 5394.67 0 18532
50 5399.49 31076 49591
95 5407.42 17282 35770

35 5413.69 ] 31125 - 49591
85 5420.36 17282 - 35726
35 5432.55 0 18402

12 5457.47 17452 35770
60 5470.64 17452 35726

40 5481.40 I 17452 - 35690
30 5505.87 1 17568 - 35726
50 5516.77 1 17568 35690
40 5537 76 17637 35690
91I CQCl QO 4,4900 fi99Q'^UZZ70

8 5567.76 I 44523 - 62479
7 5573.01 I 35165 - 53103
8 5573.68 I 35165 53101
7 t;7'5Q 9Q 10 i 00. Z7 J 04" IO7 O 1 OU 1

7 c;7Qn 10 10 1 ou. 1 7 J
^4,9"^!oH-ZO 1 0 1 Ot-O

7 5816.84 I 34344 - 51531

140 6013.50 I 24779 - 41404
200 6016.64 I 24788 41404
900 uuz 1 . ou 1

94,009ZfOUZ
7 ijU4-Zv 4A0fi4

17 6440.97 I 30420 - 45941
24 6491.71 I 30354 - 45754
14 h 6942.52 I 41789 56190
1

9

iZ AQHQ OA 1UVoV.VD J

490^14

It" 7nfiQ fid 1iUU^.O^- J
^74.900 / 'tZU ^1 "^A

1

0 1 ou i

12 7184.25 I 37631 - 51546
10 7247.82 1 37737 - 51531
24 h 7283.82 1 3.5690 49415
1^
.>.)

un Q c 79/:
4'V'+ lO

iOZO.ol J 00/ / u 1

0

12 7680.20 I 44289 - 57306
10 7712.42 I 44524 57486
10 h 7764.72 I 43314 56190
10 h 8670.92 I 35690 47220
12 h 8672.06 I 35690 47218

10 h 8673.97 I 35690 47216
12 h 8701.05 I 35726 47216
17 h 8703.76 I 35726 47212
30 h 8740.93 I 35770 47207
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Mercury

Hg, Z = 80, M = 200.6, Ratio 7;^ = 3. 157
Lu

Hgl Normal state of valence electrons 5d^%s'^ 'So = 0. I.P. = 84184 cm-i.

Hgll Normal state of valence electrons 5d^%s ^81/2 = 0. I.P. = 151280 cm-i.

References

Wavelengths:
G. R. Harrison, Massachusetts Institute of Technology Wavelength Tables (John Wiley & Sons, New York,

1939).

Classification:

Hgl, K. Burns, K. B. Adams, and J. Longwell,J. Opt. Soc. Am. 40,339(1950).

Mercury— all observed lines

Intensity

and
Character

Wavelength c
jf, ^ spectrum

Energy levels

in cm~'

Intensity

and
Character

Wavelength o
^ spectrum

Energy levels

in cm"'

15000 2536.52 I 0 - 39412 300 3654.83 I 44043 - 71396
60 2752.78 I 37645 - 73961 80 3662.88 I 44043 - 71336
100 2893.60 I 39412 - 73961 240 3663.28 I 44043 - 71333

1200 2967.28 I 37645 - 71336 1800 4046.56 I 37645 - 62350
200 3021.50 I 44043 - 77129

120 4077.81 I 39412 - 63928
'

400 3125.66 I 39412 - 71396

320 3131.55 I 39412 - 71336 4000 4358.35 I 39412 - 62350

320 3131.83 I 39412 - 71333 3200 5460.74 I 44043 - 62350

60 3341.48 I 44043 - 73961 240 hs 5769..59 I 54069 - 71396

2800 3650.15 I 44043 - 71431 280 h 5790.65 I 54069 - 71333
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Molybdenum

Mo, Z = 42, M = 95.9, Ratio^ = 1.510
Lu

Mo I Normal state of valence electrons 4d^5s '^Ss = 0. I. P. = 57260 cm"'.

Mo II Normal state of valence electrons 4c?^ ^821/2 = 0. LP. = 130300 cm-^

References

Wavelengths:

G. R. Harrison, Massachusetts Institute of Technology Wavelength Tables (John Wiley & Sons, New York,

1939).

Supplemented by Kiess, cited below.

Classification:

Mo I, C. C. Kiess, unpublished material (1966).

Mo II, C. C. Kiess, J. Research NBS 60, 375 (1958). RP 2856.

Strong lines of molybdenum

Intensity

and
Wavelength

in A Spectrum
Energy levels

in cm"'

Intensity

and
Wavelength

in A Spectrum
Energy levels

in cm"'
Character Character

40000 2020.30 II 0 49481 2500 5570.45 I 10768 28715
29000 3798.25 0 26321 2400 2089.52 II 15199 63041
29000 3864.11 0 25872 2300 4069.88 I 16784 41348
21000 2038.44 II 0 49041
19000 2015.11 II 0 49609 2200

1900

2092.50

3384.62

II

I

15331

11859

63105
41396

19000 3902.96

II

0 25614 1900 4381.64 I 16784 39600
17000 2045.98 0 48861 1700 2775.40 II 13461 49481
14000 3132.59 0 31913 1700 2816.15 II 13461 48960
8700 3170.35 0 31533
7800 5506.49 10768 28924 1700 2848.23 II 12900 47999

7600
6000

5200

3193.97
3158.16

5533.05

0

0

10768

31300
31655
28837

1700

1700

1600

2871.51

3833.75

3358.12

II

I

I

12417
12346

11454

47232
38423
41224

4800 2081.68 II 0 48022 1500 2104.29 II 15447 62954

4000 2093.11 II 15447 63207 1500 4232.59 I 16748 40367

3200 3447.12 12346 41348 1400 2108.02 II 23248 70670

3000 3208.83 0 31155 1400 3112.12 I 0 32123

2900 4143.55 1400 3581.89 I 16785 44695

2700 2100.84 II 15428 63012 1400 3624.46 I 16748 44330

2500 4188.32
1400 3694.94 I 16641 43698

2500 4411.57 16784 39445 1400 4062.08 I 16785 41396

4411.70 16785 39445 1400 4288.64 I 11859 35169
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Molybdenum— all observed lines

Intensity

and
Character

Wavelength
in A Spectrum

Energy 1

in cm

1

evels
-

1

Intensity

and
Character

Wavelength
in A Spectrum

Energy levels

in cm"'

19000 2015.11 II 0 - 49609 95 h 2524.81 I 11454 - 51049
40000 2020.30 II 0 - 49481 70 2527.14 II 24836 - 64395
zlOUO OAOO A AzUcSo.44'

TT
11 0 49041 50 2530.34 TT

11 24659 64168
1 /UUU Ofl/1 c: OQ TT

11 n 4ooOl "TA70 oc 00 0

1

2532.31
TT
11

/;oo/i 0OZo^'Z

4oU0 zUol .Oo
TT
11

/t OAOO48022 70 2536.85 T
1 01/ Do

2400 2089.52 II 15199 - 63041 440 2538.46 II 13461 - 52843
2200 2092.50 II 15.331 - 63105 50 2539.44 II 24509 - 63877
4000 2093. 1

1

TT
11 15447 63207 110 h 2540.45 I 11859 51210

2700 O 1 f\f\ O A2100.84 TT
11 63012 330 2542.67 II 1 9Qnn

1500 o 1 A/1 OnZl04.zy IT
11

C OAC A62954 65 2543.35 T
1 1 1007 01 J.OD

1400 2108.02 II 23248 - 70670 40 2543.61 II 22444 - 61746
400 2269.69 II 15447 - 59492 330 2548.22 I 10768 - 49999
160 2304.25

TT
11 27627 7101

1

1 10 h 2550.85 I 11859 51049
160 2306.97

T T
11 1 ^d971 O^Z / 5876

1

65 2555.42 II

130 O 0 O C A/I2325.94
T
1 55328 40 2556.75 TT

11

240 2330.46 I 80 2558.88 II 24836 _ 63904
110 2332.12 II 15330 - 58197 2558.94 I 11858 - 50926
190 2340.47 f

1 65 0 c £ 0 no2562.08 TT
11 27725 66744

190 2341.59 11 Id lyy 57892 85 2564.34 II
0 C Q /I 0 A/1 Q 0/;

80 2352.61 I
1 9"? /I A 54839 40 2566.26 II 1 0/1 1 7

80 2355.22 I 11143 _ 53589 250 2567.05 I 10768 _ 49712
80 23.55.42 II 15699 - 58141 20 2571.45 II 26406 - 65282
70 2364.37 I 11454 - 53736 320 2572.34 I 12346 — 51210
50

o o z: f\f\2366.09 T I
11 looVU 58141 50 2574.42 TT

11 1 oonn C 1 7'39

140 2372.27 1 53595 40 2575.77 T
1 1 loOO

100 2380.41 1 118.59 _ 53855 40 2576.56 II 24138 _ 62937
150 2383.52 I 11859 - 53800 40 2578.36 II 26488 - 65261
110 2389.20 II 23853 - 65695 95 2578.77 I 11858 — 50625
140 2403.61 II Z60A6 65425 250 2582. 16 I

1 n7AQlU (OO

80 2404.66
TT
II

O/l CAA 66082 30 2585.95 T T
11

OQQOOz,6o66 AO/lOO6z4yz

140 2405.86 I 65 2588.78 II 23934 _ 62551
40 2408.39 I 12346 - 53855 40 2591.77 II 23853 - 62425
40 2412.84 II 22444 - 63877 70 2591.98 I 11143 — 49712
120 2413.01 II

1 c 0An 57320 250 2593.70 II
1 OAQ /IlzUo4

70 2415.33 I 12346 53736 100 2595.40 I 10966 49484

80 2417.96 II 16796 _ 58141 40 2596.77 I 21343 _ 59841

65 2419.01 II 23934 - 65261 30 2597.22 I 10768 - 49259

80 2420. 18 II 24138 - 65444 40 2597.38 II 23853 — 62342

70 2424.00 II
0 Q 00 0 65075 50 2.599.64 I

CAQAO

65 2430.43 I 12346 53479 80 2601.69 I

65 2435.96 II 22864 63904 250 2602.80 II 1 1783 _ 50192

65 2440.28 II 17174 - .58141 28 2603.32 I 10768 - 49169
40 246 [•.81 11 24836 - 65444 40 2605.08

I T
11 26739 - 65115

50 2466.68 11 22864 63392 40 2605.93 II
^ Ty A A17344 00 iUo

50 2466.97 11 16796 57320 2,50 2607.37 I 1 1 143 AC\AO A49484

50 2468.78 11 23833 64326 30 2608.86 I 20930 _ 59250

30 2470.04 11 23853 - 64326 190 2611.20 I 20951 - 59236
150 h 2471.97 I 10768 - 51210 290 2613.08 I 1 1454 - 49712

70 2477.57 11 26041 66391 1,30 2615.39 I 10966 /I A 1 AA49190

70 h 2481.81 I 10768 51049 400 2616.78 I 11143 49346

65 2482.57 II 23934 64203 70 2619.34 II 11783 _ 49949

40 2484.75 II 23934 - 64168 140 2621.07 I 11859 - 49999

40 h 2485.31 I 320 2627.55 I 11143 - 49190

24 2496.24 II 22444 62492 160 2628.74 I 1 1454
A f\ A C\ A49484

85 2498.28 11 15691 55706 80 2628.97 I 1 1 143 49169

40 2500.44 11 22444 62425 440 2629.85 I 11454 _ 49468

65 2502.84 11 12900 _ 52843 65 2631.50 I 10966 — 48956

50 h 2508.67 I 70 2635.57 I 11859 49790

50 2509.56 I 12346 52 1 82 330 2636.67 II 12034 49949

50 2511.80 II 12417 .52217 250 2638.30 I 11454 49346

30 2513.33 I 720 2638.76 11 12417 50302

65 2515.08 II 22980 62728 30 2639.49 I

24 2515.66 I 12.346 52085 30 2639.68 I

50 h 2517.46 I 11454 51165 80 2640.28 I

24 2517.83 1 410 2640.99 I 11859 49712
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Molybdenum — all observed Zines— Continued

Intensity

and
Character

in A Spectrum
Energy levels

in cm"'

Intensity

and
Character

AX/ a Vf 1 f» n oi h

in A Spectrum
Energy levels

in cm"'

40 2643.81 I 11143 - 48956 250 2733.39 I 11454 — 48028
600 2644.35 II 12900 - 50706 28 2735.65 16784 53327

30 2645.79 24 97^5 88 i looo 4ooW
370 2646.49

II
12417 - 50192 28 2736.42

I
18356 I 54889

30 2647 25
I

10768 - 48532 160 2736 96 n 15691 _ 52217

30 2649.25 I 11454 - 49190 80 h 2737.88 II 35406 — 71920

640 2649.46
!

11859 - 49591 50 2738.60 II 27627 — 64130
40 2650 68 1 1 /I c/i

i 14o4 /lO 1 AO 40 2741.32 IJ ZD /oV A'JOA7OOZU /

480
II

12900 - 50577 55 2741.62 IJ 24509 60973
560 h 26SS 0^

.
12346 - 49999 240 2743.07 11143 _ 47588

40 2655.93 I 10768 - 48409 95 2743.71 I 10966 - 47402
40 2656.49

J

11143 - 48775 80 2745.09

J

10768 47186
290 2658.11 1 1 QCO

1 looy /I ft/1 AO— 4V40O 40 ^ t ^o, oo Id /o4 c 1 1 nooo lyo

640 2660 58 12034 - 49609 290 9746 '^0^ 1 T'U . OU II 15330 51732
110 2665 10

I
11859 - 49370 55 2748.49 11454 _ 47827

50 2666.75 I 11859 - 49346 320 2751.47 I 11859 - 48192

65 2670.32
j|

10768 - 48206 30 2754.29 10768 - 47064
55 2671 8^ 15427 - 5zo4,^ 30 2755.37 10966 /I 70/1 O4/z4o
790 ')f\T) fid J. 12900 - 50302 1 in 97CA 07Z / OU. U 1

TT
11

250 2673.27
.1

15447 - 52843 07c;q a1^ 1 oo. uo TT11 11783 48022

20 2673.84 I 28 2759.58 I 11859 - 48085
30 2678.67

{

11454 - 48775 20 2760.53 II 26739 - 62954
1000 f67Q fl'i 12346 - 49651 1001 y\j z 1 u 1 . oo 12346 48547

JO 96fil '^6 23833 - 61116 uo 9769 70 T
12346 48532

^0 2682.62
I

11143 - 48409 6'iuo 976^ O'Ki. 1 uo. uo J 11143 47324

640 2683.23 II 11783 - 49041 220 2763.62 II 15199 - 51373
880 2684.14

}{

13461 - 50706 40 2763.93 11859 - 48028
o\j\j 9f>87 QQ 12417 - 49609 1 101 lU 97AA OAz / uu. zu 11143 47282

9<;qq aaiUOO

.

21343 - 58526 d.0 97AA 79Z /QO. ( Z J 11454 47588
^0 9609 fil 27725 - 64852 ^0OU 9767 99Z J U J . zz

T
10768 46895

28 2693.04 I 12346 - 49468 40 2768.09 I

20 2693.53
{

240 2769.76 II 27114 - 63207
'?f\Q^ 99 23833 - 60925 9Szo 9771 'ifi

I i I . OU 10966 47039
uo 10768 - 47848 977'? 7fiZ i / O. i o IT11 15691 51732

33601 - 70671 1 00 9774. OQ TT11 15699 51732

85 2697.81 I 10966 - 48022 1700 2775.40 II 13461 - 49481

55 2699.41 22444 - 59478 130 2777.74 11858 - 47848
uo 9700 9 1 12346 - 49370 DO 9777 ftAL i i i .OU TT1

1

12034 48022
9701 0*^

1 1858 - 48870 70
i u 977Q dftZ i i V.'+o 1 1143 47110

9701 19Z i U I . fZ
.} 12034 - 4904

1

QQO 97RO 0/1 Tl11 12900 48861

30 2701.87 II 26041 - 6.3041 400 2784.99 II 16947 - 52843
30 2704.93

•j
33045 - 70004 30 2786.11

{\0 970=; 91 1 1454 - 48409 IRO1 OU 97fi7 ft'?^ 1 O 1

.

oo 12346 48206
9 7OA 19

I
1 1 143 - 48085 70

/ u 97QQ OAZ / oo. 74- 12346 48192
970Q 9=; 9dZ4- 9700 01Z iyxj.yjl

,

16748 52579

40 2710.19 II 15330 - .52217 95 2790.31 I 11454 - 47282
65 2710.74

{

11143 - 48022 2790.41 II 23853 - 59680
in 0 7 11 1

0

23833 - 60702 ^-U 9701L i. 04-
II
1

1

30019 65831
9719 't^Z / 1 Z .•)<)

!!
flOOU 97Q9 QA 1 I4'i4. 47948^ t ^^o

1 Qt\1 vu 97 ^1 1 '\Xf\ 1 - 50302 ^0OU 97QA 7ft j 24096 S0fl41

50 2715.17 I 10768 - 47588 240 d 2797.93 I 11454 - 47184

80 2717.16
J

2798.01
j

11859 - 47588
OOA 07 17 1S428 - 52217 990ZZU ZOu 1 . 4- /

!
10768 46453

oU 07 on 1

7

Z /ZU. 1

i

1 1 1=^ 1 •+OZUO 9fi01 t^t;ZoU 1 . 00
!

1 1 n Z / Z4.4

1

10OU 9ft07 1AZoU ( . OO 1 1 d.'^d 47064

180 2725.15 I 11143 - 47827 400 2807.76 II 12417 - 48022
50 2725.95

j

11859 - 48532 70 2808.37
{

11454 - 47052
OQZo

!
211.54 - 57818 10OU 9R0Q OAZoUV. VO

!
11143 46720

QCOO 0*70/. n7
'{

26069 - 62728 OAZ^ OQ 1 n /1

1

Zc51U.'+o 18229 53800
0 7 0Q 11 inou 9ft 1 1 c:0Zol 1 . OU I

85 2728.70 I 11143 - 47779 28 2812.58 II 23934 59478
55 2729.13 11454 - 48085 24 2814.67 II 28877 64395
140 2729.68 12417 - 49041 30 2815.54 18229 53736
80 2730.20 26488 - 63105 70 2815.91 11454 46956

330 2732.88 12900 - 49481 1700 2816.15 II 13461 48960
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Molybdenum — all observed ZiVies— Continued

Intensity

and
Character

Wavelength
in A Spectrum

Energy 1

in cm

1

evels
Intensity

and
Character

Wavelength
in A Spectrum

Energy levels

in cm"'

220 2817.44 II 15890 - 51373 950 2894.45 II 13461 - 47999
2817.50 I 23516 - 58999 28 2896.44 I 12346 - 46861

A A40 OO 1 O OA 11454 46926 28 2896.97 I

50 OOOO A9 TT
11 I 1 7R^I I 1 OO 47208 140 2897.63 II IDOV

1

DU 1

30 OOOO A 02822.43 1 1 d^d. 46874 80 2898.65 I ZUoOU 04-0oV

24 2822.86 I 18229 - 53644 70 2900.80 II 29034 - 63498
50 2825.67 I 18.356 - 53736 290 2903.07 II 26488 - 60924

240 2826.54
J

24823 60191 160 2905.27 I 12346 — 46756
50 2826.75 1 Q99Q 53595 65 2906.06 I

80 2827.74 11 Z i OZ S 62980 80 2907.12 II 01/ OZ

40 2828.79 I 24096 - 59437 28 2907.78 I 11454 _ 45835
40 2829.79 118.58 - 47186 24 2908.16 I 21154 - 55530
70 2829.94 11858 — 47184 600 2909. 12 II 11783 — 46148
40 2831.44 11 ooOU 1 68909 1100 2911.92 II

A 70Q94 / ZOZ
30 2832.07 IT

11 60135 70 2913.52 I
1 A7AQlU /Oo '+0Uo 1

80 2834.39 II 16947 .52217 55 2913.81 II 28989 _ 63298
80 2835.33 II 1,5447 - 50706 50 2915.26 I 25549 - 59841
20 2835.91 11858 - 471 10 55 2915.38 I 20281 — 54572
10 2836.03 I 10041 51891 50 2916.10 I

111/10
1 1 143 AC A^C45425

40 h 2837,32 I 120 2918.83 II 15699 A f\(\A A49949

50 2837.90 I 21 154 _ 56381 24 2919.20 I 11143 _ 45389
55 2839.58 I 11858 - 47064 55 2919.38 I 12346 - 46590
160 2842. 15 11 12034 - 47208 1300 2923.39 II 12417 - 46614
65 2842.37 140 2924.32 II

O^A/l 1 AAOO"?

24 2843.73 II
Q 0 one
3.io9.T 69050 65 2927.54 II

0AA 1 A30019 A ,1 1 ^ O041 DO

220 2844,39 I 24466 59612 50 2930.06 II 28883 _ 63002
1700 2848.23 11 12900 47999 1100 2930..50 II 12034 - 46148
160 2849.38 I 55 2930.77 II 30019 - 64130
65 d 28.50.79 1 1 859 46926 50 2931.08 I 12346 46453

28.50.90 10768 45835 800 2934.30 II
1 1 "700
1 1783 45853

30 2851.18 12346 47409 65 2934.84 I 25549 _ 59612
370 2853,23 11 27114 - 62152 65 2935.20 II 1.5890 - 49949
40 28.53.58 I 16641 - 51675 80 2936.50 I 21343 - 55387

40 d 28.54.87 I 24823 ,59841 120 2937.66 I

50 28.56.00 27724 62728 40 2938.30 II 28989 63012

50 28.59.57 1 20948 55908 95 2940.10 11 27114 _ 61116
30 2862.84 1 50 2940.98 1 20350 - 54343

24 2863.20 241.38 59053 1 10 2941.22 11 30213 - 64203
370 2863,81 26739 61648 55 2942.85 I

1 1 -1 C ,1

1 1 4,i4 4.142.

T

160 2864.31 1 24096 58998 140 2944.21 I 0 33955

140 2864.66 I 1 1859 467.56 150 2944.82 II 35099 69047

40 2865.62 II 1.5691 - .50577 80 2945.43 I 20948 - 54889
220 2866,69 11 17344 522 1

7

140 2945.66 I 11143 - 45080

40 2868, 1 1 11 26069 60924 2945.95 II 3039

1

64326

40 2868,32 11 26604 61457 190 2946.01 1 1 1454 45389

70 2869,56 12346 47184 140 2946.42 I

28 2870,18 I 12346 - 47177 140 2946.69 II .30213 - 64140

28 2870,90 I 211.54 - 5.5976 95 2947.28 II 29034 - 62954

1700 2871.51 11 12417 47232 50 2953.,56 I 16784 5063

1

28 2871.89 1 95 29,55.84 11 26406 60227

85 2872,88 27628 62425 240 2956.06 11 12034 4.5853

40 2873.64 1 24823 59612 70 29,56.90 11 35099 - 68909

50 2876.54 1 21154 55908 85 h 2957.75 I

40 2878.38 1 1 1858 — 46590 80 2959.48 I 20158 53938

220 2879.05 11 30391 65115 80 2959.80 I 1 1859 45635

40 2882.54 1 20158 54839 95 2960.24 II 13461 47232

65 2885.74 I 25.549 _ 60192 140 2962.89 1

85 2886.61 1 21343 5.5976 2,50 2963.79 II 12417 46148

28 2887.62 1 10768 45389 50 2964.96 II 28877 62,595

65 2888.15 II 33146 67760 210 2965.27 II 12900 46614

40 2889.84 118.58 46453 70 2971,91 II 26041 59680

1300 2890.99 120,34 46614 2,50 2972.61 II 16947 .50577

95 2891.28 16796 51373 80 2972.96 I 11454 4,5081

190 2892.81 17174 51732 80 2975.40 11 29699 63298

65 2893.23 25639 60192 50 2977.27 I 20158 53736
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Molybdenum— all observed /ines— Continued

Intensity

and
Character

TV! 1 *LWavelength
in A Spectrum

Energy levels

in cm"'

Intensity

and
Character

Wavelength
m A Spectrum

Energy levels

in cm"'

180 2978.28 I 11859 - 45425 95 3163.90 I 16641 _ 48238
120 2981.52 I 11858 - 45389 120 3164.53 I 11454 - 43046
50 2983.04

J

19970 - 53483 8700 3170.35 0 — 31533
65 2983.81 OAQ C A C OQC C— OOOOO 55 3171.38

50 2985.16 95 3172.03 II

50 2985.84 I 25517 - 58999 40 3172.37 I 16693 — 48206
110 2987.92 I 20130 - 53588 160 3172.74 II 15699 - 47208
80 2988.23 20281 - 53736 95 3177.90 I 16748 - 48206
160 2988.68

J

zUooU - oooUU 95 3179.77
190 2989.80 on 1 t^QzU too — oooyo 370 3183.03 10 loo /I 0 1 AO

95 2992.84 II 17174 - 50577 120 3184.57 I 16693 _ 48085
50 2993.52 II 16796 - 50192 370 3185.10 I 11858 - 43246
50 3000.23 20158 - 53479 180 3185.71 I 16641 - 48022
190 3002.21 u J Qonn 120 d 3187.59 II

0 Q OC 023853 55216
40

1 AA A A ^
3004.46 11

O/; /I Arf; - oyoou 3187.68 I
1 OOOA18229 /I AC A 149591

50 3010.26 I 12346 - 45556 65 3188.09 I 23668 _ 55026
130 3013.39 I 18229 - 51405 65 3188.40 I 23534 - 54889
140 h 3013.76 95 3191.52 I 21343 - 52667

80 3016.78 I 21 154 - 54292 95 3192.80 I 21154 52465
250 3025.00 I 18356 - 51405 7600 3193.97 I 0 31300

95 3027.77 II 17174 - 50192 65 3194.87 I 24096 55387
50 3035.33 I 18229 - 51165 290 3195.96 I 16748 - 48028
100 3036.31 I 18480 - 51405 120 3198.85 I 12346 - 43598
50 3039.82 I 25639 - 58526 65 3200.21 18229 49468

300 3041.70 16784 - 49650 65 3200.89 I 18480 49712

150 3046.80 I 16784 - 49596 40 3201.50 II 16796 48022
210 3047.31 I 16785 - 49591 330 3205.22 I 10966 - 42156
210 3055.32 I 16748 - 49468 120 3205.54 I 11858 - 43046
100 3060.78 II 16947 - 49609 880 3205.88 I 12346 43530
160 3061.59 I 16693 - 49346 3000 3208.83 I 0 31155

800 3064.28 I 16784 - 49408 240 3210.97 I 16693 47827
250 3065.04 II 38054 - 70670 120 3212.59 I

100 3068.00 I 16785 - 49370 65 3213.32 I 11858 - 42970
250 3070.90 I 16748 - 49302 120 3214.44 I 16748 47848
85 3071.44 I 16641 - 49190 560 3215.07 I 1 1 143 42237

800 3074.37 I 16784 - 49302 65 3220.86 I 10768 41807
85 3077.66 II 35406 - 67889 3,50 .3221.74 I 18229 - 49259
150 3079.88 I 23515 - 5,5975 65 3223.49 I 11143 - 421,56

210 3080.41 I 16693 - 49147 880 3228.22 I 1 1454 42422
40 3081.16 I 18480 - 50926 600 3229.79 I 12,346 43299

800 3085.62 I 16748 - 49147 1100 3233.14 I 16784 47705
270 3087.62 II 27114 - 59492 190 .32,35.38 I 12346 43246
100 3089. 12 ' 16784 - 49147 9,50 3237.08 I 20281 - 51165
100 3089.71 I 16641 - 48997 1 10 3237.98 I 16784 47659
190 3092.07 II 15691 - 48022 190 ,3240.49 I 12346 — 43197

560 3094.66 I 16693 - 48997 65 3240.71 II 17174 48022
110 3099.93 I 16748 - 48999 50 ,3244.47 I 18356 49169
110 3100.88 I 23668 - 55908 65 3245.92 I 27727 - 58526
560 3101.34 1 16641 - 48876 65 3249.92 I 16641 — 47402
55 3106,34 1 16693 - 48876 950 32,56.21 I 11454 — 42156

1400 3112.12 I Q 110 ,32,59, 16 I 94.4.66 o,j 1

55 3117.54 I 24823 - ,56891 65 3260.48 I 16748 _ 47409
290 3122.00 11 26740 - .58761 300 3262.63 I 16641 - 47282

14000 3132..S9 I 0 - 31913 110 3263.83 I 10768 - 41398
40 3135.60 I 480 3264.40 I 16785 — 47409

55 3135.89 I 24096 - 55976 130 3265.14 I

95 31,36.46 I 16748 - 48622 800 3270.90 I 11859 42422
50 3136.75 I 23516 - 55387 65 3279.44 I 16692 47177
110 3138.72 11 26041 - 57892 240 3285.02 I 10966 41398
55 3144.34 I 320 3285.,36 I 16748 47177

220 3147 35 1 16784 - 48547 65 3287.38 J 16641 47052
220 31,52.82 II 26488 - .58197 1100 3289.02 11454 41850
55 3155.64 II 29022 - 60702 190 3289.84 16784 47172

55 31,56.51 11858 - 43530 950 ,3290.82 11858 42237
6000 3158.16 0 - 316,55 190 3292.31 II 25342 55706
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Molybdenum — all observed /ines— Continued

Intensity

3nd
C hsracter

Wavelength
in A

r.

opectrum Energy levels

in cm ~'

Intensity

a.n(l

Vj lldlaClcr

Wavelength
in A opectrum

Energy levels

in cm"'

130 3294.85 11143 - 41484 95 3434.04
100 3296.40 I 11858 - 42186 380 3434.79 I 11859 _ 40964

100 3303.34 I 16693 - 46956 320 3435.45 I 25639 - 54739
180 3304.22 I 11143 - 41398 640 3437.22 I 16785 - 45870

320 3305.56 I 10768 - 41012 250 3438.87 I 10966 - 40037

130 3305.90 21619 - 51859 250 3441.44 J 12346 41396

320 3307.12 I 11859 - 42088 65 3442.66 I 20130 _ 49169
160 3310.77 I 10768 - 40964 250 3443.26 I 11454 - 40488

95 3312.33 I 16693 - 46874 95 3445.04 I 20350 - 49370
100 3313.62 II 28884 - 59053 190 3445.26 I 16693 - 45710

130 3319.59 16693 - 46808 130 3446.08 II OZCtO

130 3319.79 I 16641 - 46755 3200 3447.12 12346 _ 41348

190 3320.90 II 25112 - 55216 640 3449.07 I 11859 - 40844

640 3323.95 I 12346 - 42422 95 3449.85 I 20281 - 49259

360 3325.67 I 10768 - 40829 300 3451.75 I

360 3327.30 10966 - 41012 250 3452.60 1 Q99Q

65 3329.04 I 11454 - 41485 100 3454.22 I 16693 45635

65 3331.40 I 16748 - 467.56 190 3456. 15 I 18356 - 47282

130 3336.51 I 18229 - 48192 9,50 3456.39 I 0 - 28924
240 3340.17 I 10768 - 40698 65 3458.15 I 20281 - 49190

95 3343.72 160 3459.92 111/10 W\j6 I

1300 3344.75 1 11143 - 41032 L30 3460^23 I 18356 47248

95 3346.40 II 25342 - 55216 640 3460.78 I 16748 - 45635

320 3347.02 I 11143 - 41012 320 3466.83 I 0 - 28836

65 3349.19 I 18356 - 48206 65 3466.97 I 18229 - 47064

130 3350.30
.

12346 - 42186 250 3467 85 1 0 9 c/;loooo

130 3354.99 I 10768 - 40,566 320 3469.22 I 16641 45458

1600 3358.12 I 11454 - 41224 65 3469.63 I 24823 - 53637

250 3361.37 I 12346 - 42088 190 3470.92 I 18480 - 47282

130 .3.362.37 I 10966 - 40698 65 3473.22 I 16641 - 45425

950 3363.78
.

10768 - 40488 190 3475.03 1 0/1 onlo4oU /I 70/1 0

65 3369^25 I 18356 - 48028 180 3479' 43 I 16693 45425

65 3375,22 I 18229 - 47848 100 3480.09 I 18229 - 46956

65 3375.65 I 21619 - 51234 100 3481.79 I 20158 - 48870

130 3378.21) [ 11143 - 40736 190 3482.40 I 118,59 - 40566

130 3378.46 25549 - 55140 95 3483.67 1 ooon ,1 AflO^4oyzo

950 3379.97 I 114.54 - 41032 190 .3483.84 I 18356 47052

65 3382.29 I 11454 - 41012 240 ,3485.93 I 11143 - .39821

320 3382.48 [ 11143 - 40699 130 d 3491.77 I 18480 - 47110

1900 3384.62 I 11859 - 41396 3491.87 I 118,58 - 40488

uo .i.JO.). oo 130 3493.34 12346 40964

95 3387.75 I 11454 - 40964 800 3.504.41 I 18229 46756

160 3389.80 I 18356 - 47848 240 .3,505.32 I 20350 - 48870

95 3392.17 [ 21 1.54 - 50625 560 3.508.12 I 12346 - 40844

160 3393.65 [ 21343 - 50802 100 3510.78 I 28241 56717

1 'H\
1 .)U •JU^O? u.> f <yi. 100 3513.70 18356 46808

160 3397.69 [ 11143 - 40566 130 35 17.,56 I 25517 53938

130 3402.81 I 27766 - 57144 130 3518.22 I 18480 — 46895

65 3403.35 ] 114.54 - 40829 480 ,3,521.41 I 201,58 - 48547

640 3404.34 ] 118.59 - 41224 65 3,522.37 I 11859 - 40241

0.; ivj^^-j ri'JOO 100 3524.23 1 1454 39821

1300 3405.94 ] 190 .3.524.65 I 25821 54184

240 3418.52 11454 - 40698 240 ,3524.98 I 18229 - 46590

50 3418.96 [ 203,50 - 49,591 640 3537.28 I 21619 - 49880

250 3420.04 I 18356 - 47588 320 3542.17 I 18229 - 46452

I on i\/iUO J 95 3554.20 20281
A n A f\r\48409

250 3422.31 I 201.58 - 49370 65 3,555^43 I ZUZo i

190 3424.60 10768 - 39960 520 3,558. 10 I 18356 46453

95 3424.76 16748 - 45939 400 3,563.14 I 11859 39916

95 3425.19 20281 - 49468 65 3.563.76 I 19970 48022

130 3425.48 10(o4 - \Tr)by 20158 48192

130 3426.00 18229 - 47409 240 3570.65 25639 53637

160 3426.79 118.59 - 41032 320 ,3573.88 18480 46452

80 3427.90 27727 - 56891 110 3,580. ,54 28241 56162

95 3432.87 16748 - 45870 1400 3,581.89 16785 44695
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Molybdenum — all observed /mes — Continued

Intensity

and
Character

Wavelength
in A Spectrum

Energy levels

in cm"'

Intensity

and
Character

Wavelength
in A Spectrum

Energy levels

in cm"'

ASUJ 3586 86 J 25456 53327 90 3696.04
I 29982 _ 57030

100 3588.95 I 20350 _ 48206 55 3698.53 I 20281 _ 47311

200 3590.74 I 20350 - 48192 70 3700.01 I 20158 - 47177

65 3592.02 I 16693 - 44525 220 3702.03 I 16693 - 43698

100 3595.55 I 20281 48085 180 3702.55 I
OAOO 120281 A "700047282

65 3595.71 J 20608 _ 48411 55 3705.41 J 20130 _ 47110

210 3598.88 I 25.549 53327 80 3707.17 I 20281 47248

95 3600.28 I 16693 - 44461 80 3708.56 I 23668 - 50625

270 3602.94 I 20281 - 48028 55 3710.14 I 18480 - 45425
65 3604.07 I 25997 53736 27 3711.51 I 10966 37902

210 3608 37
T

11454 _ 39160 80 3712.95
T

19970 _ 46895
140 3612.00 I 20350 _ 48028 80 3713^47 I 20130 _ 47052

100 3612.45 I 20948 - 48622 70 3714.55 I 21619 - 48532

140 3613.37 I 11454 - 39122 220 3715.65 I 16693 - 43598
100 3613.64 I 21 154 48819 140 3716.07

65 3615 15
I

26639 54292 80 3716.87
I

20281 47177

65 3615.74 I 20130 47779 55 3718.48 I 26759 53644

70 3616.84 I 18229 - 4,5870 120 3719.55 I

200 3623.23 I 3719.74 I 20951 - 47827
1400 3624.46 I 16748 44330 70 3720.25 I 25707 52579

OU^U . 1 o 12346 39916 70 o i £.0, 0

1

20930 47779
65 3628.35 20158 47711 35 3723.81 21343 48189
100 3628.66 I 16641 44192 180 3725.56 I 20350 47184
24 3629.31 I zoooy 140 3726.22 I 20281 47110
28 3635.14 II 25342 52843 3726.32 I 20951 47779

1000 3635.43 J 16693 44192 soo 3797 69

1 1 143 38626 160 •^798 ^0 23668 50482
160 0 £ O O OA3638.20 1 18356 - 45835 150 3728.50 1

140 3640.62 I 20951 - 48411 27 3730.56 I 20158 - 46956
95 3640.99 I 20130 — 47.588 330 d 3732.71 I

3732.80 16748 43530
70 3642.20

.
2095

1

48399
70 3648^61 I 16641 44041 120 3733.03 I 21619 48399
140 3651.35 I 11143 — 38522 80 3733.40 I 21343 48121

400 3657.35 I 16641 - 43975 80 3734.37 I 20281 - 47052

70 3660.92 I 26336 — 53644 80 3735.62 I 25906 — 52667

180 3661 78 1 1 858 39160 90 3735.91 J 20350 471 10

140 3662.99 I 25906 53198 27 .3736! 17 I 20281 47039

140 3663.30 I 20948 - 48238 180 3737.91 I 16784 — 43.530

80 3664.30 I 16693 - 43975 27 3740.76 I 18356 - 4,5081

540 3664.81 I 183.56 — 4.5635 240 3742.28 I 20350 47064

4666 T> 1 1 67 IR\\l i TO /Idf) 1 9 3743.81 20158 4686

1

110 3666.94 I 1 1 o.)o "iO 1 99 21 3744^10 470S9

65 3668.00 1 20951 _ 48206 80 3744.37 II

70 3668.49 I 20158 - 47409 27 3744.94 I

220 3669.34 I 21154 - 48399 90 3745.48 I 18229 - 44921

1 r i .>00 1 10 574.7 IQ

590 3672.82 1
966 '16 .J.JO.J.

)

1.50 3748.49 966 '^6

90 367.S..36 I 25997 I .53198 130 3751.20 I 201,58 _ 46808
23 3675.98 I 18229 - 45425 140 3755.10 I 2,5821 - 52444
90 3676.24 1 20130 - 47324 30 3755. .54 I 21619 - 48238

90 70 1
•^0 3755.84 SOI "Id,>U 104"

1300 3680.60 [
11QJ.6 180 37,58..52 901 SfiI -JO d67S6

3680.68 I 1 0 / O.J 30 37,59.60 I
966 "36 S'<997

90 d 3681.55 I 20930 48085 90 3760.88 I 25997 52579
3681.72 I 20158 4731

1

90 3761.76 I 20350 46926

'to (1 36741 63877 55 3762.09
.

21619 48192

!
2095

1

48085 1 so Q7A'3 Ql^0 1 uo

.

00
J

11859 38423

35 3686. 1

1

20281 47402 55 3764.44 21154 - 47711

65 3688.31 II 25112 52217 90 3765.22 I 16748 43299

70 3688.97 I 25906 53006 55 3765.74
{

48039
30 3767.73 21343 47877

240 3690.59 20951 65 j 20281 46808
23 3692.08 1 18480 4,5556 65 3768.74 27766 54292
180 3692.64 II 24659 51732 65 - 3770.00 27774 54292
160 3693.38 11454 38522 360 3770.45 16784 43299

1400 3694.94 16641 43698 3770.52 11454 37968
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Molybdenum— all observed Zines — Continued

Intensity

and
Character

Wavelength o

A spectrum
Energy levels

in cm"'

Intensity

and
Character

Wavelength
in A Spectrum

Energy levels

in cm"'

180 3771.95 I 16693 - 43197 110 3915.44 22876 48409
3779 89 I 16748 - 43246 7C

i o OV ID. VZ 22876 48399
30 3775.65 I 19970 150 3917.54 I 9ft^5n ^oo I yj

30 3776.10 I 25707 - 52182 75 3917.78 I 20930 _ 46448
75 3922.32 I 19970 - 45458

30 3776.55 I 20930 - 47402 120 3923.75
{

23668 49147
Do 3777 79 I 28241 - 54704 DO OQOQ 7Q 21619 47064
55 3777.96 I 20948 - 47409 30 3931.40 I 9n9Rl 4-0 / Iv

220 3779.77 I 16748 - 43197 35 3935.02 I 23516 I 48922
360 3781.59 I 11143 - 37579 65 3941.48 II 25342 _ 50706

65 3782.19 I 20158 - 46590 230 3943.04 20281 — 45635
oo o I oo . oo 1 oo OV4-0. 0 1 20951 46302
90 3785.03 I 1 u 1 oo — d.'^lQ7H-O 1 7 1 75 3945.25 J ID / 4o 4ZUOO
55 3785.51 I 26336 - 52747 35 3947.17 J 20130 _ 45458
90 3788.26 I 26189 - 52579 75 3950.99 I 16784 _ 42088

110 3793.62 I 16693 - 43046 120 3953.93
j

20350 — 45635
on •^70^ A.'X Io/V^.'l'O 1 23516 - 49864 Oo 30113 55387
55 3796.04 I

94.AAA ououz 35 3958.60 J Z'+UVO

250 3797.30 I 10966 - 37293 30 3963.53 J 26636 51859
29000 3798.25 I 0 - 26321 30 3963.99 J 26639 _ 51859

290 3801.84 I 201.58 - 46453 35 3965.76
j

16641 - 41850
1 1 n
1 lU OQA^ CO I

ooU4..)Z 1 16693 - 42970 7c:
Id oVOo. (O 21619 46808

110 3805.93 I
O C Q O 1
Z.)oZ 1 — DZUoo 150 3973.77 {

OQQQ9

3805.99 I 23534 - 49801 120 3973.93 J 16693 I 418,50

65 3807.65 I 21154 - 47409 65 3975.96 J 20281 _ 45425

110 3811.39 I 21619 - 47848 65 3977.90
}1 1 n

1 lU QQ 1 O /I 7 I 16748 - 42970 3QOO oV/V.zz 27342 52465
75 3818.66 I zUv.dU /1 7 1 I n 75 .3980.20 ZO / OV ^ I Q7AD lo tO

140 3819.87 I 20281 - 46452 75 3982.05 J 23516 48622

190 3822.98 I 11143 - 37293 35 3982.60 J 16748 _ 418,50

75 ,3825.32 I 23516 - 49651 140 ,3986.20
{

25517 - 50596
ozU .>ozn. i\) 1 11454 - 37579 3Qo.o OOQ ] TO,>VV i . oV 25549 50596

95 3827.16 1 z.jooo 35 3991.85 ZUVoU

940 3828.87 I 1 18.59 - 37968 35 3993.93 J 23516 48547

75 38.30.82 I 25795 - 51891 35 ,3998.29 1 22244 _ 47248

35 3831.07 1 27384 - 53479 65 4000..39
[

20948 - 45938

Art
Q Q '1 I 1
i5o.i 1 . /O 1 16693 - 42783 I zu l-UUU. ou 26415 51405

150 3832.11 I z.oyy / - .TzUo.T 75 4006.05 J ZOoZ I
Q I 9 7A
r) t Z / 0

1700 3833.75 1 12.346 - 38423 30 4008.05 [ 24466 49408

40 3834.97 I 25517 - 51.585 120 4009.37 1 24466 49400

75 3835.31 I 21.343 - 47409 65 4011.97
j

2.5872 - .50791
c05 .504.1.90 1 20948 - 46956 tn in 1 7 OQ4wl / .Oo 24466 - 49.351

120 3845.95 I 16748 - 4274/ 1.30 4021.02 I
9QQ/1 9 r ,1 7f\ 1

380 3847.25 1 1 1 143 - 37128 170 4024.09 J 16641 41484

190 3848..30 I 24823 - 50802 65 4028.65 J 21154 _ 45969

75 3851.99 I 25906 - 518.59 40 4032.,50 16693 - 41484

29000 3864. 1 1 I 0 - 2.5872 40 1m Q HI
4U,V5.0.i 211.54 - 45938

35 3866.69 I 2582

1

- 51675 40 4037.,30 j zuy4o

580 3869.08 1 1 1454 - 37293 85 4037.78 [ 20951 45710

580 3886.82 I 1 1 859 - 37579 1.30 4038.08 J 16641 41,398

75 3888.18 I 20158 - 45870 30 4041.12
j

27727 - 52465

75 3888.88 1 21 154 - 46861 ion mi-") OTKJ4Z.O

/

}

25549 - ,50277

35 3890.71 I 26189 - 51884 30 4050.09 z()95 1
y1 C A 0 C

35 3893.32 I 20158 - 45836 270 40,56.01 J 16748 41396

35 3896.38 1 20281 - 45938 75 40.56.32 1 26759 51405

35 3896.85 I 21154 - 46808 40 405 7.,58
j

25639 - 50277

380 3901.77 I 12346 - 37968 19U 4U,o9.0 I

j

21343 - 45969

19000 3902.96 I 0 - 2.5614 1400 4062.08 16785 41396

75 3906.92 I 85 4066.37 J 24823 49408
^906 9R I 25997 - 51.585 2300 4069.88 J 16784 41348

140 3908.25 I 20130 - 45710 190 4075.25 I 16693 41224

75 3909.55 I 50 4075.54

75 3911.09 I 16784 - 42345 190 4076. 19 24096 48622

35 3911.94 I 26336 - 51891 1300 4081.44 20930 45425
,

75 3913.36 I 26636 - ,52182 940 4084.38 16748 41224 ,
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Molybdenum — all observed /ines— Continued

Intensity
Wavelength ^

^ opectruin
Energy levels

in cm"'

Intensity

Hnd
Character

Wavelength r-

i oDectrum
in A *^

Energy
in cm

evels

ioU dftfift AO I 20948 45415 ^0 4.979 A/; I 26189 dO^^Ql^707

1

180 4096.81 I 21154 45556 130 4273.07 I 16641 40037

50 4098.18 I 20130 - 44525 890 4276.91 I 16693 — 40068
150 4098.74 I 16641 - 41032 1200 4277.24 I 12346 - 35719
250 4102.15 I 16641 41012 40 4281.83 I 16641 39989

ItjU 4105 08 I 24466 48819 00 11 4284.60 I

50 4105.53 I 21619 45969 120 4287.08 I 16641 39960
730 4107.47 I 16693 — 41032 1400 4288.64 I 11859 — 35169

85 4114.93 I 140 4289.42 I 21154 - 44461

95 4118.96 I 16693 — 40964 40 h 4290. 18 1 25517 — 48819

d. 190 in I dO 4,901 9A I 26415 d071 9

140 4123.65 I 20281 44525 680 4292.13 I 11143 34435

140 4124.54 I 24823 49062 890 4293.21 I 11454 _ 34740
50 4126.53 I 360 4293.88 I 10966 - 34248
150 4128.28 I 16748 — 40964 40 4296. 16 I 25549 — 48819

I o dl ft^ I toJ,JU ^oOU 4.9QA <i9 I 1UU70 077UU
180 4131.92 I 'r7UO 1 30 4298.90 I lfl990 41484
75 4132.23 I 18229 _ 42422 30 4301.26 I

40 4135.38 I 40 4304.92 I 16693 - 39916
2900 4143.55 I 85 4310.39 I 24466 - 47659

A 1 /I Q OA 1 A(\ /I Q 1 9 on T ififidi ^QQ91

75 4151.88 I 40 4312.97 I 90^=^0zuoou 43530
250 41.55.28 I 16785 _ 40844 170 4317.93 I

180 4155.58 I 16641 - 40698 75 4321.97 I 16785 - 39916
40 4156.79 I 22876 - 46926 840 4326.14 I 16641 - 39750

Al Ail I Z004'V lA T4oZ0. /4 1 1 1 1 d't1 1 140 lA OA tJ

180 4162.68 I I-70U0 30 4329.63 I
900=; 1 44041

40 4164.08 I 18229 _ 42237 40 4332.51 I 27727 _ 50802
40 4166.28 I 24823 - 48819 120 4334.81 I 26284 - 49346
85 4169.82 I 23516 - 47492 40 4338.71 I 18356 - 41398

oo AM \ (\1 1 /toon 00 T ^ i lO i OUoUZ
150 4177.26 I

9907*; 4O0U0 85 4340.75 1 49790

200 4178.27 I 25639 I 49565 130 4341.42 I 20948 I 4.3975

85 4181.05 I 201,30 - 44041 30 4344.66 I 26336 - 49346
40 4184.39 I 25517 - 49408 2,30 4350; 34 I 11454 34435

Z.DO 1 /
A0,1 nn o\j 4-oOI.jO 1

50 4186.28 I 1 OoDO 75 4353.31 I ZU^o 1 43246
2500 4188.32 I 40 4357.34 I 24466 47409

95 4190.00 I 25549 - 49408 30 4359.62 I 26415 - 49346
250 4 194.,56 I 25517 - 49351 40 4362.02 I 18480 - 41398

OU 1 0.5,JO /I A A 'ifiO 7 1 I4o0z. / 1 1 1 lOOo "XAll A.54 / / 4

50 4201.32 I
1 l\A QQ 85 4364.47 I Z0Zo4 49190

95 4205.81 I 25639 49408 75 4366..54 I 20350 I 43246

50 4211.02 I 16748 - 40488 230 4369.04 I 118.59 - 34740
40 4219.40 I 18480 - 42173 35 4373.32 I 24096 - 46956

MIZ.W 1
1 0 1 OA 4Z 1,)0 4U All A QO 14o/4.oy 1

OC C /I Qzoo4y A Q/1 AA4o4UU
1500 4232.59 I 10 /4o 4UoO / 75 4375.01 I

9777/1Z / / /4 50625
40 4233.49 I 24096 47711 150 4.380.29 I 12346 .35169

35 4235.03 1 211.54 - 44760 35 4380.59 I 16641 - 39463
85 4237.16 1 20930 - 44525 1900 4381.64 I 16784 - 39600

y.T (1
1 -ion (17 1 1 A7Q 110 (o4 1 /^'JA74U00 /

A lUO A^ T OA 1 C^Qzu loo A 9Q7n4ZV / U

4239.19 I
1 /; 7 0 c10 (o,T

1 A74U,iO / 26 4385.89 I
^ ^ A^A
1 14o4 34248

140 4240.08 I 18229 1 1 OA74180/ 75 4391.54 I Z4Uyo 46861

140 4240.28 I 24823 - 48400 75 4392.12 I 25639 — 48400
190 4240.83 I 20951 - 44525 50 4394.32 I 27384 - 50134

OO 1 '> 1 ') QM I 47659 OU A'iOA A7 T4aV4.4/ I 20948 400V /

190 lz40.Uz 1
9'^'^1 7 49062 •

1 /I

A

14U 4oyD.OO 1 16784 oyozz
170 4251.87 I 28241 517,53 1,50 4397.29 I 18229 40964
140 42,54.96 I 26639 ,501,34 35 4402.49 I 27774 50482

95 4260.36 I 26336 49801 75 4402.90 I 24466 47172

49370
30 4404.55 I 16748 39445

4(1 25906 35 4406.87 I 29982 52667
30 4261.44 I 27342 50802 00 AAHQ AA T44UV.44 1 25517 A Q 1 QQ40 loy
95 4266.18 I 20608 44041 75 4409.95 I 24823 47493
75 4268.08 I 25639 49062 2500 4411.57 I 16784 39445

270 4269.28 I 21,343 44760 4411.70 I 16785 39445
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Molybdenum — all observed /iraes — Continued

Intensity

and
Character

U/ au^ion frtrt

• 1 ° spectrum
in

Energy levels

in cm

Intensity

and
Character

Wavelength o
. X ^ bpectrum
in i\

Energy levels

in cm"'

110 4412.77 I 18356 - 41012 21 4586.79 I

35 4422.06 I 18356 - 40964 26 h 4590.38 I

'tH'Zo.DZ 1 18229 40829 4U 4oyz.zi 1 26639 48409
^^ZO.D/ \ ZU 1 oo d.97d9^Z i 4Z 1 70

1 /U 4Dyo. 10 1 1 1 id.^1 X 140 QOQAQOZoW
QO AZQ-l QQ T4oy / . <5o 1 OU-l 10 0 loOD

990 4434.95 I 16748 - 39290 26 4598.25 I 27867 - 49608
110 4436.89 I 18480 - 41012 50 4599. 16 I 20350 - 42088
OD 27342 49864 oU A AAQ 71 T40Uo. /I 1 20158 41850

A A An 9A 1 IfiVRd\.\J i O't O 7Z 7U OOU /I AAA OO T4ouy.oo 1 1 8990lOZZV oyy 10
1 1 0 oU AAl 11"^ T4011.10 i loooo

85 4446.43 I 29982 - 52465 30 4616.62 I 25517 _ 47172
21 4447.23 I 27384 - 49864 30 4617.95 I 22876 - 44525

7A T 16693 39160 1 finlUU AAO^ QQ T40Z1.00 1 18356 39989
OU /1AC;9 =iA T^4'OZ.DO i ZOO 1 o 'toyo? QO A£.no A(^ T4uZo.40 1 Z0D4y 4.7 1 794 / 1 ( z
9 1 Z L OOO 4VoU 1

/1A9/1 9/1 T40Z4.Z4 1
901 71zy 1/1 Du /yu

480 4457.36 I 16693 _ 39122 460 4626.47 I 12346 _ 33955
30 4458.65 I 23516 - 45938 100 4627.48 I 18356 - 39960
DO ^^OU.OZ 1 16748 39160 OK)

Af,'XC\ A9 I40oU.UZ 1 18229 — 39821
A c
oi> 44t)4. / ( 1 ZUoOU A 01 A 94z /4Z A C4o 4000.1U 1

0007/1zoz /4 A AO C 04yooz
1 on /I /I AO OO I1100. zo 1

1 f^lA QlO /4o
OA 1 09oV Izz OAoU 4o4z. i\d 1

0 C A 9 Azoooy ,1 "7 1 704( 1 (Z

50 4471.66 I 21619 _ 43975 75 4647.81 I 18480 _ 39989
50 4472.04 I 28241 - 50596 30 4649.12 I 25906 - 47409

1 'if\ A A 71 1 Q T 18480 - 40829 ACDO /I AC 1 AC T4oo 1 . Uo 1 29781 — 51276
OoU 44/ 4.00 1 1004

1

OQQQO TCID /IAA1 no T4ooi.yo 1
^^ A^A
1 14o4 00OOOozoyy

44/4.00 1 IcSoOO 4U0Vc> 09/1zzU /IAA9 7A I4O0Z. (0 1
1 1 Qt^O
1 looy QQ90Qoozyy

95 4475.62 I 18229 _ 40566 130 4671.90 I 21343 _ 42742
150 4484.97 I 16693 - 38983 30 4683.83 I 25517 - 46861
00 A A Q7 OC: I44o/.Uo 1 22244 — 44525 oU A AOC O 1 T40oo.ol 1 27727 — 49062
'if\oU A A QQ Af\ I44oy.UU 1

OQAAQZOOOO A COQQ4oV.oo 9A 4 AOA lA T40O0. lU 1
0D07/1ZOZ / 4 A OAAQ4yoUo

00 A A flA 1 Ck I44yu.iy L
OA 1 C O AOA OO4z4zz 1 QAloU /1AOO OO T4ooo. zz 1

000,1 1ZOZ41 /I ACA C4Vo0o

230 4491.28 I 18229 40488 40 4690.86 I 25549 46861
30 4491.66 I 33904 - 56162 40 4693.93 I

OU A A An A A 1 18480 — 40698 OAoU /tAAA CI I4oVo.oi 1 20951 — 42237
C A50 /I C A I OA T

loo.oo A ACAA4UOOD CAoO 4/U0.4V 1
900*37 CA 1 ACoUlUo

1 OA120 A^C\A flA 14oU4.yU 1 25997 48189 /.o
A "TAA AA T4/UO.OO 1

0 0 C 1 A23516 44760

50 4506.67 I 26636 _ 48819 640 4707.26 I 20158 _ 41396
140 4512.15 I 11143 - 33299 150 4708.22 I 18229 - 39463
o c00 ,1 C I C 1 O I

4.0 1.0. lo 1 20281 - 42422 QA /I 7 1 /I C 1 I4( 14.01 1 20951 - 42156
230 4517.13 I

1 O 0 C A
lo.i.oo

/I A 1 oo OOAZZU /I "7 1 "7 AO T4/1 /.Vz 1
9m COzUloo 41o4o

50 4.0 1 /. 4 1 1
1 ATA OlU /oo 0 OOAA32899 A A4U /I "7 1 O OO I4/IO.OO 1

OOAA "7

ZOOO /
/I AOC 04yooz

21 4518.U I 20158 42282 26 4723.06 I 32688 _ 53855

50 4522.19 I 20130 - 42237 20 4725.34 I 27766 - 48922
•> Q A 1 ^ O 1 > 1 I 11859 - 3.3955 1 AA /179Q 1/1 I4 / zy. 14 1 20948 - 42088
o c00 1-0Z0..W 1 18480 40566 "TAA/UU A Tl } A A I4 / 0 1 . 44 1

0 1 1 C /I21 154 /1 000 042283

30 n 4528.62 I 27093 49169 100 Avcn on 1
47o0..5y 1 20350 41396

120 4529.40 I 20350 42422 45 4758.50 I 29781 _ 50790

40 4535.38 I 20130 - 42173 770 4760.19 I 21,343 - 42345

400 4536.80 I 28241 - 50277 75 A "TA A AO I4764.42 i 18480 - 39463

40 4541.56 I

-7 r
75 ATTl A A I4//O.44 1 20281 41224

C A50 * C w •) o o 145o3.32 1 2 1 343 43299 1

A

4U AniA 00 I4/ /4.ZZ 1 21343 42283

26 4553.80 I 254.56 47409 65 4775.66 I 21154 _ 42088

110 4558.11 I 10966 - 32899 150 4776.34 I 18229 - 39160

26 4558.74 I 20158 - 42088 50
Ano<^ c\A 14782.94 1 20130 - 41032

85 4560.13 I 23534 45458 20948 41850

85 4567.68 I 20350 42237 AA A IOC 10 I4/00. Iz 1 18229 39122

21 4569.02 1 23668 45548 40 4786.46 I 10768 _ 31655

50 4570.13 1 20281 _ 421.56 20 4788.18 I 18480 — 39358

40 4574.48 I 25639 47493 65
A "700 1 A I4792.74 I 20948 41807

4574.61 I 21343 43197 65 4793.41 I 20951 41807

210 4576.50 I 114,54 33299 OAzO AlCiO 00 14793.8/ 1 27,384 48238

26 4577.78 I 18229 40068 100 4796.,52 I 21343 42186

26 4582.35 I 31510 53327 18 4804.91 I 201,58 40964

26 4582.50 I 21154 42970 30 4805.,58 I 18356 39160

26 4586.06 I 25906 47705 30 4808.09 I 23668 44461

26 4586.57 I 22244 44041 90 4811.06 I 30496 51276
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Molybdenum — all observed lines— Continued

Intensity

and
Character

Wavelength r.

• ! spectrum
in A

Energy levels

in cm"'

Intensity

and
Character

Wavelength c
I Spectrum

in A
Energy levels

in cm"'

18 4814.47 I 10768 - 31533 110 5147.39 I 18480 - 37902
26 4817.70 I 20281 - 41032 80 5163.19 I 31913 - 51276

410 /I O 1 A O C T4819.25 1 21343 42088 100 5167.76 I 21619 40964
1 o A OOO y1 O T4ozz.4z 1 90981 41019 1 ^A JloO a C 1 7 1 AO T 44Q47

it A OOO A'J T C 1 7 1 OC T5171.25 1 901 ^O

410 4830.51 I 21154 - 41850 230 h 5172.94 I 25614 - 44941

40 4832.92 I 20158 - 40844 160 h 5174.18 I 25614 - 44936
26 4833.96 1 20350 41032 40 5191.44 I 31533 50790
15

/I O OO 1 1 I4838.11 1 44760
i Ou 1 10 5200.17 I 40R44

18
/I OOA C A ¥4839.59 1 50 5200.74 1 0 I J ty

20 4845.17 I 27766 - 48399 26 5210.44 I 12346 - 31533
45 4858.22 I 28241 - 48819 50 5211.86 I 20281 - 39463

26 4860.05 1 80 5219.40 I 22244 41398
360 A OCO C\C\ 14868.00 1 414fi4 65 5231.06 I Af./\^0

CA50 AOi^n OA T4o6y./U 1 l\j i OO ^ 1 ^00o loUU 0£26 C OO O 0£ I5232.30 1
900 '?n 400^7

23 4878.37 I 20350 - 40844 100 5234.26 I 18480 - 37579
26 4886.47 I 23516 - 43975 460 h 5238.20 I 25872 - 44957
20

A oon on I4889.22 1 20951 41398 O OA U230 n
r o i1 A OO T5240.88 1 25872 44947

20 4897.26 1 110 h 5242.81 I zoo / 1 A A C\A 144^41
65 4903.81 1

1 n7AQlU /OO O 1 1 OO 100 5245.51 I ZUVoU

26 4907.43 I 31485 _ 518,56 150 5259.04 I 20951 _ 39961
20 4909.19 1 24096 - 44461 16 5260.17 I 30847 - 49852
23

A i\C\ A m T
4924.78 1 30502 — 50802 65 5261.14 I 20158 — 39160

40 4926.19 1
A A nf.(\44 /OU 20 5268.95 I

40 4926.43 I
OQCOOOooZZ 35 5271.80 I

OA! CO/Uloo on 1 90

80 4933.10 I 12346 32612 35 5276.28 I 21619 _ 40566
80 4941.66 I 25906 - 46136 65 5279.65 I 16784 - 35719
110 4950.62 I 18229 — 38423 210 5280.86 I 22876 — 41807
150 4957.54 I

0 O C OO 20 5283.84 1 20000 AC.Z c A

26 4964.19 1 4o 1 ,it) 55 5292.08 I 10o2o 0^710
( 1 y

40 4964.41 I 20.3,50 _ 40488 35 5293.46 I 18480 _ 37366
23 4973.36 I 20930 - 410,32 55 5295.47 I 20281 - 39160

210. 4979.12 I 10768 — 30847 16 5302.35 I 25906 — 44760

26 4985.56 I 2 1 343 A 1 one 20 5306.26 I
OAOo ^ 0A 1 0 ,5oV 122

23 4995.32 I
O O C I23516 43530 55 5313.89 I

^ OA OA 0 70A 0

110 4999.91 I 24466 _ 44461 35 5315.04 I 20350 _ 39160
20 5010.81 I 26639 - 46590 20 5319.89 I 31485 - 50277
180 5014.60 I 24823 — 44760 20 5324.47 I 26639 — 45415

26 5016.78 1 2 / .5o4
Aio ^ ^4 / o 1 1 35 5327.06 I 2.5010 A OOQ 1

20 .5019.85 1
•1 C 7AC25 /V.T

Aci ^ t\
4.T / lU 16 5334. 79 I 2o00o /I 0/1 AQ

80 5029.00 1 24096 _ 43975 16 5337.20 I 24466 _ 43197
65 .50,'i().78 I 25997 - 4.5870 16 ,5349.79 I 27766 - 46453
23 5038.91 1 25795 - 45635 20 5352.35 I 27774 - 46453

26 5046.52 I 2 1 1 54 40964 80 5354.88 I
0 0 c 1
23.T 16 ,101 0^42 106

100 .5047.71 I 20930 40736 35 5355.51 I
0 '0 1 0 0 C A7AA50 /90

50 ,5055.00 I 12,346 32123 65 5356.48 I 32612 _ 51276

35 ,5058.07 I 27727 - 47492 560 hi 5360.,56 I 26321 - 44970

200 ,50,59.88 I 20157 - .39916 1 10 hi 5364.28 I 26321 - 44957
35 ,5062.52 I 2095

1

40699 35 hi 5367.11 I 2632

1

44947
29 5064.64 I 18229 37968 35 5372.40 I 22876 41484

35 5079.87 I 26189 4.5870 26 5388.69 I 31300 _ 49852

100 .5080.02 I 20281 - 39960 65 .5394.52 I 20930 - 39463
35 .5081.26 I 118,59 - 31.533 35 5397.38 I 22876 - 41398

40 5090.97 I 25997 45635 50 5400.47 I 20951 39463
35 ,5091.34 I 20930 40566 35 5405.79 I 27342 45836

35 ,5092.16 I 35 5406.39 I 22244 40736
40 .5095.89 I 20948 _ 40566 16 5414.67 I

100 5096.65 1 20951 40566 40 5417.38 I 22244 40699

130 5097.52 I 183.56 37968 23 5426.89 I 16748 35169

35 5098.03 I 20350 39960 11 5427..55 I 23668 42088

130 5109.71 1 20350 .39916 16 5431.02 I 20951 39359
80 5114.97 1 183,56 37902 55 .5435.68 I 20130 38522
35 5116.97 I 20951 40488 65 5437.75 I 16785 35169

29 5123.83 1 27415 46926 15 5439.71 I 34912 53291

150 5145.38 I 20608 40037 40 54,50.51 I 21619 39961
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Molybdenum— all observed /inei— Continued

Intensity

and
Character

Wavelength £.

I Spectrum
in A ^ Energy levels

in cm"'

Intensity

and
Character

Wavelength c
2 oDectrum

in A
Energy levels

in cm"'

15 5453.03 I 23516 _ 41850 23 5699.28 I 21619 39160
35 5456.46 I 22244 - 40566 11 5702.11 I 25997 - 43530
26 5460.53 I 31300 - 49608 80 5705.72 I 24823 - 42345
23 5465.57 I 21154 39445 23 5711.80 I 21619 39122
13 5473.37 I 20157 38423 210 5722.74 I 11454 28924

35 5475.90 I 11 5723.11 I 29642 47110

13 5488.67 I 27.342 - 45556 23 5728.77 I 25795 - 43246
35 5490.28 I 20951 - 39160 26 d 5729.45 I 20130 - 37579
20 5492.17 I 21619 39821 5729.59 I

26 h 5493.80 I 31655 49852 15 5729.87 I 23516 40964

13 h 5496.94 I 24096 _ 42283 16 5734.06 I 12346 29781

26 5498.49 I 23668 - 41850 11 5739.66 I 27342 - 44760

50 5501.54 I 20350 - 38522 15 5741.71 I 31510 - 48922
23 5501.87 I 2095

1

39122 16 5747.67 I 25906 43299
26 h 5503.54 I 620 5751.40 I 1 1454 28837

7800 5506.49 I 10768 28924 10 5769.75 I 23517 40844
11 5511.49 I 23668 - 41807 10 5771.05 I 19970 37293
23 5520.04 I 31485 - 49596 23 5774..55 I 11858 — 29171

26 5520.64 I 27727 — 45836 10 5778.19 I 25997 43299
13 5521.17 I 25906 — 44012 40 5779.36 I 20281 — 37579

40 5526.52 I 24096 42186 10 5780.11 I 23668 40964
40 5526.97 I 22876 _ 40964 23 h 5783.33 I 25456 _ 42742

5200 5533.05 I 10768 - 28837 10 5785.69 I

40 5539.41 I 16692 34740 520 5791.85 I 11454 28715
13 5541.65 I 25906 — 43946 23 h 5795.77 I 34740 51990

50 5543.12 1 20948 38983 26 5800.46 I 20130 37366
40 5544.49 I 27.384 _ 4.5415 35 ,5802.67 I 203,50 - 37579
10 5552.19 I 21154 - .39160 8 5803.98 I 25821 - 43046

55 55.56.28 I 16748 — 34740 10 ,5806, 19 I 22244 — 39463

26 5556.72 1 24096 — 42088 16 5806.69 I 267,59 — 43975

11 5562.49 I 10 .5808.23 I 1 1 454 28667

20 5564.05 I 211,54 _ .39121 8 ,5809.03 I 34435 - 51644
40 5568.62 I 22876 - 40829 10 ,5813.86 I 39,521 - .56717

26 5569.48 I 23.5,34 - 41484 16 .5815.52 I

2500 5570.45 I 10768 - 28715 10 .5815.74 I 29982 — 47172

35 5575.19 I ,1 1 10 ,5820.69 I 23668 40844

20 5591.58 I 24466 _ 42345 23 ,5825.20 I 20130 — 37293

10 5596.32 I 23534 - 41,398 23 ,5835..59 I 11143 - 28274

8 5598.47 I 34810 — 52667 20 .5839.99 I 27,342 44461

15 .5601.05 I 33904 - 517,53 20 h 5848.86 I 28715 — 45806

40 ,5602.76 I Z,)f.>D 55 h ,5849.73 I AO t lij

23 5608.62 I 266.36 I 44461 50 h .5851..52 I 28715 _ 45800

23 5609.23 1 26189 - 44012 520 .58.58.27 I 118.59 - 28924

100 5610.93 1 24466 - 42283 20 5861.38 I 26189 - 43246

23 5613.07 I 201,58 - 37968 13 5868.76 I 25707 - 42742

20 5618.45 1 50 5869.,33 I 97797

10 5618.77 1 22244 40037 26 ,5876..59 I 20281 _ 37293

23 5619.38 I mbb - 4,55.56 10 ,5881..53 I 20130 - 37128

330 5632.47 I 10966 - 28715 10 ,5882.72 I 27766 - 44760

50 5634.86 I 16693 - 34435 820 .5888.33 1 1 18.59 — 28837

230 56.50.13 I 11 h .5891..56 1 zoo.) / r,)OUU

11 .5651.87 1 30160 47848 23 .5892.29 I 254.56 _ 42422

11 ,5664.34 1 29842 - 47492 50 h .5893.38 I 28837 - 45800

,5664.38 1 27766 - 4,5415 20 .5898.78 I

13 5667.30 I 27774 - 4,5415 ,5898.82 I 27093 - 44041

10 .5672.07 I ,)ZOD / 40 5901.47 I I OZZ 7 0,J 1 U 7

23 5673.63 I 20281 37902 8 ,5912.12 I 26336 43246

55 5674.47 1 203,50 37968 10 h .5923.79 I 28924 45800

40 5677.89 I 16641 34248 40 h 5926.,36 I 28924 45793

35 5682.89 1 20930 38522 160 h .5928.88 I 28924 45786

1 n1 u ,>UO I . U-t 1 22244 ,39821 16 5937.91 I 25906 42742

460 ,5689.14 1 11143 28715 10 .5965.57 I 3.5719 52478

10 5694.39 1 23668 41224 8 ,5968.48 I 27774 44525

13 5696.03 1 30160 47711 15 5974.26 I 27727 44461

11 5698.27 I 29642 17186 16 .5982.93 I 26336 43046
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Molybdenum — all observed /tnes— Continued

Intensity

dnd
Wavelength ^

in A
Energy levels

in cm

Intensity
Wavelength c

in A *^

Energy levels

in cm"'

4U
CAQQ 17 1
i>y00. LI 1 97767 44461 OO AO 1/1 Al Toyi4.ui 1

16 5989.47 I 33904 50596 9 6931.40 I 34774

10 5990.01 I 13 6934. 10 I 11454 _ 25872
10 5991.35 I 27774 - 44461 5 6946.75 I 27093 - 41484

35 6025.49 I 27384 — 43976 10 6947.39 I 20350 — 34740

1

A

ft(\01 97 T 22876 39463 QO f<QZ,1 7Q Tuyoo. ( o 1 26189 40566

1300 6030.66 I
OQQ94, 10 6960.64 I zuooo

20 6047.83 I 25707 _ 42237 8 6961.48 I 25707 40068

20 6054.81 I 18229 - 34740 16 6978.71 I 26639 - 40964
20 6079.58 I 23516 - 39960 8 6980.37 I 27766 - 42088

07 1OUol.Z/ 1 Y AOQ/I A7 TOyi54.0/ 1 97774 d9flft7

40 6101.87 I loo 34740 26 6988.94 I 901 ?n

10 6130.63 I 9 6991.69 I 26189 _ 40488
10 6197.66 I 32688 - 48819 12 6999. 13 I 26415 - 40699
20 6217.89 I 18356 - 34435 8 6999.88 I 25707 - 39989

1 f\lU 0Z04.Z/ 1 '+VoO'+ 1 A10 7AA1 AA T
< UU 1 . OU 1 04'Z4'O

16 6265.88 I 9 7016.44 I Z04-OU '4-UOVO

15 6290.74 I 18356 34248 7 7018.43 I

13 6301.75 I 24096 - 39961 7 7025.32 I 26336 - 40566
11 6323.54 I 30160 - 45969 22 7037.98 I 26639 -" 40844

A A40 0 one: cOoVOO y h inA C OA I/045.z9 1
OAAQQzoooy A HQOQ

16 6389.11 I 22 7060.21 I
OCA 1 AZOO 14-

11 6391.12 I 13 7063.34 I 20281 34435
35 6401.07 I 13 7081.22 I 20130 - 34248
26 6409. 1 1 I 18356 - 33955 9 7102.65 I 27774 - 41850

1 AlU A/1 1 0 ^ A I04 1 z . .ly 1
1 1 A
1 ID 7 1 AA 07 I/luy.o/ 1

OCA 1 AZOO 14 OVO I 0

100 6424.37 I O.J / IV 8 7122.65 I Z / ooo A 1 ^QQ^ 1 OVO
20 6446.34 I 25456 40964 27 7134.08 I 11858 25872
20 6471.20 I 23534 - 38983 8 7240.46 I 26759 - 40566
20 6473.99 I 25906 - 41.348 150 7242.50 I 2.5872 - 39675

1 A Q A 1 AAoU lou A A 70/1 C O C I/z4o.oo 1
OA 1 CQZU 1 OO o one c

oOy00
23 6519.84 I oU.jUZ '+0000 22 7267.62 I 1 looo OCA 1 AZo014
7 6590.90 1 26639 41807 7 7281.53 I 25906 39635

15 h 6611.20 1 25707 - 40829 17 7300.19 I

230 6619.13 I 10768 - 25872 8 7322.25 I 26336 - 39989

1 A10 0OZ4..T/ 1
OA 7 CA ^ 1 O CA41ooU Qo 7*300 70 I(ozz. <y 1

5 6637.16 I
A 1 "JAO4 1 .5Vo 8 7333.71 I

OA 1 QOZD ley QAOO 1jyoz 1

50 66,50.38 I 25456 40488 13 7348.49 I 20350 33955
13 6659.68 I 20158 - 35169 5 7360.38 I 25707 - 39290
4 h 6678.89 1 25872 - 40840 13 7361.65 I 27384 - 40964

r
5 6687.87 1

OA 1 C AZo4.lU A 1 OAO 1 A L
10 h 7364.41 I

18 6690.47 1 1 8356 o.izyy 8 7365.25 1

4 6691.08 1 27342 42283 40 7391.36 I 12,346 25872
9 6728.04 1 25707 - 40566 10 7434.10 I 25997 - 39445

110 6733.98 I 10768 - 2,5614 13 7447.34 I 31,533 - 44957

21 6746.08 I 18480 33299 13 n 7452.85 I 25707 39122
50 6746.27 I 20350 35169 7 7475.43 I 27363 40736
35 6753^97 I 27384 42186 140 7485^74 I 26320 39675
13 6763.50 I 25707 - 40488 5 7501.62 I 25795 - 39122
4 6764.92 I 29982 - 44760 13 7504.47 I 26639 - 39960

8 6787.98 I 26284 41012 7 7571.53 I 27363 40566
8 6788.94 I 26759 41484 11 7572.64 I 26759 39960
10 h 6799^88 I 7 7579^58 I 27774 40964
10 6802.62 1 26336 _ 41032 7 7591.66 I 20130 _ 33299
10 6812.03 I 26336 - 41012 11 h 7595.16 I 25997 - 39160

lo O '1 " 'J 1
682.T.6.5 1 301 13 44760 1

1

7AA 1 OA 1
( 60 1 . o4 1 27415 40566

18 d 6828.87 I 26759 41398 7 7649.52 I 27774 40844
6829.05 I

OA 1 UQZO loV inflOQ'HloZV 5 7653.26 I
oa7i;aZO / 07 070Z 1

40 6838.88 1 •nin 42345 17 h 7656.76 I 31913 44970
16 6848.92 I 26415 41012 13 7679.49 I 20281 33299

O 1 6886.28 1 •nibb 42283 9 7709.54 I 25456 38423
)fiiU l)0 7Z..>U 1 25456 39960 97 7790 77 I 20350 33299
10 6898.01 I 31.300 45793 9 7723.63 I 27093 40037
10 6898.98 I 25997 40488 9 7732.49 I 19970 32899
13 6908.20 I 11143 25614 4 77,52.34 I 27093 39989
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Molybdenum — all observed /irees— Continued

Intensity

and
Character

Wavelength c
^ Spectrum

Energy levels

in cm"'

Intensity

and
Character

Wavelength
in A Spectrum

Energy levels

in cm"'

17 7829.65 I 20130 - 32899 4 8058.22 I 45786 - 58193

15
oo

0
1

1

1

1

7854.45 I

7Q07 lA T

7017 fi9 T

lyZo. ID I

27093 - 39821

Z/ouo 4-UUo 1

Z. i OUO
9n9Ql ^9QQQ

5

9

4
22

h

h

8104.67

8153.45
8192.60

8245.06

I

I

I

39521 - 51856
25707 - 37968
23516 - 35719
28715 - 40840

9 7968.85 I 27415 - 39960
40 h 0000 A rt

4 7984.35 I 26639 - 39160 9 8351.15 25997 - 37968
15 7986.60 I 25906 - 38423 45 h 8389.32 28924 - 40840

7 8027.32 I 20158 - 32612 45 h 8483.39 25795 - 37579
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Neodymium

Nd, Z = 60, M = 144.2, Ratio— = 2.270
Cu

Nd I Normal state of valence electrons 4:f6s^ = 0. LP. = 44270 cm-^.

Nd II Normal state of valence electrons 4/*65 "131/2 = 0. I. P. = 86500 cm-^.
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Strong lines of neodymium

Intensity

and
Wavelength

in A Spectrum
Energy levels

—1

Intensity

and
Wavelength

in A Spectrum
Energy levels

Character
in cm

Character
in cm^'

5400 4303.58 II 0 23230 1700 3905.89 II 1650 27245
4700 4061.09 II 3802 28419 1500 3848.52 II 3066 29043
3700 d 3863.33 II 0 25877 1400 3775.50 II 5985 32464

3863.40 II 0 25876 1400 3963.12 II 3802 29027
3700 4012.25 II 5086 30002

4040.80 II 1470 26211
1400 3990.10 II 3802 28857

3000 1400 4109.08 II 513 24843
3000
2500
2500
2400

4156.08
3805.36
4109.46
3784.25

II

II

II

II

1470
2585
2585
3066

25524
28856
26913
29484

1400

1300

1300

4451.57

3889.93

3890.58

II

II

II

3067

2585

5085

25524
28285

30781

2400 d 3851.66 II 2585 28540
1300 3890.94 II 513 26206

3851.74 II 1470 27425 1300 3901.84 II 5085 30707

2400 4177.32 II 513 24445 1300 4232.38 II 513 24134

2000 3900.21 II 3801 29434 1200 3685.80 II 9228 36352

2000 3911.16 II 3801 29362 1200 3803.47 II 1650 27934

2000 3941.51 II 513 25877 1200 3826.42 II 513 26640

2000 3951.16 II 1470 26772 1200 3880.78 II 513 26274

2000 4247.38 II 0 23537 1200 4023.00 II 1650 26500
1700 3838.98 II 0 26041 1200 4031.82 II 5985 30781
1700 d 3848.24

3848.31

II

II

1470
2585

27449
28563
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Neodymium — all observed lines

Intensity

and
Character

wavelength
in A Spectrum

Energy levels

in cm ~'

Intensity

and
Character

Wavelength c
• ! Spectrum

Energy levels

in cm"'

75 2702.46 170 3267.25 II 3801 _ 34399
75 2704.54 100 3273.18 II 1650 - 32192
75 2764.98 I 320 3275.22 II 5085 - 35609
60 2785.79

T
1 50 3281.49 II 12861 43326

50 2863.95 50 3282.78 II 0 30453

50 2921.26 290 3285.10 II 0 30431

55 2962.88 11 100 3286.62 II 2585 - 33003
65 2963.58 50 3289.52

80 2993.20 II 1 1939 45338 100 3290.65 II 513 30893
40 2994.73 70 3293.84 II 12861 43212

95 3007.97 II 10091 _ 43326 70 3294.68 II 1650 _ 31993
95 3014.19 n 1650 - 34817 70 3298.61

95 3018.35 II 10091 - 43212 300 3300.16 II 0 - 30293
80 3026.47 II 12306 45338 140 3300.91 II 3801 34087
50 3038.98 II 70 3304.66 II

50 3043.29 85 3305.33

50 3051.11 11 100 3310.38 II 3801 - 34001
80 3052.15 II 140 3310.91 II 1650 - 31844
140 3056.71 II 200 3312.75 II 0 30177
130 3069.73 II 100 3313.16 II 2585 32759

65 d 3071.43 11 100 3316.02 II 1470 31618
3071.50 n 200 3325.90 II 513 - 30571

160 3075.38 II 3801 - 36308 70 h 3326.26
95 .3079.38 II 13337 45802 50 3327.69

95 3080.94 II 410 3328.28 II 0 30037

95 3092.73 2.50 3331.57 II 3801 33809
240 3092.92 II 1470 - 33792 290 3.334.48 II 1470 - 31451

140 3098.48 II 3066 - 35.331 290 33.39.07 II 513 - 30453
55 3099.52 II 0 32253 85 3345.71 II 513 30393
130 3105.43 II 12013 44205 85 3.347.56 11 16.50 31513

95 3106.18 II 14835 47020 100 3.347.89

65 3108.01 II 11939 - 14104 170 3.318.17 II 2.585 - 32444
260 31 15. 18 II 12013 - 14104 320 3353..59 II 5085 - 34895

190 31 16.15 II 1 1273 — 43354 85 33.54.60 11 16,50 31151

50 31 19.75 II 1 1310 — 43354 200 3.355.93 11 2.585 32374

160 3123.06 II 85 33.56.55

190 3 124..58 II 170 3.3.59.76 II 5085 _ 34840

290 3133.60 II 11273 - 13176 270 3.364.96 II 1470 - 31179

220 3134.90 II 15130 — 47020 85 3375.23 II 15420 15039

100 3137.24 II 1 1310 — 43176 70 3.386.29 II 1,3801 13326

170 31 H.46 11 100 3.386.52 11 1 170 30990

170 31 12.44 II 100 .3.388.03 II 9228 _ 38736
100 3141.55 II 70 3.389.33

100 31 14.82 11 1 1273 - 13062 70 .3.392.31 II 5085 — 34555

100 3148.51 II 11310 13062 290 .3.393.63 11 3801 — 33260

100 31 19.29 II 1.50 .3410.25 II

100 3149.51 II 1 1273 1.301

1

70 .3 11 2.,39 II 4512 33809
100 3162.62 II 513 - 32123 50 ,3415.55 II 16.50 - .30919

100 3175.99 II 11273 - 127.50 190 ,3125.22 II 3066 — 32253

50 3181.54 II 1 1273 - 12695 170 3128.93 II 16.50 — 30805

50 3188.73 II 100 .3132.99 II 5985 35 106

50 3200.62 II 13801 1.50,39 .50 .3135.43 II 1470 _ 30570

150 3203. 17 II 2585 - 33792 100 .3143.32 11 5085 - 34119

85 321 1.00 II 50 3454. .38 II 1512 - 33452

100 3217.12 II 50 3161.83 II 3066 — 31944

50 3222.62 1 120 ,3168.42 II 513 29336

50 3228.01 II 120 3470.86 II 16.50 30453

60 3231.62 1.50 3481.44 II

40 3237.91 II 120 h 3184.88 1

100 32.54.08 II 1470 32191 120 3510.70 II 12,306 40783

50 3256.91 II 1470 32165 120 ,3.522.05 II 3067 31451

220 32.59^21 513 31 186 200 .3527.53 II 0 28340

100 3260.66 0 30659 85 h 3.531.71 II

220 3265.12 170 3.533..59 II 3801 32093

50 3265.38 513 31128 190 3.541.60 II 2585 30813

160



Neodymium— all observed Ziraes— Continued

Intensity

and
Character

Wavelength
in A

apectrum
Energy 1

in cm
evels
-

1

Intensity

and
Character

Wavelength
in A spectrum

Energy levels

in cm"'

290 3543.35
}{

0 28213 540 3672.36 II 10667 0 TOAA37890
oUoo IT 1 AAA 1 0 7 0AC

200 3555.77 II 2585 30700 100 3674.65

410 3560.75 11 3801 - 31878 85 3677.60

70 3561.61 II 513 - 28582 240 3678.18 II 0 - 27179

340 3568.87
{!

C AO C 33097 100 3678.88 II loozo A'i A AA

7(1 OO 1 U . lU 1470 oo

190 3582.63 1200 3685.80 II 9228 36352

100 3582.88 120 3686.07 II 11310 - 38431

85 3586.82 II 1650 - 29521 440 3687.30 II 1470 - 28582

470 3587.51
{l

1470 29336 410 3689.69 II 3066 30161

1 ^V 3066 30927 0\J\J 3(S04 81 11XX

85 3592.09 II 13337 41168 120 3697.17 II 12861 39901

300 3592.59 II 513 _ 28340 410 3697.56 II 13819 - 40857
120 3595.41 II 0 - 27805 100 3701.75

120 3595.91

II

15130 42931 240 3702.84
^'iQR 09 513 9R9QR 1 90 JVn? RRo 1 \jo . oo

70 3600.12 240 3704.95 II 16192 43176

300 3600.91 II 2,585 _ 30348 200 3712.81
70 3606.30 470 3713.70 II 5985 - 32905

120 3607.72 370 3714.20
II

14835 41751
Qfino 70 0 97fiQd ^>d.O rlU4U Q ^714. 7'^o / 1^-. to

85 3612.75 II 1 901 ^ 39685 3714.81 II SI0 1

0

974.9'i

370 3615,82 II 1650 _ 29298 250 3715.04 II 13337 _ 40247
300 3618.96 II 3066 - 30691 200 3715.39 II 0 _ 26907

190 3624.65
II

4512 — 32093 470 3715.68
II

3801 30707
1 9n 7524 Oo 071 A ^R 3801 30700
120 ,3627.41 II ^ROlOOu 1 31362 410 3718.54 II 1 4.70 9R'^'i4^O.J.JT"

85 3629.59 II 16395 43938 85 3719.21
170 3629.94 II 5985 _ 33526 140 3720.54 I 6764 - 33634

300 3631.02 'I 13819 — 41352 410 3721.35
II

10667 — 37531
70 JO JO . 4- I

990 9799 AO 15348 42205
340 3634.30 II 780 3723.50 II 2585 29434
170 3634.87 II 3066 _ 30570 410 3724.87 II 513 _ 27352

70 3635.11 2,50 3726.90 II 11310 _ 38134

240 3637.00
11

15518 — 43005 710 3728.13
II

1470 28285
94.0 12199 O 7UOO 4.70 0 I ,>L/. ,JO 3066 29864
190 3637.79 II 170 3731.22 II Q t 70

70 3638.70 85 3731.63 II 12013 _ 38803
240 3640.24 II 11273 _ 38736 100 3732.02 II 11273 — 38060

190 3641.50
[}

13804 - 412S7 270 3732.78
II

15130 — 41912
70 19 17356 1 000 AlUUU (J

170c C/l 4512 31274
190 3643.63 [l ,3735.60 II

70 3645.63 II 8716 36138 440 3737.10 II 2585 _ 29336
240 3645.78 II 513 _ 27934 1000 3738.06 II 4512 _ 31256

120 3647.93 270 3741.42
}l

513 - 27233
.i04o.Z() 12199 — 37/19 c:q0 / 4/.oy 11273 — 37985

240 3649.46 140 3744.24 l{ 14 /U
,70 1 7 AZO 1 / U

240 36,50.42 11 16.50 290,36 1,50 3749. 10 II 3801 30467
50 3650.69 200 3749.85 II 1470 28129

190 .3651..59
{'

13479 - 40857 320 37,50.31

1}

13479 - 40136
izu .M),l<i.4,1

11

11273 — .>o044 1 nnlUU
07CA 2585 — 29239

410 36.53.15 lUoo / 38033 120 3752.29 I

240 .3654.16 580 3752.49 II 4512 31153
120 3655.03 II 3801 311,53 370 3752.67 II 0 _ 26640

120 36,59.94 1470 - 28785 250 37,54.83
{{

11310 - 37935
izu o / U 0 ( .).>. OU 1470 - 28089
470 3662.26 ,1 15518 42816 100 3756.83 II 513 27124
85 3663.03 II 513 27805 510 3757.82 II 3801 30405
540 3665.18 II 16,50 28926 9,30 3758.95 II

150 3668.79 300 37.59.79 n 5085 31675
190 ,3669.45 140 3761.58 12306 38883
85 3669.75 85 3762.09 4512 31085
150 3670.92 II 0 27233 930 3763.47 1650 28213
120 3671.66 11 2.585 29813 120 3765.34 16395 42945
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Neodymium— all observed /i/ies— Continued

Intensity

and
Character

Wavelength
in A Spectrum

Energy 1

in cm
evels

Intensity

and
Character

Wavelength c
2 oDectrum

in A opci-iiuiii
Energy levels

in cm"'

120 3765.92 II 3801 - 30348 1500 3848.52 II 3066 - 29043
300 3766.59 II 12199 - 38741 470 3850.22 II

100 3768.71 II 11310 - 37836 2400 d 3851.66 II 2585 - 28540
510 3769.65 II 1650 - 28170 3851.74 II 1 Aid ^ i ^ZO
140 3772.40 II 513 - 27014

340 3858.55 II 513 - 26422
140 3772.93 II 12306 - 38803 120 3859.42 II 1650 - 27553
190 3773.18 II 14673 - 41168 270 3860.94 II 4512 - 30405
100 3774.93 II 4512 - 30995 300 3862.52 II

070 CO

1400 3775.50 II 5985 - 32464 3700 d 3863.33 II
AU 0c:Q77ZDo I i

250 3776.34 II 12013 - 38486 3863.40 II
Au — Zoo /O

140 3777.00 II 11273 - 37741 170 3865.98 II 3066 - 28926
710 3779.47 II 1470 - 27921 240 3866.52 II 513 - 26369
580 3780.40 II 3802 - 30247 220 3866.81 II 1650 - 2 /o04
510 3781.32 II 5985 - 32424 850 3869.07 II 1470 - 27309
300 3783.78 II 16395 - 42816

240 3875.74 II 1650 - 27444
2400 3784.25 II 3066 - 29484 470 3875.87 II 3066 - 28860
270 3784.73 II 13819 - 40234 1100 3878.58 II 1470 - 27245
190 3784.85 II 513 - 26926 1000 3879.55 II 2585 - 28354
150 3785.11 II 5985 - 32397 780 3880.38 II 1470 - 27233
120 3785.40 II 13247 - 39657 3QQn 70 IIOOOv. to 11 513 - 26274
120 3788.97 200 3881.59
340 3791.50 II 3066 - 29434 100 3883.76
150 3792.81 II 3066 - 29425 100 3884.08 II 13804 - 39543
340 3795.45 II 1650 - 27990 100 3884.74 II

120 3796.49 II 14835 - 41168
3ftfi6 OQ II 11939 - 37664

170 3799.24 II 2.585 - 28899 540 3887.87 II 513 - 26227
240 3799.55 II 1470 - 27781 370 h 3889.66 II 1650 - 27352
370 380 1.12 II 4512 - 30813 1300 3889.93 II 2585 - 28285
200 3801.38 II 1470 - 27769 170 3890.22 II 4512 - 30210
340 .3802.30 II 0 - 26292

1300 3890 sa 11 5085 - 30781
1200 3803.47 II 1650 - 279,34 1300 3890.94 II 513 - 26206
200 3804.10 11 513 - 26793 580 3891.51 II 5985 - 31675
2500 3805.,36 II 2585 - 288.56 470 ,3892.06 II 11748 - 37434
340 3805.55 II 3066 - 29336 810 3894.63 II 513 - 26182
470 3807.23 II 513 - 26772

140 3895.37 II 11377 - 37041
140 3808.25 II 1470 - 27721 85 389,5^91

540 3808.77 II 513 - 26761 270 ,3896. 13 II 3066 - 28725
440 3809.06 11 513 - 267.59 440 ,3897.63 11 1650 - 27299

580 3810.49 11 5985 - 32221 2000 .3900.21 II 3801 - 29434
240 3811.06 II 3067 - 29298

1 ovu 3Qni 84 II 5085 - 30707

270 3811.77 II 0 - 26227 140 ,3902.51 I

200 3812.53 II 15130 - 41352 120 3903.51 II 2,585 - 28196

710 3814.73 11 0 - 26206 100 3905.,56

190 3817.38 11 513 - 26702 1700 ,3905.89 II 1650 - 27245

100 38 18.8 t 11 102.56 - 36434
1 10I '-r\f 3Q()6 OQ II 1650 - 27244

240 3819.70 II 3066 - 29239 100 3907..50

410 3822.47 11 3801 - 29955 200 3907.70 II 16,50 - 27233

85 3823.26 11 1650 - 27798 510 ,3907.84 II 4512 - 30094
1200 3826.42 II 513 - 26640 2000 3911.16 II 3801 - 29362

240 3828.00 II 0 - 261 15
850 ,3912.23 II 9228 - 34782

540 3828.85 II 340 .3913.69 II 1470 - 27014

440 3829.16 II 5985 - 32093 440 .3915.13 II

510 38.30.47 II 16906 - 43005 610 3915.95 II 16,50 - 27179

100 3832.76 II 1470 - 27553 340 3917.65 II 12013 - 37531

740 3836.54 II 4512 - 30570
o,j 3918.90 II 11939 - 37449

340 3837.91 11 1470 - 27518 220 3919.92 II 5985 - 31489

1700 3838.98 II 0 - 26041 1100 3920.96 II 3066 - 28,563

340 3839.51 II 10667 - 36704 140 3924.49 II 16,50 - 27124

410 d 3841.82 II 3066 - 29088 85 3924.98 I 0 - 2,5470

100

100

190

100

1700 d

3841,88
3844.18
3845.74
,3846.71

3846.97
.3848.24

3848.31

II

11

II

II

II

11

14835 -

1 1310 -

16,50 -

513 -

1470 -

2585 -

40857

37305
27638
26500
27449

28563

85
70

510
200
150

,3925.63 II

,3926.62 II

3927.10 II

3929.26 II

3934.09 II

13337 -

1470 -

4512 -

14835 -

38803

26926
29955
40247
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Neodymium— all observed /trees — Continued

Intensity

and
Character

Wavelength
in A Spectrum

Energy levels

in cm"'

Intensity

and
Character

Wavelength o
ij, ^ bpectrum

Energy levels

in cm"'

610 3934.82 II 2585 - 27992 100 4010.45 II 3801 — 28729

410 oVoD. 1

1

Ti11 iMol — o/4oo loU /lAl 1 AO TT4uii.uy 11 3801 28725

140 3937.00 I 3700 4012.25 II ouoo ^nAn9ouuuz

70 3937.57 II 0 - 25389 540 4012.70 II 0 _ 24913

510 3938.86 II 13048 - 38429 140 h 4013.22 II 1470 — 26380

140 3939.52 II 5985 - 31362 70 4015.56 II 13971 38867

2000 oV4t.ol 11 r> 16 — zoo / /
0 7A0 /U /1A1001 TT4Uio.ol 11 513 25389

85 3942.12 II 513 - 25873 120 4019.79 II OUOO

150 3942.62 II 16395 - 41751 85 4020.05 II 10256 35124
70 3946.81 II 11377 - 36707 1000 4020.87 II 2585 _ 27449

100 3947.61 I 2366 - 27691 1000 4021.34 II 2585 — 27446
loU

TT
11 oUoo — OU4U.0 1 AAA /lAOl 7Q IT4UZ I. to 11 1470 26328

70 3950.42 1200 4023.00 II 1 fi^fXlOoU
2000 3951.16 II 1470 - 26772 340 4024.78 II 513 25352
810 3952.20 II 0 - 25295 410 4030.47 II 1470 _ 26274

320 3952.87 II 1470 - 26761 1200 4031.82 II 5985 - 30781
o c If

11 oUOO — ZHo.o4 1 OAIzU /I AO 0 CA4Uoo.o0
320 3953.52 II 3801 - 29088 100 4033.90 II

1 1 ooo
1 ivoy OO / ZZ

100 3954.41 70 4034.01 II 513 25295
60 3955.09 II 16,50 - 26926 270 40.38.12 II 1470 26227

120 3955.95 II .5985 - 312.56 3000 4040.80 II 1470 - 26211
z4u .i9.T/.4o 11

10.1*70 00*7,11
1,14/9 - 0O/41 OAAzOO Af\A^ A/; TT4041.00 11 3801 - 28540

590 ,3958.00 11 513 - 25772 85 4042.51 II
1 ^ C AlooO O^ OOAzoooO

510 3962.21 II 2,585 - 27816 85 4043.05 II 10439 35165
1400 3963.12 II 3802 - 29027 410 4043.59 II 2585 27309

270 3963.90 II 5085 - 30306 85 4044.35 II 1650 - 26369
1 OA 0C\^1 A/"

11 1470 - z66/0 /I 1 A410 /1A/1001 TT404o.ol 11 12013 - 36704
150 3967.75 II 2.585 - 27781 8,50 4051.15 II

QA^ *7
,500 /

^T7 A Az / /44

170 3968.88 II 4512 - 29701 85 4054.86 II 3066 27721
120 3969.67 II 2,585 - 27769 85 40,56.83 II 13247 37890

1100 .3973. .30 II 5086 - 30247 8.50 40,59.96 II 1650 - 26274
740 .IV /.5.o9 II z,ooo - z / /44 A "7AA4 /UO 4 1 AA TT40Di.uy 11 3802 - 28419
150 3975.20 II 10786 - 3,5935 85 4067.73 II

1 il. C A1650 '1 '1 »"> 7ZDZZ /

120 .3976.09 II 1650 - 26793 1 100 4069.28 II 513 2508

1

740 3976.85 11 0 - 251.38 100 4071.46 II 13479 38033

100 3977.29 II 513 - 2,5648 140 4074.42 II 5085 - 29622
£A60 .1977.99 r I

II
lo/i^o ool "7n13048 - 38179 "7 1 A

/ 10
A A"?CIO TT40 /.o. Iz 11 16,50 - 26182

70 .3979.03 470 4075.28 II 513 25045

740 3979.49 II 1650 - 26772 240 4077.62 II 10091 34608

60 3980.98 470 4080.23 II 513 2,5014

140 3981.24 II 16,50 - 26761 140 4082..55 II 13545 - ,38033

320 3982.36 II 3067 - 28170 240 4085.82 II 0 - 24468
85 3983.41 II 3801 - 28899 70 4086.82 II 16395 40857

70 3983..')8 II 10786 - 3,5882 85 4088..56 II 3066 27518

470 3986.25 II 11273 - 36352 70 4089.12 II 1470 259 1

8

60 3987.25 11 12232 - 37.305 120 4089.68 11

50 3987.81 11 4512 - 29581 85 409 1 . 00 11 1,3048 - 37485

70 3988.82 11 3066 - 28129 140 4094.62 11 12306 36722
1400 3990. 10 II 3802 - 28857 85 4095.43 11 13479 37890
1000 3991.74 II 0 - 25045 270 4096.13 II 2585 26991

85 3992.16 II 11310 - 363,52 100 4096.71 II 1470 - 2,5873

85 3992.28 II 12087 - 37128 220 4098.18 11 3801 - 28196
170 3992.60 II 1 1377 - 36416 100 4098.91 II 1 1748 36138

1 100 3994.68 II 2585 - 2761

1

190 4100.24 II ov/u t 27449
140 3995.26 11 3066 - 28089 85 410L45 II

70 3997.44 II 5085 - 30094 85 4102. .53 II 13063 - 37431

70 3997.78 II 1,5479 - 38486 1,50 4104.23 II 3066 - 27425
170 3997.93 II 15130 - 40136 50 4104.54 II

0\i 3998 16 200 4106. .59 II 4512 28857
1 70 120 4107.44 II 12013 36352

410 4000.50 11 1650 - 26640 120 4107.96 II 15348 39685
540 4004.02 11 513 - 2.5481 1400 4109.08 11 513 24843

100 4004.26 2500 4109.46 II 2585 26913

410 4007.43 II 3801 - 28748 510 4110.48 II 0 24321

85 4008.75 11 12861 - 37799 300 h 4113.83 II 1470 25772
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Neodymium— all observed /me5— Continued

Intensity

and
Character

W avelength
• I
in A Spectrum

Energy levels

in cm"'

Intensity

and
Character

Wavelength c
• f " spectrumm A

Energy levels

in cm"'

70 4116.34 II 13550 - 37836 70 4226.99 II 14835 - 38486
35 4116.77 II 513 - 24797 440 4227.73 II 3802 - 27449
OO A 1 OA Ti 5986 30247 1 AA190 /lOOOAO TT4228.03 11 1650 — 25295
OO TT

11 1 AAIVU /IOOO OA II4ZZ0.ZU 11 oOUZ
A 1 9^ QQ4-1 Zo.oo TT

11 1 AAlUU /loon CA II4zzy.50 11
Au ZoOoO

50 4125.05 II 1300 4232.38 II 513 - 24134
85 4128.70 II 5487 - 29701 100 4233.15 II 11273 - 34889
50 A 1 OA 0*7 Ifu 17544 41751 250 /lOO/llA TT4234.19 11 1470 — 25081
50 A 1 OA TI

11 290 h 4235.24 11 1 1 "3 1 n
1 lolU o'ty lo

OO A^ on C£. TT
11 ooU 1

97QQ'lZ /Wo OAAzVO A OOA OA II4zoy.o4 11 1 lo lU 0/lQQQ04-of5V

470 4133.36 II 2585 - 26772 140 4241.21 II 15348 - 38920
85 4134.72 II 3066 - 27245 85 4244.56
CIA 41^30. Ok3

IT
11 5085 29260 0 "

O.T
AC* A A c\c. T T4244.96 11 1650 — 25200

4 loo. /o II
11 oUOD Z ( Zoo t 'TA120 /lOyl^lOO TT4246.88 11 0 lo

O/l AC Q

AAAA I|
11 lOOU 9^779ZD J i Z 0AAAZUUU 4Z4/.00 11

Au ^ODO I

140 4146.13 II 13.337 _ 37449 85 4248.15

170 4151.68 II 3066 - 27146 8.50 4252.44 II

lUO
IT
11 14673 — 38741 1 OA LIzO n /tOCOOO IT4z5z.OO 11

QAAA3000 A 1 C/L AO4156.08 11
1 /t "7A14 /u 0 C C O/I 100 4253.87 II

1 Ayl 0 A10439 0 OA/1 A33940
CIA510 4156.26

T I
11

A
U O/I AC "3

290 /I 0 C d OA4254.29

70 4157.58 II 12.306 _ 36352 70 4256.24 II 1650 25138
140 41.59.57 11 19465 - 43499 100 4256.47 I 0 - 23487
340 4160.57

1 T
11 4512 - 28540 100

/lOC^lOO TT4256.82 11 1470 - 24955
/LAoO A ^ HA A ^4164.41 11 1 144U 9 c /1 ,1 /; 170 /I OC "7 nc\ TI4257.79 11

yl C 1 045 Iz
0*7AAO

/LAOO A t £.A OC4l04.o5 11
A
U z4UUo /O

/lOCn/LO TT4z5y.6z 11 z5o5 Z0U,55

150 4165.04 II 17349 _ 413,52 410 4261.84 II 13247 _ 36704
410 4168.00 II 11748 _ 35734 150 4262.24 II 5085 _ 28,540

70 4168.76
I 1

135.50 37.531 150
A C\r r\ A A ¥ ¥4263.44 11 ,> 700 904'<4Z7 rOH*

100 4170.46 I I
11 150 h 4263.91 II

0 C OC
Z.185 z60.^ 1

1 AA100 41 /O. /6
T I
11

C AO C5985 2995,1 A O/" A f\r\ I 14264.00 11 1 4049 0 "7 /I AC1 /4v5

100 4173.38 II 513 _ 24468 340 4266.71 II 16,50 _ 25081
ou 4174.46 II 12087 - 36035 od.n ^•Z JU..>D 11 0 - 23410

810 4175.61 11 5086 - 29027 340 4272.79 II 0 - 23.397

2400 4177.32 II 513 24445 340 4275.09 11 13337 36722

170 d 4178.44 ll 16906 40832 140 4277.29 II 1470 24843
1 I
11 3066 26991

70 4280.17 II 12087 _ 35444
200 4178.64 II 1470 - 2.5.394 470 4282.44 II 3801 - 27146

640 4179.59 II 1470 - 2.5389 240 4282.57 II 513 - 23857

85 4182.52 [I 1 1377 35279 710 4284.52 II 5086 28419

70 4183. 13 1 5048 28947 120 4290.96 II 11310 34608

250 4184.98 11 1 1 939 35827 85 h 4294.19 II 7524 30805

85 4185.77 II 18029 - 41912 70 429 7..36 II 16,50 - 24913
140 4186.04 II 1 170 - 25352 270 A OA"? OA ft4297.80 11 3066 - 26328

70 4187. ] 1 85 4299.71 II 1470 24721

70 4188.26 II 2585 26455 70 4301.22 I 2367 25609

35 4195.03 II 1 650 25481 5400 4,m3.,58 II 0 23230

85 4198.17 II 14673 - 38486 340 4.304.45 II 1,3479 - 36704
120 4199. 1

1

II 513 - 24321 70 4305.48 II

70 4200. 04 II 513 24315 120 4306.75 II 14049 37262

70 h 4203.43 II 200 4307.78 II 3067 26274

120 4205.25 11 5487 29260 100 4310.51 II 16.50 _ 24843

470 4205.60 II 5086 28857 85 4311.25 I 2366 - 25555

470 421 1.29 II 1 650 - 25389 85 4313.36 II 15309 - 38486

70 4212.75 II 1470 - 2.5200 170 4314.38 II 13550 36722

85 4213.07 II 10786 34515 470 4314.52 II 0 23171

85 4213.22 II 12091 35819 1100 4,325.76 II 3802 26913

100 4214.22 II 11377 _ 35099 510 4327.93 II 4512 _ 27611

100 4214.60 II 1470 25190 540 4338.70 II 5986 29027

120 4217.28 II 3067 26772 140 4342.07 II 513 23537

70 4218.55 II 11748 35446 70 4343.50 I 0 23016

70 42 19.,56 II 3066 267.59 85 4.349.10 II 13048 36035

290 4220.25 II 2.585 26274 70 43.50.21 H
170 h 4221.14 II 4512 28196 680 4351.29 II 1470 24445

120 4223.21 II 3066 26738 1.50 43.56.02 II 11939 34889

140 4224.84 II 5085 28748 850 4,3,58.17 II 2585 25,524
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Neodymium— all observed Zines— Continued

Intensity

and
Character

Wavelength c

jjj ^ spectrum
Energy 1

in cm
evels
-

1

Intensity

and
Character

Wavelength
in A Spectrum

Energy levels

in cm"'

85 4358.70 II 4olz 27449 40 4523.58 II zooo z40oo

70 4359.25 II /I Q 1 04otZ 27446 120 4S97 9=1 I

70 4360.87 II 9198 32123 70 4529.94 I 3681 25750
50 h 4361.40 II 15013 - 37935 340 4541.27 II 3067 - 25081

120 4364.14 II 5085 - 27993 85 4542.06 I 0 - 22010

Oil A240 4366.38 II
o coczooo 25481 340 4542.61 IT

11 OVoo 07AAQz /yvo

340 4368 64 II CIO 23397 40 4544.26 II

60 4372.14 II 35 4545^33 II 6931 28926

60 4372.28 II 513 - 23378 85 4548.24 I 3682 - 25662
60 h 4372.73 II 40 4549.02 II 4512 - 26489

470 d 4374.93 II 1470 24321 35 4554.97 II 3067 25014
4375.04 II U 22851 50 4'iSS 14 11

Act ^ zd45V

50 4376.45 II 11939 34782 100 4556.14 II 513 22456
60 4377.40 II 7868 _ 30707 85 4556.74 II 1470 _ 23410
120 4382.74 II 3067 - 2.5877 170 4559.67 I 2367 - 24292

710 4385.66 II 1650 24445 60 4560.42 I 1128 23049
250 4390 f\fi II 12013 34789i oz 60 4S61 IR II

1

1

0 21918
70 4391.10 II 2585 2.5352 70 4561.86 I 3681 25596
40 4392.12 II 14387 _ 37149 340 4563.22 II 1470 _ 23378
40 4394.18 II 85 4567.61 II 1650 - 23537

40 4395.50 II 5985 28729 200 4578.89 II 2585 24418
40 A'?Q^ on II 4437 97 1 7Q 900zuu 4.c:7Q 1940 i V. oz II1

1

5985 27816
4398.03 II 27816 40 4584.04 II 16S0 23458

40 4399.58 100 4586.62 I 3681 _ 25478
540 4400.83 11 513 - 23230 60 4586.96 I

120 4407.08 II 513 23197 85 4594.45 II 1650 23410
510 441 1 06 II 1470 941 'M.Zt- 1 OH- 900zuu d.SQ7 09 II1

1

1650 23397
140 4412.27 II 23171 100 4603.82 I 5049 26764
70 4414.44 II 513 _ 23160 40 4607.38 II 4512 _ 26211
140 4416.89 II 4512 - 27146 100 4609.87 I 1128 _ 22815

50 d 4420. 1 1 I 2366 — 24984 35 4612.47 II 513 — 22188
40 1190 t9 it 2585 9 '^900 ^00 4691 Qd. I1 2367 23996

4426.83 II 1 470 24053 85 4624.21 I
9'^66 9'^QR'i

60 4432.30 II 5985 28540 85 4626..50 I 1128 22737
85 4439.00 II 1470 — 23991 100 4627.98 I 2366 — 23968

35 4444.29 II 3066 25.561 60 4629.91 II 3801 25394
60 ,1 1 U. QQ I 0 99dQl 60UV/ ,16 'I I 90rU.) 1 . Z7 I1 5048 26634

tJOU 4446.39 II 1 6^0 24134 50 4632.64 II 9'^9'^0

1400 4451.57 1! 3067 _ 2.5524 510 4634.24 I 0 _ 21,572

200 4451.99 II 0 — 224,56 60 4637.20 I 0 - 21559

300 44.56.40 II 5986 - 28419 85 46.38.72 II 3801 — 25353
170 1 169 19 1

1

1- inz . iz 11 1650 9 10 o.> .16^O IJ.4D.)V. 1 4 I1 1128 — 22678
7ilft
( HrU 4462.99 II .1 9 26913 340 4641.10 I ZU, J07

100 4465.07 II 0 I 22.390 250 4645.77 II 4512 I 26031

120 4465.60 II 1470 _ 23857 200 4646.40 I 3681 _ 25197

85 4467.85 II 12232 - 34608 300 4649.67 I

140 1 1 AO 9A 1

1

5985 — ou I
1 0 21488

0.) 4470.97 II .^Ooo 27446 200 46.54.73 I
] I OQ
I IZo ZzoUO

85 4471.41 11 0 223.58 70 h 4664.45 II

40 4475.57 II 513 _ 22851 130 4670.,56 II 513 _ 21918

30 4475.84 I 2367 - 24703 45 4671.10 I 1128 - 22,530

50 3066 91Z4 AfiTi Q7 I
i 2,367 — 237,56

1 in 1177.88 I .^04(3 27374 60 4675.,52 1 OOOZ or A/; 4Z0U04
140 1180.97 I 1 128 23438 170 4680.74 II 513 21871
70 1181.90 I 1 128 _ 23434 310 4683.45 I 0 _ 21346

40 1185. 9r> II 3067 - 25352 110 4684.04 I 1128 - 22471

85 I Vi.VX I') 1

1

4512 - ZO / 0 1 14 4000. ,90 I1 6764 - 28086
40 4497.27 11 3801 2603

1

1 10 4690.,35 I 0 21314
40 4497.40 I 0 22228 190 4696.44 1 3682 24968
85 4497.93 11 4512 26738 130 4703.57 II 3067 24321

410 4501.82 11 1650 23857 470 4706.54 II 0 21241
200 4506.59 11 513 22697 140 4706.96 I 1128 22367
170 4513.34 II 513 22663 190 4709.71 II 1470 22697
250 4516.36 II 2585 24721 190 4715.59 II 1650 22851
70 4522.84 11 5985 28089 60 4717.08 II 1470 22663
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Neodymium— all observed /ine5— Continued

Intensity

and
Character

Wavelength
in A Spectrum

Energy levels

in cm

Intensity

and
Character

Wavelength
in A Spectrum

Energy levels

in cm"'

240 4719.02 1 0 - 21184 280 4896.93
J

1128 - 21543
1 on TI

11 5985 - 27146 1 OAizU A OA 1 C 94yu 1 . Oo 3681 - 24077
29 4726.55 I 9'^66 zoo 1 1 210 4901.84 J zouu — 997^ilZZ / O X

140 4731.77 I 1128 - 22256 110 4902.03 II 513 - 20907
35 4734.90 I 1128 - 22241 29 4907.26 2367 - 22739

19 4736.20 II 1470 - 22578 29 4907.78 2367 - 22737
AA AC\1 n AC49 lU.Uo 0 - 20361

29 4749.56 II 4-.) 1

Z

ZooD 1 190 4913.41 }

70 4749.75 I 3682 - 24730 170 4914.37 II 3067 - 23410
45 4755.85 I 3682 - 24703 3,30 4920.68 II 513 - 20830

24 4759.10 I 3682 - 24688 35 4921.14
j

3682 - 23996
A lfi(\ A I

1 1128 - 22129 00 4Vzz.4o 3681 - 23991

45 4763.62 II — 9ilfic,^Z4UOO 470 4924.53 J Q — 9n^niZUoUi
80 4763.87 II 1470 - 22456 35 4930.72 II 6637 - 26913
70 4770.20 I 2366 - 23,324 35 4942.95 II 5986 - 26211

24 4771.73 60 4943.90 II 1650 - 21871
1 o T

1 1128 - 22076 9AA
zol)

AC\A A O

9

4944.00 1128 - 21345
40 4772.88 11 .)Uoo — ZOVo 1 65 4947.02 II 9/1 79 1

40 4777.72 11 3066 - 23991 35 4949.03 II 5085 - 25286
14 4778.40 I 1128 - 22049 35 4950.29 3681 - 23876

120 4779.46 I 2.366 - 23283 27 49.50.67 I 2366 - 22560
70 4 /8.5.0U

I T
11 513 - 21411

r r
55 /I AC O /I A4952.40 1128 - 21314

40 4786.06 II
1 A 7A — zzo.>o 290 4954.78 } Q 9fM 7 7

21 4787.40 I 1128 - 22010 55 4958.10 II 3067 - 23230
170 4789.41 II 2585 - 23459 290 4959. 13 II 513 - 20673

120 4797.15 II 4512 - 25352 150 4961.39 II 5086 - 25235
OU 4/99. 4Z 11 0 - 20830 OAOU A AA 0 Q O4900.00 5048 - 25190
40 4806.62 I 1 IZo 9 1 097 35 4969.75 j

99/1 Q 9

240 4811.34 II 513 - 21292 35 4970.93 II 2585 - 22697

35 4817. 17 II 5985 - 267.38 35 4972.82

24 4818.96 11 3801 - 24.547 23 4973.40
j1 A14 48 19.64

I I
11 1470 - 22212 AA /1A7C CA49 /,9..bU

{

5048 - 25141

140 4820.34 II 16.DU
1'") }AA 27 4980.88 A7A/10 /D4 OAQQ C

14 4824. 18 11 4512 - 2.5235 70 4981.28 II 5985 - 26055

350 4825.48 11 1470 - 22188 35 4982.89 3681 - 23744

24 d 4827.57 1 90 4987.17 II 5985 - 26031

4827.74 11 1650 - 22358 •10
Z.5 4989.4

1

11 5487 - 25524

45 4828..58 II
'3 AAA.5066 9 '} "7 "7 1- Z.i M 1 13 4989.51 II

1 A 7A14 /U 9 1 CAA— Z 1 .oUO

130 4832.28 II 4512 - 2.5200 2.50 4989.94 II 5085 - 25120

29 4835.66 I 2.367 - 23040 90 4998.55 II 3801 - 23802

70 4835.98 II 0 - 20673 70 .5000.44 11 2,585 - 22578

60 4836.62 I
1 1128 - 21797 55 CA 1 1 AT

.90 1 1.6/ 11 7868 - 27816

1 10 4849.06 11 380

1

- 24418 65 .50 14. .55
90AAzo6o '1 ') 9AO— zz.i0.i

80 4853.33 I 1 128 - 21727 18 5015.40 II 5985 - 25918

35 4855.31 1 128 - 21718 18 ,5022.67 6764 - 26668

280 48.59.02 II 2585 - 23160 90 .5027.15 5048 - 24935

29 4859.58 1 2366 - 229.38 65 5027.85 11 4438 - 24321

24 4861.77 I 90 .5029.45 1128 - 21005

45 4864.78 II 7868 - 28419 1.50 5033.52 II 9166 - 29027

190 4866.7

1

1 0 - 20542 27 50.39.92 .3681 - 23517

45 4867.84 11 16.50 - 22188 55 5040.20 I 1128 - 20963

45 4869.27 I 3682 - 24213 45 5051.06 I 3681 - 23474

487 1 .44 1 841

1

- 28933 90 5056.89 I 0 - 19770

III} rO i i

1

11 8800 - 29310 27 5060 04 J 2366 - 22123

60 d 4875. 73 1 2366 - 22870 1 10 5063.73 7868 - 27611

4875. 84 11 5985 - 26489
35 5066.85 4512 - 24243

24 4876. 12 II 4512 - 2,5014 65 507 1 .87 1128 - 20839

^tit 4879.79 1 3682 - 24168 35 5073.87 j 3682 - 23385
•)Q iBQ) aatOO^ . oo II

1 1 5985 - 264.59 35 5074.52 J 0 - 19700
lOQJ Q

1

fOO.J . O 1
1
1 5048 - 2.5518 360 5076..59 5985 - 25678

45 4885.01 1 5048 - 2,5513 70 ,5077.16 II 6637 - 26327

140 4889.10 II 1470 ~ 21918 55 .5079.09 2366 - 22049

220 4890.70 II 3801 - 24243 30 5081.89

240 4891.07 1 3681 - 24121 150 h 5089.84 1650 - 21292

45 4893.23 I 1128 - 21.5.59 360 5092.80 3067 - 22697
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Neodymium — all observed /ines— Continued

Intensity

and
Character

Wavelength
in A Spectrum

Energy levels

in cm

Intensity

and
Character

Wavelength
in A Spectrum

Energy levels

in cm"'

65 5096.52 II 4438 - 24053 27 5308.42 II 10195 - 29027

180 5102.39 II 5488 - 25081 45 5310.01 II 9166 - 27993

70 5103.11 I 0 - 19590 220 5311.46 II 7950 - 26772

150 d
C 1 AC O

1

5105.21
TT
11 9166 28748 0 c35 c 0 1 /I c c5314.55 TT

11 7950 26761
C 1 AC 0 C T

1
c coo C Q 1

A

oolo.oU
TT
11 OUOO 91 Q7n

360 5107.59 II 6637 - 26211 45 5319.11

27 5114.53 I 500 5319.82 II 4438 _ 23230
35 5119.61 II 5488 - 25014 27 5320.79 I 8800 - 27589

35 5121.30 IT
11 9042 — 28563 35 5324.59 T

1

340 c 1 oo 1C\5123.79
TT
11 oUOO noc7Q

27 5329. 1

1

TT
11

0A7A

1

680 5130.60 II 10517 — 30002 18 5329.88 I 11887 — 30644
170 5132.33 II 4512 - 23991 27 5332.43 I 9692 - 28440

23 5134.23 27 5334.33 I 0 - 18741

45 5136.83 T T
11 5085 — 24547 90 5336.55 TT

11 4438 — 23171
OA80 5143.33

T T
11

1 A 7A zuyu ( 45 C "> 0 0 f\'\5338.01 TT
11

o/;o/:azoooV

45 5156.01 II 11392 _ 30781 16 5343.65 I 10898 _ 29606

70 5161.71 II 5985 _ 2.53,53 80 5345.71 II 9043 _ 27744
170 5165.14 II 5488 - 24843 23 5349.26 I

90 5167.92
I f
II 4512 - 23857 35 5349.58 I 1128 - 19816

23 5170.91
Tf
II 4437 23771 180 5356.98

TT
11

1 A 1 AC10195 000 c 728857

80 5176.79 II 9042 _ 283.54 45 5361,17 II 4512 23160
18 5178.75 I 1128 _ 20432 290 5361.47 II 5488 _ 24134
30 5179.78 II 5985 - 25286 35 5365.12 II

130 5181.17
I T
11 6932 - 26227 14 5370. 16

TT
11 24134 - 42750

120 5182.60
I I
11

/IAAC6005 O C OAC25295 150 5371.94 T T
11

1 1 QAO
1 1392 0 AAA'")

18 5187.05 I 2366 21640 35 5377.79 I 0 _ 18589
500 5191.45 II 16,50 _ 20907 23 5378.23 I 8411 _ 27000
630 5192.62 11 9166 - 28419 30 5383.85 II 9042 - 27611

55 5195.60 1 2,367 - 21608 110 5385.90
T I
11 5985 - 24,547

55 5198.07 I 1 128 20361 23 5388.23 II 10194 28748

330 5200.12 II 4512 23737 18 5396.72 II

65 5204. .38 I 0 _ 19209 23 5399.12 II 7525 _ 26041
310 5212.37 II 1650 - 20830 30 5400.20 I 513 - 19026

150 5213.23 [ 2367 - 21.543 27 5402.90 I

90 5215.65 II 10194 29362 45 5406. 17 II 10942 29434

65 5221.57 II 3066 22212 18 ,5411.93 I 2367 20839
130 5225.05 II 6005 251,38 30 ,5414.80 II 6005 24468

130 5228.43 II 3067 - 22188 18 ,5415.31 I 2366 - 20827
450 5234.20 II 4438 - 23537 70 5416.38 11 6932 - 25389
250 5239.79 II 18 5420.66 I 6764 25207

720 5249.59 II 7869 269 1

3

80 ,5421.,56 II 3066 21,506

200 52.50.82 11 6005 25045 18 .5424.07 I

360 5255.51 II 1650 - 20673 18 5429..30 I 9692 - 28105

23 5257.35 70 5430.79 I r

11 9877 - 28285
35 5264.22 1 1 128 201 19 160 543 1 . 53

1 T
11 9043 27449

27 h 5265.74 35 5432.,36 11 9043 27446
23 h 5266.64 I 6764 25746 35 ,5441.26 II 12334 30707
120 5269.48 II 4437 - 23409 90 .5442.27 II 5488 _ 23857
90 5269.78 II 27 5447.28 I

55 5270.09
f

1 841

1

27381 35 5447.56 II 8420 26772

55 5270.69 II 1650 206 1

7

55 ,5449.21 II 10194 2854

1

27 5272.00 II 7950 26912 110 .5451.12 II

590 5273.43 II 5488 - 24445 70 .5455.82 II 7950 _ 26274
150 5276.88 II 6932 - 2.5877 30 ,5456.,56 II 12459 - ,30781

55 5286.68 II 18 5458.60

35 5287.13 II 6005 24913 35 5473.08 II 9043 27309
110 5291.67 1 6853 25746 45 ,5474.73 II 7950 2621

1

680 ,5293.17 11 6637 25524 27 ,5478.61 I 9814 28062

23 5298.88 I 1 128 19994 18 5483. 12 II 7950 26182
27 5300.58 I 1128 19989 45 h 5485. 10 II 4437 22664

160 5302.28 H 11,392 30247 170 .5485.70 II 10195 28419
27 5302.61 I 8475 27328 23 .5487.03 II 8420 26640
65 5303.21 II 3066 21918 35 5492.30 1

no 5306.47 II 6932 25772 14 5493.,34 I 11812 30011
27 . 5308.28 1 8800 27633 65 5494.01 II
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Neodymium— all observed /ines— Continued

Intensity

and
Character

Wavelength
in A Spectrum

Energy 1

in cm
evels
-I

Intensity

and
Character

Wavelength
in A Spectrum

Energy levels

in cm"'

18 5496.42 I 160 5708.28 II 6932 - 24445
13 5498.86 I 80 5718.12 II 11373 - 28857
"3 COD T

1 0 1 Ql 70lol /z OA C7 1 A AA0/19.09
TT
11 4437 21918

1 Q CCA7 II
1

1

i67nn o^oo 1 DO o/zo.oo TT
11 o4ZU 9c,ft77ZOo / /

O J
CCAQ /\(\ IT

11 OCAQl 1 AAlUU C70O OO0 /zy.zy
T
1 9^66zouu 198161 70 1 u

18 5516.29 I 9692 - 27815 16 5731.05 I

27 d 5520,60 II 24315 - 42424 23 5734.55
1 0lo C C OO 1 •?

OOZZ. 1 / 1 12065 OA 1 £A00169 A C45 C70A f\£.o7o9.96 IT
11 10194 27611

1 o C C 0 1 oooozo.oz 1
1

1 1 9fl1 iZo 1 noo/;lyzzo 7A/O 0/40.86
TT
11 VoDo 9A770ZO i / Z

4o 00/0.

(

I
T
1 D ( 04-

0/1 oc/^z4ooo 07Z /
C 7/1 1 OO0/41.ZO

TT
11 1 9n91 OQA'iAZV4o4

35 5528.33 II 6637 - 24721 45 5742.08 II 8796 - 26206
18 5529.07 I 1128 - 19209 27 5742.76 II 13298 - 30707

yu I
1 2367 OA30 C 7/1 O OA0/43. zO

ITU 10337 27744
r r
oa C CO C O"?DDOD.Z i

II
11 1 1 ^7*^

1

1

CIA A 1 A0/44. 14
TTU OUUD Zo4 iU

zo CC07 77 TI
11 lOoU 1 07AQ

4r) 0/'+4. / /
IT
11 /you oc 0 c 9zoooz

27 5539.21 11 6005 _ 24053 30 5748.15 II 6005 — 23397

55 5543.24 I 8800 - 26835 27 5749.06 II 6931 - 24321
11

r r
00 C 7/1 A 1 A0/49. 19 1 8475 — 25864

55 5548.47
1 T

11
A A'iO44oo 224.56 27 5749.66 T

1 0 1 7 0O7
1 /oo /

27 5548.68 I I
ii

1 AQ Q "7

lUoo ( 28354 0727 5753.53 I

T

11 16oO 1 AAOA190/6

27 5550.09 11 9908 _ 27921 18 5760.00 II 11392 _ 28748
35 55.57.62 II 30 5761.70 II 8420 - 25772

55 5561. 17
I

1 0 - 17977 1 A
14 o76z.08 1

1 11959 — 29309
35 5569.96 11

1 AQ "3 7
H),},i / 28285 1

1

C "JH A OO5764.23 TT
11

1 AQ/t 0iuy4z ZOZoO

27 5575.50 1
1

O 1 AO 26333 Z.i
C 7£7 0 00 Ibl .M 1

1 Zooo Iv /UU

27 5576.70 I 3682 _ 21608 35 5769.81 II 10887 _ 28214

27 5577.70 I 10898 - 28821 45 5770.,50 II 8717 - 26041

23 5578.66 I I
11 4437 - 22358 45 5776. 12

T
1 1128 — 18436

30 5581.60 II
^AO O6932 24843 45 5784.96 T

1
00A7Z.56 /

I OA 1 Qiy64o

27 5587.61 I
1 13101

O f\C\f\ 130993 45 5788.22 T
1

rA/l O OOO OAz/ozU

18 5587.96 II 5487 _ 2,3378 27 5795.17 II 10194 _ 27445

, 30 5588.91 II 9357 - 27245 45 5800.09 I .3681 - 20918

/
5592.67 f T

11 9357 - 27233 160
r OA A t\*'i
o804.()2

I T
11 6005 — 23230

/ 240 5594.43 II 9043 26913 45 5809.25 I

T

11
C 1 07
,o4o /

OOAA^zz6y6

18 5595.8! 11 6931 24797 80 581 1.57
1

1

11 693

1

O 1 1 0 /I24 1,54

55 5601.43 1 45 .5813.89 I

45 .5601.92 I 9939 - 27785 16 ,5815.44 I 8402 - 25593

35 5602.68 II 8796 - 26640 27 5820.37 T
1 1128 - 18.304

27 5603.65 II 3067 20907 14 5823. 18
I T
11 yi)4z OA O 1 1\ZnZ HI

35 .5614.30 II 8420 26227 30 5823.35 r T
II

1 10 7 0
1 l.i73

oo ^ 1 1

18 5615.35 1 14304 32107 14 .5823.72 1

35 5617.71 II 14 .5823.91 II 6005 - 23 1 7

1

27 56 19.00 II 14301 - 32093 70 COOC 0 7582,^.8 / 11 8717 - 25877

220 5620.54 1 0 1 7787 30 5826.74 I
1

OAOO
.5602 zilo.iy

1

1

5623.62 1 1 1 108 28885 16 5830.72 I
1

O 1 7 C8475 o r i" '1 1

2,)6Z 1

35 .5625.72 II 7525 25295 80 .5842..39 II 10,337 _ 27449

65 .5635.76 1 16 5843.23 II 10883 - 27992

45 .56.39.54 1 9115 - 26842 30 5844.66 I
1 10160 - 27265

18 .5647.98 1 23 5845.95 1
1 1 1959 29061

35 5653.57 I 1 1887 29570 16 5846.36 T

I

11 12334 29434

35 .56.59.78 II 12906 30570 13 ,5847.,59 I 10784 _ 27881

18 .5662.46 1 10784 - 28440 30 ,5857.,52 II

1

1

.5665.26 1 11918 - 29564 55 5858.91 I 10898 - 27961

70 5668.87 II 1 1 392 29027 35 5865.06 11 1 1373 28419

65 5669.77 I 368

1

- 21314 35 5867.08 I 13953 30993

140 d 5675.97 1 1 128 18741 30 5868.90 I 1,5073 32107

55 .5676.33 1 27 ,5871.04 I 11486 _ 28514

1

1

,568 1.16 1 8475 26072 27 0877.83 T I
11 9198 26206

220 5688.53 II 7950 25524 27 5882.78 11 4512 21,506

23 ,5689.51 1 1 1 109 28680 30 .5883.29 I 10785 27777

1

1

5695.23 1 8475 26029 23 .5886.24 I 12902 29886

45 ,5698.93 II 12460 30002 30 .5887.91 I 0 16979

30 5701.57 I 35 5891.,53 II 8420 25389

130 5702.24 II 6005 23537 18 .5899.49 I 8800 25746

80 5706.21 11 7525 2.5045 23 5900.43 II 7525 24468
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Neodymium— all observed /ines — Continued

Intensity

and
Wavelength

in A opcciruin
Energy levels

in cm"'

Intensity

and
Wavelength

in A Spectrum
Energy levels

in cm"'

27 oyuo.oo TT
11 6932 23857 1 o18 6362.09 8420 24134

35 5909.87 II 9357 26274 18 6365.55 {{ 7595 9'^9'^fl

9 5914.40 I 11918 28821 11 6375.97 I 13101 _ 28781
27 5921.22 I 23 6382.07 II 11580 - 27245
9 5922.79 I 11001 — 27880 65 6385.20 II 9358 — 25014

07Z 1
IT
11 6005 22851 1 Q ooyu.uu 12276 27921

30 5943.22 II 13 6403.20 zoo 1 yj

14 5949.64 I 9115 _ 25918 18 6425.79 II 13298 _ 28856
27 5955.87 I 18 6428.65 II 1650 - 17201
14 5961.16 I 9115 — 25885 6 6429.84 I 10785 - 26333

oyoV.o4 IT
11 6005 22697 16 6432.65 95018Z07 iO

30 5994.76 I 11109 27785 9 6445.79 II

27 5996.47 I 9939 _ 26611 14 6451.23 10898 26394
45 6007.67 I 9692 - 26333 7 6454.80 I 13333 - 28821
14 6009.30 II 3066 — 19703 13 6457.13 I 9939 - 25422

y T
1 5nd.R 1 A14 t,A£,0 CO6463.58 Ql ]y I ID 9AQQ9Z40oZ

35 6031.27 II 1 yjoo I 11 6465.24 j} 1 7nni ^9/lAJ.oz40'f

27 6033.29 I 14304 _ 30874 13 6480.21 II 14327 29754
45 6034.24 II 12460 - 29027 5 6482.28 II 2585 - 18008
55 6066.03 I 12902 - 29383 35 6485.69 I 9115 - 24529

27 607 1 .70 1 lU.j (

0

Z0o4Z 16 6492.35 1 9QQ7 OQOOCZoZoo
30 6073.97 I

9AQ1A 7 6495.59 {{ 1 HQQ^lUoOO ZOZ / 4

14 6101.75 1 119.59 28344 16 6500.16 I 10774 26155
14 6108.41 II 9674 26041 8 6504.46 II 9675 - 25045
23 d 6133.47 11 14481 - 30781 16 6514.96 II 1470 - 16815

6133.58 T T
11 1 9 ^o IZOO 13 6519.86 1 C09'3loVZo

27 6149.28 I ZOU / Z 7 6,523.15 {J / oZo ZZODl
27 6155.06 I 11918 28160 13 6539.94 II 6005 21292
14 6156.16 I 9115 - 253.54 14 6549.54 II 513 - 15777
35 6157.83 II 4437 - 20672 14 6550. 19 II 2585 - 17848

23 6166.67 T T
11 I I lf\Q

I I /uy 97Q9 1Z / VZ ] 13 6553.07
II

OyoZ no 1 QQzz loo
35 6170.49 II VO t 4 9 c:q77

Z.JO i I 13 6558.97 IZZ 10
97c; 1 QZ / .J 1

0

45 6 178. .59 I 14304 30484 7 6568.47 II 17001 32221
27 6183.91 11 9358 - 25524 13 6572.65 II 10666 - 25877
18 6201.71 11 18 h 6580.94 II 11,580 - 26772

13 6208.01 11 1 1 in 1 18 6585.71

II

I 1 con ZO /D 1

27 6208.24 I lU / /

1

Zoo to 16 6588.03 OCiA ')A

9 6210.68 II 9198 2529S 11 6591.43 II 1650 16817
13 6216.69 I 9115 - 251% 16 6601.76 I 10774 - 2,5918

45 6223.39 I 13101 - 29165 18 6611.99 1 9814 - 24934

27 6226.50 I
OOI\t\ O 1 O C AZ40.16 1

1

6615.88

1

*> c 00 c25885
23 62.^8.50 II

O 1 o/^OVZU 16 c 6618 53 11918 27023
35 6211.08 1 1 1959 27970 18 6619.35 I 8475 23578
13 6218.28 II 9877 - 2.5877 45 66,30.14 1 8475 - 23553
9 6250.43 II 9357 - 25352 9 6636.15 II 16610 - 31675

23 6257.49 1
*>o 1 cV« 1 .T Z.T /9 1 18 6637. 19 H 1 1 "7AA

1 1709 OZ "7 7 0

27 6258.73 II 10666 26640 35 6637.96 II

18 6263^23 II 13298 29260 45 66,50^57 II 15749 30781
18 6269. 12 I 9939 - 25885 30 6655.67 I 8475 - 23496
13 6270.27 1 10 6669.65 II 8420 - 23410

23 6277.29 II 1.t749 3 1675 10
zr 1 1 f\ 1 1
b(uO.?>l 12056 27044

18 6282.00 I 1 1 109 27023 1

1

6678 52 II 12276 27245
27 6285.79 1 1 2056 27961 19 6680. 14 II 13597 28563
23 6292.81 II 1470 -

1 73.56 6 6698.65 II 13246 _ 28170
23 6297.07 1 1 19.59 - 27835 10 6712.27 I 14687 - 29581

16 6298. 12 II 7525 23397 6 6714. 15
T f
11 15923 30813

18 h 6301.97 I 19 6727.74 II 14624 29484
11 6308 '26 I IzUO.T 25 6737^79 II Z / / 44
55 6310.49 1 10898 26740 40 6740. 1

1

II 513 15345
18 6319.69 II 25 6742..54 I 13333 28160

1

1

6321.22 1 8402 24218 10 6763.01
j

9083 23866
1 o18 6330. 1

i

11 14301 30094 ny o/oo. to 11959 26740
27 6341.51 II 14481 30246 9 6764.61 11 14481 29260
9 63.55.95 1 12056 27785 30 6790.37 II 1470 16192

18 6361.43 II 11709 27425 11 6801.34 10898 25,596
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Neodymium — all observed /ines— Continued

Intensity

and
Character

Wavelength
in A Spectrum

Energy 1

in cm

1eveis
Intensity

and
Character

Wavelength
in A Spectrum

Energy levels

in cm"'

16 6803.06 I 14687 - 29383 12 7316.81 II 3801 - 17465
30 6804.00 II 11580 - 26274 7 h 7321.43 I 13726 - 27381
13 n 6812.30

TT
11 13246 — 27921 7 7323.12 2585 - 16237

13 OfSlD.Uz If
11 oUUo 20673 6 7334.54

J

Au — louoU
9 6825.35

T
1 25422 6 7357.10 1 A/I QQ 9QA97ZOUZ /

16 6842.66 II 6 7374.04 II 14259 - 27816

25 6846.72 II 11.580 - 26182 7 7381.79 n 1470 - 15013
11 6846.94 II 8796 — 23397 9 7401.31 6764 - 20271
11 6852.23 f

1 24529 10 7406.62 o4zU o 1m o

10 6857.00
T
1 25354 6 7411.20 'I — loloy

10 6873.05 II 14481 _ 29027 10 7418.18 II 10942 - 24418
14 6874.66 II 12906 - 27448 9 7427.41 n 12021 - 25481

8 6876.00 II 10942 — 25481 9 7448.71 11 12906 - 26328
10 6886.78 I louy/ 30608 5 7481.28

jj

1 CA 1 9

14 6896.65
T

1 26772 12 7511.16 11 14oUl - Z/Ol I

13 6897.29 II 16.50 _ 16144 17 7513.73 II 7525 - 20830
40 6900.43 II 0 - 14487 7 h 7514.44 n 12906 - 26210
1

1

6901.42 11 16295 - 30781 7 7516.02 11 10942 - 24243

10 6906.03 I 6764 21240 9 7526.45 11 9877 - 23160
17 6923.86 I 0 14438 12 7528.99 11 15749 - 2902 /

12 6926.87 II 10 7538.26 11 11580 - 24842
7 6932.16 I 8800 - 2.3221 5 7540.97 II 9198 - 22455
9 6936.44 11 9908 - 2432

1

7 7547.00 II 5985 - 19232

12 6938.67 II 10887 25295 5 7577.54 II 1650 1 /I 0/1 0- 14o4o

17 6940. 14 II 14957 29362 7 7587.65 11 96/5 OO O C 1- /2oo

1

24 6941..39 II 12906 _ 27308 6 7590.75 II 3066 - 16237

5 6964.50 I 13672 - 28027 6 7603.73 11 7525 - 20673

8 6964.71 5 7605.92 11 14301 - 27445
9 6982.65 5 7614.72 1 1261

1

- 25740

7 h 6985.25 I 0 14312 9 7639.79 11 5085 I O 1 "7 1- 18171

9 h 6995. 19 I 3681 17973 8 7646.00 11 8796 - 21871

17 h 7010.80 II 12887 - 27146 6 7663.52 11 11373 - 24418

8 7018.85 II 8420 - 22663 12 7696.56 II 9198 - 22187

17 7020.92 II 14301 28540 6 7718.20 11 4512 - 17465

17 7024.58 II 2585 16817 4 7743.90 11

10 7033.21 4 7748.92 II 12334 - 25235

35 7037.30 II 3801 - 18008 10 77.50.95 11 3801 - 16700

7 7052. 14 II 9877 - 24053 6 7773.06 II 0 - 12861

7 70.54.74 II 16610 .30781 7 7792.22 II 9358 - 22188

7 7061.47 II 10887 25044 6 7796.40 II 10337 - 23160

40 7066.89 II 5085 19232 8 7797.32 II

8 7082.93 11 2.585 — 16700 5 7798.32 II 9877 - 22696

12 h 7089.71 II 9357 - 23459 10 7808.47 II 5085 - 17888

12 h 7092.09 7 7818.83 II 12334 - 25120

12 h 7092.71 II 9908 — 24003 5 7825.20 II 10516 - 23292

12 h 7092.94 12 7863.04 II 2585 - 15299

17 h 7093.98 1 1 128 _ 15220 5 h 7872.03 I 11108 - 23808

20 h 7095.42 I 1 1360 - 25450 7 7886.60 II 13,597 - 26274

29 7129.35 II 1470 — 1.5492 4 h 7896..50 II 12459 - 25120

12 h 7142.04 II 12276 26274 9 7900.40 11 10883 - 23537

10 7143.72 5 h 7906.03 I 15.382 - 28027

8 7151.03 II 11373 25353 12 7917.01 II 1470 - 14097

6 7153.09 1 10774 - 24751 10 7925.03 II 8796 - 21411

6 h 7185.01 5 7947.93 II 9877 - 22455

10 7189.09 II 10337 — 24243 10 7949.68 II 10883 - 23459

24 7189.42 II 2585 16490 5 h 7955..38 II 12276 - 24842

20 7192.01 II 1 1580 2,5481 12 79,58.95 I 8800 - 21361

10 7199.00 II 0 1.3887 12 7965.73 II 513 - 1,3063

8 h 7227.01 1 1 1.327 28160 15 7982.09 II 8717 - 21241

15 7236.54 II 513 14328 12 7982.68 II 3801 - 16325

7 h 7261.64 n 8420 22188 12 8000.76 II 8796 - 21291

9 7285^29 II 9675 23397 9 8007.70 10785 - 23269

9 7288. .56 II 7525 21241 4 h 8020.07

6 7291.38 II 13597 27308 8 8026.,35

7 7298.72 11 12.3.34 26031 10 8043.24 I 9692 - 22121
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Neodymium— all observed /ines— Continued

Intensity

and
Lnaracter

Wavelength
in A

Spectrum
Energy levels

in cm"'

Intensity

and
Character

Wavelength
in A Spectrum

Energy levels

in cm"'

8 8051.33 II 1470 13887 6 8324.50 11 Z 1 7 1

0

5 8064.00 II 4 8332.01 II 15148 27146

10 8099.17 I 11887 24231 12 8346.36 II 513 12491

10 8120.93 II 9877 - 22187 4 8375.16 II 13298 - 25235
12 8122.07 II 2585 14894

4 8375.33 4437 - 16374
1 0 J, 9908 - 22187 4 8394.71 II 12334 — 24243
12 8143.27 10883 — 23160 7 8400.85 11392 - 23292
7 h 8164.97

|j 0 12232
5 h 8456.87 n 13298 — 25120

8 8172.56
4 8530.53 II

CIO513 1 ooo nilZil
9 8179.83 jj 12021 _ 24243

9 8182.41

o loD. DO }}

10942
12334

23159
24547

5

5

8582.03

8591.53

JJ

II

13703

10942

_
_

25352
22578

7 h 8205.38 JJ IL/UOU
7 8594.87 II 9198 - 20830

10 8231.52 JJ 1470 - 13615 8 c 8643.43 II 9675 - 21241

4 8248.76 JJ 6637 18757 5 8667.07 II 10194 21729

5 h 8249.68 5487 17606 OU i I . "TO

^ n R9fi9 an {{ 12222 24321 6 8691.29 ij 10887 22389

7 h 8266.72 II 9198 21291 6 8695.07 II 13703 25200

4 8272.79 12334 24418 6 8712.82 9198 20672

4 h 8302.74 9877 21918 6 8715.03 8800 20271

10 8307.72 II 8796 208.30 17 8839. 10 II 0 11310
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Nickel

Ni, Z = 28, M = 58.7, Ratio^ = 0.924
Lu

Ni I Normal state of valence electrons 3d%s^ W4 = 0. LP. = 61579 cm"^
Ni II Normal state of valence electrons Sd^^Dinz = 0. I. P. = 146532 cm"'.

References

Wavelengths:
G. R. Harrison, Massachusetts Institute of Technology Wavelength Tables (John Wiley & Sons, New York,

1939), below 6000 A.

K. Burns andF. Sullivan, Sci. Studies St. Bonaventure Coll. 13,2 (1947), above 6000 A.

Classification:

Ni I, H. N. Russell, Phys. Rev. 34,821 (1940).

Ni II, A. G. Shenstone, Phys. Rev. 30, 255 (1927).

Strong lines of nickel

Intensity

and
Character

Wavelength c
A bpectrum

Energy levels

in cm"'

Intensity

and
Character

Wavelength c
ijj A spectrum

Energy levels

in cm"'

8200 3414.76 I 205 - 29481 3700 3012.00 I 3410 - 36601

8200 3524.54 I 205 - 28569 3500 3050.82 I 205 - 32973

6600 3515.05 I 880 - 29321 3300 3380.57 I 3410 - 32982

6600 3619.39 I 3410 - 31031 3300 3392.99 I 205 - 29669

5500 3492.96 I 880 - 29501 2900 3134.11 I 1713 - 33611

5000 3458.47 I 1713 - 30619 2900 3369.57 I 0 - 29669

5000 3461.65 I 205 - 29084 2600 2320.03 I 0 - 43090
5000 3566.37 I 3410 - 31442 2600 3101.55 I 880 - 33112
4800 3446.26 I 880 - 29888 2600 3433.56 I 205 - 29321

4000 3002.49 I 205 - 33501 2600 3510.34 I 1713 - 30192
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Nickel— all observed lines

Intensity

and
Character

Wavelength
in A opectrum

Energy 1

in cm
evels
-1

Intensity

and
iiai <i(^ ler

Wavelength ^
jj^ ^ opectrum

Energy
in cm

evels
-1

1600
OOOA AO nu

r r
OO Q 1 AC C "7 Toiyo.o/ 1 991 7 Q 9 CA 1OOOUl

630 2300.78 } 43655 150 3197.11 I 32982

2000 2310.96 I 0 _ 43259 55 3202.14 I 25754 _ 56974

1700 2312.34 I 1332 - 44565 180 3214.06 I 25754 - 56858

1400 2313.66 I 180 3217.83 I 25754 - 56821

llOO
OO 1 Q AO .

991 7 lUU aAQO'Jouyzo OlVOtJ

430 2316.04 II 515,58 150 3221.65 I Q 31031

1400 2317.16 1332 44475 210 3225.02 I 3410 34409

2600 2320.03 I 0 - 43090 1100 3232.96 I 0 - 30923

1900 2321.38 I 2217 - 45281 290 3234.65 I 880 - 31786

240 AAAOUU QO/1 Q A^ TOZ40.U0 1
Q 1 AQ 1o iUo 1

1400 2325.79 } 1 ^'^91 OOZ 44315 100 3248.46 I 90^ 30980

940 2329.96 I 2217 45122 120 3250.74 I 3410 34163
460 2337.49 I 0 - 42768 100 3271.12 I 880 - 31442
160 2337.82 I 1713 - 44475 120 3282.70 I 1332 - 31786

I OAA AU A OA'") I AAOOU oolo.oo I
QQAooU o lUo 1

190 2346.63 }
1 0 Q O 43933 330 3320.26 I

1 0 0 o 31442
400 2347.52 I 0 42585 310 3322.31 I 3410 33501

160 2360.63 I 2217 - 44565 330 3361.56 I 880 - 30619
200 2.362.06 I 1,332 - 43655 330 3365.77 I 3410 - 33112

240 2386.58 OCA880 42768 3.30 3366.17 I
1 0 0 o1332 31031

320 2394.52 n 1 Q C C A 55300 65 3366.81 I
070/; 1 56954

220 2416.14 II 14995 ,56371 65 3367.89 I 205 29888
240 2419.31 I 1,3.32 - 42654 2900 3369.57 I 0 - 29669
85 2421.23 I 1.332 - 42621 400 3371.99 I 1332 - 30980

70 2423.33 1332 42585 260 3374.22 1
OAC205 OAOO 029833

70 2423.66 I 2217 43464 130 3374.64 I 27261 56885
70 2424.03 I 1713 42954 3300 3380.57 I 3410 32982
100 2437.89 II 13.5,50 - 54557 240 3,380.85 I 2217 - 31786
85 2453.99 I 2217 - 429,54 1300 3391.05 I 0 - 29481

160 2472.06
{

2217 426,56 3300 3392.99 1 205 29669
85 2476.87 0 40361 1,30 3409.58 I 0 2932

1

45 2696.49 I 3410 40484 3,30 3413.48 I 1332 30619

150 2798.65 I 880 - .36601 I 28,542 - 57829
250 2821.29 I 205 - 35639 3.30 3413.94 I 880 - ,30163

50 2865.50 1713 3660

1

8200 .3414.76 I 205 29481

60 2907.46 I 2217 36601 1600 3423.71 I 1713 30913
25 2914.01 I 1 332 3.56,39 2600 3433.56 I 205 29321

500 2943.91 I 205 - 34163 990 3437.28 I 0 - 29084
570 2981.65 [ 880 - 34409 4800 3446.26 I 880 - 29888

250 2984. 13

}

0 33501 1300 3452.89 I 880 29833
500 2992.60 205 3361

1

5000 ,3458.47 I 1713 30619
1000 299^46 I 205 33590 5000 346 L 65 I 205 29084
tooo 3002.49 I 205 - 33501 200 3467..50 I 1,332 - 30163
2200 3003.63 I 880 - 34163 240 .3469.49 I 2217 - 31031

3700 30 12.00 ' 34 1

0

3660

1

1600 3472.54 I 880 29669
30 19. 1

4

0 331 12 550 3483.77 I 2217 30913
120 3031,87 I u 32973 130 3485'89 I 1 7 1 30392

1700 3037.94 1 205 _ ,33112 5500 3492.96 I 880 _ 29.501

150 3045.01 1 1332 - ,34163 660 3.500.85 I K3.32 _ 29888

3500 3050.82 ' 205 32973 65 3502.60 I 0 28542
880 336 1

1

55 3507.69 I 1332 29833
1900 ,3057,64 1 34409 2600 ,35 10^34 I 1 7n 30192
500 3064.62 1 880 33,501 260 3513.93 I 1713 30163
420 3080,76 1 1713 - 34163 6600 3515.05 I 880 _ 29321

260 3097, 1

2

1332 336 1

1

660 3519.77 I 2217 30619
210 3099, 12 { 1 332 33590 8200 3524.54 I 205 28,569

2600 3101,55 1 880 ,33112 110 3.527^98 I 1332 29669
1300 3101.88 1 3410 35639 330 3,548.18 1 2217 30392

220 3105.47 [ 2217 34409 55 3,551..53 I 1.332 29481

270 31 14. 12
j

880 32982 65 3,56 1 . 75 I 0 28068
2900 3134. 1

1

1713 J 'J <i 1

1

,V50 1

1

.iooO.J/ 1 3410 3 1442

55 3145.72 1332 33112 990 3,571,87 I 1,332 29321

55 3181.74 15610 47030 130 3,587.93 I 205 28068
100 3184.37 2217 3,3611 1,300 3.597.70 I 1713 29501
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Nickel — all observed /mes— Continued

Intensity

and
Character

Wavelength c
in A Spectr

Energy levels

in cm^'

Intensity

and
Character

Wavelength c
in A Spectrum

Energy levels

in cm"'

1300 3610.46 I 880 — 28569
oo\J

rif. 19 7/1 T zyooo

6600 3619.39 I 3410 31031
130 3624.73 I 0 _ 27580
200 3664.10 I 2217 _ 29501

130 3669.24 I 1332 28578
1 on Qz;7^ AO T

OO/U.'+O 1
1 Q 9 O OO cAn

260 3674.15 I 3410 30619
160 3688.42 I 2217 29321

80 3693.93 I 880 27944

120 3722.48 I 1713 — 28.569
QA 1 A 9

60 3739.23 I 1332 28068
600 3775.57 1 3410 29888
700 3783.53 1 3410 29833

700 3807.14 I 3410 - 29669
1 lU 3410 2950

1

1200 3858.30 I 3410 2932

1

30 3889.67 1 1713 27415

35 3972.17 1 3410 28578

110 3973.56 1 3410 - 28569
110 4401.55 1 25754 48467
85 4459.04 I 26666 49086
18 4462.46 1 27944 50346
55 4470.48 1 27415 49778

35 4592.53 1 28578 - 50346
18 4600.37 1 29013 50745
65 4605.00 1 28068 49778
18 4606.23 1 29013 507 1

7

75 4648.66 1 27580 49086

23 4686.22 1 29013 - 50346
1 10 4714.42 1 27261 48467
22 4715.78 1 28578 49778
30 4756.52 1 28068 49086
15 4763.95 1 29481 50466

45 4786. .54 27.580 - 48467

22 4807.00 29669 50466
22 h 4829.03 28569 49271
19 4831.18 29084 49778

45 4855.4

1

28569 49159

30 4866.27 1 28542 - 49086
17 4873.44 29833 50346

40 4904.4

1

28569 48953
•)•) 49 18.36 30980 5 1306

I u •I- ./.J.l . O.J • J 1 / ou

45 4980.16 1 29084 - 491.58

4984. 13 1 30619 50678

I 0 un lOI 1 1

1 o •)nO ! !Z 70.).)

ou rn-+U 1

100 5035.37 ! 2932

1

49175
16 5048.85 1 31031 50832

100 5080.52 29481 491.58

65 5081.11 1 31031 50706

26 h 5084.08 1 29669 49333

18 5099.32 1 29481 49086

26 h 5099.95 1 29669 49271

21 5115.40 1 30923 50466

18 h 5129.38 1 29669 491,59

23 5137.08 I 13521 _ 32982
23 h 5142.77 I 29888 - 49328
40 h 5146.48 I 29888 - 49314
/IA n C 1 C C 7<i 1DIOO. (0 1

0 1 /I /I o31442 CAOO O50832
1 A10

r 1 z: Q ]altjo.oo ]
OAOO 0 /I A 1 7C49175

1 Q c 1 7£ Crf; 1 0 1 /I /I o CATC A50754

8 5435.87 I 16017 - 34409
180 5476.91 I 14729 — 32982

f.0 ccifi nn 1DolU.UU J
Q 1 C\'X 1olUol /to 1 7c:

o 00 io. io I looL I

0 c:c:q7 qa 1 1 nlODlU '3'3c:n 1

13 5592.28 I 15734 - 33611

9 5614.79 1 33501 — 51306
co un DOZD.oo J

QOQQO
A
4'

C£^0 7n 1

OO'+V. t\J J OoOl 1 oloUo
c
0 c£.f.A no 10004. Uz J

Q£/:nioOOUl o4zol

12 5682.20 I 33112 - 50706
8 5695.00 1 32982 — 50537

ZO D/UV.OO J lOOL I

1 f\ C7 1 1 on 1Dill .yu J

1 1 (\ QQ 1 1 9

lU
r 7 1 c AQ 1 00070 oU400

16 5754.68 I 15610 - 32982
8 5760.85 I 33112 — 50466

1 A CQC7 7z: 1OOO i . iO \ ooOl 1
cn/;7QOUO /o

1 r\ CQQO QQ 1 1 Ani 7lOUl /
QOQQOoZVoZ

1 A A 1 no 1 o iOlUo.lZ 1
1 0 C O 1
1 001

1

onooo

10 6176.81 I 32973 - 49158
10 6191.18 I 13521 - 29669

13 6/56.36 1 O C O 113521 OACA 1z950

1

1 A A Q 1 /I0014.00 1 1 A 3 1 ;1 ,1 O
.11 44z

Id 004J. 04- I
1 1 C O 1
1 J,OZl oo C/. A

22 6767.77 I 14729 - 29,501

9 6772.32 29,501 - 44263
10 6914. ,56 15734 30192
5 7110.90 1,5610 29669

26 7122,20 28569 42606

6 7182.00 I 30192 - 44112

5 7197.02 1 1,5610 - 29,501

5
T'l/" 1 AO7261.93 1 C 7*) /I Ofl C A 1

zy,o() 1

5
TOA 1 -1 C7291.45 1 C A 1 A15610 •lA 0>> 1

Z9.5Z 1

4 7385.24 22102 35639

16 7,393.60 1 29084 - 42606

16 7409,35 30619 - 44112

5 7414,51 16017 2950

1

23 7422,28 29321 42790
13 7522.76 29,501 42790

9 7525.12 1 29321 - 42606
19 7.555.60 31031 - 44263
8 7574.05 30913 441 12

23 7617.00 29481 42606
9 7619.21 29669 42790

16 7714.32 I 15610 28569

5 h 77 15.,58 1 29833 42790

19 7727.61 1 29669 42606
19 7748.89 I 29888 42790
10 7788.94 I 157.34 28569

13 7797.59 1 31442 44263

2 7917.44 I 30163 42790
2 8809.42 1 31442 42790
9 8862.55 I 32982 44263
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Niobium

Nb, Z = 41, M= 92.9064, Ratio^ = 1.462

Nbl Normal state of valence electrons 4c?''55 <'Di/2 = 0. I.P. = 55000 cm'^
Nbll Normal state of valence electrons 4c?4^Do= 0. LP. = 115000 cm-^.

References

Wavelengths:
G. R. Harrison, Massachusetts Institute of Technology Wavelength Tables (John Wiley & Sons, New York,

1939).

Supplemented by Humphreys' and Meggers' paper cited below.

Classification:

Nbl and Nbll, C. J. Humphreys and W. F. Meggers, J. Research NBS 34 , 477 (1945). RP1656.

Strong lines of niobium

Intensity

and
Character

Wavelength
in A Spectrum

Energy levels

in cm"'

Intensity

and
Character

Wavelength
in A Spectrum

Energy levels

in cm~'

16000 c 4058.94 1050 25680 2000 3535.30 0 28278
12000 4079.73 695 25200 695 28973

6700 4100.92 392 24770 1800 3094.18 II 4146 36455
5300 4123.81 154 24397 1700 2125.21 II 3030 50069

5000 3580.27 1050 28973 1700 3349.06 2154 32005

4400 4152.58 695 24770 1700 3358.42 2805 32573

4400 4163.66 154 24165 1700 3742.39 0 26713
4000 4164.66 392 24397 1700 3787.06 154 26552
3500 3791.21 1050 27420 1500 2131.18 II 2629 49537
3500 4168.13 0 23985 1500 3130.79 II 3542 35474

3300 2029.32 II 1500 3575.85 695 28653
3300 3713.01 1050 27975 1500 3697.85 392 27427

3000 2032.99 II 3542 52715 1300 3341.97 1143 31057
2700 3726.24 154 26983 1300 3343.71 1587 31485
2700 3739.80 695 27427 1300 3537.48 392 28653

2700 3798.12 392 26713 1300 3790.15 1050 27427
2700 3802.92 695 26983 1300 4195.66 8827 32654
2700 4139.71 1050 25200 1200 3163.40 II 3030 34632

2300 4137.10 0 24165 1200 4190.88 1050 24905
2000 2109.42 II 4146 51537 1200 4606.77 2805 24507
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Niobium— all observed lines

Intensity

and
Character

Wavelength
in A spectrum

Energy levels

in cm

Intensity

and
Character

Wavelength
in A ispectrum

Energy levels

in cm"'

3300 2029.32 11 45 I
X

0 1 C /I 1 AOC y1

3000 2032^99 II 3542 - 52715 390 2583.99 II 9813 48501
2000 2109.42 II 4146 - 51537 28 2589.27 I

1700 2125.21 II 3030 - 50069 390 2590.94 II 10186 - 48771
1100 2126.54 II 3542 - 50552 270 2592.20 I 2805 - 41371

1500 2131.18 H 45 2594.34 II QAl<5U1

370 2295.68 II 1225 - 44771 95 2594.74 II 7901 46429
280 2302.08 II 801 - 44227 55 2597.14 I 1587 - 40079
170 2376.40 II 801 - 42869 85 2601.29 II 10186 - 48617
110 2387.09 II 10836 - 52715 40 2601.84 I 1587 - 40010

140 JI
"TflA 1 - 4y ( /z 9609 01 I

45 2388.27 II 7901 - 49759 27 2603.31 I 2154 40555
160 2398.48 II 10247 - 51927 35 h 2608.84 I 2154 - 40474
55 2405.34 II 10653 - 52215 35 2608.96 II 9813 - 48130
55 2405.85 II 10836 - 52389 85 2610.28 I 1587 - 39886

140 2412.46 II 8320 - 49759 1 ,1 2612.38 I 2154 40422

160 2416.99 II 10919 - 52280 13 2613.85 II 438 38685
140 2418.69 II 10604 - 51936 130 2616.48 I 2154 - 40362

75 2433.80 II 9510 - 50585 80 2620.45 II 7506 - 45656
40 2435.95 II 9813 - 50852 13 2622.00 I 8827 - 46954

oo I
1 2154 - 43187 O/iO'i CIZOZO. 0

1

I 1143 39248
45 2437.42 II 7506 - 48520 130 2627,44 I 2805 40854
40 2442.14 11 10247 - 51182 130 2628.49 I 1587 - 39620
28 2442.68 II 16219 - ,57145 95 2632.52 II 8320 - 46296
65 2451.87 II 12263 - 530,36 40 2634.71 I 1587 - 39.530

oo II
1

1

13690 - 54429 O.J ')(\X1 OHzoo 1 .70 II
11 10604 4850

1

55 24.58.09 II 14791 - 55461 95 2640.92 I 2154 40009
65 2462.89 1 2805 - 43396 27 2641.06 II 10919 — 48771
35 2466.73 1 2805 - 43333 200 2642.24 II 9510 - 47,345

55 2469.08 I 2154 - 42643 320 2646.26 II 438 - 38216

1 1 n ) 177 -lo
Z't / i ..JO

II
1

1

6192 - 46545 Z04 / . JU 11 1 143 38903
65 2478.29 II 10247 - 50585 240 2649.52 I 2154 39886
65 2479.94 II 10186 - 50498 85 2651.12 II 10919 _ 48627

35 248.). 88 II 10604 - 50852 35 2652.94 1 8827 _ 46510
28 2502.49 II 10604 - 505.52 95 2653.,?8 1 2805 - 40482

1 1 u 1 2805 - 42719 9Ac:i ic
ZU,1 T. +.) 1

1 1,587 39248
110 25 11. 00 11 5562 - 45375 40 2655.70 1 8827 4647

1

10 2520.51 I 310 26,56.08 II 1.59 37797

1 10 2521.40 II 9510 - 491,58 65 2656.98 I 9329 - 46954

28 2524.99 1 1143 - 40735 160 2657.62 1 2805 - 40422

on 1

1

1

1

10919 - 50498 97Z /
9^^R 00
ZO.jo, 00 1

1

1

1

8320 45919

55 2530.97 II 1 40ZU — T 1 1 9 ^^'i 1 Z,J 27 2660.04 11 I0Q1<1 to,iu 1

28 2531.25 II 14678 - 54173 40 2661.86 1 2805 _ 40362

90 2510.62 II 14661 - ,54010 27 2663.,56 II 9813 - 47345

90 2541.42 II 1225 - 40561 110 2665.25 11 10247 - 477.56

1

1

1

1

7261 - 16545 1 1 A 1

1

1

1

801 3829

1

28 2548.63 II
r .i.iQA- .IzzoU 40 2667.15 11 o,»Zl) i'^Rn9

1 10 2551.38 II 6192 - 4,5375 110 266 7.,30 11 0 37480

55 2555.63 II 9510 - 48627 85 2667.76 II 10604 48078

130 25.56.94 II 7261 - 463,59 1,30 2668.29 I 21,54 — 39620

-7 r
I .1 i.T.IO. v4 1 1 143 - 40210 inn 9^,7 I Q*iZO / L . VO II

1

1

801 38216

130 2562.41 II 0 IVz 1 ^*)A7 200 2673.57 11 OZ i 00

130 2565.41 I 1.587 - 40555 200 2675.94 II 438 _ 37797

70 2567.51 1 1 143 - 10079 27 2677.66 11 10919 _ 48253

100 2569.03 I 9329 - 48242 6.S 2678.66 11 1,59 - 37480

0 o
IVi

l^^/l ""O
Z.T 1 0. 1 O

1

1 1,587 - 40474 V.J 9A7Q 11

1

I
1 1.587 38903

28 2571.05 1 1.587 - 40470 45 , 2680.06 II 8320 45622

110 2571.33 II 1225 - 40104 27 ' 2682.13 1 21,54 39427

70 2572. 10 I 1 1 13 - 40010 65 2686.39 II 18.508 55722

45 2574.84 II 1.59 - 38984 1,30 2687.15 I 2805 40009

55 2576.60 1 21,54 - 10953 160 2691.77 II 1,59 37298

55 2578.20 I 1,587 - 40362 95 2695.04 I 21,54 39248

200 2578.74 I 2154 - 40921 40 2696.05 I 2805 39886

45 2580.28 11 9510 - 48253 1000 2697.06 II 1225 38291

60 2583. 1

1

1 8827 - 47528 320 2698.86 II 438 37480
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Niobium — all observed lines — Continued

Intensity

I* na ract*»r

Wavelength
in A

Energy levels

in cm"'

Intensity

and
(" narji ft f»r

Wavelength
in A Ulll

Energy levels

in cm"'

TI 7901 - 44925 oU 2791 74 TT
11 9813 45622

20 2700.56 II 3542 - 40561 110 2793 05 II 3542 39335
320 2702.20 II 801 - 37797 27 2795 14 II 13480 - 49246
150 2702.52 II 1225 - 38216 20 2795 86 I 1587 - 37344
40 h 2704.26 II 13480 - 50447 60 c 2797 69 II 11340 — 47073

Olfif, 4.(1^ t UU . T-U
II11 438 - 37377 40 2798 91 IT11 7901 43618

35 2707.83 II 9510 - 46429 35 2799 36 2154 37866
20 2714.20 I 2805 - 39638 40 2800 32 I 1587 _ 37287
27 2715.34 II 16219 - 53036 20 2802 07 I 2154 - 37832
27 2715.50 I 2805 - 39620 60 2803 81 II 3030 38685

97 1
1 1143 - 37955 4U 2808 05 1587 37188

40 2715.88 II 13055 - 49864 27 2809 17 II 2629 38216
65 2716.10 I 1587 - 38393 75 2810 81 II 8320 _ 43887
60 2716.31 II 159 - 36963 40 2811 63 I 11525 - 47081

470 2716.62 II 1225 - 38024 27 2816 68 II 13666 — 49158

00 971

7

£. I 1

1

.00 II
11

ricoo 9fllQ 91^ 1

27 2717.63 II 70 1 U rOZ7U 40 9S9nzozu OU II zoo 1 0 ( 1 7

1

27 2720.02 I 5965 - 42719 20 2821 92 2805 38232

27 2720.26 II 3030 - 39780 75 2825 18 I 2154 - 37540
40 2721.63 II 0 - 36732 23 2825 86 II 10919 - 46296

0701 OQ II11 oU 1
— "Xl^OSlo i o^O OO 909^ Aft40 91 'IdZ 104 0 i 0Z4

27 2722.31 I 1 1 d.1 o i ODD 190 9ft97ZoZ i uo II 1 '^Qloy OOOZ 1

35 2723.66 II 13055 - 49759 40 2829 75 II 1225 I 36553
60 2723.98 I 21,54 - 38854 95 2835 12 II 3030 - 38291
55 2726.08 I 1143 - 37815 150 28.36 24 I

07 07 /IIZ /z / .40 n11 1 '1 1 I Q10 1 IV — d.Q779 1 tu OA 91 CLdZ 104 0 / 044
35 2728.08 I lOo / 250 1 ^10 II ouou ooz 10

27 2729.83 I 2805 - 39427 23 2842 02 5298 I 40474
55 27,30.32 II 13119 - 49733 280 2842 65 II 2629 - 37797

310 2733.26 II 801 - 37377 27 2843 64 11 10186 - 45342

oU 07Q'5 Af.Z / . 40 II11 .50 i oZ 07Z /
OQAA AA 1111 1 AA9A140Z0 AQ779

20 2734.35 II i DUD '1-4-UO / 55 OU II OR 1 f\VD lU 44007
110 2737.09 II 438 - 36963 160 2846 28 II 2357 37480
85 2740.18 II 9813 - 46296 23 2847 24 II 14661 - 49772
40 2741.15 I 8827 - 45297 65 2848 30 II 14661 - 49759

07 1 i OA 11 lUOoo 1 7A70 7r zo4y oO TI
11 4ao

60 2745.30 II A. 1 A(\^ I'+O '+U.jO 1 110 9R|^1ZoO 1 A^40 1 UZoo AR9Q740 Z 7 /

65 2745.73 II 9510 - 4.5919 85 2851 98 1 12102 47155
200 2746.91 1 1143 - 37537 65 2854 17 I 2805 - 37832

200 2748.85 I 1,587 - 379,55 45 2857 29 I 5965 - 40953

1 on Z i .TO.U 1 I 4U r\AU4 1 UoaD 4O0UZ
75 27.53.14 II

c 1 7A7 95 ZoOV 9ftnRzoUo 777A 10 / / 0 1

27 27,54.07 I 240 2861 09 II 2357 37298

65 27,54.52 I! 438 - 36732 100 2864 32 I

95 27.55.29 I 8827 - 45110 100 2865 61 11 0 - 34886

BO 1
I ^Q7 — O /ODO /in ZoOO A7 .

1 1 /I "J
1 140 0 Art 1 AOOIMO

60 II lzzo,>
IOC O/l 500 ZOOO CO

,0Z
OAonzozy 0 7/1 OA0 (4oU

280 27,58.61 I 2154 - 38393 95 2874 57 I 1143 3,5920

27 27,58.78 [| 108,36 - 17073 800 2875 39 II 3030 - 37797
55 2761.00 I 270 2876 95 II 3542 - 38291

Z <0.i..i!5
1
1

OOAC •3 OAO'l- ,}f5VoZ o,iU 0Q77ZO ( / U,i
OAOOzozy 0 7 0 77Hill

55 2764. .56 II
OA 1 - ooVOo 65 0Q7Q

ZiJ lo 7/1
/4 1 cnloy 0 A OOAo4ooo

65 2765.28 II 1225 - 37377 45 2879 36 II 801 3552

1

35 2765.93 II 7506 - 43649 45 2879 49 I 2805 - 37524
17 2766.18 I 12102 - 48242 100 2880 72 II 10919 - 45622

0/1

A

'>7/. O 1 "3

Z/OO. 1,1 II 438 - .-iODD-i 0 /u ooooZOOO 1 Olo
"3 C /I Ooo4z 0 00

1

oozlo
17 2769.57 II 10247 1 O 10- fO,34^ 65 Zoo4 07y / J

] OCAO 4/ 155

65 2771.40 II
0 1Z H) / .5

^7 1 1 ^ 23 Zoo / II 1 A*^9A140Z0 4Vz40
20 2771.65 11 13690 - 49759 280 2888 83 II 2357 36963

310 2773.20 I 2805 - 38854 35 2889 90 I 1,587 36180

55 2779.36 I
I 1143 - 37112 4U 2894 42

!!
10836 4,5375

OD 077Q 70z / /y. ^ Z
1
1

.170 2897 81 3030 37528
270 2780.24 II 4146 - 40104 400 2899 24 3542 38024
130 2782. ,36 I 9329 - 452,59 95 2903 65 1587 36016

27 2790.57 II 10604 - 46429 470 2908 24 II 2357 36732
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Niobium— all observed Ziraes— Continued

Intensity

and
Character

W avelength

in A Spectrum
Energy levels

in cm

Intensity

and
Character

in A Spectrum
Energy levels

in cm"'

80 2908.88 II 14791 - 49158 35 3066. 10 II 13690 - 46296
670 2910.59 II 3030 - 37377 110 3069.68 II 13055 — 45622
470 2911.74 11

9A9nzozy — ooyoo 100 3070 90 II 14/yi 4/o4d
65 2917.05 II 10653 - 44925 35 3071.18 II 15949 48501

1100 2927.81 II 4146 - 38291 110 3071 56 II 11340 43887

110 2931.47 II 2629 - 36732 40 3072.41 I 4998 - 37537
35 h 2932.66 II 10836 - 44925 65 3072.51 II 13119 - 45656
27 2935.29 II

etc ^ n - 43568 100 3n73 94 II 2357 34886
35 2937.33 II 10604 - 44639 400 3076 87 II 3030 35521
95 2938.07 I 2154 - 36180 1 10 3080 35 II 10836 43290

870 2941.54 II 3542 - 37528 75 3087.86 II 12263 - 44639
110 h 2945.88 II 10836 - 44771 1800 3094. 18 II 4146 - 36455
110 2946. 12 II 3030 - 36963 65 3096 50 I

icon1587 33872
110 2946.90 II 2629 - 36553 140 3099. 19 II 2629 34886

1100 2950 88 II 4146 - 38024 150 3 1 1 1 . 45 I 1587 33717

20 2954.02 II 14678 - 48520 75 3116.36 I 10238 - 42317

40 2954.53 II 14791 - 48627 65 3122.65 I 2154 - 34169
35 2955 45 I 10238 - 44063 270 3127.53 II 17425 49390

40 2956.89 II 7901 - 41710 3129.64 II 10653 42597
20 2959.97 I 2154 - 35928 1 son 3130.79 II 3542 35474

40 2963.68 I 4998 - 38730 75 3133.08 I 8827 - 40735
80 2965.48 I 4998 - 38710 75 3136.97 I 1143 - 33011

II
1

1

12263 - 4,5919 75i o 3i4n "in II 12806 _ 44639
2970.47 II 13690 - 47345 390 3145.40 II 8320 40104

400 2972.57 II 1 1340 - 44971 140 3151.87 I 2154 33872

320 2974.10 II 10919 - 44532 65 3152.16 II 21073 - 52788

210 2977.68 II 10653 - 44227 1200 3163.40 II 3030 - 34632
fiO 2978.94 II

1

1

17292 - 50852 40 3172.51 I 1143 32654
9070 RRly

.

oo 11
1

1

21473 - 55021 I o 3173.20 II 14791 46296
O'i n 12263 - 45802 150 3175.78 II 10653 42133

I

3175.86 II 7506 38984
65 2981.64 2805 - 36334

200 2982.1

1

II 3030 - 365,53 390 3180.29 II 7901 - 39335
d.n4'U ZVOO . 1 '-t

I
1 143 - 34655 1181 4.n0101. "tU II 7261 38685

'^^•JO 11 - 46545 7=^
t o ^184 990 10^. II 15949 47345

oD ZVo / . Z 7 1 oo 1 uo IC
t o 0 lOU. ,34-

I
1 4998 36371

65 d 2988.69 1 9439 - 42889 200 3187.49 I 2805 - 34169

2988.79 I 4998 - 38447 75 3189.28 II 17425 - 48771

L7 7\l. Z.\J 1 1 340 - 44771 o\j\j 3191. 10 II 4146 35474
JinoU 1 . VD 1

1

10653 - 44067 1 'in1 iJKJ 3191.43 II 17292 48617

i U II1

1

4146 - 37528 Winn llQd OR'J 1 y^. yo II 2629 33919

27 3000.12 I 65 3200..53 I 21.54 - 33390

65 3002.21 11 11340 - 44639 120 3203.35 II 17292 - 48.501

'r\J 1 IOUl^) . 1 r 1 1.587 - 34854 300 3206.34 II 7506 38685

or) 1

1

1 79Q9 75 3210.29 I 9329 40470

hK) .»U lW..>o 11 1 ^0 IQ1 ^J'ty ty 1 ,9o ^Qnoy\J V? 1 'i fin II 3542 34632

40 3010.69 II 17292 - 50498 90 3217.29 I 5298 - 36371

65 3020.67 I 5298 - 38393 65 3217.86 I 1.587 - 32654
Jll')'> 7 1 1

1

17425 - 50498 Q99Q ^9
1

1

8320 ,39335

1 1 n
1 4U 'll\'> I 7 I 1

1

1 UOOO 4.JOO t
Rnn ^99 =i 48 [| £.00

1

OJJ,) I

.>UZo.44 II .>04Z 140 3229.56 II 7961 00^ I u

35 3029.74 11 12806 - 45802 400 3236.40 11 3030 - 33919

300 3032.77 II 10604 - 43568 40 3246.78 I 1143 - 31934
"3 Z oUoy .4

1

1

1

1

1

2629 - 3.5521 9nn 394,7 47 1) 7901 38685
i- r
O.T

I

1 o9oo '.1 QO C i 1 9n
1 zu O^^O. y^ n1

1

A 1090 iVZ oovoo

4U 1

1

11 1 1 .541) 1 fin I
1 1 Id'l ^lonR

100 30U.76 II 13666 - 46500 75 3251.62 1 21,54 - 32899

150 3048.10 I 5965 - 38763 320 3254.07 11 2629 - 33351

1 10
I

1 5965 - 38710 t .9 ^9fin IdOtClJyJ, 1 4 I1 1143 31808

100
r I

1

1

160.53 - 48771 9 'inZoU O^OU. ,IU 17470 48130

/o .lU.90.0Z
1
1

1 fiC\ II 21073 51707

35 3061.11 I 9329 - 41987 160 3264.,59 I 2805 33428

35 3061.24 I 5298 - 379,55 75 .3267.05 I 8827 39427

75 3063.79 11 13666 - 46296 120 3270.47 I

220 3064.,53 II 10247 - 42869 100 3270.76 I 1143 31708

75 3065.26 11 10836 - 43450 200 3272.07 I 1587 32140
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Niobium— all observed /me5— Continued

Intensity

and
Character

Wavelength
in A Spectrum

Energy levels

in cm"'

Intensity

and
Character

Vfavelength

in A Spectrum
Energy levels

in cm"'

75 3272.22 II 14791 - 45342 130 3406. 13 I 9043 38393

160
O O '7'? /I "7

3277.67 1587 - 32088 270 O A AO O O3408.38 2154 31485

200 3283.46 II 230 3408.68 II 61Q9 OOOZ 1

230 3285.66 1587 - 32013 180 3409. 19 II 5562 34886

200 3287.59 1143 - 31551 75 3409.91 11044 - 40362

160 3287.92 5965 - 36371 230 3412.94 II 7261 36553

85 3291.06 11 3542 - 33919 90 3414.07 2805 32088
160 3292.02 II 1000 1 ^OV Ly 180 3415.97 Oo / OO

85 3294.36 II 15949 - 46296 90 3417.86 J 8705 I 37955
320 3296.01 2805 - 33136 90 3420.63 II 7506 — 36732

160 3299.61 I 2154 - 32452 180 3423.76 2805 — 32005
120 3304.83 13146 - 43396 230 3425.42 IT

11 10919 40104

120 3308 05 { lOo ( 0 loUo 130 3425 85 lOUlZ 4.Z ly't

120 3310.47 J 2805 - 33004 230 3426.57 II 10604 _ 39780
85 3311.34 J 12982 - 43173 230 3427.45 2805 _ 31973

400 3312.60 I 2154 - 32333 40 3428.79 I 10923 - 40079

200 3315.22
{

8827 - 38982 130
O ,* OA A A
3429.04

J

5965 35120
200 3318.98 loo / 40 3432.42 o4-l 1

07c 07

120 3319 26
I

280,1 - 32924 180 3432 70 II 16219 45342
120 3319 58 II 7261 - 37377 75 3433 09 9329 _ 38449

40 3320.81 II 15.551 - 456.56 90 3436.96 II 15551 - 44639
240 3326.62

{

9329 - 39381 90 3439.92 II 7901 — 36963
170 3329.36 QQ07 OQQCA

0OO04. 180 3440.59 II OOZU 07077Holt
110 3332. 16

I
21.54 - 321.56 65 3442 65 8827 37866

130 3341.60 II 10186 - 40104 35 3442.79 J 12102, _ 41140

1300 3341.97 I 1143 - 31057 90 3445.68 I 12358 - 41371

1300 3343.71 1,587 - 31485 90 3452.35 II 14661 — 43618
85 3343.96 II ooM — OOZ 10 3452.37 1 loZo /I A/1 QO

130 3346.93 4998 - 34868 75 '54S6 54
I

9329 38251

1700 3349.06
I

2154 - 32005 90 3457.79
I

9043 _ 37955

420 3349..S2 I 11.525 - 41371 75 34,58.95 I 5965 - 34868
40 3352.59

}

2154 - 31973 90 3459.70
}

9498 — 38393

340 3354.74 zoUo - ,izoUo 50 346? 65 Z lol-
0 1 AO/i0 lUZO

no 3357.04 J 21.54 - 31934 170 3463 fil J 1.3012 41874
1 1 KJVJ .J.J. JO. J 2805 - 32573 180 346 S 86 .

1143 29987

130 3,365.,58 II 8320 - 38024 90 3467.47 I 8705 - 37,537

340 3366.96 9329 - 39021 130
O /* A A A
3469.44

{

9329 - ,38144

85 3367.38 {
O "7A C8705 - 0 OO AO 100 3471. 19 1 rf^A 1 Aloy ly /I C 7 1 A

3369. 16 [I 15949 - 4,5622 140 3473.02
I

13146 41931

3369.83 9043 - 38710 50 3475.58 12982 41746

170 3371..33 I 2154 - 31808 290 3478.69 I 5965 - 34704
65 3372.09 2805 - 32452 3478.78 II 10247 - 38984
65 3372. .S6 II 10919 - 40,561 200 3479.56 II 10604 - 39335

3374.25 II 7901 - 37528 50 3481.05 4998 _ 33717
3374.92 8827 - 38449 100 3484.05 II 6192 34886

65 3376.34 I 12137 - 41746 50 3485.93 I 13515 - 42194

85 3376.73 1 11248 - 40854 75 3489.09 II 7901 - 36553

uo J. )OV/ . V/.J
I

2805 - 32382 2,30 349 1 03 1 143 29779
3380.4

1

1

1

1 'i
- 307 16 50 3491.48

I
1 143 29776

1 5298 - 34868 75 3496 03 J 123,58 40953
3.'^80 9.^ 1, 16053 - 45622

200 3497.81 392 28973I
-

85 338;^. 80
j

8411 - 37955 500 3498.63
{

5298 - 33872

00 »><lO'f .(H) 12018 - 41555 inn 9329 37866
1 7(1 9813 - 39335 ^n OOV/O. O 1 9439 37955

O.IO J.J.) 1 5298 - 34808 460 3^07 96 154 28653

85 3390. 6;i I 9498 - 38982 200 3510.26 II 16053 - 44532

40 3391.33 12137 - 41615 85 351 1. 19 10238 - 38710
JUU

.!
1.587 - 31057 200 3515.42 II 10247 38685

An .).)Vt. Vo 12263 - 41710 'inou I'll 6 9nO.) 1 u. zu 9329 37761

1 1 U 1 1.587 - 31026 OO I'll 6 ft6OO 1 u. ou J 9439 37865

85 3398.25 I 200 3517.67 II 16219 44639
120 .3399.40 2805 - 32214 3517.76 5298 33717
85 3399.71 14661 - 44067 200 3520.06 1,587 29987

85 3403.02 85 3525.23 13012 41371

230 .3405.41 9498 - 38854 100 3533.66 154 28445
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Niobium — all observed /ine5— Continued

Tntpncitv

v_. iicti acici

Wavelength
in A O p II U 111

Energy levels

in cm~'

1 nt^ncitv111 ICIlal I y

cLnd
1 ri Q yn r"!V^IIdladd

Wavelength
in A

^n <^ r> t r*i imopccii Ulll
Energy levels

in cm"'

50 3534.12 I 5965 - 34253 100 3655.98 J 154 27499
2000 3535.30 I 0 - 28278 100 3657.11 I 13146 _ 40482

I 695 - 28973 200 3659.61 II 15551 - 42869
1300 3537.48 I 392 - 28653 630 3660.37 I 2805 30117
100 3539.65 I 9043 - 37287 55 3661.68 I 10238 37540

250 3540.96 II 8320 - 36553 90 3662.05 J 1143 28442

100 3541.90 13146 - 41371 900 3664.70 I 695 _ 27975
50 3542.56 I 2805 - 31026 55 3666.53 I 11248 - 38514
90 3542.98 I 1143 - 29360 45 3667.00 I 12358 — 39620
500 3544.02 I 0 - 28208 55 d 3667.66 I 10923 — 38180

250 3544.65 5965 - 34169 3667.76 J

100 3548.13 I 1587 - 29763 1,30 3668.62 I 4998 - 32249

50 3549.26 I 13405 - 41572 220 3669.01 I 5298 32.546

300 3550.45 I 392 - 28549 100 3669.74 I 12288 — 39,530

250 3554.52 I 2154 - 30279 35 3671.37 I 12018 — 39248

1000 3554.66 1.54 - 28278 55 he 3672.44 J

50 3559.12 I 4998 - 33087 27 3673.23 I 13146 _ 40362
630 3563.50 I 154 - 28208 270 3674.78 I 392 - 27597

630 3563.62 I 392 - 28445 27 3675.17 I

50 3,568.51 II 7.506 - 3,5.521 90 3676.31 I 12692 - 39886

100 3568.72 4998 - 3,3011 90 3677.08 J
1 1 C\±A.
1 1U4-4- OoZoZ

180 3,569.47 I 2154 - .30162 110 3677.78 I 9329 I 36511

50 3575.13 I 12018 - 39981 29 3678.72 I 15467 - 42643

1500 3575.85 I 695 - 28653 85 3686..56 I 2154 - 29272

200 3577.72 I 10238 - 38180 29 3687.44 I 12137 - 39248

5000 3580.27 1 1050 - 28973 120 .3687.97 II

85 3582.36 I 5965 - .3.3872 85 3688.18 II 10919 _ 38024

500 3584.97 I 392 - 28278 120 3688.70 I 695 - iim
750 3589.11 I 695 - 28549 85 ,3689.04 I 11044 - ,38144

500 3589.,36 I 2805 - 30658 1.50 ,3693.37 I 4998 - 32066

500 3593.97 , 392 - 28208 1,50 3694.67 J
I 1 ^O'^
I I OZr) .50.JO.J

50 3597.26 I 12288 - 40079 95 3695.90 II 1 +U0 I

50 3598.35 I 0 - 27783 1.30 3697.39 I 5965 33004

150 3599.28 I 13146 - 40921 1500 3697.85 I 392 - 27427

150 3599.63 I 1587 - 29,360 95 3699.93 I

500 3602.56 ' 695 - zh44,t
I on130 A iU,3. 16 ' 1 ox) 1 z

I50 3604.08 1 695 - 28434 130 3703.91 I 1,3012 40003

150 3615.50 I 12358 - 40009 140 3704. 14 I 11,525 - 38514

90 3617.71 1 17476 - 45110 65 3707.80 I 1,587 - 28,549

50 3618.44 I 1.54 - 27783 190 3709.25 II 11340 - 38291

1.99}} _ 32623
3709.42 I 5298 - 32249

90 36 18.90

300 3619.51 [| 7901 - 35521 65 3710.45 I 10923 37866

50 3619.73 II 15949 - 43568 330 3711.34 I 0 - 26937

200 3621.03 1 2154 - 29763 50 3711.78 I 5965 - 32899

140 3625.17 I 10238 - 37815 3300 3713.01 1 10,50 - 27975

190 3713.82 [

150 3630.62 1 12102 - 39638 85 3716.21 1 695 27,597

100 3633.00 1 12692 - 40210 480 3716.99 1 11248 - ,38144

90 .3633.31 II 16053 - 43568 3717.06 II 13666 - 40,561

150 ,3633.71 1 15; - 27666 140 3717.54 I 10923 - 37815

1 (in <6'< I 11
.

88? 7 - 36334 85 3720.46 II
1 lAonl.JOVvJ

100 3635.32 [ 12.503 - 40003 65 3721..52 12982 39846

100 3636.96 1 12358 - 39846 95 3722. .32 I 13146 - 40003

100 3637.54 I 12137 - 39620 95 3722.95 I

150 3637.83 I 65 3725.22 I 9498 - 36,334

I nn )A)o 7(1
.

?ft05 - 30279 2700 3726.24 J ZOVoo

200 3639.33 1 13012 - 40482 140 3727.23 1 1 1044 37866

150 3640.64 I 1,54 - 27614 95 3732.03 I 11044 37832

85 3643.34 1 12982 - 40422 65 3733.32 1 18,332 45110

85 3643.72 1 15282 - 42719 65 37.33.62 I 1143 27919

100 3644.94 y4.5v — .iOfJO / .J / .>o. 4-Z
.

10238 36979

50 3647.31 13012 - 40422 2700 37,39.80 695 27427

420 3649.85 392 - 27783 670 3740.73 11 13055 39780

250 36.50.81 10,50 - 28434 3740.84 695 27420

400 3651.19 7506 - 34886 270 ,3741.78 0 26718

180



Niobium — all observed /irees— Continued

Intensity

and
Character

Wavelength
in A Spectrum

Energy levels

in cm"'

Intensity

and
Character

Wavelength
in A Spectrum

Energy levels

in cm"'

1700 3742.39 I 0 - 26713 250 3836.45 I 9439 - 35497

190 3744.00 I 10923 - 37625 65 3837.08 I 14899 - 40953

140 3746.91
}

170 3841.81 13405 - 39427
1 7A O 1 4-0.00 8827 35496 1 A(\14U iflAO 7 1

}

9329 35345

00 O 1 OU.UO 1143 27797 00 5965 31973

250 3753.18 I 695 - 27332 65 3844.08 I 11248 - 37254

40 3755.28 I 1.587 - 28208 210 3845.90 I 392 - 26386

210 3755.77
}

11248 - 37866 110 3853.38
{

10923 - 36867
^ A(\IW o / jV. Do

1
392 26983 00 QQC/I 7A

}

11044 36979
A(\ 1 1 94.8 Oo 0000. lo 0U7 i \j

170 3761.13 I 11044 - 37625 65 3855.45 I 0 - 25930
40 3762.45 I 290 3858.95 I 154 - 26061

530 3763.49
j

154 - 26718 35 3860.86
}

12358 - 38251

ioU
!

154 26713 1 /in A ooOz.Vo 0 25880
odU o 1 00. Uo 0 of50o.Uo II

11 oouoo

250 3766.13 I 392 - 26937 3.50 3863.38 I 5298 - 31175
170 3769.15 I 1143 - 27666 65 3865.02 II 13119 - 38984
140 3769.98

{

12.503 - 39021 3865.04
{

13515 - 39381

/ 0 077n 71

}

11248 37761 07n 00^7 no

}

1050 26897
Q77A Q7 0,0

007 1 1

0

00 / 1 . ly VU4o o4oOO

530 3771.85 I 392 - 26897 35 3875.42 [ 12018 - 37815
110 3773.15 I 11044 - 37,540 170 3875.76 I 1143 26937
65 3774.44 5965 - 32452 140 ,3876.96

{

12358 - .38144
^ AC\14U 61 IT). 4o

}

11044 37524 ooU *3Q77 CA00/ (.00
J

1050 26832
0 i / 0 . OU Z /O 14- QQ7Q QO00/0. OZ oyz 9fi 1 f\f^zo 100

50 3777.28 I 2805 — 29272 3878.97 I 1.587 27.360

60 3777.67 I 1,5282 _ 41746 65 ,3879.35 II 14791 - 40,561

870 3781.01 392 - 26832 670 3883.14
j

695 - 26440
1 1 A 070 I 00

0 /o 1 .00 11 13666 — 40104 1 1 nn
1 lUU 0000. 44 11525 — 37254

\A(\iW .5 /O0.o4 1 nQ97lUVZo 111 A 10 / .54-4
A7n QQQC AQ0000.00 1 I 9/1 Q

1 1Z40 oov i 0

140 3786.22 J 2805 _ 29209 210 3886.07 I 1,54 _ 25880
1700 3787.06 1 1,54 - 26552 40 3889.63 I

65 3787. 1-8

}

2154 - 28549 29 3889.80
j

21,54 - 27855
AC 'J 7on 21.54 — 28535 C OAooU joni OA 695 26386

1 OAn
1 .iOU .1 /yt). lo lUou 07,1 07z /4z i

CA00 oono 70 zOUO (

3500 3791.21 I 10,50 27420 50 .3894.03 I 11044 _ ,36717

85 3794.47 I 12102 - 38449 40 3894.70 I 392 - 26061

140 3795.54
{

170 ,3895.90 9439 - .35100
1 1 c\itU

J

15282 — 41615 1 I n ooyo.zo 1

1

11 13690 — 39.335
1 1 n
1 lU 0 1 y0 . 0V 1 CQ7 I I A 'JOflO CA z lo4

110 3796.85 1 13515 _ 39846 65 .3899.25 [ 1,5282 — 40921

2700 3798.12 I .392 _ 26713 120 .3904.18 I 12018 _ 37625
170 3800. 94

[

9329 - 33631 85 .3906.91
[

8827 - 34416

1
11044 - 37344 in oyuo.oy 13405 - 38982

Z iUU ' OV.T ')AnQ'l 0 1 n lonQ 07 1110
1 14o 0A7 1 0ZD / lo

670 3803.88 1 10,50 _ 27332 65 ,3909.60 [ 13012 _ 38.583

530 3804.71 1 1 1248 37524 1,30 3913.01 I 11318 _ 36867
17292 - 43568 670 .3914.70

j

10923 - 36460
1 l\) 3806.20 10923 - 37188 A Z00 jnin ^lA

,iy ly.uu
j

9329 - 34838
oO 3806.63 142 1

1

40474 00 on I n 1 A
.iy ly. 10

1 0 c 0
1 z.voo

0 70/1

A

6 /060

670 .3810, 19 1 11 525 _ 37761 35 ,3919.72 II 13480 _ 38984

530 3811.03 1 1,54 _ 26386 530 3920.20 13012 38514
35 3813.47 110 ,3922.35 12137 - 37625
530 3815.51 695 - 26897 65 0AO 1 AC\39z4.49

j

12,3,58 - 37832
65 38 16.34 1587 27783 1 /()

onoc AA
oyz,0.0() 695 26166

210 3818.86 II 12806 38984 65 ,3926.61 I 2154 _ 27614
210 3819.15 4998 _ 3 1 1 75 1,30 3929.29 I 2154 _ 27597
35 3821.19 I 8705 - 3 t868 35 ,3931.46 I 9439 _ 34868

670 .'82 1.88 695 26832 35 3934. 14
{

10923 36334
110 3827.01 13515 39638 95 3934.41 1143 26552

35 3828.24 II 13666 39780 85 3935.45 I 12137 37540
35 3830.00 8705 34808 60 ,39,36.45 I 1587 26983
170 3831.84 II 13690 39780 670 .3937.44 1050 26440
35 3833.26 12,503 38583 95 3937.96 12137 37524

350 3835.18 0 26067 170 ,3941.27 695 26061
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Niobium— all observed Zines— Continued

Intensity

and
Character

Wavelength
in A Spectrum

Energy levels

in cm

Intensity

and
Character

Wavelength
in A Spectrum

Energy levels

in cm"'

520 3943.67
j

1587 — 26937 29 4057.27
J

15439 — 40079
12018 37344 Xouuu c AfXZQ QA4Uoo.y4 1050 25680

65 d 3949.33 I 74,07 04 / 00 210 4059.51 I lU iZO o4 / 00
3949.46 II 14791 40104 120 4060.31 I 2805 27427

60 3949.94 I 1587 _ 26897 350 4060.79 I 154 _ 24773

65 3952.37 II 13690 — 38984 40 4061.26 10238 — 34854
VD OVDO.UO 11044 - 36334 1 /in C/14U0 1 . o4 2805 - 27420
110 3955.68 I 2154 - 27427 85 4064.81 12692 - 37287
65 3959.36 I 12982 _ 38232 85 4066.12 J 11044 _ 35631
35 3960.98 I 13012 _ 38251 170 4067. 16 J 12137 _ 36717

35 3964.66 I 9439 - 34655 210 4068.26 I 10923 - 35496
250 3965.69 I 5965 31175 29 4070.04 I

910 d 3966.09 \
10107
Iz io ( 0 ( i544 140 4070.96 J

1 onoo 07C/I

A

0 / o4U
3966.25 I 2154 27360 40 4072.07 II 13666 38216

65 3970.65 I 2154 _ 27332 85 4073.51 15439 _ 39981

210 3971.85 12018 37188
4073.64 J 12982 37524

j

-
OQ71 no 2805 - 27975 OU 4U /o.uy 2805 - 27332

170 3972.52 J
I 'loco 75 4077.09 }

1 c /I 1 OAAO 1

110 3973.62 J 16829 41987 50 4078.35 J 392 24905
130 3976.67 J 15282 40422 40 4078.60 J 13012 37524

110 ,3977.94
j

13012 - 38144 12000 4079.73 I 695 - 25200
1 lu .5y la. 10

}

1,587 - 26713 40 /lAOO 704Uoo. to

{

1587 - 26067
65 3979.37 12692 0 *70 1 C37815 85 4084.18 C OAO5298 OA77^zy / /6

40 3980.48 10.50 26166 270 4084.86 J 1587 26061

35 3982.06 13146 38251 85 4086.63 J 9439 33902

29 .3984.81
j

15467 - 40555 40 4087.05
}

13405 - 37865
ou 11248 - 36334 14U /I AAA4uyu. Id 12018 — 36460
110 .3988.16 j 16829 41896 50 4095.56 1 0 /I AC13405 0701 c37815
29 3990.67 [ 12137 37188 40 h 4097.64 J 17476 41874

1 10 3991.68 [ 50 4098.22 I 13146 37,540

29 3994. 13
j

11248 - .36276 170 4099.07
}

1,54 - 24543
11/1
1 4U 13146 - 38144 A Af\44U A 1 /l/l ,1

A

41UU.4U ,392 - 24773

40 4000.60 11 1 479

1

39780 6700 4100.92 392 24770

75 4001, 13 1 2358 37344 75 4106. 18 J 9043 33390

29 4002.26 [ 35 4106.78 J 1587 25930

40 (1 4005.93 I 40 4109.88
j

5298 - 29623

140 luun.Zn 10238 - 35179 140 ,1 1
1 ,1 1041 1 Z . 1

0

16829 - 41140
140 4009,71 } 12692 37625 50 4113.35 j 12982 37287

65 40 12.06 1 1 143 2606

1

170 4113.94 1 1044 35,345

190 4013.27 1 16919 41829 310 41 16.90 0 24283

29 401 1.93 I 12288 - 37188 85 4119.28 11 21073 - 45342

40 40 16.08 1 ,'>r»IzO 1 1 ,>,') 0

1

4IZZ.0I 11248 - 35496
120 4017.56 j 12982 37866 5300 4123.81 j 154 24397

29 1020.24 75 4125.25 10923 35157

29 1022.,39 [ 13012 37866 50 4125. ,58 2154 26386

150 1023.14 I 12982 - 37832 50 4126,90

65 K)27.3

1

' 12288 - 37112 85 4127.45
}

16919 - 41140
65 4027.98 13012 37832 670 4129.43 695 24905

29 4029.22 I 770 4129.93 J

40 h 4030.35 [ 85 4131.53 J 12137 36334

1 100 4032.52 1 2805 - 27597 170 4134.,59 I 11318 - 3,5497

29 1033.20
!

1 143 - 25930 75 4135,42
{

12692 - 36867

65 4035. 10 13405 38180 2300 4137, 10 0 24165

65 4035.93 1 I .T,f,>y l-UZ I u 75 4137. ,59 1 zij 10 36180

40 h 4038. 18 1 50 4 1.38,,30 J 18036 42194

85 4039.10 ' 11525 - 36276 440 41,39,44
j

392 - 24543

250 4039.53 1,3012 - 37761 '17AAZ /00 lion 714ioy, /

1

}

10,50 - 25200

65 h 4040.47 j 2154 26897 50 4142,24 11044 35179

4042.57 12137 36867 350 4143.21
I

154 24283

85 4043. 16 15282 10009 50 4146.00 J 11044 35157

160 4044.10 I 13146 37866 160 4147.19 I 11,525 3,5631

130 4044.71 13515 38232 85 4148.74 8827 32924

170 4049.76 13146 37832 870 41,50,12

170 4051.52 9329 34004 120 4152,04 695 24773

35 4056.94 12982 37625 4400 41,52.,58 695 24770
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Niobium— all observed /iraes — Continued

Intensity

and
Character

Wavelength
in A Spectrum

Energy levels

in cm"'

Intensity

and
Character

Wavelength
m A Spectrum

Energy levels

in cm"'

35 4156.68 II 16053 - 40104 290 4270.69 I 9043 - 32452

170 4158.01 12137 - 36180 35 4272.97 I 10923 - 34319

50 4IOU.OU
} .

2805 26832 OAzy A 070 OA4/73.36
}

12102 35496
to 4' ID i .zo

J

100 i 0 0 ( OH-U lo /107/1 AO4/ (4.oy ftfi9700/ /
'1991 d.0// 1 4-

OU A 1 AO Q 1 1 QAloU y1077 CA4/ ( (.50 1 ^li104- 91^196AOOZU

870 4163.47 I 2154 - 26166 75 4279.50 I 8705 - 32066

4400 4163.66 I 154 - 24165 40 4279.71 I 12137 - 35496
A AAA4000 'H04.DO

j

392 24397 1 AA160 4/80.60
}

5298 28653
o c 4100.00 oou 10

-7 r
75 A OOA 'TO4/86.2/

}

1 9A091/OV/ OOUlO
0 CAA 4100. lo ZO A AA400 /I OCA AA4/oo.yy Oyo Z4U 1

0

170 4169.57 I 12.358 - 36334 190 4289.44 I 5965 - 29272
120 4173.95 18036 - 41987 140 4291.19 I 8411 - 31708
o c85 A ^ 1 A OA41 /4.o4

}

8705 32654 75 4292.04
J

392 23684
CA50 /I 1 "7 "7 A A4 1 / / . 44

j

1 n9ifilUZoO i At\140 A ono A 04292.48
}

09000
oZ,ooo

oo A 1 7Q 7A41 (V. /O IZOOo oOZ / 0 1 1 A
1 10 /IOAC AO4/y5.o/ ' oOOo 1

85 4181.34 I 11248 - 35157 120 4296.16 I

310 4184.44
J

392 - 24283 580 4299.60 I 5298 - 28549
n clb A 1 OA 1 A4I00. lU

}

13405 37287 C OAooO
J

5965 29209
60 A 1 OA AA4189.99

j

1 QmAloUoo A \ QQA
1 oyo 29 4303.88 0 <U0

o c85 A 1 AA £. C4iyu.oo 75 4306.28 y4oy OOA C^/loz0o4

1200 4190.88 I 1050 _ 24905 40 4308.12 I 9043 _ 32249
870 4192.07 I 695 - 24543 75 4308.69 I 8705 - 31908
£ A60 A 1 no 004193.83 8411 — 32249 120 4309.56

j

12982 — 36180
0*7A870 A ^ f\C AA4 1 V0 . uy

j

OOQQC 390 431 1.27
j

00004-
1 3AA A 1 AC AA4 1 y .1 . 00 Oi5Z I

llfx^A.jzOO'i-
A0^ ^ OA4ol i.oy lo 140

50 4196.95 I 11.525 _ 35345 65 4311.70 I 1587 _ 24773
50 4197.61 16919 - 40735 120 4312.45 I 392 - 23574

9 1 A310 /I I AO r 14198.01
j

695 — 24507 40 4313.88
j

16829 - 40003
75 A \ no 0 c4198.85

j

1 1 A i /I

1 1U44 0 AQC A 40 4316.48
j

1 OA I 012018 0 C 1 7A35179
35 ^ OAA Afl4/00. yy C AA C

oyo.o zy ( 0,3 40 4318.01 1 A '0 0 010238 0 0 OAA

350 4201.52 I 11044 _ 34838 29 4323.47 I 9329 _ 32452
65 4203.41 I 13405 - 37188 350 4326.33 I 9498 - 32605
65 4204.32 I 8827 - 32605 120 4327.38 8705 - 31808
870 4205.31 I

0AO z4 lo.o 95 4328.43 AA,1 0yo4o 0 0 1 .1 A0/140
85 4206. 13 12692 36460 75 4329.73 1 C A154 23244

150 4208.16 I 1.54 _ 2,39 1

1

390 4331.37 I 4998 _ 28079
85 4212.04 I 12982 - .36717 29 4,337. ,56 I 9498 - 32,546
o c85 42 i2..i3 10923 - 34655 29 4338,70

J

12137 - 35179
85 42 13.26 1 'J 'loo OA./l 1 A

.M)U lo 140 4342.82 1 ') 1 0 71/137 0 c 1 c 700 15 /

40 4213.46 1 A 0 0Aloozy 40o,^5 95 4345.32 '
A0

>0 0AA 7
/3()()7

350 4214.73 I 10.50 24770 40 4,346. 12 I 8705 3 1 708

420 4217.94 • 695 - 24397 40 4,347.31 I 13515 - ,36511

40 4222.68
[

9.329 - 33004 140 4348.65
j

695 - 23684
75 4226.22 841

1

32066 1 10
A 4f\ AO4349.03 I 12358 35345

to 4227,51 9438 33087 40 4350.30 I 8827 3 1 808

420 4229.15 I 9498 33 1 .36 290 4,351.57 I 8827 31801

170 4229.83 I 2805 - 26440 60 4353.27 I 10,50 - 24015
130 42.30.32 I 12288 - 35920 29 4354. 19

j

11044 - 34004
170 4231.95 392 24015 29 4356.85

}

12982 35928
75 4237.81 1 1248 34838 65 c 4359.85 I 9043 31973

85 4241.45 I 9329 32899 35 4361.65 I 4998 27919
120 4242.63 1 18332 - 41896 40 4,367.97 II 13666 - 36553
130 4246.30 8705 32249 210 4368.43 I 9329 - 32214
29 4248.66 154 23684 24 4369.62 I 695 — 23574
130 4249.46 ' 0 23526 60 4370..36 I 2805 25680

160 4252.97 1 9498 33004 40 4374.78 I 391 23244
140 42,53.70 I 9043 — 32546 29 4375.25 I 10238 _ 33087
130 4254.69 I 8411 31908 140 4377.96 I 12018 34854
250 4255.44 I 10923 34416 65 4379.52 I 9329 321,56

40 4255.94 ' 40 4381. 13 ' 13515 36334

85 42.58.91 1 9329 32802 24 4.382.49 I 12288 35100
85 4261.71 9043 32.501 35 4,382.84 1,587 24397

770 4262.05 10,50 24507 65 4384.86 12358 35157
420 4266.02 8705 32140 65 4387.74 4998 27783
85 4268.67 1,54 23574 130 4388.36 5298 28079
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Niobium— all observed /ines— Continued

Intensity

and
Character

TV; I »Lwavelength c
I spectrum

in A *^

Energy levels

in cm"'

Intensity

and
Characte r

Wavelength
in A Spectrum

Energy levels

in cm"'

160 4392.69 I 9329 - 32088 480 4581.62 I 12503 - 34323
65 4397.04 I 12102 - 34838 75 4582.29 I 5965 - 27783
35 4400.35 I 16919 - 39638 24 4599.48 I 9439 - 31175
60 4400.83 I 12137 - 34854 95 4600.21 12503 - 34235
35 4402.05 I 19 4602.86 4998 - 26718

35 4406.55 I 5965 - 28653 1200 4606.77 I 2805 - 24507

330 4410.21 I 4998 - 27666 24 4608.58 I 13146 - 34838
95 4411.52 I 10238 - 32899 19 4610.69 I 10923 - 32605
24 4412.18 I 8827 - 31485 29 4612.12 11248 - 32924
29 4414.88 I 9043 - 31688 170 4616.17 1587 - 23244

24 4416.41 I 12018 - 34655 19 4627.48 I

190 4419.44 I 5298 - 27919 450 4630.11 I 11525 - 33116
60 4419.83 I 2154 - 24773 65 4638. 10 I 11248 - 32802
60 4420.45 I 2154 - 24770 26 4643.31 I 2154 - 23684
95 4420.64 I 392 - 23007 65 c 4643.68 11044 - 32573

29 4423.87 I 16829 - 39427 55 4646.95 I 18332 - 39846
95 4426.68 I 5965 - 28549 4,50 4648.95 I 1143 - 22647
95 4429.44 I 5965 - 28535 110 4649.27 I

230 c 4437.22 I 35 4658.18 I 5965 - 27427
24 4437.90 I 17476 - 40003 4,50 4663.83 I 1587 - 23023

19 4440.43 1 12982 - 35496 26 4665.,33 I 12288 - 33717
60 4441.81 I 9498 - 32005 340 4666.24 I 11248 - 32672
60 4445.85 I 10.50 - 23.537 240 4667.22 I 21,54 - 23574
75 4446.17 I 13146 - 3.5631 35 4669.87 I 1 1044 - 32452

290 4447.18 1 5965 - 28445 580 4672.09 2805 - 24203

140 44.56.80 I 1 143 - 23574 35 4673.59 I 1 8036 - 39427
140 4457.42 1 1.587 - 24015 5.30 4675.37 I 2154 - 23537

60 44.58.12 I 13405 - 3.5829 110 4678.48 I 8411 - 29779
50 4460.20 1 26 4682.66 I 16672 - 38021

85 4460.42 I 13515 - 35928 320 4685.14 I 11044 - 32382

85 4464.15 I 9ft05 65 4694.51 I 16981 - 38277
24 4465.92 I 10238 - 32623 65 4695.47 I 10923 - 32214
24 4466.42 1 1143 - 23526 90 4697.47 I 8705 - 29987

50 4469.32 1 5298 - 27666 1.30 c 4706.14 I

140 4469.71 I 12288 - 34655 260 4708.29 I 10923 - 32156

140 4471.29 1 > 1 uoo 35 4713.05 I 841

1

- 29623

140 4472.53 1 21.54 - 24507 1,50 47 13,.50 I 2805 - 24015

29 4175.28 1 65 4715.83 I 16672 - 37871

29 1481.41 I 10238 - 32546 65 1718.02 I

19 4492.96 11 21040 - 43290 55 4723.80 1 17937 - ,39101

50 4494.57 I OVOD 55 4727.33 I - 32672

19 U97.25 I 8827 - 31057 65 47.30.31 I 11248 - 32382

75 1499.80 1 12102 - ,34319 80 4733.48 ' 392 - 21512

150 1503.04 1 5298 - 27499 1 10 V 47,33.89 9043 - ,30162

24 1503.42 I 13146 - 35345 55 4735.33 11014 - 321,56

50 1508.41 1 1 ^VOZ 65 4736.49 I ,)o, >o,>

75 4511.09 1 1 7476 - 39638 65 4740.61 I 5298 - 26386

19 1512.13 I 9329 - 31485 65 4743.84 I 8705 - 29779

530 4523.41 I 1143 - 23244 80 4744.62 I 12,3,58 - 33428

75 4524.12 1 1587 - 23684 220 c 4749.70 I 1 1525 - 32573

24 4527.65 II 65 4751.42 1 U^O 1

24 4529.42 I 1 1318 - 33390 26 4755.32 I 13146 - 34169

40 1512.80 1 0 - 22007 65 4766.81 I 17304 - 38277

480 4546.82 1 1587 - 23574 35 4771.85 I 9329 - 30279

24 4547.85 1 9043 - 31026 80 4773.25 I 9043 - 29987

85 4553.84 1 OVOD •>-TO ] o— Z i V 1

V

21 4777.62 I 1 9^0'?1 L'tyio ,J,)t^O

40 45.56.84 I 4998 - 26937 26 4785.70 I 12982 - 33872

19 45.59.42 I 65 4789.96 11 19690 - 40,561

370 4564.53 1 12102 - 34004 26 4802.45 I 695 - 21512

24 4570.95 ! 12982 - 34854 40 4807.06 I 12102 - 32899

720 4573.08 1 21,54 - 24015 55 4809.37 J 12137 - 32924

19 4574^33 I 11044 - 32899 80 c 4810.60 9498 - ,30279

75 4574.84 I 154 - 22007 110 48 16.,38 11248 - 32005

40 4575.37 I 10238 - 32088 55 4829.,30 17937 - ,38638

24 4579.45 II 13690 - 3.5.521 65 4833.37 154 - 20838
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Niobium— all observed /tnes — Continued

Intensity

cind

Vj IldfaClCl

Wavelength ^
in A ^

Energy levels

in cm

Intensity
Wavelength c

jj, ^ opecirum
Energy levels

in cm"'

lb /I QQ7 AO 1 ID
roc9 AO 1

26 4837.99 I 9498 30162 85 5253.93 I 27855

55 4842.15 I 12358 33004 50 5269.92 I 8827 _ 27797

55 4845.17 I 12503 - 33136 270 5271.53 I 1143 - 20107

110 c 4848.37 I 9498 — 30117 25 5272.48 I 8705 — 27666

QnoU AflAH QQ T4'OOo.W 1 18876 39409 tin ^lou c OZ/O.ZU 1 9498 28445

90 4890.75 I I ifldd.I I utt 29 c 5279.43 I Z04'04'

55 4892.50 I 12018 32452 50 5285.26 I

26 4895.58 I 5965 - 26386 35 5296.34 I 14211 - 33087

65 4900.79 I 12102 — 32501 50 5315.55 I 5965 — 24773

00 4yU4.oo 1 0 1

7

CO 1 7 Al TJO 1 / . 0 1 1 1 1044 9Qfl46

80 4910.95 I 13515 33872 2,50 5318.60 I 1587 20384
50 4928.98 I 13146 _ 33428 50 5319.49 I 8705 _ 27499
29 4941.52 I 12102 - 32333 75 5334.87 I 9043 - 27783
29 4953.13 I 9439 - 29623 25 5336.81 I 695 — 19428

oD C '+VOO.O i 1 1 (\Wi.lUVZo 0 1 U.) / oU COACi OA T
1 1U44 zy /oo

130 c 4967.78 I t>o 1 00 25 5343.58 I

50 4971.93 I 0 I 20107 460 5344.17 I 2805 _ 21512

110 4973.14 I 12503 - 32605 340 5350.74 I 2154 - 20838
50 4975.14 I 12358 - 32452 40 5353.28 I 20734 - 39409

190 /lAOO A"? I OVo ZU / o4 25 5355.31 1
1 9Q CO 0 lUZO

65 4994.30 I 40 5355.70 I 1 lozo 'XC\ 101

75 4997.88 I 12137 32140 29 5359.19 I 8705 27360
85 5000.95 I 13146 - ,33136 17 5362.01 I 392 - 19037
65 5002.25 I 12102 - 32088 40 5375.27 I 11248 - 29846

A A CA 1 Q 07 I A A40 C oo 1 0 /! I oyoa 9/1 Q

230 5017.75 I
9ni 1 Azuo 10 17 5388.30 I Z / oV /

40 .5019.51 1 12982 32899 21 5395.86 I 4998 23526
150 5026.36 I 12018 - 31908 29 5396.33 I 8411 - 26937
40 .5030.13 I 13515 - 33390 29 5411.24 I 11044 - 29519

O 1 AZlU CAin C\A T lo4 1 noA/iiyyy4 zl 0416.00 1
1 1 1 1

0

1 io lo

40 5047.96 I
1 A QOO
1 4f5yy ,14 (U4 65 ,5422.44 I loyzo zyoou

170 ,5058.01 I 0 19765 21 5431.26 I 1587 19994

65 50.59.35 I 12692 - 32452 110 5437.27 I 5298 - 23684

130 5065.25 I 695 - 20432 19 5448.31 I 10923 - 29272

A A40 C A"? "7 1 A 1
.lU / 1 . 40 1

1 o/» 1 0 Q 1 7AOOl /Do 1 Aly o4o6. ly 1
OAQ 1 AZOo 16 oo6,io

750 5078.96 I
1 l\Zf\
1 zl) / o4 40 54.58.04 I

OA/1 Qyo4o Z /OOU
40 c .5094.41 1 0 19624 19 h ,5468.10 I 19994 38277

420 5095.30 I 695 - 20316 40 5481.00 I 18036 - .36276

170 5100.16 I 392 - 19994 13 5483.09 I

170 .~> 120.30 1
0 A'> WIA 1 7lyy 1 /

I A
19

C 1 00 .1A I5483.49 1
07AC OAAO 7z6yo /

85 5121.80 I 1 2982 13 ,5491.06 I Z04.5Z 0 OA 0 0

85 5127.66 1 10126 29623 17 ,5499..53 I 1587 19765

40 5133.34 1 5298 24773 40 .5.504.58 I 21,54 - 20316
210 51.34.75 I 1.54 - 19624 17 ,5,509.12 I 13405 - 31.551

75 5140.58 1 12692 3z 1 40 35 c
c c 1 0 0 0 I551z.8z 1

75 5147.54 I 15282 34704 17 .5517.39 I

40 51.50.64 I 1 1248 30658 50 ,5,523.57 I 9498 27597
75 5152.63 I 9043 - 28445 25 ,5.541.47 I 10238 - 28278

250 5 160..33 I 392 19765 85 ,5,551.35 I 4998 - 23007

OCA250 5164.38 I 2 154 21512 OA29 CC/IO AA 1.0563.00 1 10238 28208

230 5180.31 1 695 19994 17 c .5571.44 I 18332 36276
110 5186.98 I 154 19428 35 c 5576.16 I 2805 20734
190 5189.20 I 10.50 20316 35 5578.29 I 12358 _ 30279
170 5193.08 I 1587 - 20838 50 5586.97 I 1143 - 19037

1 CA150 5195.84 I 1 143 20384 17 —
17 c

CCAA AC Iooyo.yo 1

65 5203.22 I 8705 27919 13 5,594.89 I 17476 35345
35 5205' 13 I V.)ZV Zo.J.j.) 17 c 5,599.,59 I

85 c 5219.10 I 9498 286.53 40 ,5603.,52 I 1587 19428

65 .5225.16 I 11.525 30658 13 5603.93 I 2154 19994

150 5232.81 I 9329 28434 25 c^oo O/; 1OOZO.ZO 1 2154 19917

oo c 8411 27499 5629.17 I 12358 30117
29 5240.39 1 8705 27783 35 c 5635^42 I

150 d 5251.62 I 0 19037 170 5642.11 I 5965 23684

5251.81 I 392 19428 35 .5645.30 I 5298 23007
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Niobium— all observed Zines— Continued

Intensity

and
Character

Wavelength c
in A spectrum

Energy levels

in cm"'

Intensity

and
Character

Wavelength
jj, ^ spectrum

Energy levels

in cm"'

17 5654.14 I 10238 - 27919 65 6544.61 I 9498 — 24773
Dt)04. / 1 1 1143 - 18791 1 r

15 £.cn A no T6574.73 1 8705 23911
170 5665.63 I 13012 - 30658 19 cv^ 6591.00 I

17 5666.86 I 15282 - 32924 19 6606.16 I

65 cw 5671.02 I 11345 - 28973 19 6607.28 I 13405 - 28535

85 5671.91 I 12137 - 29763 35 6614.15 I 8411 23526

25 o6 / (.4 / 1 5965 - 23574 19 6626.98 I 5298 20384
25 5693.09 I 210 cw 6660.84 I 0d.^n7z^ou /

35 d 5697.90 I 13629 - 31175 150 cw 6677.33 I 9043 I 24015
5698.03 I 10238 - 27783 65 6701.20 I 13515 — 28434

40 5706.16 I 15282 - 32802 130 c 6723.62 I 8705 — 23574
o co5 CTAt AO TD/06.4O 1 8411 - 25930 75 6739.88 1 8411 23244
29 5709.33 I 1 0.) 1 0 25 6795.31 I

17 5715.59 I 12288 - 29779 85 6828.11 I 9043 _ 23684
65 5716.35 I 12358 - 29846 25 c 6849.35 I 8411 — 23007

25 5725.66 I 18036 - 35496 19 6870.92 I

1 OA130 c 1 on in I 1587 - 19037 40 6876.36 I 8705 — 23244
21 5737.36 I 25 c 6902.89 I

13 5738.20 I 35 6908.07 I 9439 23911
85 5751.44 I 12137 - 29519 40 6918.32 I 13405 _ 27855

110 5760.34 I 8705 - 26061 17 6946.07 I 13405 — 27797
65 5764.99 I 12018 - 29360 17 6972.49 I 14211 28549
29 5771.08 I 1 OZoZ oZOUO 25 6986 09 I

1 A QOQ 9Q9AOZVZUV
50 c 5776.07 I 11345 - 28653 85 6990.32 I 8705 I 23007
17 5780.34 1 12692 - 29987 17 c 6996. 1 1 I 13629 _ 27919

85 5787.54 I 21.54 - 19428 21 7023.48 I 14211 - 28445
17 5789.79 I 13012 - 30279 17

T/\00 A/I T7038.04 1 12692 26897

50 5794.24 I
1 on I

Q

IZUIo 90970 190 c 7046.81 I
Q/IOQ ZoDO^

50 1804. 0^ 1 8705 - 25930 8 7066.41 I 12018 26166
29 h 5815.33 I 12018 - 29209 8 7075.23 I 5298 _ 19428

110 5819.43 I 13012 - .30191 40 c 7098.94 I 12358 - 26440
35 5820.62 I 16829 - 34004 17 cw 7102.01 I 9498 23574
75 5834.90 I lo 140 19 7119.31 I

1 9n 1 Q
1 ZU lo ZOUO 1

25 5838.15 I 11318 - 28442 15 7122.95 I

130 d 5838.64 I 9043 - 26166 35 7126.17 I 12137 _ 26166

50 5842.47 I 2805 - 19917 17 7130.06 I 12692 - 26713

17 5846.09 I 11345 - 28445 130 7159.43 I 9043 — 23007

65 5866.47 I DVO.T 9'3nA7— z.iUU / 17 7191.37 I

35 5874.70 1 9043 - 26061 19 c 7208.94 I 14211 28079

17 5877.79 I 4998 - 22007 50 7252.35 I 10126 _ 2,3911

40 5893.44 I 14211 - 31175 15 7274.81 I 15467 - 29209

190 cw 5900.62 1 9498 - 26440 13 7317.03 I 24905 - 38,568

40 c 5903.80 I
1 1 0 1 ^
1 1 .VJ.T - zoz/o 17 c 7.323.92 I

1 A QOO zo.o'l-y

29 5927.41 I 15467 - 32333 29 cw 7.328.38 I 12288 2,59,30

40 c 5934.16 I 17476 - 34323 65 c 7353.16 I 8411 22007

40 5957.70 I 12982 - 29763 190 cw 7372..50 I 11.345 - 24905

150 5983.22 I 5298 - 22007 13 7419.83 I 12692 - 26166
13 146 - 29846 15 7436.02 I

O.J t W 9498 - 26166 19 7478.20 1 12692 26061

50 6029.75 1 12692 - 29272 65 7515.93 I 8705 22007

50 6031.84 I 15439 - 32013 29 c 7519.77 I 13146 - 26440

50 6045.50 I 12982 - 29519 170 c 7574.58 I 11345 - 24543

uu to. / z 1 17476 - 34004 17 c 7583.21 I
1 onoo12982 26166

00zy UUiJl).l)i) 1 15467 - 31973 7639.81 I

90Z 7 15439 - 31808 13 7647.71 I 24770 37842

40 6142.51 1 14899 - 31175 25 7 703..33 I 25200 - 38178

50 6U8.i;i 1 13515 - 29776 75 c 7726.68 I 11345 - 24283

ok) if 1 Of. .)Z 1 13405 - 29623 25 7757.31 I 25680 38568
OQZy OZ Ki.UO 1 15461 - 31551 f.u 7787. 1 1 I

8705 - 24773 7873.41 I 14899 27,597

40 c 6251.76 I 18.332 - 34323 35 7885.31 I 11525 24203

21 6260.77 1 18036 - 34004 25 7938.89 I 11318 23911

85 c 64,30.46 1 5965 - 21512 8 79,54.76 I 9439 22007

50 c 64.33.22 I 5298 - 20838 40 8135.20 I 11248 23537

17 6497.84 1 4998 - 20384 13 cw 8240.00 I 8705 20838
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Niobium— all observed Ziraei— Continued

Intensity

and
Character

Wavelength c
^ ° spectrum

Energy levels

in cm~'

Intensity

and
Character

Wavelength c
^ bpectrum

Energy levels

in cm"'

29 cw 8320.93 I 9498 - 21512 17 c 8560.54 I 8705 - 20384
29 8346.08 I 11044 - 23023 17 8575.87 I 12358 - 24015
10 8350.04 I 8411 - 20384 21 c 8697.55 I 13012 - 24507

17

17 cw
8439.77 I

8475.98 I

12358 - 24203
9043 - 20838 21

21

8740.96 I

8767.97 I

12137 - 23574
8705 - 20107

25 8526.99 I 10923 - 22647 29 cw 8815.56 I 9498 - 20838

13 c 8547.25 I 8411 - 20107 35 8905.78 I 12018 - 23244
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Osmium

Os,Z = 76, M= 190.2, Ratio^ = 2.993
Lu

Osl Normal state of valence electrons 5c^^65^ = 0. LP. = 69000 cm'^.

Os II Normal state of valence electrons 5c?%5 ^D4i/2= 0.

References
Wavelengths:

G. R. Harrison, Massachusetts Institute of Technology Wavelength Tables (John Wiley & Sons, New
York, 1939).

W. Albertson, unpublished material (1938).

Th. A. M. van Kleef, Proc. Koninkl. Ned. Akad. Wetenschap. B. 63 , 501-601 (1960).

Classification:

Os I, W. Albertson, Phys. Rev. 45 , 304 (1934).

G. G. Gluck, Y. Bordarier, J. Bauche, and Th. A. M. van Kleef, Physica 30, 2068 (1964).

Osl and Osll, Th. A. M. van Kleef, Proc. Koninkl. Ned. Akad. Wetenschap. B. 63 , 501-601 (1960).

Strong lines of osmium

Intensity

and
Wavelength

in A Spectrum
Energy levels

Intensity

and
Wavelength

in A Spectrum
Energy levels

Character
in cm~'

Character
in cm"'

29000 2018.14 I 0 - 49534 7800 2067.21 II 3593 - 51952
29000 2020.26 7600 3301.56 0 - 30280
26000 2045.36 0 - 48875
18000 2034.44 0 - 49138 7200 2076.95 0 - 48132

17000 2010.15 0 - 49731 7200

6600
2078.09

2119.79
14000 2022.76 2740 - 52162 6000 2097.60 5144 - 52802
14000 2028.23 4159 - 53447 5300 2100.63 2740 - 50330
14000 2079.97 0 - 48062
13000 2003.73 4159 - 54050 5300 2137.11 4159 - 50937
13000 2061.69 2740 - 51229 5100 2838.63 5144 - 40362

9600 2001.45 0 - 49947
4900 4260.85 0 - 23463

9600 2909.06 0 - 34365 4900 4420.47 0 - 22616

9000 2004.78 4800 2117.96 0 - 47200

8600 2058.69 0 - 48559 4500 2488.55 5144 - 45316
2058.78 4159 - 52716

4400 3018.04 0 - 33124

8600 3058.66 0 - 32685 4200 2070.67 II 3929 - 52206

7800 2048.28 2740 - 51546 3800 2637.13 0 - 37909

7800 2049.42 4159 - 52938 3700 3752.52 2740 - 29382
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Osmium— all observed lines

Intensity

and
Character

Wavelength
in A Spectrum

Energy levels

in cm"'

Intensity

and
Character

Wavelength
in A Spectrum

Energy 1

in cm
evels
-1

9600 2001.45 I 0 - 49947 430 2347.38 I 8743 - 51329
13000 2003.73 I 4159 - 54050 230 2350.23 II 5592 - 48128
9000 2004.78 60 2351.55 10166 - 52678

2010.15
.

0 - 49731 9'{51 79 11378 538870000 1

2018. 14 0 - 49534 360 9359 9Q T
8743 51229

29000 2020.26 120 2355.28 II 3929 - 46374

14000 2022.76 I 2740 - 52162 240 2356.92 I

14000 2028.23

j

4159 - 53447 240 2357.25 8743 - 51152
1 Rono 0 - 49138 9'{ft9 41 0 49^1 7

9fiOOO 9045 '{ft 0 - 48875 QOO 9'3A9 77 J 0 49^1

0

4ZO 1 u

7800 2048.28 I 2740 - 51546 190 2363.33 I 8743 - 51043
7800 2049.42 I 4159 - 52938 500 2367.35 II 3929 - 46157
8600 2058.69

}

0 - 48559 290 2369.24 8743 - 50937
^uoo

.

1 0 4159 - 52716 sOO 9^70 70 4159 4fi'{984.UOZO
1 '1000 9061 f>Q 2740 - 51229 480 9^71 18 , 8743 5000 '{

7800 2067.21 II 3.593 - 519,52 85 2374.33 I 4159 - 46264
4200 2070.67 II 3929 - 52206 95 2374.51 I 11031 - 53131
7200 2076.95 0 - 481.32 95 2375.06 II

7900 907fi OQ 9ftOO 9Q77 AOZo t I .Uo
!

5144 47900't i zuu
1 4000 907Q 07 fl\i roUUZ 9A0ZOU Zo / ( .0 I 1 1 ^7R 004Z4

2900 2082..54 I 41.59 - 52162 95 2378.14 I 5766 - 47802
2900 2089.03 I 0 - 478,54 95 2378.74 I 12774 - 54800
2900 2089.21

[

2740 - 50589 900 2379.39
{

5144 - 47158
ftOOO 90Q7 ftO 5144 - 52802 1 RO 0370 f,AZJ / 7. 0^ 4159 4ft 1 70

9 1 00 fi^ 9740 - 50'{'{0 1R0i ou OQVQ OA

2100 2117.66 I 2740 - 49947 95 2380.82 I 2740 - 44730
4800 2117.96 I 0 - 47200 180 2382.46 I 11378 - 53338
6600 21 19.79 240 2384.62

}

2740 - 44663
1 QOO ^ I Z.J . 04- 4159 - 51229 1 700 Zoo i . ZV 0 4187ftr 1 0 1 0

9 1 '{7 11^ 1 ij J . I 1
, 4

1

9 '{04 90ZJ 74.. zv 1 1 '{78110/0 ^'{ 1 '{ 1.JO 1 ,J 1

2400 2119.97 290 2395.39 I 2740 - 44475
2600 2154.09 1 2740 - 49138 1100 2395.88 I 0 - 41726
1300 2157.81

[

0 - 46328 220 2396.78
{

12774 - 54484
1 900 2740 - 49054 OU 9107 AlZ.jV / .0 1 1 1378 '^'{07'{joU / 0
9 1 00 1 1 n nOQQ IQ

:
1 1 O'i 1
1 1 U,) 1

c^97 1 ftOZ / 1

0

3100 2166.90 I 41,59 - 50294 960 2401.13 I 8743 — ,50377

1100 2167.75 1 0 - 46117 260 2402.23 I - 41,59 - 45775
2100 2171.65

}

2740 - 48773 200 2403.54
}

10166 - 51759
OAO Z 1 O'f .()o 0 - 457.59 '{'{0 91 AO OC 8743 CA3QA

.)V/,),jU

Q 1

0

o +U 1

1

1

1

.>.)V.> IV 1 V.) 9 10^ OQ II
1

1

760 2202.49 1 0 - 45389 290 2405.45 I 11,378 - 52938
600 2227.98 I 0 - 44870 200 2405.96 I 8743 — 50294

1 100 2234.61
[

2740 - 47477 360 2408.67
{

11031 - 52535
99 t9Z Z . 1 Z . I .

)

8743 - .53131 9.10 94 1 0 QR 1.3020 — ^4484

9000 99^^ZZ .1.1 . 0.) 1, Au 941 1 00

1400 2264.60 I 4159 - 48303 95 2414.10 I 8743 _ .501.54

360 2268.28 I 2740 - 46813 290 2414.,52 I 2740 _ 44144
960 2270.17 2740 - 46776 180 2415.32

j

14091 - 5,5481
1 ir\n
1 lUU 1

1

11 0 - 43802 oou 9/1 1 7 QQ
I

4159 — 4ooUO
in 1 1 ^0 - 4 ( v.io 00 4 1 0 . 00 1 1 11Q

.jZ. 1 IKJ

570 2289.32 1 4159 - 47828 5,30 2418.,53 I 2740 _ 44075
380 2297.31 1 0 - 43516 50 2419.63

660 2308.31 5144 - 48452 95 2420.02 II 13137 - 54445
0 "J 1 "J ~ ^ 5.592 - 48799 OU 9 19 1 11^Z4Z 1 . 1

0

!
12774 - 04Uo4

0 ) -xi 10
-1.1 JU. 1

0

00 9/19 1 QAZ4Z 1 . oO 1 A AA 1141)91 OOoOV

310 2323.98 [ 85 2421.94
660 2324.24 I 0 - 43011 200 2423.07 II 7892 _ 49149
170 2325.51 • 5144 - 48132 70 2424.02 II 1.3204 - 54445
'J 1

A

z.izo. 99 6093 - 49054 oU 9/19,1 10Z4Z4. IV
!

12774 Q/l A 1 {o4Ulo
.1 U)

'1 •) ') 1 Zi,
Z.5.54..l() 2740 - 4,5,562 oUU 9/19,1Z4Z4.00 ' 0 41zoz

720 2336.80 II 3593 - 46374 1400 2424.97 I 0 41225
430 2338.63 I 0 - 42747 60 2426.19 I 8743 49947
290 2340.69 5144 - 478,54 240 2426.81 11031 52224
430 2343.74 41,59 - 46813 70 2427.90 II 13204 54379
260 2345.75 41.59 - 46776 50 2429.67 10166 51311
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Osmium— all observed /iraes— Continued

Intensity

and
Character

Wavelength
in A Spectrum

Energy levels

in cm"'

Intensity

and
Character

Wavelength
in A Spectrum

Energy levels

in cm"'

380 2431.19 5144 _ 46264 660 2515.04 5144 _ 44893
380 2431.61 I 11378 _ 52491 35 2517.61 I 13365 _ 53073
140 2435.51 I 5766 - 46813 500 2517.92 I 4159 - 43863
140 2435.65 I 13020 - 54064 660 2518.44 I 5144 - 44839
30 2436.51 13020 54050 200 2519.29 I 2740 42422

70 2437.73 330 2519.79
T

40 2440.68 I 11378 52338 70 2524.79 I 4159 43755
85 2442.00 I 13365 - 54302 170 2526.01 I 2740 - 42317
70 2445.88 I 12774 - 53647 70 2526.83 I 12774 - 52338

360 2446.02 I 2740 4.36 1

1

130 2527.09 I 8743 48303

35 2449.88 200 ?S39 44 .
14852 54328

900 2450^74 I 8743 49534 120 2534.17 I 10166 49615

70 2451.19 I 11378 - 52162 780 2538.00 II 0 - 39390
530 2451.73 I 2740 - 43516 240 2538.10 I 12774 - 52162
60 2453.29 5766 46515 130 2539.73 I 14091 53454

530 2453.90
T

8743 49483 170 2540. 14
T

4159 43516
110 2454.91 II 3593 44315 180 2540.74 1 1031 50377
530 24.56.46 I 2740 - 43437 70 2.541.65 I 14091 - 53424

70 2457.16 I 13.365 - 54050 1000 2542.51 I 8743 - 48062
70 2458.76 130 2543.80 I 11031 50330

1 1 0 5766 46407 1 fin 9'>df) 1 7
.

1 1031 50294
1800 2461.42 5144 457.59 140 2547.70 13365 52604
110 2464.00 160 2548.10 I 14339 _ 53572
180 2464.50 I 12774 - 53338 30 2548.83 II 17569 - 56791
70 2465.16 310 2.554.46 I 2740 41876

1 10 2468.09 J 10166 50671 2555. 1

1

J 1 1378 50503

110 2468^90 11 1 1460 51952 120 2555^27 1 1031 50154

60 2470.82 I 16212 _ 56673 160 25.55.80 I 14339 — 53454
290 2472.28 I 5766 - 46202 110 25,56.08 I 8743 - 47854
290 2474.78 I 8743 — 49138 95 2,557.77 I 8743 — 47828

2475.69 1 1 ^^781 I'* 1 o 51759 120 2558.09
.

15223 54302

900 2476!84 0 40362 50 2,560'l9 14848 53896

30 2480.71 I 11031 _ 51329 50 2560.47 I 14852 _ 53896

180 2481.79 i 14852 - 551.34 160 2.562.66 I 13365 - ,52375

360 2482.43 I 2740 - 4301! 190 2,563.16 II 13204 — 52206

to T ,\> t 120 2564.37
.

1 9774 5 1 759

60 2485.32 15391 556 15 1.30 2.565^17 I 10166 49138

530 2486.24 II 3593 _ 43802 60 2.565.72 I 5766 _ 44730

4500 2488.55 1 5144 - 4.5316 600 2.566.49 I 11378 - 50330

70 2489.04 I 10166 — 50330 290 2.566.88 I 10166 — 49112

•)IQ1 I)) O / t.J too i .) rOU I in'^i1 1 J 1 40047

290 2491.69 1 1 0"^ I
i I U.) 1

T 1 1 t9 75 2571.14 1 9774

360 2492.42 I 6093 _ 46202 340 2571.78 I 8743 _ 47615

180 2493.62 I 15391 - 55481 75 2572.48

60 2493.83 I 0 - 10087 75 2573.09 I 4159 - 43011

i u
9C;7'} AQ
Z, J 1 .J . to 14091 52938

60 2496.61 [ 27 2574.74 ^4n'^n

2600 2498.41 I 8743 487.56 85 2578. 16 I 11378 _ .501.54

330 2499.92 I 14339 - 54328 150 2578.32 II 1.5606 - 54379

95 2500.72 1.30 2,580.03 11 13204 — 51952

V.J
. "

1 1DHK)f Z,)0 1 . l/,J
•^144
•J It r r,jO 1 U

60 2501.84 J OfUOU 740 2,581.96 O 14" r

330 2502.29 1 1 1378 51329 110 2,582.62 I 5766 44475

35 2503.16 130 2.586.08

95 2503.67 130 2.587.49 I 13020 51656

Z i w l-ZOOo in 9588 96 J i4nQi
1 ID

260 2504.51 I 1 '^O
4- 1 r)V I- \\) i .i 85 2,588.44 'i/ini "i.O t\J 1

0

85 2506.38 85 2.589.39 I 10166 48774

85 2506.66 55 2589.51 I 14848 53454

35 2507.18 II 3929 43802 1000 2.590.76 I 41,59 42747

I 70
1 /U 11378 51229 9nn 9^Q1 QR J 11378 49947

70 2509.7

1

11 17.569 57403 30 2,593.90 J 16212 54753

170 2509.94 12774 52604 1.50 2.594.14 12774 51311

660 2512.87 8743 48526 170 2,596.00 II 24466 62974

2400 2513.25 5144 44921 27 2596.37 11031 49534
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Osmium — all observed Ziraes— Continued

Intensity

and
Character

Wavelength
in A Spectrum

Energy levels

in cm~'

Intensity

and
Character

Wavelength
in A Spectrum

Energy levels

in cm"'

150 2596.69 I 4159 - 42658 110 2682.19 I 11031 - 48303

150 2597.20 I 2740 - 41232 75 2684.36 I 16212 - 53454

2597.29 14848 - 53338 2684.41

ZOV I .DO U 004-00 zooo.uo 14852 52043

ill) i4-oOV DZOUZ ZDOV. OO
,

12774 49947

150 2599.91 I 11031 - 49482 2100 2689.82 I 5144 - 42310

110 2600.45 I 12774 - 51218 150 2692.70 I 14091 - 51218

65 2600.75
{

140 2694.52 11031 - 48132

95 zoUz.oo ' 0/4-0 - 4/100 0/;o/i 7C 12774 49873

65 zOVO-Oi 4159 41232

65 2603.80 I 13365 - 51759 85 2697.24 I 18417 - 55481

190 2604.60 I 6093 - 44475 510 2699.59 I 2740 - 39772

40 2604.96 I 14339 - .52716 110 2700.75
{

8743 - 45759

210 O^AA OAZDUV.ZU
j

o/4o — '+/Uo/ 97fl9Z iUZ.OO 13020 50007
0 OA Zt)UV.Ot)

cnc,f. /l/in7Qo mo — ^4U/r) Z i U4-.'+0 13365 50330

400 2610.78 J 13365 - 516.56 580 2706.70 I 2740 - 39675

110 2611.33 I 14848 - .53131 180 2707.42 I 11378 - 48302

470 2612.63 I 0 - 38264 110 2708.18

1800 o/; 1 0 A/;
.1 1 44 - 4,54Uz 1 OA z /uy.oD

{

10166 47057

55 2614.06 H) 1 06 - 4o4t)y 0 AAAoUUU 071/1 A/1z / 14.04 n ouozu

27 2614.50 J 11378 - 49615 580 2715.36 I 5766 - 42583

65 2615.96 1 12774 - 50990 150 2715.64 I 14339 - 51152

55 2617.18 I 13020 - 51218 65 2716.80
j

11031 - 47828
r r
55 O^ 1 A O OZD19.Z0 1 1 A 07 1 Q 71z / lo. / 1

j

15391 52162
OAA800 Z619.94 ' 4l.iy - 4z,M /

1 1 A
1 lU 07 1 Q A 1z / lo.y

1

18417 55186

230 2620.62 I 2740 - 40888 1300 2720.04 I 2740 - 39494

530 2621.82 I 0 - .38130 850 2721.86 I 41,59 - 40888

65 2623.61 I 11378 - 49482 65 2722.60

65 2624.57
[

I^OIO C/10AOlozlz - .14,M)Z
1 CAloU 0707 CiAlilt .^'i

{

10166 46813

380 O/" OO 1 o2628.48 ' 0/4.3 - 40 / /O
1 OAIzU 070Q 07Z / ZO.Z / 974.0 ,J 7.jO,J

27 2631.22 II 24981 - 62974 580 27,30.61 I 5144 - 41754

110 26.32.89 13020 - 50990 40 2731..36 II 15606 - 52206

65 2634.29 I 14852 - 52802 580 2732.80
}

5144 - 41726

65 2634.44
j

1.^391 - .i3.i58
oc O 7 0 OA

}

5766 42300

3800 2637. 13 ' 0 - .57909 55 070 0 0 0z /,io.o,i ' 1 ,)O0,0
/IQQ70

65 2637.98 [ 12774 - 50671 65 2738.46 [ 1.5,391 - 51897

27 2639.98 I 14848 - 52716 170 2740.32 I 14848 - 51329

65 2641.17 I 15223 - 53073 140 2740.61
j

18417 - 54895

170 2641 .60
1 Wl") I 1 00*7 C
1 10.51 - Ioo/d 1 OA 0 7 1 A 7 CZ / M). / O

j

1 1378 47854

85 2643.63 12774 - 50590 65 O 7 ,1 1 0 OZ /4 1 .,50 1 1 .) / o

1900 2644. 1

1

0 - 37809 40 2742.69 [ 11378 - 47828

340 2646.89 I 10166 - 47935 1.50 2747.91 I 14848 - 51229

380 2647.73 2740 - 40498 1.30 2748.86
j

15,391 - 517,59

380 2649.34
j

1 1 'J TO 1 1 1 *> 1 OA
1 .iU

07 1 O 1 Qz /4y. lo 12774 49138

65 26.'i().68 1.TZ23 - .iz9.i8
o c
O.T

07C 1 1 CZ /,T 1 . 1,0
1 977 1 1 Q 1 19fV 1 1

Z

150 26.'i2.98 [ 15391 - 53073 65 2753.72 [ 14848 - 51152

150 2653.78 I 5766 - 43437 110 2755..59 1 12774 _ 49054

65 2655.19 I 13020 - .50671 170 2757.81 I 13365 - 49615

55 2655.78 14818 - .^2491
I 1 A140 O 7 C O O Oz /.oo.oz

}

11378 — 47615

490 2656.68 10 166 - 4 1 / 96 1 ^A
1.1U

07A 1 AOZ /0 1 .Uo ' OUVo '^tzoUU

1900 2658.60 1 5144 - 42747 690 2761.42 J 41,59 _ 40,362

640 26.59.83 I 8743 - 46328 470 2763.27 I 8743 _ 44921

95 2660.92 1 13020 - 50590 1.50 2763.94 • 11031 - 47200

380 2661. 18 I 41;)9 - U726 340 07ilC A/I2765.04
J

1,5.391 - 51546

40 2661 .93 ' 12774 - 50330 65 0 7/; c \c1 /0.0.4,0 Q7/1 0o /4o A A OCi 0

110 2662.55 [ 15391 - 52938 130 2767.12 I 11031 _ 47158

110 2663.22 1 12774 - .50312 160 2769.88 I 1.3020 _ 49112

40 2664.29 11 25452 - 62974 110 2770.10 I 14848 - ,50937

120 2665.99 960 -"iincx "7 1Z770.7

1

j

5144 41225

120 2666.21 I 11031 - 48526 40 277 1.04 19109 55186

150 2669.53 [ 10166 - 47615 120 2773.07 J 14852 50903

580 2674.57 [ 11378 - 487,56 120 2774.02 I 14.3.39 50377

400 2674.88 10166 - 47540 110 2774.38 13020 49054

55 2679.38 15391 - 52702 110 2774.90 11031 47057

75 2679.74 13365 - 50671 300 2776.91 2740 38741
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Osmium— all observed /mes— Continued

Intensity

and
Character

Wavelength
Xin A Spectrum

Energy levels

in cm '

Intensity

and
Character

Wavelength
• X
in A Spectrum

Energy levels

in cm"'

40 2778.57 I 21124 - 57103 30 2880.20 II 17242 - 51952

740 2782.55 I 4159 - 40087 30 2883.94 I 14091 - 48756

40 2783.88 II 7892 - 43802 85 2884.41
{

8743 - 43402
AA 91Z

1

ZooO.UO 19411 - 54050

04'U 0 14'4' +1UZO 900/; qn 4Q4fi9

130 2786.80 I 2740 - 38614 40 2890.85 I 4159 - 38741

65 2790.90 I 15223 - 51043 55 2891.83 I 25013 - 59583

230 2793.99 11378 - 47158 85 2892.35
}

10166 - 44730
970/1 10 I'+oOZ OUDoU Os, ZoVO.UO

!
11031 - 45562

0 1 97QA 1 1 ZDU 9«0A A^^ZoVO. UD 1 }n9n -
i ouzu

530 2796.73 I 2740 - 38486 65 2901..32 I 13020 - 47477

35 2799.53 65 2903.07 I 18902 - 53338

95 2801.93
J

11378 - 47057 1,30 2903.21
}

14091 - 48526

{

1 c: 'JO 1 Q 1 A/1
1 .JoV 1 — 0 lU'+o 1 OA ZVU5. 1

0

!
6093 - 40498

zoUU 9QAA 01ZoVJO. V 1
1 1 A
1 lU 90A ^ 07 04003 _ JOUZJ

40 2807.48 I 10166 - 45775 30 2908.03 I 16212 - 50590

40 2807.80 9600 2909.06 I 0 - 34365

30 2808.24
J

15.391 - .50990 110 2909.67
j

11031 - 45389

4 /U
OQAQ CiAzoUo.y4

j

07/1 A IQI'i 1 J ^ 901 1 "5/1zy 1 i .04-
!

19109 - 53447
O 1

Zi5 1 1 ..00
9 1 AA 90 19 'X'XZV 1 Z.OO Al c:q _'noy Oo4oD

420 2813.84 [ 14848 - .50377 UO 2913.84 I 10166 - 44475

740 2814.20 I 2740 - 38264 75 2914.71 I 18417 - 52716

40 2814.84
{

4159 - 39675 530 2917.26
}

8743 - 43011

w
j

1 .5.500 — too / .) 1 .jU 90 I 7ZV 1 ( . 00
}

5144 - 39406
OQ I C 70ZO l.T. (0 '

97/lA "XQOAA 9 1 AAZ IUU 9010 70 I ozzo

40 2817.51 [ 14848 - 503.30 55 2921.07 I 15391 - 49615

140 2820.18 I 15223 - .50671 35 2923.18

95 2820..56
j

14091 - 495.34 110 2924.49
{

11378 - 45562

lyu 0001 'tZzoz 1 .z.o
I 1 '^70 1 AQ 1 Q
I I /o — 400 1.^

1

A

909c; 9fizvzo. zo 13365 - 47540
-")0'J 1 I 7zBz4. 1

/

1 1 Q 70 1 A77*i oUU ZVZO. 0

(

j A I ^0 Q 1 'i 1000. > 1

40 2824.67 [ 14339 - 49731 360 2929.51 1 0 - ,34126

21 2829.03 1 10166 - 45.503 110 2930.19 I 18417 - 52,535

420 2829,27 I 4159 - .39494 120 2930.57
j

22616 - 56729

21 283 1 .59
[

11010 "Al^'ll4n4o - .i()l.i4
r 1 A
,) 10 'JA'J 1 '^O

zy.5 1 .Zf5
!

41.59 - 38264

130 2832.24
*

1 10.5 1
- 40.5ZO 1 A40 zy.5z.4,T '

1 ^ 'iO 1 .1Q/1Q9

230 2837.42 1 11031 - 46264 40 2933.98 18301 - 52375

470 2838.17 I 41.59 - .39383 260 29:54.64 I 2740 - 36806

5100 2838.63 5144 - 40.362 27 2936.81
j

14091 - 48132

1 10 28 K). H 14.5.5V — 4V.0.54 90 i/'. OQ
!

12774 - 46813

740 2841.60 ' 2/ 40 - 3i92z 1 A40 9(1 'III 'IQZVoo.oo '
1 0 lAO

2300 2844.40 I 5144 - 40291 110 2912.20 I 10166 - 44144

85 2844.68 1 14339 - 19482 200 2942.85 I 41.59 - .38130

.190 2846 39
I 5766 - KI888 1100 h 2948.23 1 5766 - 39675

150 2846.55 0 / f.5 - t.500.5 I 1 AA
1 4UU 90 10 ^'izy fv. 0.5 2740 - 36634

420 2848.25 '
11010 illAl"'
1 4i54o - Vyv4i

•1 I A .JZ 10 (1
90 IQ Q

1

zy4y.o I
j I 1 AT 1

I lUo 1
— 1 109 I44yz 1

9010 on I ^99 *J 10 1 19ly 1 i z

95 2849.05 [ 15223 - 50312

40 2849.30 [ 10166 - 45252 1,50 2952.34 I . 11031 - 44893

1500 28.50.76 2710 - 37809 85 2955.00 I 1.5223 - 49054

1 30 2855.34 8743 - 43755 Vo 90^7 ri«zy.o / .uo
!

18417 - .52224

55 2857.54 lUflA') ^JOO"lovOz - .O.5of5i 00 zy.oo. .3'+ i4.i.5y
— 1 Q 1 'i 94o loZ

1 10 28()(l.()() I 16212 - 51 166 300 2961.01 J 4159 - 37922

1500 2860.96 1 5144 - 40087 530 2962.15 I 41.59 - 37909

35 2863.37 II 11460 - 46374 1 10 2962.33
[

1.5391 - 49138

40 2864.26 1 1.5.591 - Ml9\ 4,l0
9nA 1 /\A

}

5766 - 39494

85 2865.68 1 1 1.5 , 0 - 46264 55 9QA 1 A9 I C 0 A 1
1 .i.5y 1

- 1 fi 1

1

4y 1 iz

40 2867.59 35 2965.10

40 2869.39 I 12774 - 47615 30 2968.45 I 14848 - 48526

170 2872.40 1 0 - 31804 35 2970.69 1 15223 - 48875

170 2873.42 1 11,5/ 8 - 461 lO 740 '>A7^^ *17zV /o.y

/

j

41,59 - 37809

95 2874. 15 1 1.5020 - t,8()2
1 1 /\
1 10 on7'i 0^zy /Z.Z.I 2,5013 - 58648

40 2874.59 [ 16212 - .50990 1.30 2973.06 I 18417 - 52043

360 2874.96 1 8743 - 13516 110 2975..34 I 14852 - 48452

190 2877.35 11031 - 45775 4,50 2977.64 8743 - 42317

300 2878.40 5766 - 40498 110 2978.21 8743 - 42310

35 2879.39 116,54 - 46374 95 2978..53 21,303 - 54868
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Osmium— all observed /irees— Continued

Intensity

and
Character

Wavelength
in A bpectrum

Energy levels

in cm"'

Intensity

and
Character

Wavelength
in A Spectrum

Energy levels

in cm"'

85 2979.43 12774 - 46328 95 3118.12 22616 - 54677
7C<D ZVoZ.OD 1 1 ft 'X'Xoi lo.uo 11378 - 43437

510 2982.90 I 44893 120 3129.23 I 17667 - 49615

340 2983.49 480 3131.12 I 14848 - 46776

130 2985.61 I 15391 - 48875 95 3140.31 I 15223 - 47057

65 2988.26
{

14848 - 48303 95 3152.07 11031 - 42747

I iU 9QQQ 1 ^ 19893 - 53338 zou ^1 ^9 f\lo iOZ. 0 / 10166 - 41876

150 2992.11 I 46776 290 3153.61 I 12774 - 44475

110 2993.57 I 12774 - 46170 3100 31,56.25 I 5144 - 36818

260 2997.65 I 10166 - 43516 250 3156.78 I 23463 - 55132

170 3003.48
{

11378 - 44663 130 3157.24 23463 - 55127
18902 - 52138 1 9fl1 zu QlAl AA. 19049 - 50671

330 3013.07 I O.J 7ZU 120 3161.73 I 0 t 4-0 — i.C\'Kf\')4-UOOZ

120 3015.65 I 13365 - 46515 85 3164.61 I 15223 - 46813

570 3017.25 I 8743 - 41876 310 3166.51 I 23463 - 55034

4400 3018.04
}

0 - ,33124 120 3168.28
J

15223 - 46776
Ofl 1 Q OQOU 1 V .OO 5766 - .38876 1 on

1 zu Oil O. ZU 13365 - 44870
95 3020.86 180 3173.93 II 7809

I OVZ — ^O'^QA

1100 3030.70 J 5144 - 38130 420 3178.06 I 4159 - 35616
120 3031.01 I 8743 - 41726 110 3180.12 I 19893 - 51329

75 3031..30
}

14848 - 47828 230 3181.88
{

14339 - 45758

yo OAQO Q 1 13365 - 46328 1 lf\ 0 1 Q9 c

7

oloz.o / 14091 - 45503

2900 3040.90 I
07/t A ooO 10 230 3185.33 J z / 4U — O4-1Z0

120 3042.74 II 11460 - 44315 310 3186.98 I 11378 - 42747

210 3043..50 5766 - 38614 55 3187.34 I 13365 - 44730

120 3043.64
{

10166 - 43011 310 3189.46
}

8742 - 40087
r rDO 0A1/1 A7 16212 - 49054 o lu 14091 - 45389

55 3044.41 1 190 3195.,38 J
1 1 AQ 1 /I 9 1 7

150 3044.91 J 11031 - 43863 120 3195.97 J 11378 - 42658

55 3045.32 23323 - .56151 1.50 3213.31 II 13204 - 44315

95 3049.04
{

12774 - 45562 1900 32,32.06

}

4159 - 35090
•JAtQ i/lM)VJ .Mi 6093 - 38876 9on ,JZ,)0.00 5766 - 36634

210 30.50.39 J zzolo — 190 3241.04 J
1 1 A*3 1 A 1 Q7A

120 3051.17 I 5144 - 37909 120 3248.00 J 13,365 - 44144

95 .3054.97 [ 11031 - 43755 190 32,54.91 J 14848 - 45,562

150 3055.21
{

14091 - 46813 190 32.56.92
{

11031 - 41726
HOUU 0 - 32685 ^OAA 7A 8743 - 39406

290 3060.30 J 4 1 .^y
— .lOOZt) 3100 3262.29 I

A 1 QO'H ,oy
0 1 QA^

570 3062. 19 J

•

41.59 - 36806 380 ,3262.75 J 8743 - .39383

75 3066. 12 J 15223 - 47828 3100 3267.94 J 0 - 30592

210 3069.94
{

5766 - 38331 620 3269.21
{

5766 - 36346

oOU .Ml / \.y)Ci 6093 - 38614 1 OA .>Z i Z. 10 15223 - 45775
290 3074.96 { 22616 -

,1.0 lz7 530 .3275.20 ,0 /DO - .jtjzyu

180 3077.06 [ 8743 - 41232 3.30 .3277.97 I 5766 - 36264

290 .3()77. 14 1 1 1 03 1
- 43516 65 3280.92

HOC 3077.72 I 8743 - U225 65 ,3286.67 I 13020 - 43437

360 3078. 1

1

5766 - .38244 0000 O/l

{

28372 - .58769

230 3(178.38 } 4159 - 366.34 1200 3290.26 2740 - 33124
150 3083.74 [ 22616 - 55034 7600 3,301..56 I 0 - 30280

55 3081.60 13365 - 45775 2.50 .3.306.23 [ 12774 - 430 1

1

55 3086.27 I 15223 - 17615 620 .3310.91
{

11031 - 41225

230 3090.(18 14848 - 47200 1 zu .50 1 ,0 . 'tz

{

5766 - 35920

140 3090.30 j 2740 - 35090 95 3315.69 13365 - 43516

120 3090. 1-9 [ 14852 - 47200 95 3316.69 J 18417 - 48559

55 3091.25 1 17667 - 50007 2.50 ,3324.33 J 13365 - 43437

270 3093.59 18902 - 51218 310 3327.42
{

14848 - 44893

310 310 1 .53 13020 - 452.53 QAA ,)OOt). 1,0 41.59 - 34126
95 3104.98 [ 13365 - 45562 1 10 ,3,351.74 J 6093 - 35920
360 3 105.99 1 4159 - 36346 120 ,3,3,53.91

55 3107.38
I

14091 - 46264 230 ,3,357.97 J 14091 - 43863

310 3108.98 I 5766 - 37922 2.50 ,3.361.15 I 8743 - 38486
620 3109.38 6093 - 38244 190 3364. 12 2740 - 32457
250 31 11. 09 10166 - 42300 120 3370.20 14091 - 43755

120 31 14.81 12774 - 44870 960 3370.,59 5144 - 34804

120 3116.48 14091 - 46170 160 .3372.08 13365 - 43011
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Osmium — all observed lines— Continued

Intensity

and
Character

W avelenfftn c
• ! spectrum
in A

Energy 1

in cm
evels

Intensity

and
Character

Wavelength r-
. X Spectrum
in A

Energy levels

in cm"'

120 3378.68 I 19893 - 49482 120 3619.43 I 15391 - 43011
310 3384.00 I 12774 - 42317 65 3629.95 I 5144 - 32685
OO oOo4-.OU 1 14339 /10Q7/;4oO (0 A Rn4oU O04U.OO 1 14848 42310

1 Oft I'lOq OA TOoOo.J'-r 1 12774 4Z0UU oU If.AO Ql Io04o.01 1 io7f>n 4-/ 100
OOOO. 14- 1 4oo0o O'^nzou 1f.CA AQ I 1 '^^01100 7

1

620 3387.84 I 10166 - 39675 330 3656.90 I 2740 - 30078
65 3394.59 I 19109 - 48559 120 3666.31 I 18902 - 46170
VO ^^QQ 70 ! 15223 44000 A on4oU 1A7n QO ToO/U.oV 1 11031 38264

m 17 1 ZooZo ;^07 1

A

oz / 10 1 onIZU 1A7C AC To0/o.4o 1 lOZZO /I OAOO4Z4ZZ
DZU O 1

'^Qi 7n00 ioU 00 1£.Q1 C7 ToOo 1.0/ 1 1 01 no
1V lUV 40ZD4

250 3402.51 I 0 - 29382 250 3689.06 I 11031 - 38130
95 3406.28 1 24223 - 53572 35 3698.83 I 14848 - 41876

OACifx A7 1o4UO.O/ 1 14091 1 1 il 74o4o /
1 on 17A1 OC To/Uo.Zo 1 17667 — 44663

1 on lU 100 10/1 Q.Ioy4y4 1 onIZU Q 7A*;. CA To/UO.oO 1
0110^ 0UZV4

1 on •^Al 0 74. Io't IZ . / 4- 1 1 .J.JO.J 4Z00O 1 on
1 ZU 0 14 1

1 1 HQHo 10 0000

1

120 3421.69 I 10166 — 39383 85 3712.84 I 15391 _ 42317
65 3427.44 I 23323 - .52491 230 3713.73 I 15391 - 42310

1 c:n 0/197 A7 1 8743 — 00 Q71Q OA 1o / lo.o4 1 11378 — 38264
cOD 0 /I 0 C OA 1

I Z / /4 /I 1 Q 7A4 lo /O O 1 AzlU 1 7 1 n CO T ^ AOAO14o4o A 1 70A41 /ZO
Ot:VD Q /I in /in I Q7/1 "3

o i4o 1 7Q/\no /oUV O 1AzoU 1 70A 10 T 07/1 Q OCA 1 A

250 3440.60 I 11031 _ 40087 35 3721.96 I 24292 51152
120 3444.46 I 14852 - 43876 60 3729.22 I 17667 - 44475
ioU 0 A AC cc To44v>.or> 1 14848 — A io<; 1 ocOO 070A 70 T 14091 — 40888
Q 1 A lAAd on T 1 1 17(1 /I niAO4UooZ 1 QAloU 17/tA Al T0/40.4/ 1

1/11 in14ooV A 1 noi4IUZ0
OO OA ni 1o4oo.Uo 1 4ZoUU 1 7nno /UU

07 CO ro T
Z / 4U OQOQOZVooZ

120 3458.38 I 14848 _ 43755 100 3757.12 I 12774 _ 39383
120 3465.44 I 17667 - 46515 130 3766.30 I 11378 - 37922
1 OAIzO 0 1 T O ~ 'J I 17667 — 4o4l) /

1 OAIzU J(0o. 14 1 11378 — 37909
1 OA 1 O O 1 t Iloz. 1 1 1

1 A 1 A/;lU loo ooo /O 1 OAizu 0/ /4.4U 1
1 QOAOlijVUZ 4,o.3oy

Do 3 1 OO O "J I 1 1 } "70
1 1 .5 / O 1 1 A 0 / /4.0Z 1 l.T.iV 1

A 1 07A

65
"

3487.25 I 14848 _ 4.3516 120 3776.25 I 13020 _ 39494
120 3487.46 I 19893 - 485.59 290 3776.99 I 10166 - 36634
1 OA120 .i4V0..5J

O 1 AAZ lUU
'3'700 OA T 41,59 - 30592

95 3491.50 I
1 non '3

IVoy.i 48526 O'm 0 Ton 1 1 To/oy. 11 1
1 ,1 0 /I Q
1 4B4o 41Z0Z

50 3495.62 620 o/vU. 14 1 14848 /I 1 0 ,5 C

160 3498.54 I 10166 _ .38741 180 3790.73 I 14852 _ 41225

250 3501.16 I 14848 - 43402 370 3793.91 I 18902 - 45252
^ OA620 .5.11)4.00 1 4159 - J o/; o c

.5Z0O.T ,in4U 170/1 1o/y4,OD 1 28,332 — 54677

440 3512.99 I 1 Z / (

4

41232 O"OO O/VO-O/ 1
OA 000Z'iZ'iZ

r AAQ A

95 3513.86 I 162 12 44663 O"OO OOZ/.14 1
OOA 1 Azzolo /l 07Q 74o /o (

65 3516.63 I 19019 47477 250 3836.06 I 8743 _ 34804

310 3518.72 1 25602 - 54013 150 3840.30 I 29099 - ,55132
t OA120 J " OA 1

.5.1/0. IK) 1 30591 - 1 ^A OQA I OO 1oo4i.zy 1 25013 - 510,39

480 3523.64 I 0 OO 'J "7 0 OAml 1Q 1 1 AA Too4o.00 I
I c 0 ,1 'J
1.1223

^ 100041Z.5Z

120 3526.04 1 1 1 03

1

39383 190 0049.94 1
1 '17 7 i
Iz < /4 007 /I 1

1200 3528.60 1 0 28332 230 3857.09 I 41.59 _ .30078

230 3530.06 I 10166 - 38486 230 3865.47 I 25275 - 511,38

230 3532.80 I H59 - 32457 730 3876.77 1 11031 - .36818

120 3533.41 1 15223 O ~A ^00 1 OA I000 1 . 00 1 10166 35920

65 3541.9! I 14091 4Z.5 I 1

1

A

41) .3000. (.0 1 13020 38741

230 3542.7! I 14091 42310 40 3895.18 I 15223 _ 40888

95 3555.97 I 12774 - 40888 140 ,3900.39 I 2740 - 28372

960 3559.79 1 8743 - 36826 190 390 1.71 I 8743 - 34365

1200 3560.86 I 8743 — 36818 35 3907.65 I 14091 39675

120 3562.34 1 8743 — 36806 ir>
QA 1101 ToVlLKl 1 12774 38331

310 3569.78 1 1 1378 39383 35 3918.97 I 27954 _ 53464

120 3574.08 1 14339 _ 42310 35 3922.03 I 12774 _ 38264

65 3586.51 I 18902 46776 35
0 1\0CIA T39z5. 10 1 12774 38244

120 3587.32 1 13020 40888 35 3926.77 I 18417 43876

65 3592.32 1 23323 51 152 45 3928.41 I 11378 36826

620 3598. 1 ! I 2740 30525 45 3928.54 I 5144 30592

190 .3601.83 I 10166 37922 100 3930.00 I 148,52 40291

95 ,3604.48 II 1 1 654 39390 80 ,3931.52 I 11378 36806

65 3609.15 I 18417 16117 2.50 39,38..59 I 8743 34126

250 3616.57 I 10166 37809 90 ,39,39.57 I 13365 38741
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Osmium— all observed /ines— Continued

Intensity

and
Character

Wavelength c
. i " spectrum
in A

Energy levels

in cm~'

Intensity

and
Character

Wavelength c
. I

" bpectrum
in A

Energy 1

in cm
evels
-1

100 3949.78 I 13020 - 38331 55 4308.88 I 19109 - 42310

55 3952.77 I 14091 - 39383 560 4311.40 I 5144 - 28332

45 3955.37 I 15223 - 40498 110 4326.25 I 15223 - 38331

90 QQ/:n c 1 TOVOU.Dl 1 24292 49534 o4U 4oZO.OO 1 11031
9nnzuu OQ^l AO ToVul.Uz 1 14'04,0 1 (\{\ A OOQ 7C T

X ozzo

1000 3963.63 I 4159 - 29382 100 4351.53 I 18902 - 41876

100 3964.96 I 2740 - 279,54 65 h 43,54.46 I 10166 _ 33124
150 3969.67 I 14852 - 40036 45 4357.98 I 15391 - 38331

110 h Qn"? c /I /I Ioy(0.'+4 1 12774 37922 00 /I 0 CO 1 /I T4ooo. 14 1 30,525 Oo404
0077 OQ I 0 144 ZlU 4000.0/ 1 1 ^090loUZU oc OOAooyzu

45 3979.36 I 30280 5,5403 110 4370.66 I 15391 _ 38264
100 3988.18 I 143,39 - 39406 45 4376.90 I 37809 - 60649

40 3988.62 I 19411 - 44475 90 4391.08 I 19109 - 41876

40 QAO 1 /I n Ioyyi.4y i 2740 27787 C OAozU .10A/1 OA 14oy4.o0 1 11378 0/1 1 9Ao41ZO
OAA/I AO I 9 1 'XC\'\

£. loU,3 40,jZo 1 /LAioO /10A7 OA T4oy/.zo 1 IdflQli4uy 1
0AQOAoOBzO

40 3996.80 I 0 — 2,5013 55 4400.58 I 32685 - 55403

55 3998.93 I 19893 — 44893 160 4402.74 I 28332 — 51039
150 4003.48 I 15391 - 40362 55 4404.21 I 15223 - 37922

100 4-0U4.UZ 1 11378 — 36346 A A40 /I y1 1 1 1 O T4411.13 1 16212 — 0 007

A

OOO/O
A AAc I ^ r4005.16 1 4,5oOo 4900 yl y1 OA /I 7 ¥4420.47 1

Au OOA 1 Azz61o

65 h 4015.04 I 13,365 _ 38264 100 4432.41 I 13365 _ 35920
160 4018.26 I 13365 _ 38244 290 4436.32 I 2740 _ 25275

55 h 4029.,32 I 30592 - 55403 50 4437.09 I 15391 - 37922
90 /I AQ 0 AO I 23985 — 48773 1 AAlUO d /I 0 A A/i T 15391 — 0 7OAQo /yuy

lUU ,) /66
one 'ic Al\40 A A AZ AA T4440. OV 1

OAQOA

55 40,38.64 I 19109 43863 230 4447.35 I 14339 _ 36818
280 4041.92 I 19411 _ 44144 80 d 44.59.,53 I 1,5391 — 37809
160 4048.05 I 15391 40087 35 4462.29 I 21034 - 43437
55 40,1 1.4.5 I 16212 - 40888 0 c AAi^CCiA 14465.94 1 38264 — AAA A A6004y

you /LA I4000.09 1
O '1 <L 1 /L22610 4/ lyy AA90 A A 7n O 1 T44/y.ol 1

1 9 7 7-1IZ ( (4

250 4070.86 I 14848 39406 120 4484.76 I 10166 _ 32457
190 4071..56 I 14852 _ 39406 40 4488.60 I 2740 _ 2,5013

230 4074.68 I 14848 - 39383 35 4518.89 I 19109 - 41232

65 4088.44 I 15223 - 39675 35 4520.32 1 19109 - -1 1 oo c41ZZ.0

490 4091.82 1 6093 30525 65 4524.87 1
1 1 no 1 0 0 1 '0 y133 124

55 4098.10 1 14091 _ 38486 65 4,529.67 I 1 3020 _ 35090
120 4100.30 1 8743 ,33124 28 4,537,62 I 16212 38244
55 4103,62 1 27787 - .52149 65 4,5,39.92 I 25594 - 47615

1200 111') i\'t I41 12.02 1 5766 - 30078 1 1 A
1 10 1 C /I O AA 1404O.66 1 14848 - 0A09AoOozO

1 OAloU 4124.60 I 1 1378 0 r ^ 1 ^1356 16 540 4550.41 I
^ AO AO14o4f5

0 A O 1 O368 1

0

180 4128.96 I 4159 28372 140 4.551..30 I 14852 .36818

2500 4135.78 1 4159 _ 28332 35 4579.04 I 19893 _ 41726
150 4137.84 1 15223 - 39383 90 4,595.04 1 29,382 - 51 1.38

65 4158.78 1 14091 - 38130 AnvO A CA7 1 A T
4,iy / . 1 0 1 11378 - 0 0 19/1lz4

65 4159.96 1 12774 36806 zo /lAAC A/1 I
- 4oO,T.04 1 16212 0 7*199

,i /yzz

180 4172.57 I 10166 34126 170 4616.78 I 1 1031 32685
1200 4173.23 I 5144 29099 170 4631.83 I 1 5223 36806
620 4175.63 I 8743 - 32685 35 46,34.77 I 23323 - 44893
120 4181.13 I 18417 42310 35 /I A 1 1 O ) I4641.83 i 8743 - 30280
320 4189.91 I 12774 366.34

11/)140 /1AA0 O'l I4663.82 1 1 539

1

0 A O'l A36826

55 4195.14 I 14091 37922 28 4682.31 I 12774 34126

180 4201.45 I 4159 279,54 65 4692.06 I 1 1378 32685
250 4202.06 I 14339 - ,381,30 28 4732.80 I 15223 - 36346
1200 4211.86 1 23463 47199 22 4738.04 1 25070 - 46170
120 4213.86 I 250 1

3

48737 A C45 .1 70 O 0 C4738.35

100 4215.16 I 1409

1

37809 45 4743.89 I 17667 38741

55 4226.53 I 15223 38876 28 4752. 16 I 34365 55403
170 4233.46 1 13020 _ 36634 35 4763. 10 I 38613 _ 59602

4900 4260.85 1 0 23463 670 4793.99 1 4159 25013
100 4264.75 I 13365 36806 22 4813.80 I 14848 35616

120 4269.61 1 18902 42317 22 48 15.,50 I 1,3,365 34126
55 4277.15 I 19049 42422 45 4815.96 I 30280 51039
100 4285.90 1 13020 36346 22 4826.66 I 14091 34804
560 4293.95 1 14848 381,30 22 4843.87 I 8743 29382
65 4296.22 1 13365 36634 110 4865.60 I 30592 51138

195



Osmium — all observed /irees— Continued

Intensity

and
C haracter

Wavelength o
2 opectrum

in A ^
Energy levels

in cm~'

Intensity

ana
Character

Wavelength
in A Spectrum

Energy levels

in cm"'

45 4899.22 1 28332 - 48737 28 5680.88 34804 - 52402

65 4912.60 I 12774 - 33124 11 5709.37 37909 - 55419

28 4935.81 I 17667 - 37922 170 5721.93 I 5144 - 22616

28 4942.94 I 15391 - 35616 8 5737.89 I 17667 - 35090

40 4979.32 I 16212 - 36290 8 5739.72 I 25594 - 43011

55 5031.83 1 15223 - 35090 22 5765.05
}

11031 - 28372

5039.12 I 1890? - 38741 170 5780 89 15391 - 32685

35 5072^88 I 16212 - 35920 40 5800.60 I 15223 - 32457
35 5074.77 I 15391 - 35090 8 .5842.49 1 22,564 - 39675

35 5079.09 I 12774 - 32457 110 .5857.76 I 15391 - 32457

90 5103.50 I 8743 - 28332 28 ,5860.64 13020 - 30078
55 5110.81 I 11031 - .30.592 1

1

5889 99 1 1378 - 28372

22 5122.23 I 14848 - 34365 11 5903.98 I 19893 - 36826
22 5145.54 I 18902 - ,38331 11 ,5906.84 I 19893 - 36818
140 5149.74 I 15391 - 34804 7 ,5908.95 I 30280 - 47199

28 5152.01 1 36818 - 56223 7 5981.36 18902 - 35616
28 5168.98 I 38486 - 57827 i i

508'^ 99 25609 - 42310
40 5193.52 I 11031 - .30280 65 5996.00 I 34365 - 51039
270 5202.63 I 10166 - 29.382 20 6015.79 I 21303 - 37922
35 5203.23 I 11378 - 30.592 7 6054.63 I 27351 - 43863

20 5250.46 20 6144.53 8743 - 25013
45 5255.82 I

iQinQ - 38130 1

1

61 58 03 { ^4804 - 51039

55 5265^15 I 23323 - 42310 35 6227.70 I 32685 - 48737

20 5283.89 I 19411 - 38331 7 6241.70 I 13.365 - 29382
20 .5295.65 I 16212 - .3.5090 22 6269.41 I 43012 - 58957

40 5298.78 I 28332 - 47199 11 6274.94
{

40291 - 56222
1

3

5302.58 I 1941 1 - 38264 1

1

6986 8'^ 18909 - 34804

18 .53.36.23 I 15.391 - 34126 9 6.398.86 I 2,5602 - 41225

11 5346.03 I 1 1378 - .30078 22 6403.15 I 33124 - 48737

13 5352.25 1 17667 - ,36,346 9 61-48.13 I 41225 - ,56729

110 5376.79 I 14091 - 32685 6 6520.85
}

21303 - 36634

1 u 5 K)3. 13 I 36346 - 54847 7 6^98 87 91034 - 36346

13 .5412.14 I 21033 - 39505 7 6533.14 I 1,5223 - 30,525

120 .54 16..34 I 30280 - 48737 11 6.538.,30 I 14091 - 29,382

45 .5416.69 I 41.59 - 22616 11 6576.83 I 1,5.391 - .30,592

28 .5417.51 I 3268.-;) - .)1138 8 66 14..56
{

24292 - 39406
1^1 "i.lll W) 1.}'r f 1 . 1

,1 66 1 T 4^^ 4()9gi _ =;S403

55 5443.31 I U091 - 32457 7 6661.81 I 13.365 - 28372

22 5446.93 I 32685 - 510.39 27 6729..56 I 15223 - .30078

11 5447.76 I 11031 - 29.382 18 6791.,53 I 8743 - 23463

20 .5449.37 1 14339 - 32685 14 6806.61

{

15391 - 30078
9(1 J><QK5 - l?'<17 6878 70 14848 - 29382

22 5457.30 I 5144 - 23463 4 6901..58 I 25602 - 40087

28 5170.00 1 14848 - 33124 11 69.56.02 I 34365 - 48737

13 5474.-58 [ 25602 - 13863 6 6984.95 I 16212 - .30.525

13 5475.13 I 21 124 - 39383 15 7060.67
[

l.i223 - 29382
0 1 "667 — '^^09(1 7145 54 15391 - 29382

16 .5481.85 1 19893 - 381.30 10 7149.89 I 11031 - 2.5013

22 5509.33 I .30.592 - 18737 4 7184.10 I 38486 - 52402

9 5516.01 I 28140 - 46263 10 7206..33 [ 8743 - 22616

270 5523.53 1 29099 - 47199 5 7209.96
}

16212 - 30078

Li 1/. O-l 1 Q 7951 16 91303 - 35090

9 5549.79 I 33124 ' 511.38 6 7253.49 I 18902 - 32685

13 5552.88 1 11378 - 29382 6 7375.07 I 18902 - 32457

11 5560.62 I 3.5616 - 53,595 9 7407.95 I 2,3.323 - .36818

16 5580.66 I ,33124 - 510,39 26 7602.95
}

15223 - 28372
OA t^c^O 111 1

1 >z.^<) >,> tit 7701 .16 iQ'jqi _ 98372

8 5600.,50 I 36826 - 54677 7 7789.96 I .34365 - 47199

35 5620.08 1 10166 - 27954 7 78.52.17 I 15223 - 279.54

9 5637.41 1 15391 - 33124 6 7981.20 I 24292 - .36818

22 .5642..56 1 19109 - 36826 7 804 1 . 29 I
1

1 1 /!') I OO /I 0

28 5645.25 I
1 (1 1 i\tl ') AO 1 Q

7 ,5648.98 I 19109 - .36806

9 5660.21 I 26200 - 43863

7 5674.38 I 18301 - 35920
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Palladium

Pd,Z = 46, M= 106.4, Ratio^ = 1.674
Lu

Pdl Normal state of valence electrons 'id^^^So= 0. LP. = 67236 cm-i.

Pdll Normal state of valence electrons 4'd^^D2ii^ = 0. l.P.= 156700 cm-^.

References
Wavelengths:

G. R. Harrison, Massachusetts Institute of Technology Wavelength Tables (John Wiley & Sons, New
York, 1939).

Classification:

Pdl, A. G. Shenstone, Phys. Rev. 36, 669 (1930).

Pdll, A. G. Shenstone, Phys. Rev. 32 , 30 (1928).

Palladium — alt observed lines

Intensity

and
Character

Wavelength
in A Spectrum

Energy levels

in cm ~'

Intensity

and
Character

Wavelength c
^ bpectrum

Energy levels

in cm"'

1 1 AA
1 100 0/1 /I 7 O 1z44 / .y

1

{

A
u A AO 9A4Uoo9

1700 z4 /6.4z 0 4U3oy
50 z4o6.53

TT
11 27094 67299

130
O /I GO AO TT

11 25081 65247

60 2498.78 II 32278 72285

1900 2763.09 0 36181

24 2854.58 II 32278 67299
520 2922.49 6564 40771

650 3002.65 6564 39858
45 3009.78 25101 58317

1500 3027.91 7755 40771
1100 3065.31 7755 40369
2600 3114.04 7755 39858
270 3142.81 25101 .56911

11000 3242.70 6.564 37394

2700 3251.64 10094 40839
3500 3258.78 10094 40771
460 3287.25 6564 36976
3600 3302.13 10094 40369
5000 3373.00 7755 37394

24000 3404.58 6564 35928
13000 3421.24 7755 36976
5000 3433.45 11722 40839
6400 3441.40 11722 40771
7700 3460.77 6.564 3.5451

10000 3481.15 10094 38812
2000 3489.77 11722 40369
12000 3516.94 77,55 36181
12000 3553.08 11722 398.58

4500 3571.16 10094 38088

20000 3609.55 7755 35451
20000 3634.70 6.564 34069
5500 3690.34 11722 38812
1400 3718.91 10094 36976
1500 3799.19 77.55 34069

1500 3832.29 10094 .36181

2200 3894.20 11722 37394
1500 3958.64 11722 36976
290 4087.34 11722 .36181

90 4169.84 10094 34069

2500 4212.95 I 11722 - 35451

180 4473.59 I 11722 - 34069

55 h 4788. 18 I 34069 - 54948
45 h 4817.51 I 34069 - 54821

35 4875.43 I 34069 - 54574

55 5110.81 I 35451 - 55012

75 5117.02 I 38812 - 58349

160 5163.84 I 35451 - 54811

55 5234.86 I 35928 - 55025

120 5295.63 I 35928 - 54806

18 5312.57 I 36181 54998

15 .5345. 10 I 39858 58562

35 ,5395.24 I 39858 58388

55 5542.80 I 36976 55012

35 5.547.02 I 36976 54998

27 5619.44 I 40771 58562
15 5642.69 I 40839 58556

14 5655.42 I 40771 58448

75 5670.07 I 37394 55025
11 5690. 14 I 40839 58408

55 h 5695.09 I 37394 54948
18 5736.61 I 37394 54821

23 6774.54 I 25101 39858
65 6784.52 I 34069 48804

4 h 6833.42 I 40369 54998

11 7016.44 1 38088 52336

13 h 7310.06 I 38812 52488

75 7.368.12 I 3,5451 49020
27 7391.92 I 38812 52,336

16 7486.90 I 35451 48804

120 7764.03 I 3,5928 48804

27 7786.67 I ,36181 49020

45 7915.80 1 39858 52488

18 7961.08 I 28214 40771

55 8132.82 I 25101 37394

45 8,300.83 I 36976 49020
9 h 8.353..58 1 40369 52336

18 h 8,5,32.74 I 40771 52488
16 h 8599. 10 I 37,394 49020
65 8761.35 1 37394 48804
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Phosphorus

P, Z= 15, M= 30.9738, Ratio ^f- =0.487

P I Normal state of valence electrons 35^3^3 4S°,/^ = 0. LP. = 84580 cm-i.

PlI Normal state of valence electrons 35^3p^ '^Po = 0. LP. = 159100 cm-\

References

Wavelengths:
G. R. H arrison, Massachusetts Institute of Technology Wavelength Tables (John Wiley & Sons, New

York, 1939).

Classification:

Pi, C. C. Kiess, J. Research NBS 8, 393 (1932) RP 425.

P I and P II, W. C. Martin, J. Opt. Soc. Am. 49, 1071 (1959).

Phosphorus — all observed lines

Intensity

and
Character

Wavelength r-

^ Spectrum
Energy levels

in cm"'

Intensity

and
Character

Wavelength
in A Spectrum

Energy levels

in cm"'

340 2135.47 I 11362 - 58174 220 2534.01 I 18722 - 58174

3400 2136.18 I 11376 - 58174 600 2535.65 I 18748 - 58174
2600 2149.14 I 11362 - 57877 380 2553.28 I 18722 - 57877

280 2152.94 I 18722 - 65157 150 2554.93 I 18748 - 57877

550 2154.08 I 18748 - 65157
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Platinum

Pt,Z = 78, M= 195.1, Ratio 7^ = 3.070
Cu

PtI Normal state of valence electrons 5d%s^D3 = 0. LP. = 72300 cm"*.

Pt II Normal state of valence electrons 5d^ 1/2 = 0. I.P. = 149700 cm~^

References

Wavelengths:
G. R. Harrison, Massachusetts Institute of Technology Wavelength Tables (John Wiley & Sons, New

York, 1939).

Classification:

Pt I, A. C. Haussman, Astrophys. J. 66, 333 (1927).

J. J. Livingood, Phys. Rev. 34, 185 (1929).

Ptil, A. G. Shenstone, Phil. Trans. Roy. Soc. (London) [A]2 3 7, 453 (1938).

Strong lines of platinum

Intensity

and
Character

Wavelength e
^ bpectrum

Energy levels

in cm"'

Intensity

and
Character

Wavelength
in A Spectrum

Energy levels

in cm"'

5500 2049.37 I 0 - 48779 1800 2733.96 776 - 37342
4400 2032.41 I 1800 2997.97 776 - 34122
3200 2030.63 I 1700 2929.79 0 - 34122
3200 3064.71 I 0 - 32620 1600 2705.89 824 - 37769
3000 2084.59 I 824 - 48779

1500 2067.50 0 - 48352

2800 2659.45 I 0 - 37591
1500 2174.67 I

2000 2702.40 I 776 - 37769
1900 2144.23 I 0 - 46622

4787 - 51408
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Platinum — all observed lines

Intensity

and
Character

Wavelength
in A Spectrum

Energy levels

in cm"'

Intensity

and
Character

Wavelength
in A Spectrum

Energy 1

in cm
evels
— 1

3200 2030 63 J 40 2674.57
T

6568 _ 43946
4400 2032.41 I 440 2677.15 I 0 37342

5500 2049.37 I 0 - 48779 200 2698.43 I 6140 - 43188
1500 2067.50 I 0 - 48352 2000 2702.40 I 776 — 37769
3000 2084.59 I 824 48779 1600 2705.89 I oz4 37769

1000 2103.33 J 824 _ 48352 60 2713.13
T

10117 _ 46965
950 2128.61 I 776 47741 1300 2719.04 824 37591
1900 2144.23 I 0 - 46622 130 2729.92 I 6568 - 43188

II 4787 - 51408 1800 2733.96 I 116 - 37342
600 2165.17 I 0 46170 70 2738.48 I 10117 46623

1500 2174.67
T

1 u 974.7 fii y 13496
400 2202^22 I 776 _ 46170 80 2753.86 10132 46434
320 2222.61 I 6568 - 51546 200 2754.92 I 10132 _ 46420
150 2249.30 I 0 - 44444 30 2769.84 I 6568 - 42660
190 2268.84 I 500 2771.67 I 776 36845

280 2274.38
I

776 44730 40 2773.24
T

13496 49545
150 2289.27 I 776 44444 20 2774^00 10132 46170
150 2292.40 I 824 - 44433 50 2793.27 I 13496 - 49286
240 2308.04 I 6568 - 49881 16 2794.21 II 13311 - 49089
90 2315.50 140 2803.24 I 6140 41803

1 O . ^ 7 824 43946 in 90AQ riZoUo. 0 1 J 15502 "^1 noR

100 2326.10 6568 49545 50 2818.25 824 36296
170 2340.18 I 6568 - 49286 1400 2830.30 I 0 _ 35322
280 2357.10 I 776 - 43188 70 2834.71 I 10132 - 45398
180 2368.28 I 6568 48779 16 2853.11 I 13496 48536

10132 52072 £.0 9000 90zooo. zu 10117 447^n

40 2386.81 776 42660 25 2893.22 15502 50055
120 2389.53 I 824 - 42660 600 2893.86 I 776 _ 35322
35 2396.17 I 13496 - 55217 300 2897.87 I 824 - 35322
70 2401.87 I 10132 517.52 60 2905.90 I 6568 40970

2403.09 J 6140 47741 1 zu 90 1 9 9fiZ7 i z. zu J 10117 44444
100 2418.06 13496 54839 120 2913..54 10132 44444
80 2428.04 I 6568 - 47741 70 2919.34 I 13496 - 47741

50 2428.20 I 10117 - 51287 30 2921.38 I 6568 - 40788

25 2429.10 I 10132 — 51287 1700 2929.79 I 0 34122

OIQA AO J 776 41803 9QJ.9 7ft J 30157 64129
650 2440.06 0 40970 30 2944.75 6568 40516

60 24.50.97 I 0 — 40788 25 2959.10 I 15.502 - 49286
440 2467.44 I 0 - 40516 60 2960.75 I

35 2471.01 I 13496 — 5.3953 1800 2997.97 I 776 34122

9 107 1

7

99(1zzu Qnn9 97
.

824 ^419904 1 zz

25 2488.74 II 30 3017.88 13496 46623

200 2490.12 I 824 40970 130 3036.45 I 13496 — 46420

160 2495.82 I 6568 - 46623 800 3042.64 I 824 - 33681

240 2498.50 I lib — 40788 3200 3064.71 I 0 32620

oU
. 007 1 Qi.

.

10117 49AA0rZUUU

120 2508.50 130 3100.04 6568 38816

50 2514.07 I 10117 _ 49881 320 3139.39 I 776 _ 32620

60 2515.03 I 10132 - 49881 140 3156.56 I 10132 - 41803

240 2515.58 I 776 - 40516 120 3200.71 I 13496 — 44730

u. 100 xf\ 1 7n+U I i\1
^90
•JZu 6568 37769

40 2529.41 J I .)4V0 ^^n 1

0

.).)U 1 y 30 3230.29 1 ^406 44444

50 25.36.49 I 10132 I 49545 20 3233.42 I 15502 _ 46420

160 2539.20 1 824 - 40194 20 3250.36 I

18 2549.46 I 13496 - 52708 40 3251.98 I 10132 — 40874

OU
ore.) .)- .

1 n 1 1

7

19^^ 09OZijO. 7Z J 6140

50 2596.00 J 1 .J.>UZ 25 3268.42

70 2603.14 I 10132 48536 25 3281.97 I 33681 64141

50 2619.57 I 6568 44730 120 3290.22 I 10132 40516

1100 2628.03 I 776 38816 500 3301.86 I 6568 36845

6568 44444 ou 11 1 q 0'^ J 0

1000 2646.89 } 0 37769 35 3323.80 J 10117 40194

500 2650'86 824 38536 340 3408.13 824 30157

20 2658.17 10132 47741 35 3427.93 13496 42660

2800 2659.45 0 37591 60 3483.43 10117 38816
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Platinum— all observed Zirees — Continued

Intensity

and
Character

Wavelength c
! spectrum

in A ^
Energy levels

in cm"'

Intensity

and
Character

W avelengtn
in A Spectrum

Energy levels

in cm"'

160 3485.27 I 10132 - 38816 12 4520 90 I 37769 - 59882
1 OA oOZo. 1 L 1 6568 - 34122

35 33680 - 55641
70 QAIQ 70 ToOoo. ly i 10117 - 37591 4552.42 I

70 3643.17 I 18567 - 46007 12 4879.53 I 36296 - 56784

50 3663.10 I io4^VO 4-U / OO 14 5044.04
t

15502 - 35322
30 5059 48 T

32620 - 52379
80 3671,99 I 10116 - 37342 35 5227 66\J^^ 1 . \3\J

I
13496 - 32620

OU Of-HA (\A T 10132 - 37342
5^oo o/;qq qi t 13496 - 40516 40 5301.02 J 36782 - 55641

18
o nf\^ CO T3706.53 1

19 5368 99 I
15502 - 34122

20 3801.05 19IZ J 34122 - 52667
1

A

l** 04- lO.il J 34122 - 52379
80 3818.69 I 10117 - 36296 1 A } 38536 - 56784
40 ^onn I

t O 1 34122 - 59751
1 in 30157 - 55641 5763.57

T
35322 - 52667

35 3948.40 1 13496 - 38816
ro/in ! o
D<54-U. iZ

}

15502 - 32620
1 AAlOU 0A££ oi; T3900. 3o 1 lull/ Qo CQyI/i OA

20
0 4.01 Od. — oo ( 04"

3996.57 I 15502 - 40516 7 Oolo.o /
J

110 4118.69 I 13496 - 37769
80 4164.56 I 10117 - 34122 8 6326.58 21967 - 37769
A A40 4192.43 1 13496 - 37342 ny coo /I c

{

37342 - 52667
18 4327.06 1 33680 - 56784 1 niU *i7 1 A /I O0/ ID. 42

{

37769 - 52667

18 4391.83 I 21967 - 44730
A7An no 37591 - 52379

60 6842.60 37769 - 52379
80 4442.55 I 10117 - 32620
14 4445.55 I 10132 - 32620 20 7113.73 18566 - 32620
25 4498.76 I 30157 - 52379 10 8224.74 21967 - 34122
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Potassium

K,Z=19, 39.10, Ratio 77- = 0.615
Cu

Kl Normal state of valence electrons 3pHs^Si/2 = 0. LP. = 35010 cm-^.

KlI Normal state of valence electrons 3p^'So= 0. I.P. = 256637 cm"*.

References

Wavelengths and Classification:

P. Risberg, Ark. for Fysik 10 , 583 (1956).

Potassium — all observed lines

Intensity

and
Character

Wavelength
in A

Spectrum
Energy levels

in cm

Intensity

and
Character

Wavelength
in A Spectrum

Energy levels

in cm"'

320 4044.14 I 0 - 24720 25 hi 6911.08 I 12985 - 27451

160 4047.21 I 0 - 24701 50 hi 6938.77 I 13043 - 27451

10 1 5782.38 I 12985 - 30274 18000 7664.90 I 0 - 13043

14 1 5801.75 I 13043 - 30274 9000 7698.96 I 0 - 12985
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Praseodymium

Pr, Z= 59, M= 140.9077, Ratio— = 2.217
Lu

Pr I Normal state of valence electrons 4/^652 ^1°,/^ =0. LP. = 43730 cm-i.

Pr II Normal state of valence electrons 4/^65^14 = 0. I.P. = 85100 cm'^.

References

Wavelengths:
R. Zalubas, unpublished material (1973).

Classification:

Pr I and Pr ll, (Spectrum assignment only)

A. S. King, Astrophys. J. 68, 194 (1928).

R. Zalubas, unpublished material (1973).

Pr I and II, J. Blaise, J. Verges, J. F. Wyart, P. Camus, and R. Zalubas, unpublished material (1973).

Pr II, N. Rosen, G. R. Harrison, and J. R. McNally, Phys. Rev. 60, 722 (1941).

Molecular Spectra:

PrO, W. W. Watson, Phys. Rev. 53, 639 (1938).

Strong lines ofpraseodymium

Intensity

and
Character

Wavelength e
^ spectrum

Energy levels

in cm"'

Intensity

and
Character

Wavelength ^
^ " spectrum

Energy levels

in cm"'

5200 4179.38 II 1649 25569 1500 4305.76 II 442 23660
3800 4222.98 II 442 24115 1300 h 3816.02 II

3800 4225.31 II 0 23660 1300 c 3918.85 II 2998 28509
3400 4062.83 II 3403 28010 1300 c 3989.69 II 442 25500
3100 3908.44 II 0 25578 1300 4044.82 II 0 24716

2900 c 4100.71 II 4437 28816 1300 4333.97 II 1649 24716

2700 4143.12 II 2998 27128 1200 3850.79 II

2500 4189.48 II 2998 26861 1200 4368.33 II 0 22886
2500 c 4206.71 II 4437 28202 1200 c 4429.13 II 0 22571

2200 4054.86 II 1744 26398 4429.25 II 2998 25569

2200 4056.53 II 5079 29724 1100 c 3965.25 II 1649 26861

2100 c 3982.05 II 3403 28509 1100 4297.76 II 0 23261

1900 4008.70 II 5079 30018 1100 4351.84 II 1744 24716
1700 c 3877.18 II 442 26226 1100 4496.44 II 442 22675
1700 c 4118.45 II 442 24716 960 3830.72 II

1700 c 4164.19 II 1649 25657 960 3852.80 II

1700 4408.84 II 0 22675 960 3925.44 II 0 25468
1600 c 3964.81 II 442 25657 960 4033.84 II 2998 27782

1600 3994.79 II 442 25468 960 4241.02 II 4437 28010
1500 c 4141.21 II 4437 28578 960 4468.71 II 1744 24115
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Praseodymium— all observed lines

Intensity

and
Character

Wavelength
in A

Energy levels

in cm"'

Intensity
Wavelength

in A
^ri*»pfni inO^CCllUIll

Energy levels

in cm"'

25 OCCQ CO£.000.00 TT
11 OU IT11

25 £,0 lO.£, I
T
1 zo QA7/1 QQoU/'+.oo 1

30 2579.31 I 35 3078.95 II

40 h 2598.04 II 110 3082.11 II

25 2608.92 II 30 3084.90 II

II11
3085.02 II

25 LO . t 0

25 2648.48 II 50 3085.86 JJ

30 2654.75 II 35 3091.33 II

25 2666.70 II 50 3097.77 II

20 2672.52 II 80 3098.50 II

30 OAft"^ 10 II
11 ACi A oini 07oLVL.Zi

45 2685.70 II 20 3103.11

50 2698.92 II 40 3105.38 II

60 2700.38 II 40 3109.78 I

30 2702.25 II 40 3110.58 II

100 h 97ft7 17L l\J i .0 t
II
11 lUU oil 1 .04-

20 2714.16 II 30 3114.13 JJ

60 2720.17 II 30 3119.03 II

30 2721.90 II 140 3121.58 II

50 2726.50 II 40 3122.96 II

12 07*31 7QA 161. lo 1111
ocOD 1 1 on OA012V.2U

2733.12 II 25 3135.35 }|

2734.30 II 40 3136.79 II

25 2737.90 II 50 3146.44 II

40 2742.12 II 60 3151.54 II

07/1/1 II11 ArtOU Q 1 C Q OQ

jj20 0*7/1/1 00 II
11

CAoU 0 1 CO 00

60 2760.35 II 85 3158.65 II

50 2769.60 II 140 3163.73 II

50 d 2775.94 II 75 3164.81 II

2776.03 II
97n2 IV 01 /IQ 0/1ol0o.z4

2778.80 II 25 3169.36 jj

50 2783.31 II 21 3171.23 II

30 2789.05 II 160 3172.31 II

35 2792.51 II 85 3182.44 II

1

1

1 1 fi
1 lU Q 1 Q 1 ,10oiy 1.4Z

2823.17 II 65 3191.74 j}

20 2824.14 11 200 d 3195.99 II

20 2828.29 U 3196.09 II

20 2842.98 I 110 3199.04 II

0 0 1 /t n 1ZB44.U 1
I T
11 oU "3 OA/1 QlozU4.ol

2850.62 I 100 ,3207.89 JJ

25 2853.99 11 50 ,3213..58 II

30 2865.64 II 35 3214.42 II

50 2881.60 I 190 3219.48 II

2882.3

1

I r
11

0 c00 903A OO

2884.89 II 100 3234.27 {}

30 2943.97 II 25 3235.43 II

30 2967..S8 II 40 3238.86 II

30 2971.13 II 100 3245.48 II

d 29 / 1 . 40 II
11

CAOU OZ /O.OO

2971.46 11 75 ,3295.52 JJ

50 2984.98 II 25 3296.38 II

30 2986.18 II 25 3,303.18 II

30 2990.22 II 40 33 14.,38 II

on .i0lJ.4o If
11 4U 00O/I CA ..

oU 3029.27 II 21 3341.47 JJ

3032.71 II 40 3.350.27 II

50 3045.16 II 140 33,55.67 II

40 3046.79 II 21 3359.26 II

20 3049. 17
I

1 n
.

80 OU.)i> . £.0 1 I 40 d 3370 25 {j

40 3062.06 II 40 3372.50

80 3063.68 II 40 3376.65

35 3068.66 I 40 3379.76
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Praseodymium— all observed lines— Continued

Intensity

and
Character

in A Spectrum
Energy levels

in cm ~

'

Intensity

and
Character

vv fi vplpfi 0^ n — p Ti<^r(TV IpvpI*
. I ^ Spectrum - _iin A in pm

35 3383.36 I 25 h 3607.81 II

40 3383.73 II 130 3611.94 II

40 3388 02 II 25 3612.71 II

110 3394 62 11 50 3615 16 II

21 3403 56 II 75 3616 66 II

65 3415.69 II 25 3618.08 II

65 3418.41 II 25 3619.15 II

35 3419.23 II 50 ^691 07 IT

21 3421.11 II 65 h ^699 ^9 TI

40 3427 55 II 25 h 3622 64 II

II
3622.74 II

85 3430.27

40 3430.50 II 170 3630.96 II 5855 - 33388
21 3431 62 II 25 ^6^4 47 TTtJUljT'.T'i 11

85 h ^433 50 II 95 OKJOO . ^0 11

30 3434.77 II 40 3637 64 TT

30 3442.76 II 25 3638.58 II

35 h 3447.84 I 95 3641.62 II

40 3448. 19 II 65 3643 32 TT

40 3449.80 II £•0 OUt'T'.OO 11

3451 .48 II 100lUU out-o.oo 11 0000 00^ 1

0

50 3455.97 II 250 3645.66 II

25 3460.58 II 250 3646.30 II

110 3465.74 II 100 ^648 ^0 TT

40 ^466 T\ IT ^ft'iO 1 ^ TTOUJU. 10 11

35 3467 03 II 50 36^1 Od TToyjot.yj^ 11

65 3473.84 II 35 3652.38 II

50 3487.56 II 50 3657.42 II

^4Q1 40 T
1 0\3 ^fi'%fl 91 TTOUOO.^l 11

25 IT11 71;
I 0 OKJOy.KJO 11

25 3494.26 II 40 •^660 Oft TT

60 3499.06 II 150 c 3660.36 II

50 3499.53 II 100 3661.62 II

IT11 do 0\JU£.,0£, 11

II
11 dO Qfi^id fid TT

II
1

1

'If.f.'l Id II000 / . 14* 11

25 3537.31 II 95 3667.67 II

50 h 3539.92 II 370 3668.83 II

35 3542.38 II11 40 ^fiftQ '\'{ TT11

£•0 11 do •5^70 9fi TT

£.0 Qt;dQ IT
11 do ^^71 Ql TT

40 3551.33 I 50 3674.14 II

8 3551.41 I 0 - 28149 21 3674.88 II

25 II 50 3680 00 TT0\JK}\J.\J\J 11

40 ^^^^ '>d II
1

1

iO hoyi 11 ouo 1 . 00 11

0(J<> 1 . (V/
II
1

1

9^;£,0 ^^^ft^ 9f\ TTOUOU.^U 11

40 3562.24 II 250 3687.03 II

40 3562..56 II 150 3687.19 II

OiiOo.O /
II
it 1 nolUU 'lAQQ 71 11 799S — 'id.'iOl

11 OU ^fiOl d7 TT

£.tJ OO f \l, .JO
I
1 '^O 'If.QI 'if, IIODVO.OO 11

50 3S74.% II 50 3693.48 II

25 3575.51 25 3696.65 II

to Q 0C77 A7 11 iOU ^AOR rtA TToOVo.UO 11

n OO / V . UO 11 OU Q/;OQ CO TToOW.OO 11

ou n
Of:7Q QAOO 4 V. vo 1I vo 07AI 01 TTo/Ul.oi 11

50 h 3582.25 II 40 3704.33 II

200 3584.21 II 230 3706.75 II

dn A OCO7 QOoOo i . VO 11 V l\j C ^711 in TT AAO — 97^00
0 C QQ 10000.04 II11 OU 0719 00 TT

OU oooy.4V II ArtOU ^711 97 TT0 / lO.Z 1 11

25 h 3593.00 II 290 3714.05 II

75 3596.18 II 60 3715.62 II

75 3600.74 II 95 3716.28 II

95 3605.05 II 60 3717.83 II

50 3605.96 II 60 3718.03 II
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Praseodymium— all observed lines— Continued

Intensity

and
Character

Wavelength
in A

c Enercv levels
spectrum .

in cm

Intensity

and
Character

vV a V f*l **n uthTT 0 T ^l^lIgLll

in A
F.npr£rv lpv**l*

Spectrum . _i
in cm

60 3719.42 II 190 3794.93 II

29 3720.28
TT
11 50 3795.77

29 3722.06 II 40 3796.28 jj

40 3723.57 II 680 3800 30
It

75 3725.01 II 95 c 3801 35
IT

50 3726.29 II 29 3802.30 11

35 3729.11
TT
11 290 3804.84

50 3729.40 n 60 3806 14 JJ

85 c 3730 55 n 140 3809 18
TT

50 3731.49 II 60 3809.97 JT

120 c 3733.03 II 390 3811.84 II 0 - 26226
210 c 3734.41 IT

11 40 3813.89 11 7228 - 33440
60 3735 28 n 1300 h 3816 02

250 3735 76 n 120 3817 66
IT

190 3736.49 n 95 3817.87
IT

410 3739.18 II 5854 - 32590 680 3818.28 II

150 3740.99 II 40 3818.74

JJ120 3743.98 II 120 3819.14

35 3747.26 II 310 ^891 80 JJ

40 3747.47 II 60 ^892 78 JJ

29 3748.50 II 150 c 3823.18 II 7832 - 33981
60 3748.82 II 40 3823.59 II 0 - 26146
75 ^750 08 II 95 3824 08 II 7888 - 34031

75 3750 50 11 95 c 3826 20

190 3750 98 II 120 3826 67 II 8198 - 34323

50 c 3751.59 II 40 3828.33 II

60 3752.32 II 40 3828.74

JJ60 S75'^ 40 II 35 c

50 3754.40 II 960 3830 72 TJ

85 c ^755 00 II 60 3831 80 JJ

50 37.56.80 II 75 3832.97 II 441 - 26523

140 3759.60 II 75 3833.54
JJ^7fi0 ORO 1 UU . UO 11

1

1

14.0

uovy ^761 87 II
1

1

T'OU 3840.99 J.

O t \Ji. . ou II 970 3842.34 II

29 3762..56 II 60 3843.35 II

60 3763.03 II 60 3843.78

JJ3764. 10 II 150 c 3844.54
^7fi<i 77 II

1

1

580 ^846 5Q II

90 n1

1

JO 3846.94 II

60 3766.47 II 1200 3850.79 II

230 3768.94 II 720 c 3851.55
JJ95 3769.68 TI 442 - 26962 35 3852.07

60 ^770 4.fi II 960 3852 80 II

J770 00 II
1

1

95 3855 88iJ\JxJkJ t KJKJ II

170 3774.06 II 95 c 3856.99 II

75 3776.09 II 3857.13
JJuU C 'xiii 110 i i ( , 1

0

II
1

1

190 0000. £,0

1 in 2777 AO
1

1

1 10 3859. 14 II

'^77ft 7^ II
1

1

75 3861 30 II 8141 - 34031

85 3780.26 II 75 3862.04 II

170 3780.66 II 75 3864.08
JJ0 i 0 1 .V 1 11 / Ooo o^o^o ^fifi'^ 4'iOOUJ. ^0

ou 0700 oc
11 910 '\9.f\l 'i9OOU I . lJ^

DU C 0 i 00.0 I
IT
1

1

^868 52 II 0 - 25842

35 3783.84 II 75 3869.17

3783.98 II 95 3869.85 II 8198 - 34031

0 t O.J. to 11 1

0

3870.41
/in OVQ/; fin0 / (10. Uu II

1

1

910 ^fi70 79

0 i oO.tJO
II
1

1

40 ^879 6Q IT 0 - 25814

24 3788.06 II 50 3873.01 II

40 3790.58 II 35 3873.36

210 3792.51 II 95 3874.45

50 3792.95 II 480 3876.19

60 3793.45 II 1700 c 3877.18 II 442 - 26226
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Praseodymium— all observed lines — Continued

Intensity

and
Character

Wavelength
in A Spectrum

Energy levels

in cm

Intensity

and
Character

Wavelength c
jjj

Spectrum
Energy levels

in cm"'

95 3878.32 II 95 c 3940.16 II 442 - 25814

270 ^R7Q 90OO i 7 . II 29 3941.45 II

680 3880.47 II 0 - 25763 120 3942.27 II

75 3880.83 II 50 3942.88 II

85 3882.28 II 55 c 3943.40 II

40 n 3884.05 II 1649 - 27388 65 3943.75 II

440 c "^RfiS 19 II 1649 - 97380 90 3944.13 II

35 3888.06 II 35 3944^61 II

50 3888.29 II 65 3944.90 II

440 c 3889.34 II 442 - 26146 65 3945.41 I 1377 - 26715

24 h 3889.97 II 110 3945.60 II

120 c 3891.71 II 180 3946.89 II

50 3892.51 II 730 c 3947.63 II 1649 - 26974

29 3894.14 II 900 c 3949.43 II 1649 - 26962
29 3894.89 II 45 c 3950.65 II

50 3895.04 II 65 3951.18 II

40 oo 7U. II oo 3951.84 I

65 3897.03 II 65 3952^11 II

190 3897.25 II 8379 - 34031 45 3952.35 II

40 3897.71 II 900 c 3953.51 II 4437 - 29724

210 3898.84 II 40 3954.99 II

85 c JQQQOO 7 7 . OT- IT 174.4. - 97'?R01 i T-Tr Z i OOv oo

3902.45 II 22 3955.42 II

65 3903.92 II 7832 - 33440 22 3956.34 I

35 3904.85 II 8379 - 33981 35 3956.55 II

65 3906.08 II 380 3956.75 II

29 3007 9Q II
1

1

oo 070 I . UO 11

770 c 3908.05 II 4437 - 30018 65 3958.22 II

3100 3908.44 II 0 - 25578 65 3958.49 II

110 ,3909.62 II 190 3959.44 I

40 3911.29 II 45 3959.75 II 8141 - 33388
35 <01 1 7Q II QO f ^Q60 4.Q TI07UVJ.4.7 11

4.0 3911.99 II 7832 - 33388 55 3961.28 II 8379 - 33617

50 3912.25 II 8478 - 34031 470 3962.45 II 1744 - 26974

65 3912.63 II 160 c 3963.11 II

630 3912.90 II 1649 - 27198 45 3963.71 II

310 ^Ql II1

1

OU\J ViM 96 TT07U^.i.U 11 1 74.4. - 96069
910 3914.76 II 1600 c 3964.81 II 442 - 25657

170 3915.46 II 1100 c 3965.25 II 1649 - 26861

24 3916.78 II 45 3965.61 II

95 3917.24 II 560 c 3966.57 II 2998 - 28202
75 c 30 1 7 OAoV i / . VD II

11 1 ^0 070 I . lO 11

c 3918.85 II 2998 - 28509 160 3968.14 II

420 3919.63 II 55 3970.07 II

250 3920.53 II 0 - 25500 500 3971.16 II 3403 - 28578

65 3922.23 1! 320 3971.67 II

95 oVZ.i..>.)
1

1

11 OZU C QQ79 lA IIoV ( Z. 14- 11

1 OA 3924.15 II 8141 - 33617 55 3973.09 II

50 3924.99 I 55 c 3973.90 II

960 3925.47 II 0 - 25468 90 c 3974.30 II

480 3927.46 II 1744 - 27198 320 3974.85 II

120 0 O 0 7 7 1 1

1

11
ccoo ^Q7A Id IT

QC00 3928.69 II 80 3976.56 II

65 3928.92 II 7832 - 33278 100 3976.79 II 8477 - 33616
370 3929.29 II 55 3977.43 II

85 3929.88 II 40 h 3977.73 I

35 oV.iU.OZ II
11 QQ7Q (.Q II07 i V. UO 1

1

29 3932.11 II 90 3980.21 II

130 3932.97 II 8198 - 33617 90 3980.84 II

50 3934.27 II 65 h 3981.16 II

110 c 3935.17 II 2100 c 3982.05 II 3403 - 28509

370 3935.8/ I r
11 442 - /5o4z 1 oo UlUU n oVoz . 11 441 - ZOo4o

29 3936.68 II 90 h 3983.59 II

29 3937.02 II 90 3984.24 II

250 3938.30 II 90 c 3985.64 II
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Praseodymium— all observed Zmes— Continued

Intensity

and
Character

W avelenfitn
• Xin A Spectrum

Energy levels

in cm '

Intensity

and
Character

Wavelength
in A Spectrum

Lnergy levels

in cm '

65 3986.17 II 8198 - 33278 110 4059.37 II

120 3987.37 II 110 h 4061.32 II 5108 - 29724
on OQOO AA IT

11 'rUOZ.ZZ TI
11

louu c TT
11

AAO _ 9c;c;nn
4'4'Z ZOOUU AC\fS) ftl4'UuZ.ol IT

11 54,0 _ 9Rnin%jHe\lo ZOUiU
tl
11 91ftZ lU AAAO OA II

11

230 3991.91 II 170 4070.24 II

340 3992.16 II 190 4072.50 II 7228 - 31776

Do n '^009 on II
11 on IT

11
ACL „40 C oyyo. 10 IT

11 9QOQ OQH'iAZyyO ZOUo4 cc
DD AC\lf\ 9n4U iO.zU 11

IT
11 ouu c dHTQ 77 II

11

1600 3994.79 II 442 - 25468 500 c 4080.98 II 1649 - 26146

270 3995.83 II 790 4081.85 II

OOU C
II
11 90QQ _ 9onin IT

11
_ 9A99A1 I Ht^ ZUZZU

QOQ7 Q/:oyy / .yo
II
11 lUU c 4Uo4. /

1

IT
11

^QQQ 1 9 II
11 lUU 4'UoO. 1

1

TT
11

620 c 4000.17 II 1649 - 26641 55 4085.26 II

110 4000.45 II 55 4086.20 II

on oyu c 4-uuu.oy TT
11 Ou ACiQf. 794'UoO . (

Z

TT
11 0919 _ 'Kt.f.lA.

OD A f\f\ 1 A "i TI
11 zuu c 4UO / . Z

1

IT
11

45 4Uuo. /o
T T
11

AC\ ylAQQ QQ4Uoo.oo IT
11

730 4004.70 II 1744 - 26707 40 4089.08 II

150 4006.67 II 55 4089.46 II

00 4UU / . /O
T T
11 00 ^AQQ QQ4Uc5y .<50

II
11

lyuu 4UUo.Dy T T
11 ou/y ~ ouulo A(\Ci(\ 79 II

11

yu AC\(\Ci 9/14uuy .Z4
TI
1

1

OU n 4.009'tU^Z.OI IT
11

65 4009.96 I 40 4092.84 II

620 4010.60 II 90 c 4094.96 II 1649 - 26062

90 /I A 1 Q 0 "J40 1,5.
TT
11 oU

/lAAC OA4uyo.oy II
11

1 1 A d A 1 9 Q Q IT
11

ciAQ ^nm Q oU 4uyo. oz II
11

90 4 A 1 ^ 0 O4014. .5/
If
11

/1AQA Q94uyo.oz TI
1

1

MAA — 0(\\Af\
i ( ZD 1 4-0

730 4015.39 II 1744 - 26641 380 4098.40 11 8198 - 32591

28 4016.78 II 55 4098.65 II

£OA620 /lAOA AA40zo.yo
I T
11

1lOU A 1 nn 994 lUU. ZZ IT
11

90 4022. 18 II zyuu C A 1 nn 7941UU. (

z

IT11 AAll 9ftQlA440 i ZOO 10

470 4022.71 II
0 coo A 1 A/1 OC41U4.O0 TT

11

110 4024.30 11 110 4105.71 II

65 4025.18 II 28 4107.11 II

0£A360 40z.T..^4
I T
11 oo Ain7 c:941U / . OZ II

11 Q'\'\f\ - '\'\f\lA7i>OU OOU 1 4

230 4026.83 1 f
II yu A 1 n7 7n41U / . /U

II
11

230 4029.00 1 1
11 00 /1 1 no I 'X41UO.OO IT

1 1

360 c 4029.72 11 35 4109.09 II

65 4030.47 II 35 4109.37 II

150 1 A •) 1 AT
4U.> 1.0/

t I
11

9Q \\Zo n 4110 11'+ i I U . I I
[I
1

1

730 c
/I AO 1 1 C4Uo 1 . /o I T

11 104y — Z044.1 00 /II 1 n d.*^ IT
1

1

230 4032.47 11 OZzO — oUUlo A ^4o /1 1 1 n 0141 lu. y 1
II
11 1 lAA — Of\(\f\01 /44 ZDUOZ

150 4032.96 II 1,50 c 4111.86 II 442 - 24755

960 4033.83 II 2998 - 27782 28 h 4112.72 II

230 4034.33 II 1 /44 - Z00Z4 Z /U C A\^'x QO4 i 1 o . oy II
11

65 c 4036.55 I r
II DO 4 11/1 Q94 1 14. oZ IT

11

65 4037.2

1

1

1

II
A ^40 Al 1 ^ ft94- 1 1 0.oZ IT

1

1

230 40,38.22 II 1700 c 4118.46 II 442 - 24716

730 40.38.45 II 0 - 24755 45 4119.33 II

55 4039.02 II
AA90 /I 1 1 O Qt^41 ly.oo IT11

470 4039.34 11 1649 - 26398 00 n A 1 9n 1

1

41zU. 1

1

I
1

1300 4044.81 II 0 - 24716 oozo A 1 9n Q94izu.yz TT11

230 4045.70 11 90 4124.03 II

230 4046.63 II 90 4124.32 II

340 4047.08 II
•7000 OOCAl7888 - 3/591 AA90 y1 1 or AQ41ZO.UO TI11

180 4048. 13 II 00 n 41zo. 14 IT
11

450 4051. 13 II zoO A 1 on 1 c41/9. 1.0
TT
11

Q07A Q9£;0100 /y ~ ozoyi

90 4052.57 II 340 4130.77 II

2200 4054.88 II 1744 - 26398 170 c 4132.20 II 1649 - 25842

2200 40,56.54 II 5079 - 29724 200 4133.61 II

140 4058.20 II 35 4137.15 II

450 40.58.80 II 3403 - 28034 35 4138.20 II
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Praseodymium— all observed lines— Continued

Intensity

and
Character

Wavelength
in A Spectrum

Energy levels

in cm"'

Intensity

and
Character

Wavelength 0
in A Spectrum

Energy levels

in cm"'

28 h 4140.28 II 3800 4222.93 II 442 - 24115

lOUU C d.14.1 99 dd^7 — 9R'^7Rt^-o / Zoo JO on 4.000 Af, ITT-ZZo.^O XI

65 4141.95 II 3800 4225.35 II 0 - 23660
2700 4143.11 II 2998 - 27128 160 h 4225.59 II

28 4144.21 II 90 c 4228.52 11

270 c 4146.50 II 90 c 4229.10 II

£.0 did.? 19 TT
ii 00 d99Q on TT

45 4147.51 II 90 4230.60 II

270 4148.44 II 1744 - 25842 320 4233.11 II

40 4149.29 II 320 c 4236.15 II 1649 - 25249

80 4150.04 II 140 4236.60 II

d.1 '^n QdT* i ou.v* II
XI VOOZ OOO 1

/

00 /I907 A^ IT

28 4151.74 II 65 4238.37 II

90 4154.01 II 270 4240.02 II 8198 - 31776
200 4156.50 II 9335 - 33387 960 4241.01 II 4437 - 28010

35 4156.82 II 170 c 4241.30 II

DO dl '^7 7"?4'10 t . to 11
11 ^dn dOd*^ ^1 TT4-Z4-0. 01 XX ^dfl^ — 9AQft9O^-Uo ZO7DZ

40 4159.46 II 65 4245.46 II

28 4159.73 II 65 4246.16 II

45 4160.47 II 840 c 4247.63 II 442 - 23978

1700 c 4164.16 II 1649 - 25657 90 4249.08 II 0 - 23528
TT
11 on AOAO AO. TT 9QQQ Of^^OA

230 4169.45 II 3403 - 27380 190 4250.34 II 10802 - 34323
620 4171.82 II 2998 - 26962 160 c 4251.45 II 10466 - 33981
730 4172.25 II 1649 - 25610 65 4253.09 II

40 4173.72 II 500 4254.40 II 5079 - 28578
zou 4' 1 / 0 .oZ II

IX
7000 Q177A 14U C /IOAI 7Q IT4Z01. to XI o4Uo ZOoOl

250 4175.62 II 9336 - 33278 190 4262.27 II

100 4176.32 II 90 4262.80 II

200 4178.63 II 90 4263.14 II

5200 4179.39 II 1649 - 25569 270 c 4263.78 II 2998 - 26445
di on in II

XX lUU /10A7 lA IT4Z0 / . /4 XI

65 4180.65 II 1744 - 25657 320 4269.09 II

40 4182.30 II 160 4271.77 II

40 4182.58 II 790 c 4272.27 II 2998 - 26398

55 4182.90 II 90 c 4275.21 II

1 1 ni lU '+ 1 04-./0 II
1

1

on
'4-Z ( D.oZ 11

40 4184.60 II 120 4276.18 II 9212 - 32591
140 4185.12 II 7888 - 31776 120 4278.05 II

45 4185.88 II 90 4279.00 II

55 4186.38 II 470 c 4280.07 II

Do A 1 Q7 7A410/. /u 11 7QA /lOQO /I 0 II4zoz.4'Z 11 AA'Xl 977Q9

2500 4189.48 II 2998 - 26861 45 4285.37 II

45 4190.59 II 10466 - 34323 45 4286.98 II

560 c 4191.60 II 1649 - 25500 45 c 4288.47 II

45 c 4192.47 II 80 4289.41 II
r r
30 4194.0/

T rU IzU /lOOA 00 II4zoy.oo 11

55 c 4195.49 II 55 4290.40 II

55 4195.96 II 55 4290.99 II 8478 - 31776
110 4196.76 II 80 h 4291.59 II

35 4197.13 II 110 c 4293.14 II

11 4iy /.ZZ
IT
11

1 /I A14U A ono CO IT4zyj.0{) 11

290 4201.17 II 160 c 4294.69 II

110 c 4201.55 II 90 4295.11 II

2500 c 4206.72 II 4437 - 28202 1100 4297.76 II 0 - 23261

120 4207.79 II 450 c 4298.98 II
CAAOUO 4208. o2 f T

11 1744 - z.iouO 1 AA „lUU c A OAO 1 C II4oUz.lo 11 o40o - z6o41
320 4211.86 II 4437 - 28173 290 4303.61 II

45 4213.28 II 1500 4305.76 II 442 - 23660
180 4213.56 II 110 4306.04 II

55 4214.00 II 1744 - 25468 45 4307.63 II 10466 - 33674
120 he 4216. 12 II 100 c 4308.90 II

80 4217.19 II 80 4311.09 II

320 4217.81 II 45 4311.92 II

160 4219.61 II 80 4315.51 II
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Praseodymium— all observed /ines— Continued

Intensity

and
Character

Wavelength
in A Spectrum

Energy levels

in cm"'

Intensity

and
Character

Wavelength
in A Spectrum

Energy levels

in cm"'

80 4316.12 II 80 4414.39 II

45 4317.05 II 160 4419.04 II

90 4317.82 II 190 4419.65 II 11055 - 33674
110 4319.00 II 160 c 4421.22 II 2998 - 25610
r r
00 n 4320.15 II 22 4424. 16 II

210 4323.55 II 5079 - 28202 160 4424 58 II

55 4328.21 II 1200 c 4429.13 II 0 _ 22571
180 4328.40 II 4429.25 II 2998 - 25569
160 4328.98 II 5079 - 28173 22 4431.86 II

270 4329.41 II 1744 - 24835 110 4432.28 II

55 4330.42 II 442 - 23S28 22 4434.91 II

55 433 L 28 II 90 4438! 15 11

55 4333.13 II 55 c 4444.03 II

1300 4333.97 II 1649 - 24716 65 4445.85 II

90 4334.63 II 442 - 23505 90 4446.99 II

200 4335.74 II 730 4449.83 II 1649 24115
360 4338^70 II 3403 - 26445 80 c 4450^21 II

65 4339.68 I 140 4451.90 II

80 d 4342.63 II 65 4454.36 II 442 - 22886
4342.82 II 140 4454.68 11

45 4343 ftR 90 hII 'T^OO. ou 11 4437 26861
620 cw 4344.30 II 65 h 4461.29 II

45 4346.87 II 100 4465.97 II

470 c 4347.49 II 3403 - 26398 960 4468.66 II 1744 - 24115
340 4350.40 II 22 4469.65 11

1100 4351 .84 II 174.4. - 94.716 oo 4472.92 II

450 4354^91 II 55 4473^84 II

45 4355.18 II 5079 - 28034 140 c 4477.26 II 1649 - 23978
45 4357.49 11 11089 - 34031 35 4483.48 II

140 4359.09 II 45 4485.54 II

410 II i;n79 - 980 1

0

ou i 7 £.\y\j lu 9ft 4487 70 II 442 22718
45 4361.24 II 65 4488.19 11

45 4361.79 II 9671 - 32591 55 c 4492.42 11 3403 - 25657

100 4362.99 II 35 d 4492.91 I 2847 - 25098

100 4363.24 II 4493.06 11 2998 25249

1200 4.3fi8 X\T.JUO . oo II oo 4493.70 II

90 4370.79 II 10802 - 33674 35 4494' 18 11

320 4371.62 II 1100 4496.46 II 442 - 22675

80 4373.81 II 40 4.501.82 11 3403 - 25610

120 4374.41 II 55 c 4504.61 11

40 4,170 x/\. 11 700 to I u. 1

0

II1

1

3403 25569

1 10 4380.30 II 22 4516.45 II

160 4382.39 11 200 c 45 17..58 II 442 - 22571

55 c 4382.77 II 55 4,520.75 II

110 c 4384.09 II 55 4531.08 II 1649 23713

fin t.JO't.oO II
1

1

^40 f 'rO,)4'. 1 0 11i I 5079 27128
,J
(J 4385.30 II 340 4535.92 II 0 22040

4385.48 I 55 h 4,539.26 11

45 4391.50 II 65 4,542.,53 II 4437 - 26445

180 4394.98 II 28 4.543.94 II

I oil 1111 80 4.548.52 II

Old 4396.08 II 40 4549.82 11

28 4396.86 II 28 4550.08 11 0 _- 21971

55 4398.27 II 35 4550.83 11 1649 - 23617

180 4399.32 II 65 45.52.26 1 0 — 21961

on 11
11 900 4=^63 19 II 1744 23652

Qnou 4400.25 II 22 h 4568.55 II 5079 26962

65 4403.29 II 65 h 4570.54 11 1744 _ 2,3616

170 4403.60 II ,5079 - 27782 28 4571.61 II

100 4405.12 II 22 4572.13 1 1376 23242

430 44Ur).oo 1

1

11 44o i Z i i ZO UO II 4^76 33^0 1 u. 00 II1

1

3403 25249

65 4406 6RT t\l\J • \J\J II 55 h 4578.17 II 2998 24835

1700 4408.82 II 0 - 22675 22 4,592.12 II

80 h 4412.15 II 2998 - 25657 28 4593.93 II 1744 23505

410 4413.77 II 1744 - 24394 28 4595.88 11 5108 26860
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Praseodymium— all observed Zmes— Continued

Intensity

and
Character

Wavelength
in A Spectrum

Energy levels

in cm~'

Intensity

and
Character

Wavelength
in A Spectrum

Energy levels

in cm"'

65 4596.93 II 11927 - 33674 28 4859.00
|{

3403 23978

22 I
1 OO 4t50o.ZO 5108 25656

oo 4600.38 II 22 4869.34 I

22 4603.81 II 35 4876.26 Ij 5108 _ 25610

40 h 4606.45 II 4437 - 26140 90 c 4877.84 JI 3403 - 23898

140 4612.08 II 0 - 21676 11 c 4879.11 5079 25569

22 /I A 1 7 79 I
1 0 - 21650 9flzo Afift9 9A40oZ. Z4 0 20476

99 4618.00 II 13 4884.47 I Q 904.67

35 4627.07 II 3893 - 25500 28 4886.04 II 5108 _ 25569

270 c 4628.74 II 442 - 22040 55 4890.26 II 6418 - 26861

140 4632.28 I 4381 - 25963 45 4896. 13 1377 21795

140 T
1 0 - 21566 9fiZo 4VU 1 . 4o 7806 28202

4639.55 I LO to 99Q94. 110 4906.99 I 4001 o<i7C/iZ4 i 04-

80 4640.21 I 1376 - 22921 55 4912.62 II 7660 _ 28010
110 c 4643.49 II 442 - 21971 140 4914.02 I 0 20344

140 4646.05 II 1744 - 23261 22 4915.41
{55 404 / .UU 1

1 0 - 21513 zuu AQOA fid 1376 21677

c 4651.50 II 22 4925.32 I

28 4658.09 II 0 - 21462 28 4925.66 II 4097 24393
35 4658.74 I 4381 - 25840 28 4932.15 0 _ 20269

55 h 4660.91 I 140 4936.00
{

4381 - 24635
140 4004.OO If11 3403 - 24835 /in4U /IQOQ QO4yoo.oV

c 4672.09 II Zo 14-1 320 4939.74 I
OOAOCzouoo

55 4678.20 II 4098 - 25468 160 4940.30 I 1377 I 21613
40 4679.09 II 5079 - 26445 28 4943.73 II 3893 _ 24115

55 c 4684.92 II 442 - 21781 380 4951.37 0 - 20190
180 40o / .oU

T
1

9Q 4VoO,UO 0 20171

4695.77 I 80 c 4956.64 II zoz4y

55 4707.55 II 1649 - 22886 55 4960.25 0 20154
140 cw 4708.07 II 442 - 21676 28 4967.87 I

140 4709. .52 I 4381 - 25609 28 4970.93
}90 4/ li. I 1 1 0 - 21212 QAoU Ann A AO4y / 4. Vz 1376 21471

4714.15 I
/I '3Q 14ool " OC CQQ

110 4975.75 I
A *?Q 1 OA All

55 4728.64 II 1744 - 22886 80 4976.39 I 0 20089

180 4730.67 I 1377 - 22509 90 4989.29 II 1744 _ 21781

22 4733.74 I 4432 - 25551 90 5002.44 II 6414 - 26398
45 c

ATiA 174 / o4. i /
IT
11 2998 - 24115 4o IT

11 7806 27782
OCA 4736.69 I

Au — 0 1 I r\A 28 5015.56 II MAA z 10 (

0

28 4741.48 I 120 5018.59 0 19920

100 4744. 16 I 0 - 21072 200 5019.76 2847 _ 22762

90 4744.91 II 1649 - 22718 200 5026.96 1377 - 21264
150 4 / lO.yz 1 f 5079 - 26140 oo Cfi^l 07 If11

65 c 4756.03 n A A^44/ - O 1 1 /^Oz 140Z 100 5033.38 A IvoO 1

80 c 4757.91 II 1649 - 22660 270 5034.41 II 8958 28816

100 4762.72 II 3403 - 24394 65 c 5037.46 II 1649 _ 21495

65 c 4765.24 II 2998 - 23978 110 5043.83 0 - 19820

20 c 4775. 18
T
1

0 OAozU C A/1 C CO

{

4381 - 24195

28 c 4779.23 II 7660 - 28578 160 5053.40 1376 21 159

110 4783.35 II 2998 - 23898 40 5063.40 I 1376 21120

16 4788.28 I 0 - 20878 28 c 5064.90 II 3403 23141

13 4799.93 II 1744 - 22571 28 c 5070.02 II 1744 - 21462

90 4801. 13
T f
11 3893 - 24716 AC _45 c CA7 C 7 1 TI

11

28 4808. 18 I 0 - 20792 180 5087. 12 2847 22499
41 4814.32 II 8958 - 29724 360 5110.38 II 4098 23660
90 4822.98 II 1744 - 22472 560 5110.76 II 9255 28816

35 4827.30 I 4432 - 25142 40 5117.29

40 c 4832.07 T 1
11 442 - 21131 oo «zz c C 1 1 Q AQol lo.Uo IT

II 4437 - 23970

45 c 4837.03 II 1649 - 22317 410 5129.52 II 5226 24716

40 4839.51 II 4098 - 24755 270 5133.44 0 19474

28 4840.74 270 5135.14 II 7660 27128

11 4845.96 I 100 5139.81 I 1377 20827
40 c 4848.53 II 442 - 21061 28 5147.48 1377 20798

35 4853.67 I 4432 - 2,5029 28 5149.88

22 4857.36 I 4432 - 25014 100 c 5152.30 II 442 19845

16 4858.57 II 80 5156.52 II 1744 21131
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Praseodymium— all observed /iraei — Continued

Intensity

and
Character

Wavelength
in A Spectrum

Energy levels

in cm"'

Intensity

and
Character

Wavelength
in A

Energy levels

in cm"'

200 ilfil 7dO 1 U 1 . i ^ TT 3893 - 23261 28 04-0 i . oo T
1

28 5168.33 I 0 - 19343 16 I, 5445.41 I

620 5173.90 II 7806 - 27128 18 5457.06 I

80 5175.27 II 1744 - 21061 28 5460.26 I 0 - 18309
45 c 5175.84 II 3403 - 22718 11 5469.71 I

45 5177.36 I 2847 - 22156 22 OtV7. 70 1 8080 26357

45 5183.84 II 5108 - 24394 oo c 5475.67 II

22 5188.22 II 7438 - 26707 40 5479.75 I

200 5191.32 II 3403 - 22661 16 5481.77 I 0 - 18237
120 5194.43 I 1376 - 20622 16 5485.54 I

X \J\J O i 70 . 1

1

8958 - 28202 C/lQj; ziO^-oO.Dl I
1 UO J o 24534

200 5195.31 II 6414 - 25657 4S c 5487.58 I

80 5195.50 I 16 5488.94 I 7630 _ 25844
360 5206.55 II 7660 - 26861 16 5490.57 I

150 5207.90 II 6414 - 25610 28 5492.37 II

OZ iU. / o 11 AnoQ _ ZO^U 1 IfilU c C/1Q7 oco^v i .zo I
1

5219.05 II zooov 5501.50 I

560 5220.11 II 6418 - 25569 40 5508.79 II

110 5227.97 I 0 - 19122 65 5509.15 II 3893 - 22040
22 c 5230.21 I 16 c 5511.63 II 1743 - 19882

99 c OZ^Z. / 1 11 O'4-Uo 99A79 DO
C C 1 Q COoolo.oo TI

11 zoo I o
9ft 5243.69 II 9ftZo 5515.12 II fti noolUU zuzzu
22 5249.86 I 4432 - 23475 13 5519.38 II 11611 I 29724
65 c 5251.71 II 5079 - 24115 20 c 5520.31 II

680 5259.73 II 5108 - 24115 45 c 5522.79 II 1744 - 19845

1 nn II
11 ZZOOD 9QZo c c:t^9/L 1 ^DDZ'l-. ID I

1

1 f\ID 5272.72 11 ZOjVo 9ftZo c 5525.91 II 91 dO'iz 1 i-yo

22 c 5277.39 II 16 c 5527.93 I

90 5285.65 II 3403 - 22317 13 5530.21 I

45 5289.34 I 4866 - 23767 45 5531.16 I

c
rOQO AO

11 ZoV / U DDoD. 1 /
II
11 7d.1ft( '4-00

Oc;c:aazoouu

5292.62 II 9A 1

1

Z4' 1 lO 9flZo 5538.37 I ft7'^A ZU ( 04-

230 5298.09 II 5108 - 23978 20 5538.78 II

22 5308.96 II 6418 - 25249 55 5545.01 II 7438 - 25467

90 5311.11 II 8958 - 27782 20 5548.33 II 7744 - 25763

Ob cw coin 37 ITil ou /y —
1 1

cccQ An II
1

1

VO / o Z / ooU
OQ
i.0 5313.41 II

99zz 5561.46 II

16 5316.56 I 45 c 5562.06 I

90 5321.07 II 4098 - 22886 13 5.565.52 I

40 5321.81 II 7660 - 26445 13 5566.91 II

430 53zz. /o 11
11 389.1 - ZZO iTt 4o CC71 QQDo / l.OO

TT
1

1

'+uyo 99A/1

A

65 5331.48 II .bzzo - 0*3070Zjy (O
1 1
1

1

,5574.61 II o'+OD ZOoVo

16 c w 5341.55 I 11 5578.81 I 4866 22786

20 .5342.58 II 13 5582.35 II 8490 - 26398

55 5343.89 II 7438 - 26146 11 5584.02 II

200 5352.40 11 3893 - OOC 7 1ZZO / 1
oozz

CCQ^ OOo.oy^.yz I
1

35 5358.99 I 4432 - 23087 oozz .5597.29 II

18 5372.37 I 4866 - 23475 13 5601.30 II 10730 28578

18 5374.24 I 90 5605.65 II 7744 - 25578

13 5377.45 II 13 5606.68 I

18 5381.26
I T
11 4098 - O O 7 Czz675 oozo oOUo. Vo II

11
T 7/1/1 1 Oi^A7lyoo /

18 5381.70 II 55 5610.22 II Vd 971 OO

28 5395.83 I 11 5620.06 II 16243 34031

13 5400.95 I 20 5620.26 I

28 5402.59 I 45 c 5621.89 II 3893 - 21676

18
r \ c\ A OA5404.80 1

1

11 8465 - 26962 1 10
II
11

1 A73AlU / oU OQCAOzoouy

45 cwd 5410.54 II 90 5624.45 II
1 00/1/1 QAAl Q

c r
00 5411.54 II iinQfl —'ruyo ZZO 1 1 5633.03 I

80 cw 5413.22 II 442 - 18910 22 5636.46 II 8490 26226

28 5422.36 I 55 c 5638.79 II 5079 22809

18 5427.24 r
1 8734 - 27154 16

C/lylA 17 II
11

18 OtZ t . 7U TI
1

1

16 cw 5643. 16 I

28 5432.05 II 7438 - 25842 22 5645.41 II

18 5432.58 II 35 5654.23 II 8465 26146

18 5432.90 I 55 56,59.84 II
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Praseodymium— all observed lines — Continued

Intensity

and
Character

Wavelength
in A

SnpotriiTTi
Energy levels

in cm"'

Intensity

and
C nflra pfpr

Wavelength
in A

^ n*^ftnimOfJCt^lI lilll
Energy levels

in cm""'

35 h OOO 1 . 0 ( 10720 _ 28378 ou CQAQ QQ0000.00 TT11 8465 - 25500
16 5662.19 II 8490 26146 22 5873.83 II 9378 - 26398
65 c 5668.46 35 5874.72 I 8080 - 25098
45 5669.55 II 35 5878.10 I 9647 - 26654
35 5669.99 II 35 5879.04 I

16 OU 1 4-. 1*T
TJ CQ70 9 c00 t V. ZO IT

11 11005 - 28010
16 5677.03 JI 5108 22718 35 c 5884.72 I 5823 - 22811
55 5681.89 II 9379 - 26974 55 5892.23 II 11611 - 28578
13 5685.60 II 9379 - 26962 22 5894.22 II

16 5686.52 I 40 5903.11 II

22 h 000 / . 1 / 4098 21676 ^0 TT
11 10030 - 26962

65 5688.44 40 5908.67 II

22 5689.21 II 11005 _ 28578 11 5915.31 I

55 h 5690.97 II 11 5915.97 I 7630 - 24529
22 5695.90 II 9647 — 27198 40 5920.76 I 9647 - 26532

22 1:704.0 /U^.oo J 14262 31787 OVoU.OO TT
11 10117

65 5707.61 I 16 5936.33 II

40 5711.63 II 1 iniTi1 iOUO 160 5939.90 II lOO'^O

22 5713.83 II 65 5940.72 II 11749 - 28578
16 5716.08 II 22 5941.65 I

45 r 7 1 Q AO

{{

6418 0 c00 594/. 16
TT
11 lOlfi'^lu 100

45 C 7 1 A ^-J0 / IV .t)0 9SS78 22 c 5949.76
T
1

5719.80 II 55 5951.27 II 9647 - 26445
11 5728.38 I

•
20 5951.76 II 8966 - 25763

40 5731.88 II 90 5956.60 II 11794 - 28577

20
5956.70 I

11 5747.74 I 8080 25473 13 5959.25 I

1

1

5747.95 II 09479 20 5962.18 I

22 5753.02 II 8465 25842 28 5963.00 I 8733 - 25498
90 5756.17 11 8100 — 25467 110 5967.82 II 9647 - 26398

lU
C7CQ
0 ( OV . 4U lo c C07A ncoV /o.Vo

T
1

22 0 / OU.ZU lo cn70 00oV/0.00
T
1 0 ( 04" ^04'04'

22 5769.16 II 9378 _ 26707 65 5981.19 II 11794 - 28509
16 5769.79 II 9647 - 26973 40 5986. 14 I

45 5773.16 II 7438 - 247,55 45 c 5987.14 I

c 77c 01 7447 947cr 5987.29 II 10163 - 26860

1 u 5777.29 i{
9Qn'J4Z0U04- 13 5991.27 I

90 5779.28 I 13 c 5994.89 I

65 c 5785.28 II 11 5996.06 I 9684 - 26357
65 5786.17 II 7438 - 24716 29 6002.44 II 8100 - 24755

1 f\ un C700 on nnVU 6006.00 T T
11 1 111Aloo ( oUUlo

10 5788.92 {| 9/17 1 A 13 6008.54 I OOOO
16 5790.86 II 10117 I 27380 55 6016.48 II 8100 - 24716
45 5791.36 II 9379 - 26641 150 6017.80 II 8966 - 25578
22 .5792.95 I 28 c 6019.85 I

coin CO
.10 10.00 1 1 A 1

1

9PQ 1 AioO ID
1 CA150 /inoc 706025. 7z T T

11 1 1 1
1 10 1 1 zozUz

1

0

5813.55 }} 1 1 nnc
1 lUU.) zozUz 35 6042.87 II lUlOo 0A7n7— Z0(U(

160 d ,5815.17 II 8465 25657 55 6046.66 II 9045 - 25578
5815.33 II 12827 - 30018 35 6049.26 I 7630 - 24156

55 5818.57 II 9045 - 26226 28 60.50.04 II 10117 - 26641

.tB/U.oz
1

1

1

1

OUoU.oo I
1 0000 — zooo /

10 un 5821.36 J 140 6055.13 I oUoU 0/1 CO 1— z4oVl
55 5822..59 II 13 6067.27 II 10163 - 26641
90 5823.72 II 1744 - 18910 13 6085.81 I 8250 - 24677
45 5830.94 II 8465 - 25610 28 6086. 16 II 10536 - 26962

/in C 0 Q C I "2

.10,50. 1 J 4oOD 0 1 QOO1 1 VVV ACDO AAO 7 CODUO / . ,0J
TT
11

C\C\A CVU4o 0 C /I A"?

6o c 5844.65 j}
cn7n 0 0 I 0 /I 20 6090.38 II

1 nnoAlUUoU - i044o
40 5844.98 II 28 6093.09 II 1 1794
65 5847.13 II 10030 27128 18 6096.28 I

65 c ,58.50.64 II 3403 20491 22 6106.72 II 9129 - 25500

45 5852.63 10117 27198 1 0 1 f\C\ i\o
oI09.()o

T
1 8733 - 25097

11 c 6114 "^flu X 1 T-. 00 n11 13374 - 29724
45 58.S6.07 22 c 6118.02 I 8250 - 24591
55 5856.90 22 c 6122.15 I

90 5859.68 11448 28509 35 6141.51 II 9379 - 25657
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Praseodymium — all observed /i'nes — Continued

Intensity

and
Character

WavelMigth
Spectrum

Energy levels

in cm"'

Intensity

and
Character

Wavelength
in A Spectrum

Energy levels

in cm"'

65 6148.23 I 6714 - 22974 22 c 6497.11 I

6148.24 II 11749 - 28010 18 6498.94 II 10117 - 25500
22 6157.82 II 10163 - 26398 22 6500.72 I 9647 - 25026
13 6159.10 II 9379 - 25610 9 6'iOl OQ T1 10411 25782

190 6161.18 n 8490 - 24716 8 6=>1 7 1

4

uo 1 i . 1^ I
1 8734 24073

18 6165.38 I 9646 - 25861 16 6518.79 II 10163 - 25500
270 6165.94 II 7447 - 23660 8 6534.52 I

55 6182.34 II 11611 - 27782 16 6540.47 I 6714 - 21999
1 o U 1 O 1 . 7U T

1 9684 - 25840 7 h 6^Ci1 10 T1 6714 21970
oo 6197.45 IT11 10730 - 26861 22 6^61 69uoo^. uz IT

11 7447 22675

35 6200.81 11 11005 - 27128 45 6566.77 II 1743 - 16967
13 6205.63 II 10117 - 26226 / 6571.03 I

13 6210.59 I 6714 - 22811 6 6578.00 I 10411 - 25609
f>919 7'^ T

1 6 6^81 ^6uoo^. 00 IT
11 12827 28010

i o 6918 061 O . \J\j I 9 h 6'^QI 71 II
11 8100 23261

20 h 6236.80 I 11 6595.48 I 8734 - 23891
20 h 6241.05 I 15 6609.86 I 9647 - 24772
45 6244.35 II 9647 - 25657 55 6616.67 I 8734 - 23843
oo U^OO . i

u

II
11 10163 - 26146 11 661 8 11 IT

11 11419 26524
6969 II

1

1

Q647 — 9 ^6 1

0

ZOU lU i

un 6611 00 T
1 68Q1 91Q70Z 1 7 i u

18 6264.54 II 12244 - 28202 13 h 6632.06 I

22 c 6274.66 II 11447 - 27380 14 6647.12 I

6274.81 11 1743 - 17676 75 6656.83 II 14706 - 29724
6978 68 IT

11 9647 - 25569 55 6671 11 TI
11 13029 28010

1 1 n 6981 98 II
11 7744. - 91660^ouuu 7c;

1 0 6671 78uu / 0. 1

0

IT
11 1 1110 961Q8^uo 70

18 c 6289.02 I 5 h 6687.51 11

11 c 6298.01 I 4 h 6699.25 1 10411 - 25334
11 6302.05 I 13 6736.79 1 11815 - 26654

00 6'?09 ^'^oouz.oo II
11 10536 - 26398 35 c 6717 OQ I

1 8250 23067
1 ftID 6101 0^ I

1 7610 — 91188 1

Q

c 671Q 10u 1 47 . 1 y I
1 Q6177U4 i

911^Q^4t07

35 6305.23 II 11005 - 26861 7 c 6784.99 II

11 h 6318.13 11 7438 - 23261 55 cw 6798.60 I 8080 - 22785

45 c 6322.36 1 11 6811.76 II 8465 - 23141

zz n f.'X 10 QQ I
1 17 cw 00 iZ. 0 i 11 3403 18077

9QZo IT11
1 0Q07 9QC7Q 1 7.10 AQl 1 ClADo 14. U4 TT

11 10161lUluo 9181^Z4cSOO

18 c 6350.98 I 10669 - 26410 9 6817.61 I 11746 - 26410
22 c 6357.20 I 8250 - 23976 35 cw 6827.60 II

55 c 6359.03 I 19 6830.50 11 13374 - 28010
1 1 u11 n ^.0^0 A90jDj.OZ II

it 9045 - 24755 9 I
1 11746 26353

1 ^ID fx'Xll AlOo 1 ^ .Oi
I
1

10119lU'+OZ — 96107 Qy un AP_l=i J." II
11 1 1 7Q1 96108

16 6378.59 I 9684 - 25357 9 6846..59 11 7438 - 22040

11 6389.57 I 10669 - 26315 17 c 6850.46 11 7447 - 22040

18 c 6391.99 I 10720 - 26361 11 6852.77 I

U070. lo I
1 11 c 6870 11 I

1

II
11 o4yu — /41iO 7 6881 66UO04. uu T

i

10 h 6410.69 1 10720 - 26315 8 6892.71 1

55 6411.23 I 8 h 6970.38

40 6413.68 11 9129 - 24716 8 c 6980.12 1

1 AlU A 1 1 C 1004 lo.4o
I
1 10669 - 26252 40 709 ] ^

1

i UZ 1 . .0 1
II
1

1

11419 25657

lo A 1 90 AQ ri
11 loUzV O O ^ o- zoo/o 1 f\ 7091 t1

I UZ4. 00 T
1

QQQ ZoUO (

45 6431.84 II 11419 - 26962 13 7042.40 I 9647 _ 23843

7 h 6442.78 II 11611 - 27128 8 7044.45 11 11418 — 25610

9 h 6443.91 II 11448 - 26962 7 7051.07 I 0 - 14178

16 c 6453.44
r
1 8665 - 24156 10 7070 QQ T

1 6892 — 21013

y 11
o 1 nno4yu - /oy/o 1

1

1

1

c 7nQ^ IP
/ UVO. 10 T

1

9 6456.18 I 9684 - 25169 20 7114.55 I 8734 _ 22785

9 h 6460.19 1 10 h 7116.90 I 11815 — 25862

18 6467.72 11 11 7118.24 11

9 h 04 1 o..iio
TI
11 7447 - 22886 7

7107 00
i lo / . 00 IT

11 8465 22472

35 cw 6478.02 11 3403 - 18836 10 h
f 1 - O QQ
( lov.oo 1 4866 18829

45 6486.55 1 7 7167.77 11 10030 23978

9 h 6486.97 11 5079 - 20491 7 h 7189.95 I

40 h 6491.75 1 10 c 7208.85 II 10030 23898

9 6493.49 1 6604 - 21999 24 7227.70 11 13029 26860

11 6494.89 1 8734 - 24126 13 7231.53 I
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Praseodymium— all observed Zmes— Continued

Intensity

and
Wavelength

in A Spectrum
Energy levels

-1

Intensity

and
Wavelength

in A Spectrum
Energy levels

• -1

Character
in cm

Character
in cm

7 c 7243 26
T

}

o cw 7841.27 I

7 c 7259 21
J

4432 - 18204 7Q71 A7iOl 1.0/ '

7 c 7287 61 I 6 7881.09 I 7630 - 20315
7 h

Toon7289 19 10411 - 24126
7888.56 II 1743 - 14416

7 cw 7324 42 8320 - 21970 6 cw
6 7915.19 II 10030 - 22661

7 7328 47
I

10432 - 24073 6 8031.92 6893 - 19340

7 7344 86 6 8055.43 6893 - 19304
110 7407 56 II 14706 - 28202 14 8067.44 I

20 c 7451 74 II 13029 - 26445
10 cw
11

8122.78
8141.10

II
11 h 7495 59 I 4866 - 18204

6 h 7499 42
T

5 8181.34 11 13029 - 25249
14 7541 02 II 0 - 13257 o C oZ 1 1 . VO

6 7574 86 6 8289.93 I

20 7645 66 II 14706 - 27782
6 8379.84

7 7704 98 11 11419 - 24394 J

15470 - 273326 h 8427.82
16 7721 84 6 h 8605.27 II 10163 - 21781
6 h 7786 16 II 3403 - 16243 10 8714.59 II 7438 - 18910
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Rhenium
Re

Re, Z= 75, M= 186.2, Ratio— = 2.930
Lu

Re I Normal state of valence electrons 5#65^ ^821/2= 0. LP. = 63530 cm"^
Re II Normal state of valence electrons 5d^6s ^83 = 0. LP. = 134000 cm'^

References

Wavelengths:
W. F. Meggers, J. Research NBS 49, 187 (1952) RP 2355.

Classification:

Re I, P. F. A. Khnkenberg, W. F. Meggers, R. Velasco, and M. A. Catalan, J. Research NBS 59, 319
(1957) RP 2804.

Re II, W. F. Meggers, M. A. Catalan, and M. Sales, J. Research NBS 61, 441 (1958) RP 2914.

Strong lines of rhenium

Intensity

and
Character

Wavelength
in A Spectrum

Energy levels

in cm~'

Intensity

and
Character

Wavelength
in A Spectrum

Energy levels

in cm"'

55000 c 3460.46 0 - 28890 4000 3399.30 11754 - 41164
40000 c 3464.73 0 - 28854 4000 3725.76 23632 - 50464
27000 2049.08 0 - 48786 3700 2083.92 0 - 47971
25000 2003.53 0 - 49895 3700 2156.67 0 - 46353

16000 2017.87 0 - 49541 3600 c 4227.46 18950 - 42598

16000 c 3451.88 0 - 28962 3400 2139.04 II

10000 2085.59 0 - 47932 3400 2176.21 0 - 45937
9800 2097.12 0 - 47669 2900 2287.51 0 - 43702
8000 3424.62 11754 - 40946 2900 2887.68 11754 - 46374
5500 2999.60 11754 - 45083 2700 2109.22

5200 c 2275.25 , II 0 - 43938 2700 2294.49 0 - 43569
4900 2167.94 0 - 46112 2600 4513.31 20448 - 42598

4700 2092.41 II 2500 2428.58 0 - 41164
4200 2074.70 0 - 48184 2200 2214.58
4200 c 2214.26 II 0 - 45148 2200 cw 4889. 14 0 - 20448
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Rhenium— all observed lines

Intensity

and
Character

Wavelength
in A Spectrum

Energy levels

in cm~'

Intensity

and
Character

Wavelength
in A spectrum

Energy levels

in cm"'

25000 2003.53
A
u — A none 180 2381.14

J

1 1 7C /I11(54 — C 0 79 ODO /OO

lOUUU on 17 fi7 A
0 - 49541 loU 9'J02 Af. 1 /I O 1 714217 - 56160

27000 2049.08 I 0 - 48786 180 2386.90 II 20976 - 62859
4200 2074.70 I 0 - 48184 85 2387.46 16307 - 58180
3700 2083.92 I 0 - 47971 340 2388.57 I

10000 2085.59
A
u - 170 2389.11

{

A
u - A 1 OA A41 {544

9009 A^ 1111 1 7n 9QQA A O

9800 2097.12 0 - 47669 85 2391.28 I 11584 - 53390
2700 2109.22 I 230 2393.65 I 13826 - 55590
3400 2139.04 II 320 2394.37 I 11584 - 53336

1600 2142.74 II 320 2396.79 I 11584 - 53294
2142.97

j

A
u — 200 2397.31 I

1 c 1Ibloo — DOOOO

3700 2156.67 0 - 46353 75 2398.71 J 16619 - 58295
4900 2167.94 I 0 - 46112 75 2398.89 I

3400 2176.21 I 0 - 45937 210 d 2400.72 I 15058 - 56699

II

2400.89 I

4200 c 2214.26 0 - 45148
991 A c:q

1^. Do 9 in Z'fU 1 .00 11754 - 53379
1700 2226.42 I 0 - 44901 150 2402.60 J

920 2235.44 J 0 - 44720 75 2403.04 II 23341 - 64942
440 2255.73 I 11.584 - 55902 150 2404.34

860 2256.19
}

0 - 44309 1500 2405.06 11754 - 53321
ZUUU 0 - 44148 Z4UO.OU 0 - 41557
2100 2274.62 J 0 - 43950 320 2406.70 J

5200 c 2275.25 II 0 - 43938 270 2410.37 J 11584 - 53059
1600 2281.62 0 - 43815 120 2410.99 I

2900 2287.51
{

0 - 43702 180 2413.22
{Z /UU 0 - 43569 1 9n 9/11/1 t: Q 15770 - 57173

390 2298.09 II 27628 - 71128 120 2416.30 I

390 2299.77 117.55 - 55224 120 2416.44 J 11584 - 52954
610 2302.99 I 0 - 43408 120 2417.66 I 16307 - 57657

680 2.306..54

{

0 - 43342 60 2418.20 II 25988 - 67,328

1,5058 - 58280 1 /u 9/11 Q /in 15770 - 57090
220 23 13.,34 J 1200 2419.81 J 0 - 41313
220 2319.19 J 16307 - ,59412 170 2421.38 J 15166 - 56452

370 2320.16 J 16307 - 59394 300 2421.73 J 14621 - 55901

800 2322.49
j

0 - 43044 300 2421.88 I

11.584 - 54514 9/19 t;A
Z4Z.>. OU 1,5058 - 56308

270 2334.33 I 1 1 '^fid. -
1 1 ,»0'T 60 2423.84 II

270 2335.73 J 117.54 - 54554 60 2425.38

220 2336.10 1 16619 - 59412 100 2426.64 J 16328 - 57524

270 2337.95 I 11754 - 54514 2500 2428.,58 I 0 - 41164
9 > 1 1 7 O 1 1 A111) 9 A 9Q A 1^ 16307 - 57453

140 2345.28 j 490 2431..54 J

140 2347.06 [ 11,584 - .54177 420 2432.18 J 117,54 - 52857
230 2349.39 [ 14621 - 57173 1.50 2432.70 [ 15166 - 56260

220 d 2350.46 170 2433.28 I 16307 - 57391
£ OA 2352.07 11584 - 54087 I AA 0/10 9 A 1Z'+OO.Ol

210 d 23.53.95 j 100 2436.05 {
1 AAIQ
1 00 IV .J / OD i

2354.08 [ 11754 - 54221 180 24,38.46 I 1.3826 - 54823
250 23.56.50 J 11754 - 54177 140 2439.06 I 117.54 - 52741

200 2365.32 1 75 2440.41 I

1200 2365.90 0 - 422.54
7C ^AAC\ CO

570 2.367.68 j
1 c Aro '^79010 / ZO 1 340 c 2441.47 } u 'f1/74-0

180 2368.53 II 14930 - 57139 230 2442.51 J 15770 - 56699
520 2369.27 [ 11755 - 53949 85 2444.09 J

220 2370.76 14883 - 57050 250 2444.94 I 11584 - 52472
O 1 A/lO z.iT 1.52 11.584 - 53738 0 lU 9/l/lA OQZ440.yo 15058 - 55912

150 2373.48 14930 - 570,50 120 2448.20

320 2375.07
I

14217 - 56308 85 2449.03 II 18846 - 59666

150 2375.82
I

11,584 - 53662 85 2449.52 II 26237 - 67049

100 2377.33 I 610 2449.71 I 0 - 40809
75 2378. ,53 27746 - 69776 85 24.50.89 11.584 - 52373

370 2379.77 85 24.53.14 16619 - 57372

180 2380.22 16619 - 58619 200 2455.83 II 14352 - 55059

75 2380.89 16,307 - 58295 60 2455.99
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Rhenium— all observed /irees— Continued

Intensity

snd
C hfl ra Pl**r

Wavelength
in A

Snpctnim Energy levels

in cm"'

Intensity

and
Wavelength

in A
S ni^ptriim Energy levels

in cm"'

00 11584 - 52218 9cc;9 09 14217 53390
390 2461.20 I 11754 - 52373 35 2552.73 I 14217 53379
800 c 2461.84 II 150 c 2553.59 II 17224 — 56372
85 2462.54 I 75 2554.18 I

110 2463.31 I 13826 - 54410 370 2554.63 II 20463 — 59596

16619 - 57173 9c;i;a 01ZDD4,. Vo
.

13826 52954

200 2467.57 II 14930 - 55444 1000 2556.51 I 1491

7

51191OOOZ 1

120 2467.85 II 26768 - 67276 150 2558.06 I 17331 _ 56411
150 c 2469.36 II 18846 - 59330 250 2559.08 I 0 - 39065
60 h 2470.05 I 75 2559.71 I 13826 — 52881

9A7n AlZ't ( U.Ol II
11 20463 - 60927 / o

.

15770 54823
75 2471.05 II 19140 - 59596 150 2561.46 J 15058 54087

150 2473.72 II 150 2563.01 I

160 2474.73 I 15058 - 55454 340 2564.19 I 11584 - 50571
160 2475.17 II 23894 - 64282 75 2565.84 I 21775 — 60737

•J 1 700 OD zDOO. 0 /

.

75 2477.43 II 540 2568.64 II 1 tooo ooovz
200 2479.02 17331 - 57657 150 2571.26 11584 _ 50464
180 2480.82 I 14217 - 54514 370 2571.81 II 14930 - 53802

1200 2483.92 I 117.54 - 52001 150 2573.76 I 14217 - 53059

DD.0ZO CA OCT/I OlZo /4.Z 1 1 AA1Q O0404
120 2486.78 j I 1 7^4. —

1 1 / 0'+ ,0 1 700 75 2576.32 { i ( OO 1 ifil IdOU 104*

60 2486.97 I 50 2578.12 I

980 2487.33 I 117S5 - 51946 150 2579.01 I 15166 - 53929
75 2490.16 II 30982 - 71128 100 2580.31 I 15770 — 54514

0/1 no OA 1 —
1 ooZD ^ 3090 toU OQQl AAZOO 1.44 1 1 'iftd1 1 004, =^011 1OUO 1 1

150 2495.26 j 1 1 OO't 110 2582.77 I

370 2496.04 I 14217 - 54268 75 2584.77 I 15166 _ 53842

35 2496.70 I 17331 - 57372 380 2586.79 I 117,54 - 50401

200 2498.22 I 13826 - 53843 65 2,587.00 I 13826 - 52469

1 lU 0 1(10 QA ^ 1 ^Qf\0 1 .jVU
OCQ 1 10zoy 1. lo

.
1 7'^'^ 1
I / o.> 1 o.oy 1 z

75 2.000.31 j
9 9 1 — ^9 1 d'^ 180 2591.59 J 1 1 i^iftd 501 5Q

140 2.500.57 1 23956 - 63935 90 h 2592.84 I 11755 _ 50311

370 2.501.72 I 14217 - ,54177 160 c 2594.85 I 11584 - .50110

570 2502.35 II 20976 - 60927 180 2595.23 I 0 - 38521

Z.OUl.OtJ 1 7 99/1
.J /

1

oy 1 ill zDVO.<+U
.

75 2505.43 1 160 2596.78 I 1 ,0 / i\i •JT-ZOO

270 2505.94 I 11754 - 51648 110 2596.95 I 16327 _ 54823

150 2507.40 1 14217 - 54087 65 2.597.96 I

1800 c 2508.99 I 0 - 39845 290 2.599.86 I 13826 - .52278

75 25 lz..o5
1 ,1 ^ O 114dz1 - ,o44 lU O.o zuUU.o/ 1 /I A9 1

1 '+Dz 1

75 c 2514.51 } 90 2601.87 I 1 OoU /

60 2515.47 I 55 2602.,55 I

120 2516.12 I 117,54 - 51486 90 2602.93 I 15770 - .54177

50 2517.08 I 130 2603.46 I

570 2520.01 A
.jy0 /0 zyu OAAO on

z6().i.oy

}540 2521.50 j l l,6zl - ,54z()o 55 2607.,32

110 2525^55 1 660 2608.,50 II 14352 52677

60 2526.81 1 13826 - 53.390 610 d 2611. .54 I

140 2529. .50 I 14217 - 537.38 2611.60 I 11,584 - 49863

150 2533.3

1

l.>ozo - ^ ) ,>oo,oj/oo 1 U) OAl "i lAZD lo. i 4
.

lot (K) O'+U 1

0

150 2534. 10 , 14352 - ,0,500z 160 2614.56 J
1 A A9 1 c 0QC7Ozoo /

370 2534.80 1 1 1 754 - 51 193 55 2615.68 I

110 25,39.33 1 17.331 - 56699 160 c 2616.72 II 18846 - 57050

570 2540.51 I 11,584 - 50934 100 2617.11 I

1 10 2543.67 15166 - 54467 yu OA! 7 AAzt)l (.44
.

1 AA 1 0iDoiy o4olo

60 2543.84 13826 - 5,MZb 170 2620.03 J 14Z 1 ( -oZo / 0

110 2544'22 I ]f,f,]Q —
I UU I 7 ,),J 7 1 Z 170 2620.34 I 21775 59927

740 d 2544.74 I 11.584 - 50869 200 2622.76 I

2544.88 I 90 2623.28 I 11754 49863

370 2545.48
}

11754 - 51028 4.0
OAOt; f\AZO/.0.U4 11584 49667

1 in Z.j4o. 1

4

13826 - 53059 55 c 2630. 75 j 1.50.58 53059

150 2548.88 14621 - 53842 90 263 L 57 11,584 49573

60 2549.37 17238 - 56452 45 2633.01 15770 53738

160 2550.09 20463 - 59666 130 26.33.61 15166 53125
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Rhenium— all observed /ines — Continued

Intensity

Hnd
Wavelength

in A opccii UlII
Energy levels

in cm"'

Intensity
Wavelength

in A opcciruiii
Energy 1

in cm
evels
-1

ZOoo.oo IT 17224 55151 07/1 1 07z /4i.y / 22160 CQA 1 Q

550 2636.64 0 37916 65 d 2742.74 I

190 2637.01 II 19140 - 57050 2742.86 I 15770 - 52218
90 2641.02 II 14824 - 52677 90 2743.87 I 16307 - 52741

270 2642.75 I 11754 49583 140 2747.44 I 11584 47971

9f\Al 1Z04' I . lo 0 37766 Z / OZ. 00 J 11584 47QQQ4 loyy

65 2648.46 II 14930 52677 130 2753.05 J 14621 50934
270 2649.05 14217 _ 51955 110 h 2753.64 II 19140 - 55444
45 2649.58 I 17238 - 54969 55 2755.21 I 13826 - 50110

660 2651.90 I 0 37698 55 2757.49 I

o/:co QiZOOZ. V 1

.

15058 52741 zzU 07CQ nnZ 1 00. UU
.

14621 C AQAQouooy
400 2654.12 J 11584 49250 55 2758.71 I 16619 52857

45 2655.18 I 13826 - 51477 110 2761.93 I 11584 _ 47780
45 2655.84 I 16307 - 53949 90 2763.30 I 11754 - 47932
65 2659.02 I 14621 — 52218 210 2763.79 I 15058 51230

Do ZOOV. {y
.

26349 63935 zUU Z /OO.oV
.

27130 0.1Z0c)

45 2660.54 310 2767.74 J 1 1584 47704
220 2663.63 I 11755 _ 49286 220 2768.85 I 11754 _ 47860
65 2664.22 I 15770 - 53294 220 2769.32 I

65 2664.81 I 16327 - 53842 350 2770.42 I 11584 — 47669

bo Z00( . Ij 1 ( -JO 1
1 7A 0770 11il 16.11 1 79'lfii i zoo c 0 000.lOZOO

65 2670.24 } 1 1 Sfi41 1 .JOT- 75 2111.1\ { 1 1 00 1 53321

110 2670.79 I 14217 _ 51648 90 2778.09 I

160 2671.84 I 117.54 - 49171 75 2778.50 I 14218 50197
75 2672.77 I 180 2781.43 I 14217 — 50159

y4u /0/4..34 n .) i 00

1

CCA 0700 c

7

z loi.ol Ill 04" 4/009
160 2677.03 [ 160 2785.21 { 1 T-Z 1 I ,50110

130 2677.76 I 14621 519,55 55 2786.14 I 21775 _ 57657
130 267') 10 I 15058 - 52373 120 2786..56 I 1.5058 - 50934
160 2679.91 I 22160 - 59464 90 c 2789.27 I 13826 - 49667

1 OU Z00.4..10 ZZ 1 uu •iy^ 1

Z

I 1

A

l4u 07AA A,1z /9U.V4 1 T77n C 1 CAA
.1 i^yu

65 2685.31 { 220 2791.29 j 1 U,JV i 52122
220 2688..53 I 15770 _ 529,54 45 2793.66 I

110 h 2690.25 I 16307 - 53467 100 2798.10 I 17,331 - 5.3059

45 h 2690.79 I 140 h 2800.75 I

7 C
lb 1 I 71^,1

i 1 i D'+
,lQOCO cc u

,1,1 n zoOz.z.i

160 2695.56 } ,)ZO,J i 120 2803.28 II 1 '^7771 ,1 1 1 1 49439
90 2697.26 I 0 _ 37064 100 2807.86 117,54 _ 47358
45 2698.79 I 16619 - 53662 55 2812.07 I 17,331 - ,52881

35 2699..58 I 11754 - 48786 75 28 12..36 I 16.328 - 51874

-7 -
7.T 2702.6

1

5,1
•lo 1 9 11ZH 1.5. 1 1 1 4^>9 11 toz 1

C A 1 C A
,l() 1,19

130 2704.37 } I OoZ / .j.)ZV'+ 170 2813.96 { I I ,>.j 1 52857
45 2706.06 1 15058 I 5200! 220 2814.68 I 11.584 _ 47102
35 2707. K) 1 170 2816.32 I 22160 - 57657

45 2710.22 I 100 2816.96 I 14621 - .50110

65 2712. 18 I foz 1 75 2819.78 1

1

II 1 7994
1 / ZZ4 r ,1/1 7 7.12677

90 27 13.02 [ loo IV .1.540 / 880 2819.95 I 1 7C.1
I I / .14 47206

65 2713.16 I 17331 .54177 110 2822.12 I 13826 49250
1300 2715.17 I 117,54 - 48570 110 2824.25 I 21775 - 57173
180 2715.77 I 14217 - 51028 100 2825.46 I 16619 - 52001

65 27 16.75

{

lo,iz / 1 z,> 1 10 2827.52

{

I4z 1 / 49573
45 27 19.54 1 00 IV 55 2830.35

180 2722'21 1 310 2834.08 I 14621 49896
190 2722.70 1 14217 - 50934 200 2837.55 I 22160 - 57391
100 2723.84 1 15770 - 52472 200 2840.35 I 1.3826 - 49023

1 10 2727.55 I4z I / ,lUoo9 220 •lO \ 0 AA

j

10/ /U CAA9 A50934
45 2728.63 } l.iOZO .lU4o4 100 2844. 16 1 1004 46733
65 2729.64 I 16327 52952 100 2846.97 I

45 2730.83 I 14621 51230 270 28.50.98 I 11584 46649
200 2731. .56 11 18846 55444 90 2852.84 I 17331 52373

220 2732.21
.}

1.50,58 51648 55 2860.07
}

14217 49171
\j i\j Z 1 J . IJ't 17224 53802 ZOllU. Z.

)

14621 49'^7'^r70 1 ,)

55 2734.31 14621 51183 55 2864..56 27244 62143
90 27,38.32 15770 52278 240 2867. 19 16619 51486
120 2739.94 160 2871.82 14217 49028
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Rhenium— all observed /irae5— Continued

Intensity

and
Character

Wavelength
in A Spectrum

Energy levels

in cm

Intensity

and
Character

Wavelength
in A Spectrum

Energy levels

in cm"'

i_

55 2872.30 J 15058 - 49863 170 2995.40
I 30560 _ 63935

45 2872.67 I 15770 - 50571 5500 2999^60 I 11754 - 45083

200 2875.28 I 11584 - 46353 350 3001.14 I 14621 - 47932

65 2879.27 16307 - 51028 220 3004. 14 14621 — 47899

200 2883.44 I
1 7QQ 1
I loo I

— ozUui 65 3004.34 I loozt)
y1 7 1 AO

65 2884.04 J 23956 - 58619 200 3006.42 J 15770 _ 49023

110 2884.64 I 130 3011.92 I 11754 _ 44946
65 2887.31 I 17331 - 51955 190 3013.14 I 13826 - 47004

2900 2887.68 I 11754 - 46374 500 3016.02 I 11754 — 44901

130 c 2888.06 II 300 3016.49 I
1/1017 4/000

90 2889.45 11754 - 46353 40 3016.97 J 11584 _ 44720
100 289 L 48 I 16619 - 51193 120 302 L 88 I 14621 _ 47704

180 2891.88 I 14217 - 48786 60 3022.99 I 17331 - 50401

160 2892.63 I 19458 - 54018 380 3030.45 I 14217 — 47206
110 2894.32 10 1 H) - Mo 1 1 60 3031.27 I Z6I0O oolo4

45 2895 65
I

15058 - 49583 60 3032.79 J 16619 _ 49583

490 2896.01 I 0 - 34520 130 3034.55 I 20448 _ 53392

35 2898.79 I 20482 - 54969 60 3036.55 I 16327 - 49250

830 c 2902.48 I 18950 - 53392 100 3037.96 I 13826 - 46733
210 2905.58 I 14621 - 49028 130 3040.03 I 14217 AT\ AO

2906.02
T

14621 - 49023 100 3041 00OWt Jl . \J\J
T

15058 47932

100 2908^34 60 3041.99 16307 _ 49171

550 2909.82 I 16307 - 50663 60 3042.29 I

55 2910.08 I 11584 - 45937 100 3044.08 15058 - 47899

65 2913.15 1 17331 - 51648 240 3047.25 OOAOA 6UOO /

65 h 2916.73 25321 - 59596 100 3053 63
T

21775 _ 54514
65 2918.88 16619 - 50869 130 .3054.90 I 11584 _ 44309

100 2919.41 I 16327 - 50571 90 3057.66 I 16327 - 49023

160 2924.60 I 11754 - 45937 200 3058.78 I 13826 - 46509

120 2925.20 1 26661 - 60837 130 3060.32 I 16619 49286

2926.93 J 17331 - 51486 100 3061 61
I

22160 54813

830 c 2927'42 11754 - 45904 70 3064.60 I 17238 _ 49860

180 2929.53 I 15770 - 49895 1600 3067.40 I 0 - 32592

270 29.30.61 I 15058 - 49171 320 3069.94 I 11.584 - 44148

65 29,32.31 I 15770 - 49863 260 3071.16 I 16619 49171

16619 - 50663 200 3072.96
I

17331 49863

45 2941..56 20482 - 54467 90 .3076! 14 I 15166 _ 47665

440 2943.14 I 14217 - 48184 100 3078.86 I 11754 - 44225

65 2944.32 I 13826 - 47780 550 3082.43 I 14217 - 46649

65 2946.57 I 20482 - 54410 180 .3084.21 I 15770 48184

1 on •)(.) IQ HQ .

17331 - 51230 90 3087. 15 14621 _ 47004

65 2949.88 [ 16307 - 50197 340 3088! 76 I 1 1,584 439,50

130 29.i0.83 I 11,584 - 45463 110 ,3089.94 I 22160 - 54514

120 2954.34 I 13826 - 47665 200 3093.64 I 1,3826 - 46141

130 h 2957.91 II 23341 - 57139 200 3095.06 I 15058 47358

1 in OQAl 7,1
.

14217 - 47971 IRfl1 ou 3095.79
I

14217 46509

270 2962.27 [ 1 1 584 - 45332 100 .3096! 41 1,3826 46112

65 2962.87 1 22160 - 55901 700 3100.67 I 16327 - 48569

720 2965.11 I 14217 - 47932 140 3103.06 II 17224 - 49439

1500 2965.76 I 117,54 - 45463 140 3103.26 II

Oft ZVO / . i.) 16619 - 503 1

1

140 3104.65 15770 47971

180 2968.04 14217 - 47899 700 3108.81 14217 46374

90 2968.98 II 340 3110.86 I 14217 - 46353

75 2975.02 I 17,331 - 50934 140 31 11. .56 I 15770 - 47899

120 2975.25 I 194,58 - 5.3059 340 c 3118.19 I 11754 43815

o 1

U

.

0 - 33589 340 3121.36
I

14621 46649

65 2977.30 I 16619 - 50197 70 312.3! 16 I 15770 47780

210 2978.15 I 16,327 - 49895 70 3125..52 I 11.584 _ 43569

220 2980.82 I 11,584 - 45122 420 3128.94 I 16619 48569

65 2981.01 I 197,58 - 53294 260 31.34.02 I 15770 47669

.
70 3139.79

T
17331 49171

65 2981.75 194.58 - 52952 70 3139!94 I 15166 47004

220 2988.47 14217 - 47669 2.50 3141.38 11584 43408

1800 2992.36 0 - 33409 140 3142.65

65 2992.82 70 3151.16 19458 51183

220



Rhenium— all observed /mes— Continued

Intensity

and
Character

Wavelength c
^ spectrum

Energy levels

in cm

Intensity

and
Character

Wavelength
in A Spectrum

Energy levels

in cm"'

440 3151.64 I 14217 45937 2000 3338.18
}

20448 50396
Q 1 C Q 7A T 11754 43453 141)

0 0 Oft AO 17238 47173

360 c 3158.31 I 11754 43408 1600 3342.24 J 20448 50359
220 3164.52 I 15058 — 46649 810 3344.32 J 20448 — 50341

50 3167.16 I 16619 - 48184 320 3346.20 J 13826 - 43702

700 3168.37 I 16307 47860 130 3353.21 16327 46141

140 0 1 •? 0 An T 13826 45332 1 /;A160 0 0 C C OA 22423 52218
220 3174.61 I 14621 46112 240 d 3356.33 22160 51946

140 3174.78 I 27130 — 58619 3356.46 J 16327 _ 46112
440 3177.71 I 11584 - 43044 200 3358.02 J 17331 - 47102

260 3178.61 I 15058 46509 160 3359.22
j

23632 53392
oloZ.OO 1 19458 50869 1 ArtlOU oot)l. 14 13826 43569

600 3182.87 I 18950 50359 200 3362.74 J 11584 41313
1100 3184.76 I 18950 _ 50341 160 d 3365.73 J 23155 _ 52857
1100 3185.57 I 18950 - 50333 3365.84 J 21775 - 51477

120 3186.29 I 27244 58619 240 3377.74 16307 45904
1 CA150 1 1 AA 17 T 16328 47665 QOA02U OO ( V.UO u 14352 43938
260 3190.78 I 320 3379.70 1 1 JOt" d 11 fid.

260 3192.36 I 14621 45937 160 3384.45 J 27161 56699
140 3193.20 I 22160 - 53467 200 3385.76 J 14621 — 44148

200 3194.50 I 15058 — 46353 240 3389.43 I 17238 — 46733
220 0 I AO C O T 14621 45876 OAA200 QOAA OC3390.25 22160 51648
70 3199.49 I 1 d.91 7 80 3394.12 { z 1 / / o •^1 9^n

150 3200.04 I 16619 _ 47860 80 3397.21 J 26349 _ 55777
100 3200.72 I 15770 47004 4000 3399.30 J 11754 _ 41164

1100 c 3204.25 I 16307 — 47,507 80 3401.17 I
T A70 J O A C 1 O I

.3/0.1. 4.,^ i 24724 55912 650 0 Af\A 703404.72

1

11584 40946
140 3211.75 I 650 3405.89 1 (19 1 71 'tz 1 /

120 3212.94 I 14217 4,5332 240 3408.67 J 14621 43950
70 3213.49 I 320 3409.83 J 17331 _ 46649

120 .3214.11 I 26349 - 574,53 80 3413.74 I 16619 - 45904
1 C A

.3ZZ/.1-0 1 15166 46141 0 OA 0/117 77o41 / . / / 15058 44309
70 3228.73 I 1.1/ / U '+D / OO 810 3419.41 J

1 4.9 1 7
1 4Z 1 /

380 3235.94 I 13826 44720 160 3420.75 J 11,584 40809
150 3237.51 I 150,58 _ 4,5937 8000 3424.62 J 11754 40946

80 3241.47 1 14621 45463 400 3426.19 I 17331 - 46509
oO 16327 — 47102 QAA300 0 yi ,1 7 1

,542 /.Ol 15058 44225
150 3252.26 I 320 3437.71 {

1 /I A9 1140Z 1 4o iUZ

600 32.58.85 I 16327 I 47004 80 3441.25 J

600 32.59.55 I 11.584 422,54 60 .3442.97 J 16307 _ 45343

200 3261..56 I 15166 - 4,5817 400 3449.37 I 15166 - 44148
120 3262.77 I 17331 — 47971 16000 c 3451.88

1

0 — 28962
120 3266.85 1 I tool 1 70'3'')

4 l\)oZ 80 3453.28 1 t^77rtlot /U A A 70rt44 / zU

150 3268.48 I 16619 47206 240 3453.,50 J 14621 43569
300 3268.89 I 15770 _ 46353 160 3458.88

I
17238 _ 46141

160 3277.71 1 14621 - 45122 55000 c 3460.46 I 0 - 28890
160 3285.64 I 172.38 - 47665 40000 c 3464.73

{

0 - 28854
80 3287.13 I 27244 57657 400 3467.96 OA A AO20448 /I A07 C49275

200 3291.83 I 15770 46112 160 3472.72 J 14621 43409
280 3296.70 1 18950 49275 240 3476.44 J 15058 43815

280 3296.99 I 16327 - 46649 80 3477.14 I 27161 - ,5,5912

80 3300.97 1 150.58 - 45343 400 3480.38
{

16619 - 45343
280 3301.60 I 14621 44901 320 3480 85 14621 43,342

240 3302.23 I 15058 45332 240 3482.23
I

22160 50869
320 3303.21 II 14883 45148 1 10 3490.86

I
17238 45876

280 3303.75 I 11584 - 41844 80 3494.72 I 17331 - 45937
80 3307.01 I 27161 - 57,391 130 c 3495.90

!

80 3308.25 I 80 3502.73 20482 49023
80 3312.29 I 16327 46509 560 3503.06 15770 44309

240 3313.95 I 15770 4,5937 100 c 3512.28 16619 45083

160 3318.67 I 13826 439,50 320 3516.65 I 13826 42254
600 3322.48 I 117.54 41844 320 3517.33 14621 43044
70 3324.93 I 16,307 46374 80 c 3.520.72 150.58 43453

200 3331.52 I 14217 44225 80 3,524.,54

160 3335.36 I 11.584 41,557 60 3,529.21 16619 44946
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Rhenium— all observed /mei— Continued

Intensity

and
Character

Wavelength
in A Spectrum

Energy levels

in cm~'

Intensity

and
Character

Wavelength r. Energy levels

in cm"'

1 90 ooo^. oz 16619 - 44901 140 0 i i i .00 1 17238 43702
320 3537.46 I 11584 - 39845 700 3787.52 I 15058 41453
160 3539.33 I 19458 - 47704 160 3796.59 I 11584 _ 37916
60 3539.94 I 22160 - 50401 160 3797.59 I 14621 - 40946

240 3549.89 I 11754 - 39916 190 3807.74 I 15058 — 41313

3551.29
T

22160 - 50311 120 14621 40822
160 3553.65 I 17331 - 45463 120 3836.30 I Md^d dfldOd

160 3558.94 I 11754 - 39845 240 3869.94 I 16307 _ 42140
80 3564.73 I 15770 - 43815 240 3875.26 I 11584 - 37381
160 3568.23 I 24724 - 52741 240 3876.86 I 15770 — 41557

17331 - 45332 80 000 / . 4-7 1 27141 52857
360 3579.12 I 15770 - 43702 80 3887.95 I 17331 43044
810 c 3580.15 II 17224 - 45148 70 3889.96 I 22160 _ 47860
650 3580.97 I 16307 - 44225 80 3896. 1 1 I 20482 - 46141
810 3583.02 I 117.54 - 39656 80 3900.91 I 14217 — 39845

/ U ooyy) . oo 22423 - 'in96'^ oQni no I III ^7'^810 1 00

1

80 3595.16 I 91 77^ 4- 7,JO,J 100 3908.21 I 97161 'i97dlJZ / 4

1

160 3596.39 I 117,54 - 39552 130 3913.92 I 15770 _ 41313

80 3598.77 I 23155 - 50934 380 c 3917.27 I 16619 - 42140
80 3604.39 I 22423 - .501,59 60 c 3920.85 I 27244 - 52741

lou •3/; 1 A AQ .
1 ^"^07iO,JU ( I-07VO 7n c

QQO7 CQ IoVzi.oy 1 ld91 7

320 3617.08 1 ^770 — /I'^dOOto^yjy 0,jU 3929.85 I 1 d91 7i tz 1 /

80 3617.25 I 15770 - 43408 60 ,3931.20 I 21775 _ 47206
160 3621.46 I 16619 - 44225 140 3936.90 I 15770 - 41164
160 3625.91 I 15770 - 43342 60 3941.54 I 19758 - 45122

ou
.

I V^.>t3 1 lU OQAA 79 T 97'^ 1 dZ ( 0 14- OZOtJ 1

140 3637.06 J 1 'iR')f\I ,)OZ0 1 fldloVJ 3945.91 I 1 d91 71 '+Z 1 1 07,),)Z

810 3637.84 I 11,584 - 39065 70 3950.64 I 14621 _ 39927

35 3642.99 I 117.54 - 39197 35 39,54.43 I 22423 - 47704
80 .3651.66 I 16619 - 43996 280 3961.04 I 13826 - 39065

.)0.> 1 . y / c
QQi^O AQ ToVOZ.'+O 1 1 DoZ / d 1 '^'^7

't 1 oo (

80 36.53.62 J ou 3963.27 I 1 00 1 y dl ftdd

60 3660.52 I 27244 - 54554 30 3964.81 I 23956 _ 49171

40 3662.13 I 27514 - .54813 70 3967.39 I 22160 - 47358

120 .3669.78 I 16,327 - 43569 35 3975.65 I 16307 - 41453

.50 ZoVoO oil Vo 0.)
QQQQ 01 1

320 3670..53 J
1 1 •) 1 7 — 414r).3 .3984.25 I

80 ,3672. U I 14621 - 41844 35 3991.03 I 14621 _ .39670

60 .3676.00 I 16619 - 438 IS 100 4004.93 I 19758 - 44720

35 ,3680.21 1 2442S - 51S90 60 4012.26 I 26661 - 51.578

^O 1M c '1,700 ^ A 1 Q /I A I 9794.dZ 1 Z4'+ •^9 1 99.9Z 1 ZZ

860 c 3689.50 [
1 1 Q I Q 1 .in 4022.96 I 1 oV.jU

1500 c .3691. 18 I 16327 - 43409 100 4023.31 I 14217 39065

100 .3697.71 I 27141 - 54177 60 4028.53 I 231.55 - 47971

35 3700.37 I 110 c 4029.63 I 1,3826 - ,38635

520 3703.24 1,50Z6 ZZU ylAOO 0 1 I4U,5o.ol i
1 c:msQ
1 .>ur)c5 .>VO40

70 3704.45 I 1 A
1 10 4037.49 I 1 r> 1 DO 0QQ97oWZ /

60 3 704 ! 84 I 13826 - 40810 200 4048.99 I 16307 40998

100 3705.02 I 13826 - 40809 50 4061.86 I 15058 - 39670

240 3709.93 I 14217 - 41164 240 4081.43 I 16327 - 40822

35 37 15.02 17238 - 44148 50 1 AT97looz /
AC\Q 1 A40o lU

360 c 3717.28 { 17331 - 44225 50 4083..58 I I60Z (
A AQAQ

4000 3725.76 I 23632 - 50464 40 4089.92 I 14621 39065

140 3731.87 1 16619 - 43408 140 4104.42 I 194,58 - 43815

140 3732.28 I 150,58 - 41844 240 c 4110.89 I 17238 - 41,557

240 c 3735.01 1 1754 - 3852

1

50 i 1 1 0 /I A T4 1 l.>. 4U 1
1/1917I'+zl / oo,)Z 1

810 3735.31 } 23632 - 50396 190 4121.64 I
9n/i/iQZ04-4-O 44 /Oo

40 3736.84 1 9 1794.Z r i Z^ - 51477 50 4132.28 I 13826 38019

910 3740.10 1 14217 - 40946 240 cw 4133.42 I 16307 40494

140 3740.41 1 23632 - 50359 1800 4136.45 I 11754 35923

130 3742.26 17224 - 43938 50 1 1 "57 Afl T 21775 45937

OuU C W <7iT 11 I 14621 - 41313 700 4144.36 I 17,331 41453

80 3755.62 17,331 - 43950 140 4149.96 1 13826 37916

140 3766.48 14621 - 41164 70 4152.29 I 33589 57665

120 3768.26 50 41.52.63 I 15770 39845
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Rhenium— all observed /me5— Continued

Intensity

ana
Character

Wavelength
in A Spectrunn

Energy :

in cm
evels
-1

Intensity

and
Character

Wavelength q
% opectrum

in A *^

Energy
in cm

evels
-1

90 4159.92 07 1 A 1 51193 25 cw 4614.66 I
1 7QQ 1
1 /ool 38995

160 4170.40 j 51486 100 4621 38 I 91 77CZl / /o 43408
220 4182.90 I 15770 39670 25 h 4625.96 I 15770 37381

220 4183.06 I 14621 - 38521 80 c 4630.82 I 16327 - 37916
90 4194.67 I 17331 - 41164 90 4652.33 I 14434 - 35923

90 /I OA/1 CO 99 1 AO A A /IAAO AC\ T looZO oozoo

70 4213.27 { 50869 50 4682.32 I
1 A/l C Q 40809

650 4221.08 I 11584 35268 25 4687^86 I 27244 48570

35 4223.18 I 25 c 4694.99 I 15770 - 37064
3600 c 4227.46 I 18950 - 42598 40 4700.44 I 21775 - 43044

35 4232.96 1 /OVo 41313 60 4705.04 1
99 1 fxC\ 43408

40 4236.24 1 f\'X^llOOZ i 39927 25 4725.93 I
9*^ 1loo 44309

30 4238.59 I 18950 42536 60 4727.60 I 16619 37766
90 4241.16 I 17238 - 40810 60 4748.38 I 16327 - 37381
150 4241.39 I 17238 - 40809 25 4749.03 I 14217 - 35268

70 AO A£ OO4246.82 0/1 C OA C OA/1 1OOO6I A A /I "7 C 0 00 T4/00. 83 1
1 1 C O/I
1 loo4 9 0 CAO32592

40 4255.75 } 17331 40822 20 4763.67 I 17238 38225
260 c 4257.60 I 14217 37698 190 c 4791.42 I 15058 35923

120 c 4291.17 I 16619 - 39916 2200 cw 4889.14 I 0 - 20448
80 4291.65 I 14621 - 37916 50 4915.02 I 12251 - 32592

30 4299.92
{

23956 47206 220 4923.90 I 14217 34520
200 4304.40 16619 39845 80 4946.72 I 15058 35268
30 4314.58 I 21775 44946 50 4956.76 I 23632 43801
80 4318.58 I 27514 - 50663 80 4985.98 I 17331 - 37381
40 4319.53 I 14621 - 37766 40 5058.56 I 13826 - 33589

200 4332.25 14621 37698 70 5096.50 I 16307 35923
40 4357.98 11 20 5120 32 I 24425 43950
380 4358.69 1 1584 34520 25 5161.65 I 17695 37064
190 4367.,58 I 16,307 _ ,39197 40 c 5178.89 I 16619 _ 3,5923

140 4,391.34 I 117,54 - 34520 20 5181.74 I 22160 - 41453

70 cw 4392.45
{

14621 37381 35 5234.31 I 23155 42254
360 cw 4394.38 15770 3852

1

50 5248 86 I 21775 40822
60 4396.80 I 16327 39065 1300 5270.95 I 23632 42598
80 4402.60 [ 1,50,58 _ 37766 1600 cw 5275.56 I 0 _ 18950
110 cw 4406.40 I 16.307 - 38995 100 5278.24 I 16327 - 35268

180 4415.82
{

15058 37698 30 5305.56 I

60 4440.44 1 733

1

39845 20 5317.28 I 26661 45463
30 c 4453.92 I 35923 58369 35 5321.28 I 14621 33409
30 4454.62 I 14621 _ 37064 50 5327.46 I 13826 _ 32.592

30 4463.53 I 35268 - 57665 20 5331.90 I 15770 - 34520

30 4467.54
j

24724 47102 20 5332.76 I

80 4467.92 16619 38995 20 5333 85 I 27161 45904
150 4475^08 I 39670 35 5369.48 I 94.4.9 43044
80 4477.99 I 17331 _ 39656 50 c 5369.80 I 13826 _ 32444
120 4478.39 [ 150.58 — 37381 100 c 5377.10 I 17331 — 3.5923

25 4496.43
[

197,58 — 41991 25 5431.90 I 39656 — 58061
19(1 n .1C(17 (1

1

r.jU i Art 28854 Id1 H* 22423 drift 1 n

50 4508.01 J 51031 14 5447.92 I 1 OWJO 33409
2600 4513.31 I 20448 42598 25 5460.64 I 19458 _ 37766
260 4516.64 I 28854 _ 50988 14 h 5520.05 I 28030 _ 46141

80 4519,76
[

288,54 — 50973 25 5521.10 I 28542 — 46649
. It) 28890 in r 21775

120 4523.88 •lOQQAZooVU 50988 50 c 5,563.24 I 1 dfi9

1

32592
80 4526.01 1 20448 42536 25 5573.47 I 17331 35268
70 4528.97 I 28962 _ 510.35 25 5584.72 I 16619 _ 34520

120 4529.95
}

28962 — 51031 10 h 5607.21 I 27514 — 45343
OKI 22160 12 h 5612.27 I

40 4541.80 I 28962 50973 100 5667.88 I 15770 33409
100 4545.17 [ 15770 37766 25 5711.43 I 22423 39927
50 45,59.27 I 15770 37698 18 ,5716.95 I 26661 44148

70 45,59.68
j

13826 35751 1 10 c 5752.93 I 11584 28962
oU e 1 C ^ C •)A 15166 1 lu CW C77A I 11,584

120 4580.68 11.584 33409 18 5791.60 I 16327 33589
25 4591.68 20482 42254 10 c 5815.92 I 17331 34520
120 4605.73 14217 35923 5.50 .58,34.31 I 11754 28890
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Rhenium— all observed /ines— Continued

Intensity

and
Character

Wavelength
in A Spectrum

Energy levels

in cm

Intensity

and
Character

Wavelength c
. ! " bpectrum
in A *^

Energy levels

in cm"'

10 5919.86 J 24425 _ 41313 12 6544.91 I 22423 _ 37698
60 5943.24 I 15770 _ 32592 35 c 6577.11 I 28854 _ 44054
10 5950.21

j

28542 - 45343 40 cw 6592.52 I 28890 - 44054
1 o10 n 5969.77

J

/I Q /I AO4o4UB 1 AA cw 6605.19 I
1 ooo/;ioozO OOAAO

iU 5989.99 zo loo ono/1 coyo4o
30 c 6623.91 I 28962 _ 44054

18 h 5995.73 J 27141 _ 43815 10 c 6637.25 I 19458 — 34520

30 6114.22 I 17238 _ 33589 27 cw 6652.39 I 13826 _ 28854
35 c 6145.81

j

27141 - 43408 15 h 6683.28 I 22423 - 37381

oU 6146.82 lOoZ I c 6711.30 I 1 /oyo
Qocnn

1

Q

io 6203.24
30 6751.22 I

25 6217.97 J 17331 _ 33409 5 c 6761.19 I 20482 _ 35268
30 cw 6229.42 I 28854 — 44903 180 c 6813.41 I 14217 — 28890

35 cw 6243.24
{

28890 - 44903 260 ^OOA AA T6829.90 1 14217 - 28854
0 c00

J
d 6260.02

J

OO 6971.53 I
1 .1 /;o 1iwzl

6260.24
35 cw 7006.63 I 14621 _ 28890

18 c 6271.37 J 28962 _ 44903 65 cw 7024.15 I 14621 _ 28854

18 6278.76 I 21775 _ 37698 65 cw 7246.67 I 15058 28854
10 6286.41 27141 - 43044 13 cw 7292.72 1 28890 - 42598

10 6303.42
J

26132 41992 40 cw 7578.73 I 15770 OOA£ O28962
900 6307.70 ^OO 4.4.70'^

13 7611.89 I 19458 32592
200 6321.90 J 28890 44703 7 cw 7620.25 I 15770 28890

80 d 6350.75 I 28962 44703 50 cw 7640.94 I 15770 28854

16 h 6382.94
}

29800 45463 65 cw 7912.94 I 16327 28962

14 26661 42254 35 cw TOftn 77 I 16327 28854

50 6511.47 17238 32592
40 8417.13 I 11754 23632

14 6515.25 1 30560 45904 29 cw 8527.73 I 17238 28962
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Rhodium

Rh, Z= 45, 102.9055, Ratio^ = 1.619

Rhi Normal state of valence electrons 4-d^5s*Fiii^= 0. LP. = 60197 cm"'.

Rh II Normal state of valence electrons 4c?« W^^O. LP.= 145800 cm-i.

References

Wavelengths:
G. R. Harrison, Massachusetts Institute of Technology Wavelength Tables (John Wiley & Sons, New

York, 1939).

H. Kayser and R. Ritschl, TabeUe der Haupthnien der Linienspektren aller Elemente (Julius Springer,

Berhn, 1939).

Classification:

Rh I, J. P. Molnar and W. J. Hitchcock, J. Opt. Soc. Am. 30 , 523 (1940).

Rhll, F. J. Sancho, Anales Real. Soc. Esp. Fis. y Quim. 54A, 41 (1958).

Strong lines of rhodium

Intensity

and
Character

Wavelength c
ju ^ Spectrum

Energy levels

in cm"'

Intensity

and
Character

Wavelength o
jj, ^ spectrum

Energy levels

in cm"'

9400 3692.36 I 0 - 27075 4900 3799.31 I 5691 - 32004
8800 3528.02 I 1530 - 29866 4700 3470.66 I 3473 - 32277
8200 3434.89 I 0 - 29105 4700 3474.78 I 3473 - 32243
8200 3657.99 I 1530 - 28860 4700 3583.10 I 1530 - 29431

7600 3700.91 I 1530 - 28543 4700 3596.19 I 2598 - 30397

5900 3462.04 I 2598 - 31474 4200 3323.09 I 1530 - 31614

5900 3502.52 I 0 - 28543 4200 4374.80 I 5691 - 28543
5900 3597.15 I 3310 - 31102 3800 3793.22 I 5691 - 32046
5900 3856.52 I 5691 - 31614 3800 3822.26 I 7791 - 33946
5600 3396.82 I 0 - 29431 3800 3958.86 I 7791 - 33044
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Rhodium— all observed lines

Intensity

and
Character

Wavelength
in A Spectrum

Energy 1

in cm
evels
-1

Intensity

and
Character

in A Spectrum
Energy levels

in cm"'

150 2276.21 11 27439 71359 300 2511.03 II 34726 74538
1 At\140 OOQQ r7ZiOO.O 1 2598 A <;OOA 75 2513.36

TT
11 36366 76141

110 2309.82 J 3473 46753 200 2515.75 I 3310 43048
55 2318.36 I 5691 _ 48811 130 2520.53 II 16885 _ 56547

95 2319.10 I 5691 - 48798 13 2525.99 I 9221 - 48798

95 2321.73 1530 44588 13 2531.74 I 5691 45178
OCA350 oo no CO23z/.5o

J

0 /I OA/1 O4ou4z CA50 2532.66
140 2326.47 46280 13 2533.59
80 2328.64 J 7791 _ 50721 50 2534 07
190 2334.77 II 16885 _ 59702 110 2536.71

55 2345.41 I 110 2537.04 II
cc00 o 9 CO An

J

0 42495 30 2539.72
55 2359.18 1 oou 43905 40 2544.22

300 2361.92 J 0 _ 42325 350 2545.70 I

110 2368.34 I 3473 _ 45683 13 2548.60

270 2382.89
{

0 — 41953 550 2555.36 I 3310 - 42431
O Q OQ Af\

}

0 41944 25 2558.62 1

40 2384.65 7701 49713 50 2565.79 I

270 2386.14 II 16885 58780 45 2566 04 I 3473 42431
80 2407.88 1530 _ 43048 25 2566 92 II 38688 _ 77633

27 2408.19 I 1.530 - 43042 50 2567.28
n 2410.25 3310 — 44787 25 2574.66
80 2415.84 11 ly ( vo 61173 25 2575 75 I

1 A 700 C 9AAAOOOOO
55 2418.64 13 2576 23
45 2419.75 J 3473 _ 44787 40 2587.29 II 27439 _ 66078

45 2420.18 II 33845 - 75152 30 2598.07
65 2420.98 If

II 20647 61940 30 2603.32 II 32605 — 71006
75 2423.94 75 2606 44 II

65 2427.11 II 18540 59729 75 2613 60
130 2427.68 2598 _ 43777 150 2622 58 I 5658 _ 43777

230 2429.52 3473 - 44621 230 2625.88 I 5658 - 43729
A A40 2431.85 I r

11 21180 62288 100 2630.42 1 2598 40603
40 2432.66 oODo 46753 40 2634.99 I

18 2437.08
I

7791 48811 30 2638 74 II 34243 72128
110 2437.90

I
7791 _ 48797 75 2643 00 I

330 2440.34 I 1530 - 42495 110 2647.28 I 5658 - 43421
50 n 2444.27

{

A AA400 o/; CO2652.66 1 2598 — 40285
65 2448.84 9CQQ 43421 30 2659.01 I looU "iO 1 97OV IZ /

50 2449.04 5691 46511 30 2671.06 I 3473 40900
75 2450.56 J 65 2676.11 I 5691 _ 43048

30 2455.70 II 20647 - 61356 25 2680.28 I

65 2458.90 II 19792 - 60448 100 2680.63 1 3310 - 40603
90 2461.04 1 O C y1 A 59161 30 2681.78 I

1 AIOO14/00 COArfiCoZUOo

30 2463.61
I

30 h 2686.50

75 2470.39
I

3310 43777 30 h 2686 91

90 2471.47 I 2598 - 43048 50 2694.31 I 3473 - 40577

30 2472.51
}

400 2703.73 I .3310 - 40285
1 917^ no 1530 41953 40 2705.63 II 25377 62326
15 2475.64 31730 721 12 40 2707.23 I 2598 39525

15 2477.54 75 2714.41 I 7791 44620

25 2482.04 I 100 2715.31 II 2,5377 - 62194

50 2483.33 3473 - 43729 75 2717.51 I 0 - 36787
1 "in { 180 2718.54 I

c o0000 4z4ol
inn 9J.Qn 77 II 16885 57021 65 2720. 14 I

30 2492.30 1 3310 43421 30 2720.52 I 13975 50721

75 h 2494.51 160 2728.94 I 2598 - 39231

15 2499.02 40 2736.76
T
1 2598 - 39127

ocnn^<>\f\J. JO 75 2741.75 I 9221 45683
1 %n OCfvO Af^ZDUZ . to 1 3473 50 2767.73 I 2598 38718

10 ^ouo . ot II 20647 60573 100 2771.51 I 2598 38669

300 2.S04.29 II 50 2778.06 I 7791 43777

40 2,505.10 19792 59699 75 2779.54 I 10313 46280

150 2,505.67 2598 42495 130 2783.03 I 3310 39231

350 2,509.70 2598 42431 25 2791.16 I 3310 39127

50 2510.66 II 18540 58358 75 2796.63 I 11006 46753
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Rhodium — all observed /irees— Continued

Intensity

and
Character

Wavelength
in A Spectrum

Energy levels

in cm"'

Intensity

and
Character

Wavelength c
^ opectrum

Energy 1

in cm
evels
— 1

1 '^n1 JU 2826 43
T

10313 45683 1981 ^1 I 2598 llOdd

180 2826.68 I 9221 _ 44588 280 3289.14 I 3473 33867
30 2827.31 I 3310 - 38669 45 3289.64 I 14788 - 45178
75 2834.12 I 11006 - 46280 210 3294.28 I 12723 - 43070
45 2835.44 I 1530 36787 45 3296.72 I 12723 43048

75 2836 69
T

5658 40900 260 1100 46 I 10313 40603

50 2856.16 I 3473 38474 4200 3323.09 I 1530 31614
50 d 2860.68 I 5658 - 40605 60 3331.09 I 5658 - 35670

2860.76 I 5658 - 40603 45 3331.24 I 9221 - 39231

280 2862.94 I 5658 40577 330 3338.54 I 1530 31474

ft^y)o 9864 40 T
3310 _ 38211 70 1149 90 I 9221 39127

50 2871.35 I 80 3344.20 I 11006 _ 40900

30 2873.62 I 60 3359.90 I 13975 - 43729

110 2878.66 I 3310 - 38038 280 3360.80 I 5658 - 35404
75 2880.76 I 3310 38013 60 3362.18 I 3310 33044

9889 ^7
T

9221 43905 420 3368 38 I 2598 32277

75 2885.97 7791 42431 45 3369.68 I 10313 39981
75 2889.11 I 1530 - 36133 1100 3372.25 I 2598 — 32243

75 2889.84 I 5691 - 40285 110 3377.14 I 12723 - 42325
65 2899.96 I 10313 — 44787 80 3377.71 I 11006 — 40603

ZD 9Qftd. SI
,

ld^ft9 dfi70ft 1 in 7Q IOOOO. / O 1 1 1'^91 dindfi

160 2907.21 2598 36985 5600 3396.82 I 0 29431

65 2910.17 II 25377 _ 59729 820 3399.70 I 2598 _ 32004
75 2912.62 I 5658 - 39981 160 3406.55 I 14382 - 43729
90 2915.42 I 5691 — 39981 820 3412.27 I 16018 — 45316

ou 9Q9Q in J 9221 d 14.91 fin id9n ifi I 1 9791

180 2924.02 2598 36787 330 3421.22 I 12723 41944
130 2929.11 I 5658 39788 120 d 3424.38 I 7791 _ 36985
130 2931.94 I 5691 - 39788 8200 3434.89 I 0 - 29105
30 2955.41 I 9221 — 43048 1400 3440.53 I 16121 — 45178

J I'i 14.4.9 f.'l I ld1R91 4-OOZ d1d91404"^ 1

25 2974.03 1 1 uuu ddfi91 120 3447.74 I 77Q1 36787
160 2977.68 I 5658 _ 39231 60 3448.58 I 14788 43777
450 2986.20 I 3310 - 36787 120 3450.29 I 13521 - 42495
90 2986.99 I 5658 - 39127 60 3451.15 I 3310 - 32277

OKI 9Qfi7 d'^Z 70 / .4-0 J 1 nil d1777 don 04-00.ZZ 1 1110 199d1

110 3004.46 Q991 d9dO'i 60 3455.42 I 40900

50 3019.54 I 10313 _ 43421 180 3457.07 I 10313 _ 39231
130 3023.91 I 5658 - 38718 220 3457.93 I 13521 - 42431

50 3028.43 I 5658 - 38669 5900 3462.04 I 2598 - 31474

?no\t ond."^ 77 J OO 1 u 1 fin IdfiQ fi9 I mil 1 1Q197

30 3046.76 77Q 1 4700 3470.66 I
1471 32277

25 3057.89 I 16119 _ 48811 120 3472.25 I 9221 _ 38013
65 3067.,30 I 12723 - 45316 4700 3474.78 I 3473 - 32243
180 3083.96 I 1530 - 33946 2100 3478.91 I 3310 - 32046

o\)iS i

.

DODO ooUoo VD idfid nd I oo lU i9nndOZUU4-

70 3114.91 J
1 noo lU oD'+U4 80 3491.07 I

1 1 Qt^Q
I lyoo 40605

140 3121.76 I 3310 35334 110 3494.44 I 11968 40577
240 3123.70 I 0 - 32004 1200 3498.73 I 3473 - 32046
35 3130.79 I 3473 - 35404 5900 3502.52 I 0 - 28543

^ 1 "^7 71 OU ocn^ 4.1 I 1 1 HHA
1 lUUO ovozo

45 3151.36 J
1 A 7QQ14 too 4uD 1

1

2800 3507.32 I ZDVo 31102
45 3152.60 I 5658 37369 60 3511.78 I 16121 44588
130 3155.78 1 9221 - 40900 60 3513.10 I 13975 - 42431
70 3179.73 I 7791 - 39231 60 3519.54 I 10313 - 38718

OU O I OO . il 7 099 1 fUOUo ooww 1C9Q n9 I 1 £;in 9QQAAZ7000
140 3189.05 1 10,1A 880 d 3538.14 I DOV

1

33946
470 3191.19 I 5658 36985 3538.26 I 14788 43042
190 3197.13 I 2598 33867 280 3541.91 I 11006 39231
70 3214.32 I 0 31102 1200 3543.95 I 5658 33867

oU oZo 1 .00
.

7791 38669 1 finn 1<^dQ =^d I 3310 1 1 474

520 3263. 14 J 3310 33946 240 3564. 13 I 14382 42431
520 327L61 3310 3,3867 1200 3570. 18 I 3473 31474

2300 3280.55 1530 32004 4700 3583. 10 I 1530 29431
110 3281.70 11968 42431 120 3583.53 I 10313 38211
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Rhodium— all observed lines— Continued

Intensity

and
Character

Wavelength c
i " Spectrum

In A
Energy levels

in cm"'

Intensity

and
Character

Wavelength
in A Spectrum

Energy levels

in cm"'

4700 3596.19 I 2598 - 30397 50 3935.84 J 11968 - 37369
5900 3597.15 I 3310 - 31102 590 3942.72 I 10313 - 35670
310 3605.86 I 10313 - 38038 95 3958.24 13975 - 39231

0 lUU OAi 9 /17 I 3473 31147 ooUU 7791 33044
16191 i 1 1 4o TT

11 00 tot DlUUo

200 3620.46 I 7791 - 35404 380 3975.31 I 13521 - 38669
1800 3626.59 I 9221 - 36787 240 3984.40 I 10313 — 35404
95 3627.80 I 11968 - 39525 240 3995.61 10313 - 35334

oiu Q^OQ CI ToOoV.ol 1 11006 38474 jyyo. Id 11968 36985
ooK) 1 OA 4U/0. 14 1 il^H9i4-.jO/ ^09^107/0

1

8200 3657.99 I 1530 - 28860 60 4048.41 J 13975 - 38669
280 3661.86 I 16121 - 43421 23 4049.04 I 13521 - 38211

1300 3666.22 I 2598 - 29866 40 4053.44
{

11006 - 35670
«50oo.yi 1 11968 39231 OQ 4UD0.O4

{

9221 33867
1 /I A "iftlA 1ft 100/4. /O 1 1 1 nofi 7A Ami C7 1 ^^91100/

1

OQAOO

560 3681.04 I 11968 - 39127 560 4082.78 I 7791 - 32277

1900 3690.70 I 3310 - 30397 19 4084.28 I 2598 — 27075
9400 3692.36 I 0 - 27075 45 4087.79 16121 - 40577

60 0£A/1 AC I 13521 — 40577 £A60 At\00 CA40OO.50
}

7791 — 32243
1 f^(\\ QlOUlO 1 Af\i4U /1An7 CO1W 1 .oZ 1 1 nnA O04U4

280 3698.26 I 11006 _ 38038 45 4107.49 J 14788 _ 39127
380 3698.60 I 16018 _ 43048 70 4116.33 I 14382 _ 38669
7600 3700.91 I 1530 - 28543 120 4119.68

{

16018 - 40285
A/1 A Q T 1 0 AO 1 3473 — 30397 1 1 AA 41/1. DO

}

7791 — 32046
Q71 0 AO 1it 16. 'to I iOlZi A 'ifXA 0 1 CAA A 1 OO Q741/0.0/ 7701

45 3714.83 I 9221 _ 36133 2100 4135.27 J 5691 _ 29866
16 3724.94 I 11968 _ 38807 240 4154.37 I 12723 — 36787

650 3735.28 I 13521 - 40285 330 4196.50 I 9221 - 33044
/I OA4^0 0 "7 9 "7 0*7 I61S1.Z1 1 11968 — 38718 70 Aon£i /;o4/06.6/ 3310 — 27075
A OA 0/44.1/ 1

1 1 0*^Q
1 lyoo OOODV 0 0AA /I Ol 1 1 A4/11. 14 ooy 1

00/1 0 1/y4o 1

1200 3748.22 I 10313 _ 36985 29 4230.20 J 10313 _ 33946
240 3754.12 I 13975 _ 40605 40 4244.44 I 10313 _ 33867
380 3754.27 I 13975 - 40603 60 4273.43 I 13975 - 37369
490 on C C CQ Ti755.5o 1 5658 - 32277 £A60 4z7o.o0

}

11968 — 35334
1000 3760.40 1

c ^ c oDoao 0 00/1 0ozz4j 820 4288.71 7701
/ /yi oil AO

.51 lU/

2300 3765.08 I 5691 _ 32243 70 4296.77 J 13521 _ 36787
490 3769.97 I 14382 _ 40900 23 4342.44 I 9221 _ 32243

70 3775.72 I 16018 - 42495 45 437.^.04
{

11006 - 33867
0 OA380 J778.13 1 13521 - 39981 A OAA

}

5691 — 28543

1000 3788.47 I
c c o 0 OAyi 95 4379.9/ QOO 1y//

1

OOA/l^i0/U40

1300 3792.18 I 11006 _ 37369 23 4433.32 J 16119 _ 38669
3800 3793.22 I 5691 _ 32046 35 4492.47 I 9221 _ 31474
4900 3799.31 I 5691 - 32004 29 4503.78

j

14788 - 36985

760 0 O A C A O I 13521 - 39788 Zo ylCOQ 7040/O. //
j

7791 - 29866

1300 3806.76 I 2598 28860 10 A CA A 074d44.// 1 A TOO14788 36787

45 3809..50 I 1 1968 38211 35 4548.73 J 11968 _ 33946

95 3812.45 I 14382 40605 40 4551.64 I 10313 _ 32277

470 3815.01 I 16121 - 42325 19 4560.89 I 16119 - 38038

760 3816.47 I 14382 - 40577 16
AC£iC 1 A4565. 19

}

11968 - 33867

1300 3818.19 1 9221 35404 1 OAloU A CAA AA AOO 19//1 oil AO31 10/

3800 3822.26 I 7791 33946 14 4571.31 I

2300 3828.48 I 9221 35334 29 4608. 12 I 13975 _ 35670

2000 3833.89 I 7791 - 33867 14 4619.91 I

45 3834.75 I 11968 - 38038 23 4643. 18
j

16944 - 38474

5900 3856.52 I 5691 31614 1 CA150 A£.tC AO4675.03 C£ A 15691
0*7 A"? C/7075

490 3870.01 I 16121 41953 19 4721.00 I 9221 _ 30397

70 3872.39 I 5658 31474 70 4745.11 I 7791 _ 28860

380 3877.34 I 5691 _ 31474 12 4755.58 • 14382 - 35404

70 3888.34 I 13521 39231
ooZi /I O 1 A A(\

j

27075 47857

29 3904.22 I 13521 39127 21 4842.43 9221 29866

23 3912.83 I 3310 28860 45 4843.99 J 27075 47714

120 3913.51 I 1530 27075 60 4851.63 I

240 3922.19 I 5658 31147 60 4963.71 11006 31147

2000 3934.23 I 5691 31102 60 4977.75 10313 30397

45 3934.98 I 14382 39788 40 4979. 18 11968 32046
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Rhodium— all observed /iraes— Continued

Intensity

and
Character

Wavelength
in A Spectrum

Energy levels
Intensity

and
Character

Wavelength c
^ spectrum

Energy levels

14 5085.52 I

70 5090.63 I 9221 - 28860

23 5120.69 I 13521 - 33044
19 5130.76 ] 14382 33867

60 5155.54 ] 11006 30397

14 5157.09 I 28543 _ 47928

40 5158.69 1 28860 - 48239

60 5175.97 I 28543 - 47857
12 bill .11 J 32046 51356

35
c 1 OA in 15184.19 1 7791 27075

95 5193.14 I 28543 _ 47793

16 5206.95 I

16 5211.52 I 31102 - 50285
1 A
19 5212.73 1 1 1968 31147

16 5214.79 1 28543 47714

19 5222.66 I 32277 _ 51419
19 5230.62 I 32243 - 51356
45 5237.16 I 31102 - 50191

9 5237.80 1

14 5269.27 1 28860 47832

11 h 5280.12 I 31474 _ 50408
14 5292.14 I 12723 - 31614
14 5314.79 I 31474 - 50285
40 h 5329.74 1 29105 47862

14 h 5331.08 1 29105 47857

9 5349.31 I 29105 _ 47794

130 5354.40 I 31614 - 50285

23 5356.47 I 31614 - 50278
45 5379.10 1 31614 50199
95 5390.44 1 10313 28860

23 h 5404.73 1 29431 47928
60 h 5424.07 I 29431 - 47862

19 5424.72 I 11968 - 30397

19 h 5425.45 1 29431 — 47857

12 5439.58 I 12723 — 31102

12 h 5441.36 29866 48239

9 h 5444.32 I 29431 - 47794

35 h 5445.23 I

23 h 5468.11 29431 — 47714
35 h 5470.85 1 32004 — 50278

19 5476.12 14788 33044
12 5481.42 32046 _ 50285

16 5484.23 1 32004 - 50233

9 5504.65 1 32046 — 50208

29 5535.04 1 29866 - 47928

9

1

1
1 Z 7000

160 5599.42 1 9221 _ 27075

7 5607.71 1 16119 - 33946
16 5608.35 1 16121 — 33946

5 5632.77 ] 16119 — 33867

0

dOtu .JUOU.OO ^1 109Oil

9 h 5702.47 1 33946 51478

6 5727.30 1 14788 32243
29 5792.66 1 14788 32046

9 5795.79 1 25820 43070

9 5803.34 1 25820 43047

40 5806.91 1 14788 32004
6 5821.84 1 13975 31147

35 5831.58 1 12723 29866

7 con7 3 1 1 1 AT Ol10121 OOU44
9 5918.54 I 11968 28860
7 5941.46 I 31102 - 47928

130 5983.60 I 12723 - 29431
9 5991.19 I 14788 - 31474

oo <iin9 79 1 1 979*^

6 6116.15 I 13521 I 29866

8 6128.06 1 14788 - 31102
8 6186.89 I 16119 - 32277
14 6199.99 I 16119 - 32243

10 AOf^^ 79 1OZOO. / Z J

5 6276.66 I 16119 _ 32046
8 6277.46 I 16121 - 32046
6 6293.38 I 16119 - 32004

29 6319.53 I 12723 - 28543

12 A/1 1/170 1 ZooOU AAAA ^

16 6510.41 I 16119 31474
19 6519.70 I 16944 - 32277
9 6627.80 I 16018 - 31102

19 6630. 16 I 14788 - 29866

/IA 07A7C2 /U /o A 1 QQ 1

9 6796.65 I 35334 50043
13 6827.33 I 14788 - 29431

11 6857.68 I 29866 - 44445
20 6879.94 I 16944 - 31474

65 £n£C £7 1o9o5.o7 1

1 O7O012/23 07A7 C27075
8 6972.91 I 31474 45812
16 6979.15 I 31147 - 45471
16 7001.58 I 16119 - 30397
11 7038.76 I 16944 - 31147

1 o18 7 1 A 1 £ yl 17101. o4 1

0Aom A A A1C

15 7104.45 ] 14788 28860
6 7142.55 I 31474 - 45471

9 7219.06 I 16018 - 29866
18 7268.18 1 14788 - 28543

35 7270.82 1 28543 42293
12 7271.94 I 16119 29866

5 7273.03 I 16121 - 29866
9 7375.57 I 13521 - 27075
5 h 7386.64 I 32277 - 45812

9 7430.80 1 16944 30397
18 h 7442.39 ] 28860 42293
7 7446'. 77 1 32046 - 45471

12 7475.74 I 31102 - 44475
12 7495.24 I 28543 - 41881

8 7542.02 1 36787 50043
] 1 7557.67 1 32243 45471

8 7577^22 1 32277 _ 45471
11 7690.05 I 31474 - 44475
18 7772.90 1 29431 - 42293

29 7791.61 1 31614 44445
7R9d. 01 1 r loo 1

15 7830.05 I

15 7846.50 I 16119 - 28860
21 8029.91 I 29431 41881

11 h 8036.09 1 32004 44445
29 8045.36 I 29866 42293
7 8063.50 I 32046 44445

15 8136.20 I 14788 27075
7 h 8193.67 I 32243 44445

5 h 8369.67 I 33867 45812
8 8425.59 I 33946 45812
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Rubidium

Rb,Z = 37, M= 85.467, Ratio^ = 1.345

Kb I Normal state of valence electrons 4p^5s ^Si/2 = 0. LP. = 33691 cm"'.
Kb II Normal state of valence electrons 4p*^ '80 = 0. LP. = 220105 cm-^

References
Wavelengths:

G. R. Harrison, Massachusetts Institute of Technology Wavelength Tables (John Wiley & Sons, New
York, 1939).

Classification:

Rbl, A. Fowler, Report on Series in Line Spectra (Fleetway Press, London, 1922).

Rubidium — all observed lines

Intensity

and
Character

Wavelength o

jj, ^ bpectrum
Energy levels

in cm"'

Intensity

and
Character

Wavelength c
^ " spectrum

Energy levels

in cm"'

320 4201.85 I 0 - 23793 50 7408.17 I 12817 - 26311

160 4215.56 I 0 - 23715 70 7618.93 I 12579 - 25701
12 h 5648.10 I 12579 - 30280

110 hi 7757.65 I 12817 - 25704
20 1 5724.45 I 12817 - 30282
25 6206.31 I 12579 - 28687 20 7759.43 I 12817 - 25701

40 h 6298.33 I 12817 - 28689 30000 7800.23 I 0 - 12817

35 hi 7280.00 I 12579 - 26311 15000 7947.60 I 0 - 12579
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Ruthenium

Ru, Z = U, M= 101.1, Ratio— = 1.590

Ru I Normal state of valence electrons 4rf^5s T5 = 0. I. P. = 59410 cm->.

Ru II Normal state of valence electrons 4fl?^ *F4i/2= 0. LP. = 135200 cm'^

References

Wavelengths:
G. R. Harrison, Massachusetts Institute of Technology Wavelength Tables (John Wiley & Sons, New

York, 1939).

Supplemented by K. G. Kessler and W. F. Meggers, J. Research NBS 55, 97 (1955) RP 2609.

Classification:

Ru I, K. G. Kessler, J. Res. Nat. Bur. Stand. (U.S.), 63A (Phys. and Chem.), No. 3, 213-251 (Nov.-Dec.

1959).

Ru II, A. G. Shenstone and W. F. Meggers, J. Research NBS 61, 373 (1959) RP 2908.

Strong lines of ruthenium

Intensity

and
Character

Wavelength e
^ " spectrum

Energy levels

in cm"'

Intensity

and
Character

Wavelength c
^ bpectrum

Energy levels

in cm"'

11000 3728.03 I 0 - 26816 5400 4554.51 I 6545 - 28495
8700 3726.93 I 1191 - 28015 4900 3428.31 I 0 - 29161

8300 3498.94 I 0 - 28572 3900 3786.06 I 2713 - 29119
7600 3798.90 I 1191 - 27507 3700 4297.71 I 8084 - 31346
7600 3799.35 I 0 - 26313 3500 3742.28 I 2713 - 29427

7600 4199.90 I 6545 - 30348 3300 3925.92 I 0 - 25465

7100 3730.43 I 2092 - 28891 3100 3417.35 I 2092 - 31346
6900 3593.02 I 2713 - 30537 3100 3634.93 I 2092 - 29595
6400 3436.74 I 1191 - 30280 2800 3745.59 I 12207 - 38898
6400 3589.22 I 3105 - 30959 2600 2083.77 I 1191 - 49165

6400 3596.18 I 2092 - 29891 2400 2076.43 I 0 - 48144
6200 3661.35 I 1191 - 28495 2400 2090.89 I

6000 3790.51 I 2092 - 28466 2400 4372.21 I 7483 - 30348
6000 4080.60 I 6545 - 31044 2000 4144.16 I 8084 - 32208
5400 4212.06 I 6545 - 30280 1900 4112.74 I 8084 - 32392
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Ruthenium— all obsened lines

Intensity

and
Character

Wavelength
in A Spectrum

Energy levels

in cm~'

Intensity

and
Character

Wavelength
in A Spectrum

Energy levels

in cm"'

2400 2076.43 0 - 48144 65 2515.28 R044

2600 2083.77 } 1191 - 49165 110 2517.32 II

2400 2090.89 I 55 2517.62 9058 48766
690 2255.52 I 0 - 44322 30 2519.95 I

290 2259.53 I 0 - 44243 55 2521.61 I 9121 — 48766

780 omo AnZZ /2.U9

J

A A OAAA0 - 43999 oo28 oc oc ^

1

2525. 17 8575 48165

240 2278.19 1191 - 45071 75 2526 83 74R^ 47047

780 2279.57 I 55 2528.88 I 9073 48604
170 2285.38 I 0 - 43743 55 2530.64 I 8044 - 47547
290 2302.54 I 1191 - 44608 45 2533.24 I 7483 — 46947

480 2317.80 1191 - 44322 1 CA150 OC O C C

A

2535.59
TT
IX 9601

1

uuooo
150 2322.01 1191 - 44243 45 2541.28 8771 48109

120 2334.96 II 10151 - 52964 65 2543.25 II 25952 _ 65260

240 2340.69 I 2092 - 44801 280 2544.22 I 8575 - 47868

190 h 2342.85 II 10151 - 52820 120 2546.67 I 8084 - 47339

190 2349.34 iini A on A o1191 - 43743 280 o c d r\ AO2549.48

310 2351.33 2092 - 44608 550 2549.58 'to 1 00

170 2357.91 II 9152 - 51549 23 2555.86 I

140 2360.56 I 2092 - 44442 30 2556.00 I 9492 - 48604
170 2370.17 I 2713 - 44891 35 2556.31 I 9058 - 48165

240 2375.27 2713 - 44801 45 2558.54 A71 1^7

80 2'^7'i f\'^ II 11604 - S368S 130 2560 26 Q771 A7Q1 Q4 (olo

160 2392.42 3105 - 44891 120 2560.83 I

95 2396.71 II 9152 - 50863 110 2563.15 I 8044 - 47047

780 2402.72 II 9152 - 50758 28 2564.58 I 9184 - 48165

150 2407.92 II 11304 - 52820 55 2566.59 oi> / D

55 2410.89 160 2568 77 1 too

55 2414.82 II 10151 - 51549 28 2569.74 I 8044 46947

130 2420.82 I 100 2570.97 I

55
'

2422.92 I 28 2572.28 I 8771 - 47635

45 2429.60 8575 - 49722 55 2572.41 Wy^-

1

fi^\io 2432.93 6545 - 47635 28 h 2575 24 4-DoOD

30 2447^45 I 9492 - 50339 100 2578.57 I 8575 47345

30 24,50.58 I 6545 - 47339 55 2578.95 I 8575 - 47339

65 2454.92 I 8044 - 48766 45 2579.22 I 8044 - 46804

180 2455.53 10151 - 50863 100 2579.53 Q77 1o / / 1 4- ( OZO

low {} 10852 - 51549 90 2580.80 QA71

370 2456.57 II 10151 - 50845 75 2581.14 I 9058 47789

65 h 2458.62 I 7483 - 48144 65 2581.91 I 8084 - 46804

55 2462.94 I 8575 - 49165 55 2583.04 I 8044 - 46746

85 2464.70 8044 - 48604 75 2584. 14

}

OC? c00 (o A 70A04 / ZOZ
9474 04 } 9fi90 - 50028 45 2585 74 o0o4 10/40

110 2475.41 I 7483 - 47868 100 2589.57 I 9184 47789

100 2476.88 I 8044 - 48405 65 2590.97 I 7483 - 46067

280 2478.93 II 10852 - 51179 170 2591.12 I 8575 - 47157

28 2481.11 29019 - 69311 35 2591.64
}

all I 4 /o4o

oU 9/1QQ 01 •} 95Q? 02 0 ( ( 1 4 Mdy
18 2491.78 I 9184 - 49304 100 2593.70 I 12817 51360

65 2493.69 II 26109 - 66199 no 2594.85 I 6545 - 45071

85 2494.02 I 9058 - 49141 45 2597.33 I 9058 - 47547

45 2494.48
}|

11304 - 51380 85 2601.46

OD Z4Vo.oy ^ 1 O^O U 1 Uv^ 75 2605 35 8575 46947

65 2496.56 I 7483 - 47526 65 2605.86 I 9184 47547

140 2498.42 II 11304 - 51317 370 2609.06 I 8084 - 46401

140 2498.57 II 10852 - 50863 45 2609.48 I 10624 - 48934

85 2499.78 85 2611.05 9058 AIO A C47345

oU j 830 2612 07 74oo 4b /DO

75 2501.48 I 9073 - 49037 90 2614.07 I 1 191 39434

55 2501.89 I 9184 - 49141 55 2614.59 I 2713 40949

260 2507.01 II 11304 - 51179 100 2615.09 I 8575 46804

130 2508.27
j

7483 - 47339 75 2617.79
}

9620 47809

110 2509.07 on 1 7 . O 1 9184 47345

30 2511.56 85 2620.61 8044 46191

110 2512.81 8084 - 47868 28 2623.83 16191 54292

110 2513.32 11604 - 51380 55 2627.65 7483 45529
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Ruthenium— all observed /i/ies— Continued

Intensity

and
Character

Wavelength
in A Spectrum

Energy levels

in cm"'

Intensity

and
Character

Wavelength
in A Spectrum

Energy levels

in cm"'

220 2631.30 I 7483 - 45476 90 2753.44 I

55 2631.57 I 9058 - 47047 35 2762.31 I 8044 - 44235

45 2632.13 10624 - 48604 260 2763.42 1191 37367

45 2632.50 8771 - 46746 35 2765.44 II 00000
28 2633.46 11447 - 49409 90 2768.93 II 1 1 f,(\A

1 10U'+

220 2635.86 I 9620 - 47547 35 2774.48 I

170 2636.67 I 12207 - 50122 100 2778.38 II 11304 - 47285
90 2638.51 I 9058 - 46947 55 2785.65 I 9184 — 45071

75 2639.12 I 9620 - 47501 110 2787.83 II 40 / 1

1

110 2640.33 9184 - 47047 35 2792.64 I '+004Z

460 2642.96 I 8575 - 46401 140 2802.81 I 8575 - 44243
28 2646.02 I 10624 - 48405 35 2806.74 II 21646 - 57263

110 2647.32 9184 - 46947 350 2810.03 2092 — 37668
30 2648.45 I 8044 - 45790 1700 2810.55 1 1 Q 1 oO io\j

28 2648.78 12207 - 49949 55 2812.82

65 2649.51 I 9058 - 46789 75 2817.09 I 2713 _ 38200
110 2651.29 I 8084 - 45790 350 2818.36 I 0 - 35471

330 2651.84 I 6545 - 44243 35 2818.95 8771 - 44235

28 2656.25 II 25952 - 63588 110 2822.03 I 8084 43509
13 2656.56 I 200 2827.87 I 1191 36543

13 2656.69 I 8771 - 46401 400 2829.16 I 6545 41881
45 26.58.40 I 9184 - 46789 130 2834.00 I 2092 - 37367

400 2659.62 I 7483 - 45071 35 2836.57 I 9058 - 44301
23 2661.17 II 25952 - 63518 150 2840.54 I 6545 41739

330 2661.61 II 9152 - 46711 35 2841.68 II 20515 55695

200 2664.76 I 1191 - 38706 75 2843.17 I 9073 _ 44235
30 2667.40 II 26109 - 63588 35 2846.32 I 9121 - 44244
35 2667.97 I 9058 - 46528 85 2848.58 I 3105 - 38200
55 2673.48 I 9073 - 46466 640 2854.07 I 2092 37119
45 2673.60 I 8084 - 45476 180 2860.02 I 2713 37668

690 2678.76 II 9152 - 46471 420 2861.41 I 6545 _ 41483
220 2686.29 I 8575 - 45790 550 2866.64 I 2092 - 36965
28 2687.50 II 26109 - 63308 85 2868. 19 I 9121 - 43976
30 2688. 1

1

I 26118 - 63308 110 2868.31 I

2688.16 II 90 2871.64 I

18 2689.90 I 10624 - 47789 1800 2874.98 I 0 34773

330 2692.06 II 10151 - 47285 220 2879.76 I 6545 - 41260

35 2693.29 I 9073 - 46191 45 2881.28 I 3105 - 37802
90 2699.88 I 8044 - 45071 55 2882.12 II 19379 54065
110 2701.34 I 9184 - 46191 130 2883.60 I 2092 36760

110 2702.83 I 8084 - 45071 65 2884.51 I 9184 43842
35 2707.97 I 2092 - 39009 740 2886.54 I 2713 - 37347
170 2709.20 I 8575 - 45476 75 2888.00 I 1191 - 35807

200 2712.41 II 10852 - 47708 35 2891.65 I 15550 50122

75 2713.19 I 9620 - 46466 180 2892.56 I

45 2717.40 I 3105 - 39895 75 2896.53 I 3105 37620
23 2718.83 I 55 2898.54 I 8044 _ 42534

690 2719.52 I 7483 - 44243 110 2901.94 I 8084 - 42534
90 2721.,S6 I 9058 - 45790 55 2902.10 I 10624 45071

130 2722.65 I 9073 - 45790 18 2903.08 I 9073 43509

75 2724.06 I 9492 - 46191 140 2905.65 I 2713 37119
140 2725.47 II 11304 - 47984 65 2905.83 I 6545 - 40949
55 2728.83 I 9121 - 45756 75 2906.32 I 7483 - 41881

23 2729.46 I 8575 - 45202 370 2908.88 I 3105 — 37473
55 2730.33 I 2092 - 38706 30 2909.22 I 8575 42939

90 2730.93 9183 - 45790 35 2913.17 I 11786 46103

45 2733.59 I 9620 - 46191 35 2914.30 I 11753 _ 46056
310 2734.35 II 10151 - 46711 1100 2916.26 I 1191 35471

1800 2735.72 I 0 - 36543 28 2917.77 I 8084 42347

170 2739.22 I 8575 - 45071 150 2919.61 I 3105 37347

75 2743.94 6545 - 42978 28 2927.12 14700 48854
130 2744.45 8771 - 45197 35 2927.54 II 20515 54663
35 2747.97 11604 - 47984 35 2939.94 11786 45790

75 2752.45 10151 - 46471 55 2940.36 7483 41483

75 2752.77 19379 - 55695 75 2943.92 8575 42534
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Ruthenium— all observed /ines— Continued

Intensity

and
Lharacter

Wavelength
in A Spectrum

Energy levels

in cm"'

Intensity

and
Character

Wavelength
in A Spectrum

Energy levels

in cm"'

180 2945.67 II 19379 - 53317 60 3124.17 2092 - 34091
1 RnLOKJ 9Q4fi QQ Rfl84 - 49007 1 90 QIOC OA

} 2092 - 34072

370 2949.50 I 6545 - 40439 90 3132.88 I 10624 - 42534
35 2952.50 I 3105 - 36965 90 3136.56 I 8044 - 39917
150 2954.49 I 8043 - 41881 90 3140.97 I 9121 - 40949

75 2958.00
j

8084 - 41881 90 3144.26
}

14700 - 46495
9Qi;q 74. /4-00 4'IZOU DU 1 ^0 AOOiOU.OV 8044 - 39774

75 2961.69 I 11447 - 45202 120 3153.82 I 8044 - 39742
18 2963.40 II 21246 - 54981 60 3158.89 J 9121 - 40768
55 2963.72 I 6545 - 40277 290 3159.92 I 2092 - 33729

550 2965.16 2092 - 35807 200 3168.52 11447 - 42998
1 70 IJ OU ^1 77 0^ IT

11 19379 - 50845
55 2968.48 10624 - 44301 180 3186.04 2713 - 34091
85 2968.95 I 8084 - 41756 240 3188.34 I 2092 - 33447
35 2973.99 I 9492 - 43108 240 3189.98 I 2092 - 33431

28 2974.34 I 10624 - 44235 180 3196.59 I 3105 - 34380
140 2976.59 II 19379 - 52964 60 3212.97 I 9121 - 40235
550 2976.92 1191 - 34773 60 3216.52 I 90Q9ZU7Z - '^'1179

45 2977.23 II 21646 - 55224 180 3223.27 J 2713 - 33729
75 2979.72 15054 - 48604 110 3226.37 J 3105 - 34091

II 20515 - 54065
100 3227.88

}

8771 - 39742
1 0 9070 OA II

11 99n OOOQ CQ
oZ.Zo.oo 8044 - 39009

55 2981.94 2713 - 36239 220 3238.53 I

1400 2988.95 I 0 - 33447 120 3241.24 I 9073 - 39917
35 2989.66 I 8044 - 41483 120 3243.50 I 6545 - 37367

35 2991.62 II 21246 - 54663 80 3254.54 2713 - 33431
1 1 n DU lO^A 71OZD4. / 1 9058 - ,39774

460 2994.96 I 2092 - 35471 280 3260.35 1 IQl — ^IR"^^O 1 ooo
55 2996.90 I 90,58 - 42416 120 d 3264.55 J 3105 - 33729
28 2997.43 I 10624 - 43976 3264.66 I 8084 - 38706

90 2998.35
{

120 3266.44
}

10655 - 41260
cc OUU 1 .0^ 00 / 0 '+ loo 1

900ZUU '39AQ 91OZDO. Z 1 13646 - 44235
440 3006.59 I 2713 - 3,5964 200 3273.08 I fiOdd OOOO 1

35 3008.26 [ 9184 - 42416 200 3274.71 J 10655 - 41183
55 3008.80 I 9121 - 42347 100 3277.57 I 14700 - 45202

55 3012.92
{

8575 - 417.56 490 3294.11
j

0 - 30348
ftOfld — /1 19AO DU ^9QA 1 1 13646 - 43976

330 3017.24 I 3105 - 36239 60 .3297.96 I 9121 - 39434

18 3019.37 J 8771 - 41881 370 3301.59 [ 0 - 30280

310 3020.88 J 2713 - 3,5807 220 3306.17 I 8771 - 39009

240 3033.45 I 7483 - 40439 60 3315.05 I 8044 - 38200

65 3034.06 I 9058 - 42007 290 3315.23 I 1191 - 31346

60 3035.47 [ 9073 - 42007 290 ,3316.39 I 1 0A9d — d07Aft

60 3038.18 J 8044 - 40949 60 3317.89 I 8575 - 38706

200 3040.31 J 1191 - 34072 60 3318.82 I 14700 - 44823
3318.91 I 9620 - 39742

220 3042.48
{

3105 - 3,5964

00 .iU4Z.O.T 1U0,T.T - 4o,TlU 1 HA oOiio. UU 3105 - 33172

110 3045.71 j 9184 - 42007 40 .3,332.05 J o loiSo — OlOoo
60 3048.50 J 7483 - 40277 120 3335.69 [ 11786 - 41756

110 3048.78 J 2092 - 34882 930 3339.55 I 8771 - 38706

150 30,54.94 8044 - 40768 240 3341.66 9121 - 39037

390 oUd4.o4 ylZl - 41/oV 00 OOAA CO
o,544.0o 0 - 29891

90 3068.26 { 200 3361.15 I
1 70/1

A

1 /040 /I A7Q0

90 3073.34 [ 11447 - 43976 60 3362.00 J 11447 - 41183

90 3080.90 J 11786 - 44235 370 3368.45 I 2713 - 32392

60 3086.07
j

11447 - 43842 100 3371.86
J

9058 - 38706
1m Q 1 0 1 1 1 /I Q

1

y 1 z 1 — 4 1 4o,3 loO oo 1 8044 - 37668

120 3089.80 [ 8084 - 40439 120 3378.02 0 - 29595

60 3090.23 J 17097 - 49448 100 3379.60 J 10655 - 40235

60 3091.87 J 2713 - 3,5047 130 3380.18 J 8044 - 37620

330 3096.57 I 12207 - 44492 1,30 3385. 14 I 12207 - 41739

120 3097.60 10624 - 42897 130 3388.71 11447 - 40949

830 3099.28 1191 - 33447 100 3389.50 2713 - 32208

740 3100.84 1191 - 33431 60 3391.89 14828 - 44301

90 3110.55 9121 - 41260 370 3392.54 0 - 29468
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Ruthenium— all observed /iree5 — Continued

Intensity

and
Character

Wavelength c
jj, ^ spectrum

Energy levels

in cm"'

Intensity

and
Character

Wavelength c

jj, ^ Spectrum
Energy levels

in cm"'

310 3401.74 I 9620 39009 40 3638.02 I 15054 - 42534

310
OyiAA no T 8044 37367 onn QA/IA A/1 T004U.t)4 1 12817 - 40277

190 3411.64 I 8044 37347 170 3646.11 I 12817 - 40235

3100 3417.35 I 2092 — 31346 290 3650.32 I 8084 - 35471

70 3420.08 I 11786 - 41017 60 3652.32 I 2713 - 30085

4900 3428.31 I 0 29161 310 3654.40 I 16240 - 43597

130 3428.63 1 1191 30348 CA50 OAAA Ol T
001)1). ol i 16240 - 43549

190 3429.54 I 1 nft9d ^0774. 6200 3661.35 I 1101 -117 1

490 3430.77 I 2713 _ 31853 830 3663.37 I 7483 - 34773
100 3432.21 I 9073 _ 38200 650 3669.49 I 12207 - 39451

310 3432.74 I 9121 38243 240 3678.32 I 2713 - 29892
lyu o4oo.zo 1 10624 39742 A C45 OAOC AC T 13646 - 40768
160 3435.19 I 260 3696.59 I 10ft9d - 37AA00 ( uuo

6400 3436.74 I 1191 30280 110 3697.76 I 8771 - 35807
260 3438.37 I 8044 — 37119 130 '3700.99 I 17097 - 44109

220 3440.20 I 7483 — 36543 27 3702.24 I 8044 - 35047
lou 0 A AO C\C 1 11447 40433 1 1 A O 7 1 O OA T3712.30 i 17046 - 43976
100 3452.90 I 9009 1 OddJ 1U44 55 3715.56 I VUDo
70 3456.62 I 15054 43976 110 3716.18 I 6545 - 33447
70 3463.14 I 2092 _ 30959 410 3717.00 I 8575 - 35471

260 3473.75 I 10655 - 39434 260 3719.33 I 17097 - 43976
z4U 0 /I O 1 QA T 8044 36760 170 3724.97 I 8044 - 34882
130 3483.16 I

1 1 Q 1
1 IV 1

0QQ09 55 3725.49 I 1 Woo — 0000 /

130 3483.29 I 1191 29891 550 3726.10 I 12207 - 39037
130 3494.25 I 9058 _ 37668 8700 3726.93 I 1191 - 28015

130 3495.97 I 8771 - 37367 11000 3728.03 I 0 - 26816
O 0AA 0 A AO A.1 1 0 28572 7100 3730.43 1 2092 - 28891

70 3502.42 I OO / o 5 7 1 1 Qo / 1 ly 85 3732.03 I
1 QA/1

A

10040 — /I A/1 004u4oo
640 3514.49 I 2092 30537 85 3733.05 I 9184 - 35964
330 3519.64 I 1191 _ 29595 280 3737.40 I 9058 - 35807

200 3528.68 I 2713 - 31044 55 3737.74 I 9492 - 36239
1 0 A130 3531.39 i 9058 — 37367 45 3738.63 1 13699 - 40439
240 3532.81 I 14 /UU A OQQQ 110 3738.91 I

1 AO/1 A A 0O7Q4zy / 0

100 3535.37 I 1191 29468 410 3739.46 I 13699 - 40433
130 3535.83 1 9073 37347 3500 3742 28 I 2713 - 29427

390 3,537.95 I 2092 - 30348 870 3742.78 I 15550 - 42261
"7AA790 0 C OA 0 "7 T 2713 - 30959 OOA280 0 7/1 /i OO I 8771 - 3,5471

200 3541.63 I
AC/1 C d4 ( /o 410 3744.40 I

1 AO/1 Aloz4U — A onon4zyoy
130 3550.27 I 2092 30250 2800 3745.59 I 12207 - 38898
130 3553.85 I 11786 39917 760 3753 54 I 12817 - 39451

100 3556.63 I 11786 - 39895 310 3755.09 I 9184 - 35807
130 3564.56 I 9073 - 37119 870 3755.93 1 12817 - 39434
130 3567.16 I

1 0 A0 ,113982 42007 1200 3759.84 I
7 /I OO7483 - 34072

690 3570.59 I 15550 43549 370 3760 03 I 3105 - 29694
200 3574.58 I 8575 36543 600 3761,51 I 13699 - 40277

70 3579.77 I 2092 - ,30018 600 3767.35 I 13699 - 40235
390 3587.20 I 16240 - 44109 55 3773.17 I 10624 - 37119

6400 3589.22 I 3105 309,59 1500 Sm.S9 I 3105 - 29570
6900 3593.02 I 2713 30537 150 3778,70 I 12817 - 39273
6400 3596.18 I 2092 29891 460 3781,18 I 20056 - 46495

1300 3599.76 I 8771 - 36543 600 3782,74 I 27289 - 53718
130 3605.64 I 9620 - 37.347 3900 3786,06 I 2713 - 29119
100 3608.73 I 9058 36760 6000 3790,51 I 2092 - 28466
60 9121 36760 240 3794,92 I 16191 - 42534
100 3619.20 I 12817 40439 9620 - 35964

60 3620.28 I 13646 - 41260 85 3795,18 I 10624 - 36965
60 3623.64 I 10655 - 38243 760 3798.05 1 3105 - 29427

350 3625,20 I i0('.24 382^1 7600 3798.90 I 1191 - 27507
•JA Oft 74. I 17097 44662 7600 3799.35 I 0 - 26313

13699 41260 310 3800 96 T 8575 - 34882

180 3631.71 I 6545 34072 85 3803.20 I 20242 - 46528
85 3633.92 I 17097 44608 310 3808.68 I 14700 - 40949

3100 3634.93 1 2092 29595 600 3812.72 I 12817 - 39037
120 3635.52 I 9620 37119 150 3814.86 I 15054 - 41260
210 3637.47 1 13699 41183 760 3817.27 I 15550 - 41739
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Ruthenium— all observed Zmes— Continued

Intensity

and
Character

Wavelength c
. ! " bpectrum
in A ^

Energy levels

in cm '

Intensity

and
Character

Wavelength c
. f " Spectrum

Energy levels

in cm"'

760 3819.03 I 2713 - 28891 55 3993.53 I 9058 - 34091

55 3819.77 I 11447 - 37620 280 3995.98 I 9073 - 34091

650 3822.09 I 16191 - 42347 27 3996.51 I 9058 - 34072

550 3824.93 I 10624 - 36760 140 4005.64 I 8771 - 33729

130 3828.71 I 8771 - 3488/ 85 4006.60 1 Qi9n -

760 3831.80 I 12207 - 38297 55 4007.54 I 14827 - 39774

220 3835.05 I 14700 - 40768 85 4008.27 I 13646 - 38587

310 3838.07 I 8044 - 34091 85 4013.50 I 7483 - 32392

930 3839.70 I 12207 - 38243 55 4021.00 1 15054 - 39917

150 3840.82 I 8044 - 34072 1500 4022.16 1

85 3843 16 I 3105 - 29119 600 4023.83 I 1191 - 26036

480 3846.68 I 9058 - 35047 85 4031.00 I 6545 - 31346

760 3850.43 I 7483 - 33447 150 4032.20 I 2713 - 27507

130 3852.14 I 17046 - 42998 40 4037.74 I 9620 - 34380

480 3856.46 I 2092 - 28015 310 4039.21 I 1 4700 — ^041^1Oy^o I

1300 3857.55 I 14700 - 40616 35 4040.48 I 22519 - 47262

220 3860.72 I 15054 - 40949 170 4045.76 I 17046 - 41756

650 3862.69 I 17097 - 42978 65 4049.41 I 15054 - 39742

130 3865.40 I 9184 - 35047 1400 4051.40 I 8771 - 33447

1300 3867.84 I 6545 - 32392 170 4052.20 I yuoo — Q Q7OQ

3873 59 I 9073 - 34882 710 4054 05 I 8771 - 33431

35 3876.08 I 13982 - 39774 55 4062.85 I 20056 - 44662

100 3882.01 I 2713 - 28466 120 4062.99 I 13982 - 38587

130 3884.02 I 14700 - 40439 110 4064. 10 I 9492 - 34091

100 3884.68 I 13699 - 39434 370 4064.46 I 00/0 00 1 / Z

100 3887.77 I 1S0S4 - 40768 200 4067.61 I 16191 - 40768

150 3890^20 I 9184 - 34882 760 4068.37 I 14700 - 39273

65 3891.41 I 16191 - 41881 150 4071.40 I 13646 - 38200

650 3892.21 I 8044 - 33729 200 4073.00 I 9184 - 33729

35 3892.77 I 20242 - 45923 980 4076.73 I yuoo - ooooU

00 1 1447 - 371 19 6000 4080.60 I 6545 - 31044

100 3897.24 I 9121 - 34773 75 4082.79 I 11753 - 36239

100 3898.36 I 8084 - 33729 310 4085.43 I 16713 - 41183

150 3901.24 I 1191 - 26816 110 4091.06 I 17046 - 41483

130 3908.76 I 14700 - 40277 110 4097.03 I
Qnn 1 oil I J,

1 uu ^900 08 I 13699 - 39273 930 4097.79 I 9184 - 33580

100 3912.11 I 9492 - 35047 75 4100.37 I 2092 - 26473

150 3914.85 I 8044 - 33580 350 4101.74 I 9058 - 33431

260 3920.92 I 8575 - 34072 75 4102.28 I 7483 - 31853

1500 3923.47 I 12817 - 38297 130 4107.84 I 14 (UU — QQAQ7

00 27 4109.65 I 9120 - 33447

3300 3925.92 I 0 - 25465 1900 4112!74 I 8084 - 32392

600 3931.76 I 9620 - 35047 160 4113.38 I 16713 - 41017

I 12817 - 38243 35 4114.13 I 8044 - 32343

310 3933.55 I 2092 - 27507 65 4118.50 I 1191 - zo4o4

1 OA 70^7 on 1 160 4120.99 I 8084 - 32343

65 3941.65 I 8084 - 33447 160 4123!06 I 9184 - 33431

85 3942.06 I 3105 - 28466 65 4123.81 I 16191 - 40433

65 3944.19 I 8084 - 33431 120 4127.44 I 2092 - 26313

760 3945.57 I 16240 - 41578 120 4127.87 I 13982 - 0 OOAA

lOdft 1 I«3y^D..)i 1 1 1 78fi - 371 19III ou 0 1 I ly 100 4137.23 I 8044 - 32208

65 3949.42 I 11447 - 36760 2000 4144.16 I 8084 - 32208

120 3950.04 I 20056 - 45365 650 4145.74 I 9058 - 33172

460 3950.21 I 6545 - 31853 260 4146.77 I 9620 - 33729

150 3950.41 I 9073 - 34380 85 4148.38 I 9073 - 0 0 1 70

OD ^Q 1 9 1 1OV.J 1 . Z I I 8771 - 34072 55 4150.30 I 9492 - 33580

310 3952.68 I 16191 - 41483 35 4159.17 I 16240 - 40277

40 3957.45 I 9620 - 34882 130 4161.66 I 13646 - 37668

460 3964.90 I 0 - 2,5214 110 4166.88 I 6545 - 30537

35 3969.79 I 10624 - 35807 870 4167.51 I 9184 - 33172

00 R'i7'i - 337990J 1 0 00 i ^y 1 10 4170.05 I 13646 - 37620

600 3978.44 I 8044 - 33172 55 4175.43 I 20056 - 43999

600 3979.42 I 1191 - 26313 110 4182.46 I 17046 - 40949

870 3984.86 I 8084 - 33172 65 4182.64 I 7483 - 31385

27 3987.80 I 16191 - 41260 35 4189.46 I 7483 - 31346
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Ruthenium— all observed /inei — Continued

Intensity

and
Character

Wavelenfith c

ij, ^ bpectrum
Energy levels

in cm

Intensity

and
Character

jj, ^ bpectrum
Energy levels

in cm"'

150 4196.87 I 13982 — 37802 100 4383.36 I 10624 - 33431
550 4197.58 I 8575 — 32392 870 4385.39 I 7483 — 30280
550 4198.88 I 1300 418S 6'i T

7600 4199.90 I 6545 30348 100 4386 27 I 14827 37620
1500 4206 02 I 8084 _ 31853 27 4388.99 I 22419 _ 45197

190 4207.64 I 14828 - 38587 1700 4390.44 I 8575 - 31346
5400 4212.06 I 6.545 — 30280 85 4391.03 I 7483 — 30250
760 4214.44 I oloOl 35 4394.96 I lOOOU QQOn7ooLy I

930 4217.27 I 6545 30250 170 4397.80 I 9121 31853
370 4220.68 I 13982 37668 40 4399.59 I 9620 _ 32343

110 4225.09 I 20242 — 43903 35 4404.82 I 17046 - 39742

75 4226.66 I 15054 38706 1600 4410.03 I 9184 31853
4229.31 I

1 QOQO 17A9rt 65 4420 84 I Q77 1

4230 31 I 8575 32208 160 4421.46 I 8575 31186
150 4232.32 I 8771 32392 40 4424.78 I 11786 _ 34380

110 4236.67 I 14700 - 38297 330 4428.46 I 8771 - 31346

760 4241.05 I 8771 - 32343 460 4439.76 I 10655 - 33172
760 4243 06 I 7483 31044 85 4444.51 I

OAyl A8044 30537
4944 83 I 9620 33172 440 4449.34 I 8575 31044

100 14700 38243 1 ion 4460 04 I 8771 31186

370 4246.73 I 20056 - 43597 22 4467.26 I 20242 - 42621
40 4248.14 I 15054 - 38587 190 4473.93 I 6545 - 28891

310 49'iS 00 T 13646 37119 97 4470 41 T 13646 35964
75 4960 00 T 10624 34091 4480 4S T 15054 37367
35 4963 40 T 10624 34072 35 4489 01 T 11786 34091

75 4265.61 I 10655 - 34091 85 4488.39 I 8771 - 31044
35 4277.26 I 14827 - 38200 55 4490.24 I 8084 - 30348

4278.69 I 13982 _ 37347 4^; 4401 6ft I 13982 _ 36239
45 4281.93 I 15550 38898 ISO 440ft 14 I 9121 31346
75 4282.22 I 6545 29891 190 4S10 10 I 8084 30250

760 4284.33 I 9058 - 32392 85 4511.20 I 13646 - 35807
190 4287.05 I 13646 - 36965 220 4516.89 I 11447 - 33580
990 490^ 9ft I 9058 32343 990 I'll 7 fl9 I1 i . OL I 9058 31186

4904 7Q I 8575 31853 1 10 4'^90 0'^ T 9073 31186
OOKJ 490^^ 01 I 0191 19109 6=; rOOU.OO 1 1 i0'i4 171 100 t I ly

20934 42998
3700 4297.71 I 8084 - 31346
930 4307.60 I 9183 - 32392 27 4543.69 I 9184 - 31186
4.0 d'^OO 9 1 I 26036 49235 1 70 4=147 11 T 7483 29468

1 in d'ild '^0 I 25214 48386 1 10 13982 35964
7";
1 o 4'< 16 64 I 9184 32343 97 4=140 41 I 8044 30018

370 4318.43 I 9058 - 32208 45 4549.96 I 23393 - 45365
550 4319.87 I 8044 - 31186 45 4552. 1 1 I 8575 - 30537
40 4320.58 I 17097 40235 5400 6545 28495
JO 4'191 ^O I 0071y\j 1 o 1990ft 1 10 4'i'iO Oft IrOijy , yo I 9121 11044

oo 4'?99 06 I 9=^901 4fl197 99 4=i69 60 I 15054 1606S

170 4325.05 I 13646 - 36760 40 4564.69 I 9058 - 30959
170 4326.82 I 10624 - 33729 65 4580.07 I 11753 - 33580
1 1

0

1 iU 't.jZ/.'to 1 8084 31186 1 700 4=184 44 T 8084 29891
100 4'?1l 16 I R77

1

IIR'^I 4'i 4=187 10 I 1 1 7ft6 QQ con

dO 4119 '^0 I 914=^1 46^9fi 1 10 4=i01 10 I 0 1 R47 lOT" 100=^0OU7O 7

75 4336.42 I 7483 - 30537 150 4592.52 I 10624 - 32392

170 4337.27 I 6545 - 29595 65 4596.71 I 23453 - 45202
oo 'foO().Oo 1 20934 43976 oo\j ACQQ Aft I 10655 32392
'to 1 A 00970 cc00 Afx(\ 1 7A I 1 1 AA7 "xi 1 7900 i I

L

Aft A1A] f\A I 1 f\'7 1 110 / 1 o dft 4-DUO.DU 1 oD / OU

550 4342.07 I 9184 - 32208 22 4612.32 I 8575 - 30250
110 4346.48 I 8044 - 31044 170 4635.69 1 9620 - 31186

A1AQ lf\ I 13982 36965 900L.\}\J
Af^Ac. no 1 20056 41578

8084 31044 790 d.A/17 Al I
/ . 0 1 1 8084 29595

1 /in 10624 33580 900 9058 30537

870 4361.21 I 6545 29468 24 4669.14 I 14827 36239
35 4370.42 I 8084 30959 70 4669.98 I 7483 28891
65 4371.20 I 17046 39917 95 4674.65 I 11786 33172

2400 4372.21 1 7483 30348 290 4681.79 I 9184 30537
35 4381.27 I 16191 39009 190 4684.02 I 8084 29427
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Ruthenium — all observed /iVies— Continued

Intensity

and
Character

Wavelength ^
i oDectrum

IP ^ I^^^V^ 11 U 111
Energy levels

in cm~'

Intensity

nfl ra f^t pr

Wavelength c
m A ^

Energy levels

in cm"'

290 4690.11 I 8575 29891 00
c 1 CO on roloo.ZU 1

1 1 7QA 311 QA1 1 too — 61 lOD
1400 4709.48 I 9121 30348 500 5155.14 I 9073 - 28466
30 4720.92 I 16191 - 37367 55 5160.00 I 9121 - 28495
140 4731.33 I 9121 - 30250 920 5171.03 I 7483 - 26816
120 4733.52 I 8771 29891 180 5195.02 I 8771 - 28015

30 4738.40 I oU cinn 07 T

35 4743.02 I 22519 43597 45 5202.12 I 20056 - 39273
70 4756.23 I 8575 - 29595 45 5213.43 I 28495 - 47671

500 4757.84 I 7483 - 28495 65 5223.55 I 12207 - 31346
21 4764.40 I 27507 48490 40 5242.38 I 10624 - 29694

95 4769.30 I 6545 27507 rr
00 OZO 1.0/ 1

1 OQl 7 01 QCO

21 4773.15 I 11447 32392 40 5257.07 I 30537 - 49554
35 4774.00 I 20242 - 41183 40 5266.47 I 20934 - 39917
50 4784.27 I 11447 - 32343 40 5266.83 I 20056 - 39037
35 4794.38 I 8575 29427 40 5280.82 I 8575 - 27507

35 4795.57 I 8044 28891 loU coo/1 no T Oo4o — Zo4do
50 4798.44 I 9058 40 5291.16 I 9121 - 28015
60 4804.88 I 8084 — 28891 80 5304.86 I 9620 - 28466
19 4806.19 I 260 5309.27 I 7483 - 26313

260 4815.52 I 11447 — 32208 13 5315.33 I 20934 - 39742

1Q (1017 34. IT"© 1 1 . O** 1 15054 OOOU i 40 5332.93 I 13646 - 32392
70 4833.00 I 45 h 5334.70 I

50 4839.01 I 26313 _ 46972 110 5335.93 I 8771 - 27507
19 4839.77 I 8771 - 29427 130 5361.77 I

120 4844.56 I 9058 — 29694 65 5377.84 I 28495 - 47085

24 4ft'i4 '\f\ IT'OO'T.OU 1 £.\JJ I O Oo C 00c 00 T 13646 - 32208
85 4861.87 I 10624 oil ou 110 h 5401.04 I

550 4869.15 I 7483 28015 40 5401.39 I 13699 - 32208
80 4895.32 I 8044 - 28466 40 5418.86 I 9058 - 27507
160 4895.60 I 10624 - 31044 55 5427.59 I 28572 - 46991

o\j 1 1 44.7 0 looo ZD 1
Cyl on 0 1 T

470 4903.05 I 1 uooo ^ 1 0440 lU^-^- 13 5452.71 1 2857,2 - 1-6906

40 4905.02 I 8084 I 28466 80 h 5454.82 I 31186 - 49513
120 4907.89 I 9058 - 29427 90 5456.13 I 9184 - 27507
260 4921.07 I 8575 - 28891 13 h 5475.18 I 31346 - 49605

1 finLO\J 'tyoo.^o I
Q 1 Qly lo4 c c

00 o4/y.4U 1 olo40 - 4yoyi
90 49.55.26 I ZOO 10 H'OW 1 26 5480.30 I 30280 - 48522
45 4959.86 I 26816 46972 80 5484.32 I 8084 - 26313
160 4968.90 I 8771 - 28891 18 5484.64 I 12817 - 31044
35 4974.12 I 22162 - 42261 26 5496.69 I 20056 - 38243

on ,10 7A on I Zoolo 'i-oyuo io
CC-A1 AO 1ooUl.UZ 1 oUo4o - 4oozz

160 4980.35 I yozu 130 5510.71 I 12207 - 30.348

55 4983.45 I 9058 29119 20 5512.37 I 30250 - 48386
55 4987.26 I 9073 - 29119 8 5517.86 I 15054 - 33172
120 4992.74 I 7483 - 27507 12 5521.78 I 31186 - 49291

lou oUll.ZO i
one i(\ 1

0

12
c c on nn Tooou.yy 1

OAno \ onAnnzuyo4 — oyuuy
90 5014.95 I 9 184 291 19 24 5540.66 I 12207 - 30250
90 5026.18 I 8575 28466 12 5556.52 I 8044 - 26036
65 5028.16 I 10655 - 30537 90 5559.75 I 7483 - 25465
35 5040.35 I 20934 - 40768 11 5569.03 I 8084 - 26036

OO oD tU. /4 1 9058 28891 0

1

c:c7Q /tn I00/0. 4U 1

65 5047.31 I 9620 29427 21 5603.14 I 10624 - 28466

450 5057.33 I 6545 26313 8 5603.55 I

21 5062.64 I 13982 - 33729 13 5606.73 I 29160 - 46991
90 5072.97 1 9184 - 28891 11 5629.79 I 22519 - 40277

1 on ou/o.oz I 10655 30348 onnzyu OOO0.Z4- 1
pC7c: 9^*3 1

1

200 5093.83 I 9492 on 1 1 n291 19 11 5641.66 I 12817 - 30537

80 5107.07 I I9S 1 7 QO-JOOOLoyL 7 5649.56 I 9121 - 26816

24 5123.73 I 11447 30959 7 5653.30 I 12207 - 29891

55 5127.26 I 9620 29119 11 5665.20 I 13699 - 31346

DO c ^ 00 on T 13699 33172 10 oo/y.oo 1 99903 3QQ0/I

530 8044 27507 180 5699.05 I 8771 - 26313

170 5142.76 I 8575 28015 13 5724.82 I 12817 - 30280

250 5147.24 I 8084 27507 13 5725.73 I 8575 - 26036

110 5151.07 I 9058 28466 16 5745.99 I 13646 - 31044
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Ruthenium— all observed /treei — Continued

Intensity

and
Character

Wavelenath
. J

^
in A Spectrum

Energy levels

in cm"'

Intensity

and
Character

Wavelength c
^ Spectrum

Energy levels

in cm"'

16 5747.47

j

21643 - 39037 21 6824 17 I 28466 - 43116
11 5752.02 8084 - 25465 7 6831 52 I 25643 - 40277

11 5756.83 J 11753 - 29119 26 6911 48 I 29427 - 43892
11 5767.92 1 11786 - 29119 110 6923 23 I 26816 - 41256
16 5804.39 J 23393 - 40616

26 6982 01 I 27507 - 41825

65 5814.98 I 9121 - 26313 26 7027 98 I 28891 - 43116

8 5828.06 1 15054 - 32208 9 7086 06 I 16240 - 30348
16 h 5833.21 J 30348 - 47487 12 7087 35 I 12207 - 26313

55 5919.34 8575 - 25465 4 7141 72 I 17046 - 31044
80 5921.45 10624 - 27507

7219 26 I 25603 - 394516

21 5926.87 I 16713 - 33580 35 7238 92 I 28015 - 41825

26 5932.38 J 9184 - 26036 7 7266 96 I

8 5936.65 J 30348 - 47188 8 7323 56 I 16240 - 29891

8 5951.15 J 15054 - 31853 16 7393 93 I 29595 - 43116
21 h 5973.38 J 30348 - 47085

18 /46o m T91 1 30959 - 44344

8 5974.17 I 20934 - 37668 12 /4/5 40 1

16 5988.67 I 8771 - 25465 26 7485 79 I 30537 - 43892

35 5993.65 I 11786 - 28466 70 7499 75 I 28495 - 41825

18 6116.77 J 9121 - 25465 7 7532 07 I 24927 - 38200

26 6199.42 I 17046 - 33172 26 7559 61 I 29891 - 43116
5 7612 94 I 31044 - 44176

26 6225.20 I 11447 - 27507 18 7621 50 I 31853 - 44970
9 6284.49 J 22293 - 38200 18 7722 87 I 15550 - 28495
18 6295.22 J 23393 - 39273 \j 7729 91 I 30959 - 43892
13 6330.62 J 25465 - 41256
9 6336.12 J 22519 - 38297 22 7791 86 I 31346 - 44176

4 7797 89 I

9 h 6363.41 I 28466 - 44176 4 7806 82 I 37.367 - ,50173

9 6376.45 J 12817 - 28495 3 7813 43 1 20934 - 33729
16 6390.23 J 23393 - 39037 4 7829 81 1 30250 - 130 1

9

8 6417.57 J 34773 - 5035

1

26 h 6444.84 I 27507 - 43019 5 h 7833 39 1 32208 U970
6 h 7841 9(1 1 3«.543 J'<29l

8 6496.44 I 27,507 - 42895 30 7847 80 1 3(128(1 13019
11 6528.74 I

80 7881 IV 1 28572 n2.5».

4 6560.45
•

23005 - 38243 U) 7890 37 1 M).\ 18 (to IV

4 6593.74 17046 - 32208
16 »3 I9 6618 20

I

16240 - 31346 792 \ 12KV(>

.5 79 »8 15 1 323<J2 nv7(t

21 6663.14 I 28015 - 4,3019 9 7'X)7 HI 1 3(13 »8 128V5

55 6690 00 I 26313 - 412,56 8112 \: 1 31853
11 6707.52

I

23393 - 38297 18 82() i 9(> 1 2'M(il n j.'>(i

15 6718 ^O
.

28015 - 42895
11 8348 98 I 3 ion wo IV

15 1 16191 - 31044
6 8352 94 1 32208 U 1 7()

7 6756.54 I 32392 - 47188 4 8435 31044 - 12895

21 6766 95\j 1 yjyj . 7tj
I 29119 - 43892 1

1

8473 64 I .33172 - U970
30 6775.02 J 17097 - 31853 11 8483 56 I 32392 - U176
13 6787.23 15550 - 30280

22 8710 84 I 30348 - 41825
8 6813.51 22293 - 36965

14 8724 98 I 20934 - 32392
15 6823.88 I 29694 - 44344 9 8777 36 I 33580 - 44970
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Samarium

Sm, Z-62, M= 150.4, Ratio^ = 2.367

Sm I Normal state of valence electrons 4/%s^ To^O. I. P. = 45400 cm~^
Sm II Normal state of valence electrons 4/^65 Ti/2 = 0. I. P. = 89300 cm-^

References

Wavelengths:
A. Gatterer and J. Junkes, Spektren der Seltenen Erden (Specola Vaticana, Vatican, 1945), below 2900 A.

A. S. King, Astrophys. J. 82, 140 (1935), above 2900 A.

Classification:

Sm I, W. Albertson, Phys. Rev. 47, 370 (1935).

W. Albertson, Phys. Rev. 52, 644 (1937).

Sm II, W. Albertson, Astrophys. J. 84, 26 (1936).

Sm I and II, A. Carher, Thesis, Univ. of Paris. (Orsay) (1967).

J. Blaise, C. Morillon, M. G. Schweighofer, and J. Verges, Spectrochimica Acta 24B,
405 (1969).

Strong lines of samarium

Intensity

and
Character

Wavelength
in A Spectrum

Energy levels

in cm"'

Intensity

and
Character

Wavelength
in A Spectrum

Energy levels

in cm"'

4200 3568.27 II 3910 31926 1800 4434.32 3053 25598
4200 3592.60 II 3053 30880 1700 3306.39 3910 34145
3700 3885.29 II 3910 29641 1700 3604.28 3910 31646
3400 3609.49 II 2238 29935 1700 3621.23 838 28445
3400 3634.29 II 1489 28997

II

1600 3728.47 5318 32131
2900 3739.12 326 27063 1600 3735.98 2238 28997

3739.20 II 4386 31122 1600 3793.97 838 27188
2900 4424.34 II 3910 26506

1600 3797.73 4386 30710
2700
2500

3854.21

3922.40
II

II

5317
3053

31255
28540

1600 3826.20 4386 30514

2200
2200

3661.36
3670.84

II

II

327
838

27631
28073

1600

1600

3843.50

3896.98

3499
327

29510
25980

2200 4280.79 II 3910 27263 1600 4296.74 4021 27288

2200 4467.34 II 5318 27696 1600 4390.86 1489 24257

2100 3731.26 II 838 27631 1600 4433.88 3499 26046

2100 4256.39 II 3053 26540 1500 3788.12 2003 28394

1900 3760.69 II 1489 28072 1500 3963.00 326 25552

1900 3928.28 II 1489 26938 1500 3971.40 3499 28672

1900 4118.55 II 5318 29591 1500 3990.00 0 25056

1900 4318.94 II 2238 25385 3990.02 3125 28181

1800 4329.02 II 1489 24583 1500 4420.53 II 2689 25304
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Samarium— all observed lines

Intensity

and
Character

Wavelength
in A Spectrum

Energy levels

in cm"'

Intensity

and
Character

Wavelength c
^ Spectrum

Energy levels

in cm"'

45 2610.07 85 3134.18 II

90 2640 27 270 1116 10 II
1 A on1489 33364

35 2649.17 150 3139.97 II 3052 34890
45 2657.68 85 3143.30 II 3499 - 35303
70 2662.42 150 3147.19 II 2689 - 34454

120 2675.15 180 3152.10 II 34 /60

100 2688 60 410 3152.52 II 838 32549
45 2690.90 II 4386 - 41537 85 3162^15 II 2238 33853
130 2693.34 150 3162.30 II 838 - 32451
45 2693.74 360 3169.88 II 2238 - 33776

60 2696.08 85 3170.21 II
00002238 33773

85 2707.96 180 3178.12 II
1 A on1489 32945

50 2732^42 720 3183.92 II 326 31725
35 2739.87 85 3186.02 II 2688 - 34066
29 2762.28 310 3187.01 II 1489 - 32858

35 2764.18 430 3187.22 II 3053 34419
85 2767.85 11 838 - 369S6 360 3187.79 II 2238 33599
60 nu.ii 85 3188^72 II 2689 34040
85 2776.11 360 3193.01 II 0 _ 31309
85 2779.23 II 1518 - 37488 360 3196.18 II 3053 - 34331

85 2786.64 150 3201.80 II 3499 34722
1 2789.38 II 90(11 - 17849 3204.90 II 2689 33882
130 h 2796.70 360 3207.18 II 0 31171
85 2807.36 180 3208.17 II 4386 _ 35547
150 2809.50 600 3211.73 II 2237 - 33364

120 2810.86 II 2003 - 37569 150 3214.12 II 2003 33107
ou 2817.20 II 9ftni - 174.88 97ft 191 ^ 96 FIlO, £.\J 11 3053 34145
29 2820.96 II 1518 - 36956 530 3216.85 II 818000 11016

220 2830.94 600 3218.61 II 1489 _ 32549
60 2840.30 150 3219.43 II 0 - 31052

60 2847.49 II 10214 - 45322 270 3226.84 II 3909 — 34890
Uv 180lOU 1998 ^0 II

120 2866.09 II 2688 - 37569 270 3228.78 II 4386 — 35349
70 2868.40 II 2003 - 36855 720 3230.56 II 1489 — 32435
70 2881.34 360 3231.53 II 838 _ 31775

85 2881.68 150 3231.95 II 2003 — 32935
60 2883.09 430 3233.68 II 2237 33153

45 2889.06 720 3236.64 II 818000 11 7911

60 2891.34 150 3237.89 II 3499 _ 34375
85 d 2907.88 720 3239.66 II 3910 _ 34768

2907.99 II 10960 - 45337
530 3241.16 II 327 31171—

1 in 901ft 9R II
11 180 1941 'io n 1518 32359

85 2937.48 II 180 3242.04 II IQOQ 14741^

70 2943.49 II 2003 - 35966 150 3244.69 II 1489 I 32299
150 2953.19 II 85 3245.80 I 1490 _ 32290

85 2962.74 II 240 3249.75 II 326 - 31089
11 79n I9^n 17 IT 0 30757

100 2983.43 II 360 3253.40 II 000 0 lOOO

60 2991.57 II 270 3253.94 II 3053 33776

100 3021.01 850 3254.38 II 327 _ 31045

150 3034.84 II 5317 - 38258 110 3255.63 II 2238 - 32945
1lUU 11u ZOoo oDOoo oo aocQ 91; IT 2003 — 32686

120 3046.93 II 360 3262.28 II 1111100000

45 3050.80 II 430 3264.94 II 2238 32858
85 3065.78 II 327 - 32935 180 3270.49 II 3499 _ 34066

150 3067.54 180 3270.68 II

1 9ft •^071 9Q II
11 410 H 1979 48 TI 1518 — 32067

100 3086.45 II 3272.60 II 3909 34457

85 3096.68 II 1489 - 33773 430 3272.81 II 3052 33599

120 3096.88 II 85 3273.32 II 3499 34040

100 h 3102.30 II 430 3273.48 II 0 30539
250 3106.52

IT
il 2238 - 34419 ocoo 007c 07 IT 1489 32007

220 3110.20 II 1518 - 33661 430 3276.75 II 3910 34419

60 3115.05 II 2238 - 34331 270 3280.84 II 838 31309

200 3117.72 II 180 3285.66 II 1489 31916
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Samarium— all observed /treei — Continued

Intensity

and
Character

Wavelength
in A Spectrum

Energy levels

in cm~'

Intensity

and
Character

Wavelength c
1 Spectrum

in A ^
Energy levels

in cm"'

430 3286.23 II 3910 - 34331 150 3397.76 II 0 _ 29422
85 3286.54 II 2689 — 33107 150 3399.84 II 5317 _ 34722
720 d 3290.28 II 1518 - 31902 600 3402.46 II 3053 - 32435

XT
11 3499 — 33882 210 3403.09 II 3909 - 33286

1 QAloU TT
11 ^Ooo oqa/;q OCA850 0 AAO /; 0 TT3408.68 11 2237 0 1 C££31566

240 3293.37 II 2003 _ 32359 85 3411.28 II 2003 _ 31309
360 3295.44 II 4386 _ 34722 85 3413.90 II 2238 _ 31522
430 3295.81 II 838 - 31171 270 3418.15 II 3052 - 32299
720 0 OAO 1 A TT

11 2237 — 32549 430 3418.51 II 3910 - 33154
1 *jn
I /O OOAA AOooUU.9o IT

11 Q 1 77c: 170 3419.77 II
0AC 03052 32286

340 3301.68 II 3910 _ 34189 120 3424.78 II 4386 _ 33576
340 3304.52 II 0 _ 30253 170 3426.20 II 5317 _ 34496
340 3305.18 II 2689 - 32935 85 3427.97 II 1489 - 30652

I /Uu 0 0A£ OAooUo.o9 Tl
11 3910 — 34145 95 3429.75 II 838 - 29986

0 9AA £. 1 TI
11 66Zob 170 3433.68 11 2237 0 1 0 c 031352

850 3307.02 II 5317 _ 35547 60 3435.27 II 5318 _ 34419
340 3309.52 II 838 _ 31045 150 3437.10 II 2689 _ 31775
850 3310.66 II 2238 - 32435 170 3438.06 II 3053 - 32131
600 3312.42 TT

11 1489 - 31670 240 3440.50 II 5318 - 34375
41U 0 O 1 £ CO3316.58 TT

11 ZZil 000OA32380 85 3444.62 II 1489 30511

85 3319.56 II 838 30954 70 3449.56 II 2689 31670
430 3320.16 II 1489 _ 31600 85 3452.78 II 3053 32007
110 3320.59 II 170 3453.56 II 4386 - 33333

1 OAA1200 0 0 O 1 1 o TT
11 3053 - 33154 85 3454.97 II 3499 - 32435

340 3323.77
T T
11 3499 33576 170 3459.20 II 4386 33286

340 3325.26 II 2003 _ 32067 120 3459.42 II 3499 32397
170 3325.48 II 2237 _ 32299 240 3461.13 II 2237 31122
340 3327.88 II 3499 - 33539 85 3462.69 II 5318 - 34189
85 3329.62 t I

11 3910 - 33935 120 3464.07 II 1489 - 30348
85 3332.70 TT

11 2689 32686 70 3464.43 II 1489 30346

170 3333.64 II 4386 34375 170 3467.87 II 5318 34145
85 3335.03 II 326 30302 130 3473.96 II 3053 31830
170 3336.12 II 2238 - 32204 130 3479.53 II 2238 - 30969
850 3340.58 II 327 - 30253 130 3480.26 II

85 3341.43 II 838 30757 170 3480.56 II 5317 34040

240 3343.49 II 3909 33809 170 3487.41 II 2003 30669
110 3343.64 II 2003 31902 85 3492.62 II 1489 30113
240 3344.35 II 3053 - 32945 170 3493.61 II 1489 - 30104
85 3346.35 II 5318 - 35192 60 3495.92 11 2003 - 30599
85 3346.91 II 220 3499.84 II 1518 30082

170 3347.30 II 3910 33776 170 3500.54 II 4386 32945
240 3348.68 II 3910 33763 120 3506.85 II 3499 32007
220 3350.88 II 3499 - 33333 120 3507.09 II

410 d 3354. 18 II 3053 - 32858 130
1 r f\f\ in T T
3509.10 II

3354.30 II 2688 32492 340 3511.23 II 838 29310

170 3354.72 II 3052 32852 170 d 3512.93 II 5318 33776
85 336 L 43 II 2237 31978 3513^06 II

85 3364.80 II 85 3516.30

1200 3365.86 II 838 - 30539 130 3523.12 11

150 3367.27 II 3910 33599 85 3525.51 II 2689 31045

340 3368.57 II 2238 31916 310 3530.60 II 1489 29805

85 3369.04 II 838 305 1

1

220 3532.57 II 3052 31352

340 3369.46 II 2689 _ 32359 270 3535.65 II 3499 _ 31775

170 3370.59 II 327 29986 85 3536.77 II

340 3371.21 II 4386 — 34040 85 3542.46 II 3910 32131

150 3376.48 II 3499 33107 120 3552.30 II 0 28143

70 3377^81 II 2003 31600 240 3554.15 II 2689 30817

1200 3382.40 II 1489 _ 31045 170 3556.74 II 2238 _ 30346

510 3384.66 II 3053 32589 170 3557.38 II 327 28429

150 3384.86 510 3559. 10 II 3909 31998

60 3385 39 II 2238 31768 85 3560.27 II 2003 30082

150 3387.66 II 838 30348 170 3561.59 II 3052 31122

410 3389.32 II 4386 33882 220 3.566.84 II 2003 30031

150 3391.11 II 1489 30969 4200 3568.27 II 3910 31926

410 3396.19 II 3499 32935 270 3577.79 II 0 27942
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Samarium— all observed /ine5 — Continued

Intensity

and
Character

Wavelength o
. i " spectrumm A

Energy levels

in cm"'

Intensity

and
Character

TV/ 1 .LWavelength c
• i " spectrum
in A

Energy levels

in cm"'

85 3579.67 110 3707.17 II 2689 - 29656
390 3580.94 II 3052 - 30970 480 3708.41 II 327 - 27285
85 QCOO £.'7 TTODOZ.Di 11 1518 29422 AOA930 OTAO ZIC TT3708.65 11 1489 28445
OTA310

ocQQ on TToooo.oy 11 1489 29388 1 OAloU 0*7AA CO TT

1 /O
QCQ/i 0£ TT 838 28730 1 AAlOU 0'71AO'7 TTo/lU.o/ 11 1489

170 3585.83 480 3711.54 II 2003 - 28939
130 3587.46 II 2237 - 30104 240 3712.11 II 2688 - 29619
o c85 0 C OA C A TT3589.50 11 2688 30539 0 rA350 3712.76 II 2003 28930
o c85 OCAIT/I TT3591.74 11 838 28672 AOA930 OTIOOO IT3718.88 11 OKJtjO

ocno ^A TTOOVZ.OU 11 3053 30880 1 OAloU 0'7OA C? TTo/zu.o/ 11 4386 31255

85 3593.73 II 4386 - 32204 95 3721.03 I 1490 - 28356
340 3601.69 II 1489 - 29246 930 3721.85 II 3052 - 29913

1 TAA1700 Odif\A OO TT00U4.Z0 11 3910 31646 A A40 0*70/1 AO TT3724.02 11 2688 29533
Q >1 AA O^AA Af\ IT 2238 29935 A OA420 OinA AA TT3724.90 11 ^ I lUO

1 lU Q£ 1 O /I Q TT 11791 39465 ly 0'7O/; 0/1 TT0/Z0.Z4 11

170 3613.58 II 190 3726.80 II 1489 - 28314
130 3615.24 II 2003 - 29656 55 3727.38 II 2689 - 29510
1 TA oozU.lU It 327 27942 1600

0*700 AH TTolZoAl 11 5318 32131

240 3620.58 11 O lOZZ 95 3728.93 II zuuo ZoolZ
1700 3621.23 11 ooo 210

OTO/^ "7 C TT
3729.75 11 0 1 loV

170 3622.50 II 327 _ 27924 55 3730.74 I 2273 _ 29070
240 3623.32 II 838 - 28429 2100 3731.26 II 838 - 27631
850 O^imAl TT3627.01 11 2238 — 29801 1600

o TO r' i\n TT
3735.98 II 2238 — 28997

1 TA170 O/im AT TT3627.97 11 OOO ZooV4- 800 onon ^ A TT3737.14 11 ZZOO OQOQQ
1 TA170 3630.67 11 Do I 1 oZoDZ 320 OTIT/IO TT3737.48 11 OUDo OQOn 1ZVoU 1

850 3631.13 II 3909 - 31441 190 3738.27 II

3400 3634.29 II 1489 - 28997 2900 3739.12 II 326 - 27063
240 3634.93 11 327 — 27830 3739.20 II 4386 — 31122
120 3636.11 II oUD'+O 800 3741.29 II 1 c: 1 Qlolo OQOOA

410 O^OOT7 TT3638.77 11 1200 3743.87 11 ZOoV OQOA 1ZVoV 1

170 3642.76 II 4386 - 31830 930 3745.46 I 1490 - 28181
360 3645.29 II 1489 - 28914 3745.60 II 0 - 26690
300 3645.39 II 2689 30113 480 3747.62 II 2238 28914
170 3645.90 II 1010 160 d 3748.52 I ZVo zoyoz
85 3647.29 II 3748.63 II ZUUo Zoo i Z

660 3649.53 II 3053 - 30446 80 3750.66 II 12841 - 39495
340 3650.19 II 2003 - 29391 160 3751.57 II 327 - 26974

170 3651.00 II 4386 31768 21
O T C O AA T T3753.09 11 3909 30546

130 3654.86 II ZZoo ZVOV 1 160 3754.86 II lolo 9S1 d.'lZO 1 4-0

340 3656.22 II 9AQQZooo QAAQ 1oUUo 1 800 3755.28 11 ZOOV ZVO iU

170 3659.62 II 3499 _ 30817 800 3756.41 I 812 _ 27426
2200 3661.36 II 327 - 27631 290 3756.53 II 2237 - 28850
170 3662.27 II 2689 — 29986 3499 — 30113
220 3662.69 II

1 C 1 ololo 900 1 9zoolz 1200
OTCTCO TT3757.53 11

0/1 OO OO 1 A/tOU 11)4

170 3662.90 II
Q ACO 450 3758.45 II

A
u

o/: cooZOovV

340 3667.93 II 2238 _ 29494 660 3758.97 II 4386 _ 30981

340 3670.66 II 2003 - 29238 350 3760.04 II 3053 - 29641

2200 3670.84 II 838 - 28073 1900 3760.69 II 1489 - 28072
170 3674.07 II 0 27210 660 3762.59 11

OAAOzUUo OO C "7 0zoo/o
340 3677.79 II

1 ^ OA1489 /o672 1100 3764.37 11
OAOOzooy ZVZ40

130 3680.98 I 3125 _ 30284 130 3765.43 II 2688 _ 29238

270 3681.73 II 3499 - 30652 480 3767.36 II 3910 - 30446
85 3687.10 II 480 3767.76 II 1489 — 28022

270 3688.42 II 838 27942 130 3770.73 II
C 0 1 o00 10 0 1 O 0AolooO

85 3690,08 I 2273 29365 80 3771.35 II 16111 /I AOOC402oo

85 3690.93 II 838 _ 27924 210 3772.64 II 3499 _ 29998

270 3692.22 11 2238 _ 29314 370 d 3773.33 I 292 - 26786
120 3692.76 11 2237 29310 3773.42 11 1518 28012

1100 3693.99 II 0 27063 290 3774.29 II 3499 29986
190 3694.30 II 3909 30970 190 3774.68 II 0 26485

290 3700.60 11 3499 30514 95 3777.08 II

290 3700.92 II 3499 30511 130 3777.84 II

110 3701.56 II 2238 29246 1100 3778.14 II 12045 38505
480 3706.75 II 3910 30880 130 3779.56 II 5318 31768
480 3706.98 II 5317 32286 660 3780.76 II 0 26442
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Samarium— all observed /ines— Continued

Intensity

and
Character

Wavelength
in A Spectrum

Energy levels

in cm"'

Intensity

and
Character

Wavelength
in A bpectrum

Energy levels

in cm"'

420 3780.93 II oUoo 150 3864.05
II

5317 ollov
JO 3782.42 II

QAQ1 7 190 OOOO.Z^ 007o2/ 0£ 1m26191
45 3782.68 I 293 - 26721 80 3865.69 II 3053 28914
95 3783.06 II 2003 - 28429 800 3871.78 II 1489 - 27310
130 3783.36 II 1518 - 27942 130 3873.22 II 3499 - 29310

190 3785.35 II 190 3873.47 /o24 9 0 9 9 000000
320 3787.20 II 27 1S7d 10 II

1500 3788^12 II 2003 - 28394 400 3875.19 II 3052 28850
270 3791.28 II 560 3875.54 II 1489 - 27285
270 3792.02 II 327 - 26690 160 3877.20 II 2237 - 28022

1600 3793.97 II OOO 07 1 QQ— ^ ( ioo 240 3877.49 A AO 14021 OAOAO29803
420 3797.28 II OOO Oil AC,

0\J\J IftSO 77 1
OQO808 0^ cAn

1600 3797.73 II 4386 - 30710 450 3881.38 II 2689 28445
500 3799.54 II 1518 - 27830 450 3881.79 II

270 3800.37 II 3499 - 29805 320 3882.50 II 2237 - 27987

800 3800.89 II
OOO o OOC /IA- 28540 27 3883.80

II

2689 28429
160 I 0 - 26281 1700 IRQCL 90OOOO. Z7 3910 29641
320 3805.63 II 838 - 27108 240 3885.91 II 4386 30113
27 3806.04 II 4386 - 30652 65 3887.11 II 4386 _ 30104
190 3806.47 I 4021 - 30284 660 3889.16 II 2689 - 28394

130 3806.77 II 3053 - 29314
3889.22 II

1 on 1111 0 - 26254 O lU IQQA Aft 1489 27188
420 3808.46 II 2689 - 28939 320 3891.21 II 1518 27210
320 3809.75 II 2689 - 28930 400 3894.05 II 3053 _ 28726
320 3809.88 II 838 - 27078 45 3895.09 II

420 3810.43 II 2003 - 28239 45 3895.42
II

5317 30981
7019 07OO l£..\J t

It
11 838 - 27063 IfiOOIDUU IftOfi Oft 327 25980

480 3813.63 II 3909 - 30123 45 3897.26 II 5318 30969
110 3813.83 I 4021 - 30234 270 3900.89 II 2003 _ 27631
420 3814.63 II 2238 - 28445 65 3902.32 II 1489 - 27108

45 3818.36 I 1490 - 27671 1300 3903.42
II

2237 27849
•1090 S9 ^iO 100ft SIoyyju.o 1 1489 27078

530 3824.18 II 1489 - 27631 90 3909.95 I 3125 28694
1600 3826.20 II 4386 - 30514 90 3910.09 II 2689 - 28256
130 3826.56 II 4386 - 30511 50 3910.92 II 5318 - 30880

240 3828.05 II 326 - 26442 120 3912.98
II

4386 "" 29935
QOQn 90oo.ju . zy II

11 838 - 26938 1 90 101 1 17oy 1 o. o 1

1100 3831.50 II 3499 - 29591 90 3913.62 II 7524 33069
110 3832.81 I 2273 - 28356 60 3916.36 II 8679 - 34205

530 3833.83 II 2238 - 28314 620 3917.44 II 838 - 26358

560 3834.48 I 4021 - 30093 190 3918.62
II

1489 27001

DDU IT
11 3052 - 29123 ou 1090 10oy^yj. lu 13604 39106

370 3835.72 II 1489 - 27553 190 3922.05 II 2003 27493

500 3838.94 II 2689 - 28730 2500 3922.40 II 3053 _ 28540
400 3840.45 II 327 - 26358 90 3922.70 II 1489 - 26974

80 3840.61 II 290 3925.22
{

812 26281
OTA Q 0 ,1 0 Q A

11 2238 - 28256 Q09Q 9Q 1489 26938

1600 3843.50 II 1400 zyo l\j 35 3931.16 II 140Qo^yy 98010zoyo\j

270 3843.77 II 2003 - 28012 90 3932.97 II 4386 _ 29805

110 h 3844.50 II 1489 - 27493 290 3933.58 II 4386 - 29801

65 3846.28 I 812 - 26803 50 3935.18
II

3910 29314

lou oo40. lb I
1 293 - 26281 A 70 OVoD. 10 2238 27638

530 3847.51 II 9fiS0z\joy 290 3937.06 II 5317 30710

640 3848.78 II 1489 - 27464 29 3938.43 II 2689 28073

420 3851.88 II 2238 - 28192 50 3939.64 II 838 _ 26214

530 3853.30 I 3125 - 29070 1300 3941.87
II

0 25361
QQCA 91 II

11 5317 - 31255 A90 1Q41 94 838 26191

480 3854.56 I 1490 0 7 /I 0£- 27426 500 3946.51 II 148V OAQO I20821

800 3855.90 II 327 - 26254 290 3947.84 II 2689 28012

480 3857.91 II 2238 - 28151 740 3948.11 II 838 26160

190 3858.52 I 1490 - 27399 50 3949.85
{

2273 27583

400 3858.74 I 2273 - 28181 470 on c 1 on3951.89 1489 26786

660 3862.05 II 838 - 26724 120 3954.20 1489 26772

350 3862.23 II 2689 - 28573 29 3954.97

190 h 3863.42 II 50 3957.52 II 3052 28314
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Samarium— all observed /mes— Continued

Intensity

and
Lharacter

Wavelength
in A Spectrum

Energy levels

in cm"'

Intensity

and
Character

Wavelength
in A Spectrum

Energy levels

in cm"'

120 3958.72 II OAQO 07Q/10 710 4068.33
Jj

5/1 no zoU/o
oyoy.oo c5oo ZOUoO o lU 4ooO OQOl AzoV 14

190 3961.80 II 4386 29619 280 4076.65 II 838 25361
90 3962.13 I 1489 - 26721 90 4076.86 II 327 - 24848
90 3962.24 II 3499 - 28730 100 4079.83 I 2273 - 26777

1500 3963.00 II 240 4080.56

JJ

9AflQZOoV 97188Z / loo
IT11 OOAQZUUo 070 1 A 1 '\(\

1 ou dftSl 07 1 AQO OCQQA

90 3966.34 II 4386 29591 410 4082.60 II 5318 29805
470 3967.68 II 5318 - 30514 90 4083.24 II 5318 - 29801
740 3970.53 II 0 - 25178 280 4083.58 II 2003 - 26485

1500 3971.40 II o^yy ZOO / Z 220 4084.40
JJ

OAfiOzoov 071 Ac:Z / 100

3974.45 II 45 4086 16T'VOU. 1.\J OOO Z0t5U'+

620 3974^66 I 2273 27426 29 4089.48 II 9406 33852
160 3975.22 II 2238 - 27387 1000 4092.27 II 0 - 24430
960 3976.27 II 838 - 25980 50 4093.04 II 3499 - 27924

1000 3976.43 II zooy 0*70 on 290 4094.05
j}

0/;0AzooV 07 1 noZ / iUo
1070 on II

11 4386 one 1 n
1 9ft1 zu Aftoa 07 O£on2689 27078

50 3980.88 II 60 4099.96 I
0 1 o colzD 07 cnnZ /DUV

740 3983.14 II 3053 - 28151 240 4104.13 II 327 - 24686
150 3986.00 II 1518 - 26599 90 4106.62 II 4386 - 28730

29 3986.23 II
0 nAn3909 28988 810 4107.28 II 838 OC 1 "70

25178
740 3986.68 II

1 .1 on1489 26566 4107.39 II 4386 0070£28726
150 3986.90 II 2003 27078 60 4107.80 II 838 25175
370 3987.43 II 2238 - 27310 130 4108.32 II 3053 - 27387
1500 3990.00 II 0 - 25056 410 4109.40 II 2238 - 26566

3990.02 I 3125 - 28181
280 4110.19 5318 29641

{{1 '^n QQQl AOO 7 7 1 . \J£, 1
A non4020 onn/in29069 dift d. 1 1 ^ Oft 1489 oc 7nA25790

740 3993.31 II 327 25361 190 4116.46 II 2689 26974
90 3995.59 II 1900 4118.55 II 5318 - 29591
190 3998.35 I 4020 - 29023 150 4119.57 II 2238 - 26506

280 4003.46 II 2003 26974 410 4121.36
{{

3053 27310
Oft 4.AAQ 70 M

11 3052 28022 1 9ft1 zu dl91 U4- IZ 1

.

327 24583
50 4004.26 II 1518 26485 280 4122.51 II 2003 26254
190 4006.60 II 838 - 25790 710 4123.96 II 3910 - 28151

90 4006.82 II 2238 - 27188 60 4125.23 I 2273 - 26507

470 4007.48 II 3499 - 28445 90 4125.85
j|1 "ift ilftftH 1ft It

11 2689 27631 90£.y 4.198 19 838 25055
150 4008.33 II 3909 28850 280 4129.23 II 2003 26214
90 4011.73 II 0 _ 24920 100 4133.19 II 2003 - 26191

60 4015.77 II 3499 - 28394 250 4135.14 II 5318 - 29494

120 4019.84 II 2238 27108 45 4135.50 1490 25664
ZoU AH 10 QQ 1111 1489 26358 =^ft J.1 OQ 07 4386 28540
90 4022.73 II ^tj 1 1 o 75 4142.67 II 3499 27631

880 4023.23 II 327 _ 25175 75 4145.24 I 4020 _ 28137
150 4032.98 II 326 - 25115 160 4146.75 II 1489 - 25598

740 4035.11 II 2689 — 27464 320 4147.71
}{

327 24430
1 OA T T

11 2238 27001 Q 1 nolU A^ AO Q'i 838 24929
150 4038.10 II o^yy OQor;/;ZoZOO 1200 4152.21 {{ 14.80 zooou
590 4041.68 II 1518 26254 530 4153.33 II 5318 _ 29388
740 4042.72 II 327 - 25056 560 4155.22 II 4386 - 28445

880 4042.90 II 838 — 25566 130 4156.25
{}

3499 27553
A(\A A 11 IT

11 2003 26723 1 AftlUU 2689 26724
560 4045.05 II ooo ZOOOo 100 4159.51 Ij 1 "^la1 0 lO

440 4046.16 II 838 25546 160 4163.14 II 0 _ 24013
740 4047.16 II 1489 26191 100 4163.72 II 838 _ 24848

100 4047.35 II 2238 — 26938 45 4165.54
{{

12987 36987
0 1 Aziu yin,1Q i^O4040.0

J

11 3499 28192 OU 4100. o4

75 4049.58 II 2003 26690 810 4169.48 jj
onnoz003 ocnoAz5980

590 4049.81 II 0 24686 410 4171.57 II 3499 27464
440 4058.87 II 3910 28540 190 4174.43 II 3053 27001

560 4063.54 II 327 24929 440 4178.02
jj

4386 28314
280 4064.32 II 1489 26086 A 1 "70 AO4178.02 1489 25417

1400 4064.58 II 2689 27285 530 4181.10 2689 26599

4064.58 II 2003 26599 210 4183.33 1490 25387

810 4066.74 II 2238 26821 530 4183.76 II 327 24222
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Samarium— all observed /ines — Continued

Intensity

and
Character

Wavelength
in A Spectrum

Energy levels

in cm"'

Intensity

and
Character

Wavelength c
^ opectrum

Energy
in cm

evels

1000 4188.13
TI

4386 28256 4101 98 I 4020 979fi1Z I L\JO

410 4191.93
TT

2237 26086 320 4.104. Q4. TT 5318 9R140zootu
160 4192.16 11 838 - 24686 880 4309.01 II 1489 _ 24690
45 4197.90 II 1489 - 25304 240 4312.85 I 2273 25453

270 4199.45 II 4386 28192 180 4313.73 II 2003 — 25178

26 4201.22 2689 26485
4313.73 II 838 24013

jj

650 4202.92 n 3910 27696 75 d 4315.35 II 4386 27552
1100 4203.05 II 3499 - 27285 4315.38 II 4386 — 27553
50 4204.82 II 3053 - 26828 1900 4318.94 II 2238 - 25385
160 4205.78 I 4020 27790 470 4319.53 I 1490 — 24634

660 4206.13
II

3053 26821 590 4191 9fi ITT-OZO.ZO 11 838 910fi9

270 4206!62 n 4386 28151 240 4324.46 I 2273 25391
660 4210.35 II 838 - 24583 45 4327.51 II 2689 — 25790
100 4213.05 II 3910 - 27639 1800 4329.02 II 1489 - 24583
26 4213.94 II 440 4330.02 I 293 — 23381

100 4218 63
I

4020 27718 120 4111 41 TT-OO 1 . T-O 1 14R0 94170ZtO 1 u

50 4219.31 I 293 23986 1300 4334.15 II 991R 25304
180 4220.14 II 3499 _ 27188 880 4336.14 I 3125 _ 26182
740 4220.66 II 4386 - 28072 45 4336.74 II 2003 - 25055
150 4223.70 II 2689 - 26358 90 4338.96 I 812 - 23852

4.994. 9'< JJ 3499 9716=1Z 1 1 \iO 4110 09 I Rl 9O 1 z 91R47zoot t

1000 4225.33 9=11 7Hi.O 1 1 o 35 h 4342.38 II

4225.33 11 0 _ 23659 560 4345.86 II 838 _ 23842
150 4226.18 I 812 - 24467 90 4346.49 II 4386 - 27387
740 4229.70 II 327 - 23962 1100 4347.80 II 3053 - 26046

J OUU 4110 4f> ITtOOU.'rU 11 101 nOV lU ZU007
620 4234.57 II 3499 971 OR 24 4350.82 I 1490 24467
1200 4236.74 II 5318 _ 28914 560 4352.10 II 3909 _ 26880
500 4237.66 II 838 - 24430 24 4357.90 I 3125 - 26066
45 4240.45 I 1490 - 25065 560 4360.72 II 2003 - 24929

69(1 4944 70 JJ 990zzu 41fil 07 TT*tOU 1 . U i 11 41Rft'rOOO 27310
120 4245.18 II 9'i'i'i'?ZO.JOO 810 4362.04 II 101007 1

U

26828

50 4247.39 II 1518 _ 25056 440 4362.91 I 0 _ 22914
210 4249.55 II 2689 - 26214 220 4363.45 II 1518 - 24430
250 4251.78 II 3053 - 26566 24 4364.05 II 8046 - 30954

uu 49'^'< 79 JJ ZDoo 9^1 on 4.1to 41fi1 01 TT-OUO.^O 1 Rl 9O 1 z 23710
2100 42,56.39 II OVDO 500 4368.03 II 1011ouoo 25940

210 42,58.,58 II 3499 I 26974 210 4369.92 II 2689 _ 25566

50 42 59.,39 II 2689 - 26160 45 4370.48 II 5318 - 28192

1300 4262.68 II 3053 - 26506 440 4373.46 II 3499 - 26358

OUU 4.9ft no JJ 1 A QQ ^90 4174 OR TTto 1 T". 770 1

1

OZ / 91177ZO 1 I t

120 4266.31 I
Q 1 0ol^ OA OA Q 880 4378.24 II Do lo 28151

35 4269.77 II 2003 25417 530 4380.42 I 1490 I 24312

50 4270.73 II 1489 - 24898 290 4384.29 II 4386 - 27188

150 4270.84 II 5318 - 28726 120 4386.22 I 2273 - 25065

du 4 0 71 Q

A

. O '1 7

1

0 CA 7/i 2

1

41RR 00 TTtooo.W 11 10109ououz

50 4272.01 JJ
1 C 1 o 1600 4390.86 11 1 A QQ 24257

1200 4279.68 II 2238 2,5.598 21 4392.60 II 7135 29894

4279.75 II 1489 - 24848 210 4393.35 I 1490 - 24245

240 4279.94 II 200,3- - 2,5361 290 4397.34 I 812 - 23547

Oft 'fZoU. ,>Z
.. OQ Q QO 4100 RR TTr0 7 7.00 11 'tOoO 9710RZ I iUO

2200 4280.79 11 10 z /zoo 410 4401.17 I
Q 1 9C 25840

190 4281.01 II 0 23352 810 d 4403.06 II 1489 24194

710 4282.21 I 3125 - 26471 4403. 13 I 2273 - 24978

470 4282.83 I 2273 - 25616 410 4403.36 II 1518 - 24222

9Aft
. O 1 o812 24151 Oo 4401 ft7 11 1/1 QQ 9fil01ZU 17 1

35 4284.50 326 60 4407.52 II zUUo 24686

50 4285.50 II 25566 520 4409.33 II 2689 25361

350 4286.64 II 3499 26821 290 4411.58 I 1490 24151

35 4291.62 II 120 4411.83 II 2238 24898

2689 25980 inn 441 7 1R TTtH" 1 / . OO 1

1

3910 9fi140

60 4295.74 }} 3499 26772 470 4419.33 I 293 22914

1600 4296^74 4021 27288 1500 4420.53 II 2689 25304

90 4299.14 293 23547 960 4421.14 II 3053 25665

90 4299.34 11 4386 27639 75 4423.38 I 293 22893
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Samarium — all observed /ines— Continued

Intensity

and
Character

Wavelength
in A Spectrum

Energy levels

in cm"'

Intensity

and
Character

Wavelength
in A Spectrum

Energy levels

in cm"'

2900 4424.34 II 3910 26506 240 4560.43 II 327 - 22248
00 ^'tiio.W IT

11 3499 26086 1 Q A r/r 1 1 04ooi . ly TT11 3499 - 25417
180 4427.58 II zuuo 9d'^fi'^Z4'000 60 4564. 10 II Q — 910(14.

75 4427.81 II 2238 _ 24816 470 4566.21 II 2689 - 24583
470 4429.66 I 812 _ 23381 60 4566.77 I 1490 - 23381

120 4433.08 I 293 22844 35 4569.58 I 2273 - 24151

touu AAOO QQ IT
11 3499 26046 40/ / . oy TT11 2003 - 23842

1800 4434.32 II OV/OO Z0070 45 4578.72 II iOlo

530 4441.81 I 1490 23997 75 4579.09 II 1489 - 23321
440 4442.28 I 812 - 23317 290 4581.58 I 812 - 22632

100 4442.47 II 3909 26413 440 4581.73 I 4021 - 25840
ou I

1 2273 24773 OOU ACQA QQ4oo4.oo TT11 3499 - 25304
710 4444.26 II ^-ooo Of.QQC)ZDOOU 45 4589.43 II V4U0 — 11 IRQ01 I07

710 4445.15 I 3125 _ 25616 290 4591.82 II 1489 - 23261
35 4445.84 II 2688 _ 25175 380 4593.54 II 3053 - 24816

45 4446.96 II 3499 — 25980 35 4594.59 II 11094 - 32852
1 tan ^^O^. to

II
11 2238 24690 oou /I roc 9Q4oyo.zy TT11 3910 - 25665

250 4452.95 I 4-UZ 1 9ft<171Z04- / 1 240 4596.74 I 9Q9 990/1

1

ZZU41

1200 4454.63 II 4386 26828 90 4598.35 II 2689 - 24430
90 4456.11 II 4386 _ 26821 60 4603.12 II 12044 - 33763

1000 4458.52 II 838 - 23261 220 4604.18 II 327 - 22040
ZoU A A rn 00

1 812 — 23231 oonzyu TT
11 0 - 21702

29 4463.90 I
9071 9/1 AAO 45 4606.88 II A QQA4ooO OAAQA— ZOUoO

2200 4467.34 II 5318 27696 75 4611.25 I 812 - 22492
90 4469.66 II 2688 _ 25055 75 4613.50 il 2689 - 24358

810 4470.89 I 2273 - 24634 290 4615.44 II 4386 - 26046
4 / U A A 70 A 1 If11 1489 23842 A 7A4 iU /I A 1 C AO4t)io.oy IT11 1518 - 23177
620 4473.02 II

OOQQZZoo OA COOZ40OO 29 4616.49 II u 9 1 A C C- ZlDOO
75 4475.18 II 838 23177 15 4620.25 II

50 4477.50 I 3125 _ 25453 24 4624.97 II 10214 - 31830

740 4478.66 II 5317 - 27639 29 4629.43 I 4021 - 25616
1 OA A A on 0 044oU.0Z

T
1 0 — 22314 1 cn /I AOA 014ooU.Zl

TT
11 838 - 22429

29 4485.57 II
7 1 Q C
( loo OCiA 00ZV4ZZ 90 4636.26 II

c 0 1 700 1 /
9AOOA— ZoooU

26 4490.02 I 3125 25391 880 4642.24 II 3053 - 24588
24 4495.14 II 2689 24929 290 4645.40 I 293 - 21813

370 4499. 1

1

I 1490 - 23710 290 4646.68 II 2238 - 23753
0 /U A A fifl A 0 f I

11 2003 - 24222 404/. 00 TT
11 5318 - 26828

60 4501.38 II 2689 - 24898 240 4648. 16 II 0 - 21508
240 4503.38 I 293 _ 22492 380 4649.49 I 812 - 22314
180 4505.05 11 2003 24194 150 4655.13 II 3910 - 25385

120 4511.33 I 4021 - 26182 290 4663.56 I 2273 - 23710
560 4511.83 II 1489 - 23647 75 4665.13 II 3499 - 24929
440 4515.09 II 1518 23659 740 4669.40 II 838 000 /I 0- 22248
29 4517.27 II 7.524 29656 620 4669.65 II 2238 - 23647

880 4519.63 II 4386 26506 470 d 4670.75 I 1490 - 22894

60 4,522.55 I 1490 23595
4670.83 I 1490 - 22893-

440 4523.04 II 327 - 22429 1 100 4674.60 11 1489 - 22875
4523. 18 I 812 22914 680 4676.91 II 327 - 21702

650 4523.91 II 3499 25598 210 4681.55 I 1490 - 22844
60 4527.42 I 812 22893 75 4682.69 II 3499 - 24848

75 4532.44 I 1490 - 23547 370 4687.18 II 327 - 21655
290 4533.80

f
I 2273 - 24324 370 4688. 73

T
1 2273 - 23595

270 4536.51 II 838 22875 40 4689.57 II 2003 - 23321
710 4537.95 II iO 7T"U 130 4693 63 II

150 4538.53 II 4386 26413 120 4699.34 II 2689 - 23962

290 4540.19 II 2238 - 24257 530 4704.40 II 0 - 21251

380 4542.06 11 2003 - 24013 60 /I -7 1 A HA4710.64 TI
11 5318 - 26540

810 4543.95 II 2689 24690 270 4713.06 II 4386 - 25598
100 4544.83 II 2689 24686 75 4714.62 II 3053 - 24257
29 4545.81 II 5318 27310 130 4715.26 II 838 - 22040

45 4550.03 I 2273 24245 7.30 4716.10 I 3125 - 24324
410 4552.66 II 2003 23962 270 4717.07 I 0 - 21194
270 4554.45 II 838 22789 210 4717.72 II 3499 - 24690
90 d 4556.50 II 8046 29986 190 4718.33 II 5318 - 26506

4556.63 I 3125 25065 29 4718.64 I 3125 - 24312
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Samarium — all observed /mes— Continued

Intensity

and
Character

Wavelength
in A Spectrum

Energy levels

in cm"'

Intensity

and
Character

Wavelength
in A

Energy levels

in cm"'

270 4719.84 II 327 21508 35 AOQO AA TT
XI 2003 22040

35 4720.12 II 4386 25566 70 4992.02 II 8046 28072
29 4721.39 II 2003 - 23177 45 5001.22 II 1518 _ 21508
130 4726.02 II 2689 - 23842 45 5016.61 II 7135 - 27063
770 4728.42 I 1490 22632 60 5023.50 II 2003 — 21904

50 4741.72 11 3499 24583 140 ouzo. 44 TT
11 12045 31926

470 4745.68 II 838 21904 29 5031.18 II 12045 0 1 7 lU
150 4750.72 I 2273 - 23317 400 5044.28 I 3125 — 22944
40 4755.37 II 2238 - 23261 45 5049.51 I 293 - 20091
730 4760.27 I 812 21813 200 5052.76 II 11094 — 30880

110 4770.20 I 2273 23231 65 ouo t . i'^
IT
11 8679 28445

110 4774^15 II 1489 22429 60 5059.85 I 15418 35176
190 4777.85 II 327 - 21251 70 5060.93 I 1490 — 21243
70 4781.84 II 3910 - 24816 29 5064.24 II 2689 - 22429

580 4783.10 I 293 21194 22 5066.86 II 11791 — 31522

350 I 812 21701 170 ouoy . 40 IT
11 10214 29935

160 4789.96 I 3125 23997 540 5071.20 I 4090 9^7^4ZO I O'T

230 4791.58 II 838 - 21702 65 5076.69 I 13814 _ 33507
15 h 4804.90 II 14084 - 34890 60 5079.86 I

430 4815.81 II 1489 — 22248 29 5087.08 II 2003 — 21655

o«j dRifi nilU .u 1
II
11 3499 24257 90 OUo f .00

IT
11 1 1070 ^1 04^;0 1U40

130 4829.57 II 3053 23753 5088.32 I ftl 9 904iQ

40 4833.32 II 22 5088.97 II 12790 _ 32435
75 4834.62 II 3910 - 24588 170 5100.22 II 12045 - 31646
35 4836.67 II 838 — 21508 5100.39 I 13095 — 32696

do ^OO / . uo IT 10214 0\JO\j\J
t^i n*? AO TT

11 04077'tU I
9ftQQ7Z077 (

970 4841.70 I 4021 24669 140 5104.48 II ft04fiou^u 97fi^ 1^ i uo 1

310 4844.21 II 2238 22875 140 5116.70 II 7525 27063
140 4847.76 II 5318 - 25940 510 5117.16 I 2273 - 21809
270 4848.32 I 2273 — 22893 350 5122.14 I 3125 - 22643

II
11 0vOO ou Cil 9/1 Qf, TI

11 74U0 zoy 10

85 4859.55 II ^o^u 1 00 5132.21 I 1944"^IZt-'tO ^10940 1 yzt
75 4869.98 II 9407 _ 29935 35 5135.86 I 11877 _ 31342
8 4873.20 II 11155 - 31669 60 5154.23 II 12045 - 31441

210 4883.77 I 293 - 20763 360 5155.03 II 8679 - 28072

loyj
4000 Q7^000. y

i

I
1 0 1 £.0 uu D lOO.OO T

1 1 1 0441 1U44 0U40O
12 4891.94 II 1 nft?^1 uo / 0 uo 5157.07 II 1 uyuu OUO'tU

75 4893.35 II 4386 24816 5157.23 I 293 _ 19677
35 4894.30 II 2003 - 22429 29 5162.86 II 8578 - 27942
40 4900.73 II 8046 — 28445 22 5164.62 I 11877 - 31234

OA ^vu 1 . vu TT
11 V+U I ZVoU 1

9.(\oU OlOO.UO TT
11 1 1 nozi oUH-'f0

170 4904.97 I
Q 1 90 IZ 9110/1 5168.35 I

1 f^Al Q O'f (01

630 4910.40 I 2273 I 22632 50 5169.57 II

350 4913.25 II 5318 - 25665 250 5172.74 I 2273 - 21600
14 4914.30 II 3499 - 23842 470 5175.42 I 4020 - 23337

A'itXtil) 'i-y 1 0 . yV 1
91 Q 1 7n

i\) n
r 1 70 n 1ol (O.Ul IT11 / 100 Z0^4'Z

75 4920.38 II
QA70 9QQ07 4D 5187.09 I 14yu ZU /DO

60 4923.83 II 4386 24690 45 5194.73 I 13095 32340
110 4924.04 I 4021 - 24324 250 5200.59 I 1490 - 20713
29 4929.56 II 5318 - 25598 29 5201.45 I 12445 - 31665

4yoO.Uo TI 007c QZo 1 00 OU DzUZ. io
TI
11 9^Q0ZOOV 91 OH/lZ 1

120 4938.10 II
099/1 QZZZ'+O OU 5209.92 I

1 7AQc:loUVD Q99Q/1OZZ04-

95 4946.32 I 1490 21701 60 5218.40 I

170 4948.63 II 4386 - 24588 29 5221.12 I 14591 - 33739
120 4952.37 II 2689 - 22875 60 h 5228.80 II 8046 - 27165

ID 11 iDlo 0 1 7no A K4-0
L
n ^01/1 IPDzo'f. 10 TI

11 1 091 AiUZ 14 OQQl AZVO 14

29 d 4955.95 II 0 iU40 9Q L
n 5237.58 I

1 9Q4A1Z040 0 iyo4

4956.13 II 13604 33776 260 5251.92 I 2273 21308

170 4961.94 II 3499 23647 35 5252.77 II 8046 27078

45 4964.56 II 1518 21655 22 5253.80 I 11406 30435

ou Vi ti. 10 1111 7525 27631 25 OZOO.O /
T
1 0 18986

35 4973.74 II 2689 22789 400 5271.40 I 812 19777

170 4975^98 I 0 20091 25 5272.82 II 7524 26484

45 4981.73 II 5318 25385 250 5282.91 I 4020 22944

29 4983.38 II 14084 34145 25 h 5289.94 I

248



Samarium— all observed lines — Continued

Intensity

and
Character

Wavelength
in A

Snppf riim Energy 1

in cm
evels
-I

Intensity

and
Wavelength

in A OpCClI Ulll
Energy levels

in cm"'

35 13814 QOAQAozoyo 1 onIZU ooyo. 16

35 5303.23 J 14056 32907 85 5706.20 { 1490 19010
22 5309.50 I 13095 - 31924 22 5706.75 I 292 _ 17810
35 5312.23 II 2689 - 21508 22 5709.73 I 13050 - 30559
22 5313.76 I 35 5710.93 I

190 tQOft fin 2273 Z lUOO 0(11 .4'0 2273 19777
18 h 5321.82 I 29 5717.92 12445 90990

22 hd 5324.99 I 14 5719.12 II 8679 _ 26159
18 5332.09 I 12313 - 31062 29 5720.19 I 293 - 17770

110 5341.29 I 293 19010 22 5721.38 I 13095 — 30569

29 293 1 QQQ/^loyoo 1 0 ClOA A^ 15617 33081
45 5348.74

T
13458 32149 14 5729.30 } 11406

35 5349.14 I 812 - 19501 10 5730.13 I 11406 _ 28853
45 5350.62 I 3125 - 21809 50 5732.95 I 4021 - 21459
35 h 5355.88 I 14202 — 32868 22 5736.84 I 13050 — 30476

22 II
11 10214 OQQcnZOoOU zy C7QQ AT0/oo.Ul IT

11 1 'tOU't ^1096O 1 7ZU
140 5368.36 4021 22643 22 5740.89 ^1 '^fiflOlODO
14 5369.18 II 10 5741.19 I 812 _ 18225
22 5370.06 I 50 5743.35 II 14115 - 31522
14 h 5378.09 I 9 5745.50 I 11044 - 28445

oo CQQ7 07
1 0007 olyzo onZy C7yfO AA5748.09 loo 14- ^1 9n7

5389.85 } 22 5757.97 9Qfln7

22 5392.69 I 14920 _ 33458 45 5759.52 II 12988 _ 30346
29 5394.48 II 9410 - 27942 29 5763.91 I

95 5403.70 I 1490 — 19990 70 5773.77 I 13815 - 31129

1 ^0 o4Uo.zo Z70 1 0*700
lis loo 60 5778.33

60 5411.39 J 21600 45 5779.24 { 10 i oo
35 5415.98 II 17005 _ 35463 45 5781.93 II 8046 25336
9 5419.07 I 4020 - 22468 70 d 5786.98 II 13604 - 30880

45 5421.57 I 2273 - 20713 5787.15 I 11877 - 29152

1 p1 o
c /t or £0o4zo.0o 1 A C 707 CO 90 1 1

1 ft1 o 5433.55 } lOOo / 32086 60 5788.38 {

18 5433.82 I 812 19210 60 5800.52 I 13095 30330
29 5436.33 I 15418 - 33808 14 5801.24 I 13542 - 30775

220 5453.00 I 3125 - 21459 9 h 5801.66 II 10960 - 28192

io 040 1 .30 9 OO/iOozooo 6o COAO OAoo0z.o4 997Q 1 Qt^n 1lyoui
1 dn 5466.72 j

1 4Qn 19777 14 5806.77 }

25 5478.29 II 10181 28429 45 5814.89 I 11877 29069
65 5485.42 I 0 - 18225 12 5816.34 I 11044 - 28233

230 5493.72 I 812 - 19010 13 5818.32 I 13095 - 30278

c A no o

1

5490.2

1

ZVo ^ OA nc18475 1 o
18

COOA5820.68 TT
11

5511.09 {
A AOA 22160 29 5830.51 1 lo/ (

OAAO 02yU2o
80 5512.10 I 812 18949 45 5831.02 II 12790 29935

230 5516.09 I 2273 - 20397 22 h 5831.74 II 14504 - 31646
10 5525.61 I 14056 - 32149 45 5836.37 II 8046 - 25175

5537.07 r I
11 lo400 31522 22 5842.60

1 ¥
11 o6/y O C 7AA2o /yu

50 5548.95 OAO 18309 22 5843 76 1 /I CA 114591 0 1 ilAA31699
140 5550^40 I 1490 19501 22 5848.67 II 12842 29935
14 5561.37 I 812 - 18788 14 5860.27 II 7135 - 24194
45 5573.42 I 3125 - 21063 35 5860.78 I 3125 - 20183

5574.89
}

ZVo 18225 65 5867.79
{

0 1 o c012o OA 1 020163
5S88 20 OO"? 0 20163 45 5868 61 A AO 14021 O 1 AC £21056

50 5600.86 II 11791 29641 35 5871.06 I 3125 20153
50 5621.79 I 293 - 18076 50 5874.21 I 812 - 17831
70 5626.01 I 0 - 17770 9 5875.10 I 13542 - 30559

1 A o6o7.o0 r I

11 Ob /y
on A 1 0Z6413 lo C07C AOoo/o.y2 1 A AAi4yo 1 OCAO

oD 5644.10 13 5878.11 II
1 A 1 O 1lUlol 07 1 OO2 ( loo

22 5656.34 I 13095 30770 25 5891.41 12313 29282
140 5659.86 I 812 18475 22 5895. 16 I 13458 30416

9 5661.54 II 45 5897.39 II 12045 28997

22 5663.91 14591 32242 50 5o9o.9o
{

11044 27992
29 OUOU. ( o II

1

1

10960 ZOOt-U 9Q 2273 19210
14 5686.98 4021 21600 29 5903.50 12445 29379
9 5692.05 13095 30659 18 5906.05 1490 18417

22 5696.24 11 7135 24685 22 5909.04 2273 19191
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Samarium— all observed /me5 — Continued

Intensity
Wavelength

in A
Sr»<*f*f ni iTi

Energy levels

in cm~^'

Intensity

llal av>ld

Wavelength
in A

Sn^ptriim Energy levels

in cm"'

lU.Oo J 12313 - 29226 1 A Ai onoloo.yu TT
XX 11047 27284

29 5912.61 I 10801 - 27709 14 h 6157.55 II 11395 27631

22 5913.56 I 14202 - 31108 45 h 6159.56 I 2273 - 18503

14 5915.56 I 22 6160.42 II 10960 - 27188

14 5916.36 I 293 - 17190 12 6164.51 II 7135 23352

90 n11 10960 - 27849 lo 0100. 04- 1 14202 30416

22 5921.01 12846 - 29731 12 h 6168.33 II 12790 28997

22 5923.34 I 15082 - 31960 18 6173.95 I 12313 — 28505
22 5924.66 I 13458 - 30332 18 6174.45 I 4020 - 20211

25 5932.18 I 13095 - 29948 18 6174.96 II 10873 — 27063

oi;zo TI
11 12790 - 29641 1 Qlo Al 7Q A 101 /y.'l'l

T
X 14591 30770

35 5938.90 II 7525 - 24358 22 h 6179.82 II 10181 26358

22 5942.33 15418 - 32242 18 6181.05 II 13466 - 29641

25 5946.37 I 14202 - 31015 29 h 6182.89 II 11094 - 27263

25 h 5955.82 II 11659 - 28445 22 6188.00 II 9410 25566

ZD oyoO. iO 15082 - 31865 zy AlOO A/1oiy2.04 TT
XI 11798 27942

22 5957.52 II 9410 - 961 Ql 18 6194.39 I 3125 19265

25 5960.09 11044 - 27818 10 6198.14 II 11155 27284

25 5963.22 II 12232 - 28997 18 6201.13 I 11044 - 27166
65 5965.71 II 10180 - 26938 25 6203.86 I 13814 — 29929

3d n cn^o ooDyOfS.OZ II 1 1 701 _ oo22 02U0.O( I
1 i 'TO 7 1 0VU7O

13 5969.49 1 "IfSll -
i OUO i 10 6207.13 I 13542 29648

25 5979.38 I 1490 - 18210 18 6217.17 I 13050 _ 29130

35 5984.29 I 12445 - 29151 10 6225.48
13 h 5993.85 II 10873 - 27552 18 6226.70 I 2273 18329

oyV4.04
T I
11 1 1 O 70 9Rfl79 on2y AO '3 7 AA02o / .00 II11 12045 28072

29 5995.09 997S - IQQAQ
1 074*^ 18 6238.30 I 15082 31108

22 6001.94 I 11877 - 28534 25 h 6244.21 II 8679 _ 24690

22 6004.18 I 812 - 17462 45 6246.76 II 8579 - 24583

25 6011.22 II 11799 - 28429 14 6248.11 I 11406 - 27406

1 o 6016.80 % 1 907 4o 0200.04 T
1 o 1 704.

18 6017.39 j}
9<;q9Q 45 6256.66 II 9407 95385

25 6027.16 I 3125 - 19712 100 6267.28 II 9410 _ 25361

18 6033.23 II 9410 - 25980 10 6279.49 II 10960 - 26880

29 6041.40 I 11877 - 28425 25 6289.90 II 9410 - 25304

1 o18 6042.84 oil DO ou AOQl QO02y 1.02 IfXX 1 1 070 9798'^

50 6045.00 }
9971 loo 1

1

14 6292.94 I 14.909 0UU07

45 6045.39 I 10801 - 27338 29 6294.68 II 10371 26253

9 h 6053.88 I 11406 - 27920 22 6301.12 II 10181 - 26046

12 6067.78 II 11155 - 27631 18 6302.40 II 12567 - 28429

50 6070.06 1 AQf\ 1 701^0 29 6303. lo II
11 1 U70V zuozu

12 h 6075.72 { 1 io / /
- 2ooJ 1 13 6305.19 II lU (4.0

I
96 "^00zoow

45 6084! 12 I 812 - 17244 35 6307.06 II 8579 24430

12 6088.62 I 12445 - 28864 13 6315.78 II 14084 - 29913

35 h 6091.40 I 11406 - 27818 25 6321.75 II 13777 - 29591

14 6096.78 13458 - zVoob 13
o oo c 16322.51

T
1

1 1Q 1 Alool4 90A97ZVOZ /

1 4. hi ^ 11 6099.90 { 29.1 - 100o2 18 6325.54 II 1 lODV 97AAAZ ( ^Ki^

18 6101.96 I 14202 - 30586 70 6327.47 II 10181 25980

22 6103.37 I 13095 - 29475 13 6328.01 I 15524 - 31322

45 6110.66 II 11791 - 28151 25 6340. 10 I 13458 - 29226

12 h 61 12.98 14000 - o 12 JU 22
/:nro CA00OO.04

TI
11 lUO lo zozoo

lO find ^9, jj 8578 - 24v2o 13 6355.35 I 14-oDO ouooo

22 6114.73 I 29 6357.18 II 10873 I 26599

18 6122.75 I 15418 - 31746 14 6367.41 I 1490 - 17190

22 6123.60 II 10214 - 26540 22 6368.28 II 12842 - 28540

14 6124.88 12988 - 29o 10 0 7 1 A

1

Oo / 1 . U 1
T
1 4'UZ 1 1071 9IV / IZ

14.
'{ ^ A oca14850 - ol Wo 5 6380.05 I

1 1 OAA
1 1U4'4' 9A71 d.ZO / IH-

12 6130.62 I 12445 - 28752 14 h 6386.77 I 14202 29856

22 6135.85 I 11044 - 27338 29 6389.85 II 9410 25056

18 6138.05 I 11877 - 28164 25 6390.81 II 8579 24222

18 6139.33
}

13095 - 29379 9 n A/1A0 AO04Uo.yo II
11 13777 29387

00 0 l^-U.OU 15418 - 31699 12 h 6406.24 II 10960 26566

18 6143.09 29 6417'50 II 8679 24257

12 6143.59 13458 - 29731 45 6426.64 II 14085 29641

29 6149.10 12988 - 29246 22 6428.32 II 11047 26599
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Samarium— all observed Zinei — Continued

Intensity

and
Character

in A.
Spectrum

Energy levels

in cm"'

Intensity

and
Character

\^3velength
in A.

Spectrum
Energy levels

in cm"'

10 6428.94 I 15082 - 30633 55 6741.47 II 8046 - 22875
22 6431.00 II 10960 — 26506 17 h 6754.68 II 11799 — 26599
lU f.A'il Of. IT 1 1 QOC

1 io9o o^nQOzoydo O / OI-.oD T
1

1 £.1 0 1161ol
1 n1 u J 1 71

J

*S7^Q 9"^U ( ov. zo 1 16131 30921
7 6447.56 IJ 12566 _ 28072 Id.1^ yj 1 \j\J,0£'

IT11 11791 _ 26566

12 6452.08 I 14154 — 29648 20 II 11791 — 26540

14 6455.60 II 11799 — 27285 40 h 6778.61 II 10181 — 24929
XT 1 AOT O 0£Q C 1zooo / 1*+ n O IoU.Uo TT

11 14193 oono 028938
( .DO T

1 14856 30337 17 Vi1 / n A7fil 17O /oi. 1 /
TT
11 8046 22789

A T
1 15082 _ 30560 zu A709 Qc:0 ( OZ. 70 TT11 17391 _ 32130

18 h 6470.46 II 10214 — 25665 60 6790.00 II 7525 - 22248
10 6471.59 I 14154 — 29602 14 h 6792.55 II 12567 — 27285

11
1 1 f\C\A zoalU A70d. 9n TT

11
1 1 Id 111/91 zooUo

TT11 10181 25598 9n v»zu n fSiXV) OAoouz . yo T
1 812 15507

90 TT11 9407 24816 OOvO.

1

I
1

29 6490.82 II 12790 - 28192 10 6807.50 I 14380 - 29066

35 6498.67 II 8579 - 23962 20 h 6808.31 I 15507 - 30191
Q UOU^ . \J\J

II11 12567 27942 QO AQI Q AQyo lo. T-o
TT
11 10873 25546

lo n /;cn7 7n 14 n AQ9n QlOoZU.y 1
T
1 14380 29037

90 tilZ7 ni 293 15651 97Z /
AQ9Q QAOoZV.OO TT

11 10960 25598

13 h 6526.64 II 10873 - 26190 17 6830.54 I 14916 - 29552
18 h 6528.02 I 2273 - 17587 12 h 6837.20 I 13542 - 28164
1 n ulo n OOZV. iK)

T
1 13542 28853 1 7

1 / OooO.oo T1 14856 29475
1 ft Klo n T

X 812 16116 in iilu n AQQQ fxA TT
11 15897 30514

OOoo.VO T
1 812 16112 zu n AQAl 7^^004 v. lo T

1 15579 30191

50 6542.76 II 9410 - 24689 55 6844.71 II 10960 - 25566
18 6544.57 II 9410 - 24686 27 d 6846.54 II 10214 - 24816
Lo n oo'+y. / /

TT
11 8579 23842 1 A AQ/1Q lA0o4o. 10 TT11

lo n Oool .oU
T
1 1490 16748 AQ/1Q 51Oo4o.o 1

T1 14154 28752
I'+U ooov.o 1

TT
11 12045 27263 in Vilu n Aftt:o CA T

1 16344 30931

35 h 6570.67 II 8046 - 23261 14 h 6854.50 II 11395 - 25980
27 6574.38 II 11047 - 26253 75 6856.03 II 8679 - 23261
/in u OOOO.Z 1

TT
11 9407 24588 in V,lU n AQCQ 190<50O. iZ T1 16345 309zz

/ n ooo / .o4
T
1

1 9nIzU AQAn 11 293 14864
97 ODOO.V 1

T
1 3125 18298 AQAl inoool . iu IT11 11094 25665

110 6589.72 II 10214 - 25385 40 6862.82 II 7135 - 21702

12 6591.50 II 8 6867.11 I 13814 - 28373
AAA!OOU 1 .OO IT11 12045 27188 97 liz / n Aft79 A'X00 / Z.4-0

TT
11 13604 28151

0DU4.00 TT
11 13777 28913 in ulu n Aft7c; 9700 io.H TT

11 12567 27108
1 1
1 1 OO 1 / .ol

TT
11 10873 25980 19 uiz n AQ77 inOo/ /. lU IT11 10518 25055

6 6625.28 II 11791 - 26880 14 6879.50 I 17194 - 31726

20 h 6628.88 II 8578 - 23659 27 h 6885.16 II 12790 - 27310

14 n OOoU.Dl TT
11 12232 27310 17 V>\ I n Aflft7 AOOoo t . "tZ

IT11 7524 22039

n f.fiO 9Q TT
11 io**ou 1 nlU Aonn 9ROVUU. Zo TT

11 10874 25361
10 u12 11 0040.

T
1 1 JU 1 i

306 '^9 1 nlU 0VU4. 0

1

II
11 13777 28256

20 h 6649.02 II 11155 - 26190 17 6906.22 I 17270 - 31746

20 6651.61 II 11791 - 26821 14 6909.81 II 12842 - 27310

27 6656. 19
TT
11 9410 24430 lo a Am 0 70Ov 10. /O T

1 13542 27992

1 / n 066 (.ZZ
Tt
IJ lU lo 1

9"^! 7^ZO 1 J o AQi 0 niOV 1V.U«5 11 18119

OU AA"? 1 CIDO / 1 .0 1
I ^-UZ 1 1vuuo 1 AlO ovz t . yjo

TT11 9410 23842

70 6679.21 II 8679 - 23647 12 6929.60 II 11659 - 26086

17 h 6681.53 II 11395 - 26358 16 6930.41 II 10960 - 25385

17 h 6687.79
TT
11 13777 28725 1 Alo AO/1 1 CAoy4 1 . 00 IT11 10181 24583

70 6693.55 II 1 QAA/IloOU^ 9Qc^n
ZOO'+U

1 oIz ^CiACi OOoy4y.zo IT11

11 h 6694.69
TT
11 1 1 C\A 7 9COQAZDVoU Aocn cioyou.oi 1111 OUT'U 22429

14 6703.61 I 17655 - 32568 120 6955.29 II 10214 - 24588

20 h 6707.45 II 7525 - 22429 9 6958.97 II 16615 - 30981

14 6712.62
TT
11 12045 26938 lo oyoo.oo TT

11 9407 23753

40 d I 13050 27920 1 oIJ Ano/i lAoyo4. 10 IT
11 11047 25361

6723.26 I
1 olo oVoo.ot) I

1 16392 30698

27 6724.73 I 16859 31726 13 6993.40 II 13777 28072

20 6725.88 I 0 14864 90 7020.44 II 9407 23647

120 d 6731.84 II 9407 24257 13 7036.73 II 15897 30104

70 d 6734.06 II 11094 25940 90 7039.22 II 8046 22248

40 d 6734.81 II 12045 26889 90 7042.24 II 8679 22875
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Samarium— all observed /ines— Continued

Intensity

and
Character

W &v6i€n&tn
• Iin A Spectrum

Energy levels

in cm~'

Intensity

and
Character

Wavelength c
. 2 " spectrum
in A

Energy levels

in cm"'

13 7049.15 II 10873 - 25055 12 7613.94 II 11799 - 24929
90 7051.52 II 7525 - 21702 10 h 7631.77 II 15897 - 28997
lO IT

11 11395 25566 Z6 /00 / . y4 11 10874 23962
10 707/1 f,l I

1 14365 28496 HfO 7A/1 ^ AO TT 8579 21655
on n11 7135 21251 1 0Iz 7A/1 ^ QO T 13095 26171

40 d 7085.52 II 8679 - 22789 19 7648.02 II 12232 - 25304
26 7088.30 I 812 - 14916 10 7655.78 II 12988 - 26046
10 7001 lA I

1 4021 18119 1 Q 7AA7 OA IT/00(.ZU 11 13466 26506
oU 7AQQ c:n I

1 1490 15579 Q 7/^70 /in TT 11659 24689
1

A

10 J U7D.00 T1 293 14380 in Vi 7A7Q 7Q IT/o/o. /y 11 9410 22429

30 7104.54 I 2273 - 16345 10 h 7695.78 I 20211 - 33202
19 7106.23 I 3125 - 17194 23 7712.04 II 14667 - 27631

1 15418 29467 oU 7700 c/; IT
/ /Zo.DO 11 13604 26540

7117 ^1 IT
11 14193 28239 QAOV 77QA OA IT

/ /OO.ZO 11 11659 24582
Ofi Vt 7110 fll

/ 1 17.01 IT
11 12045 26086 OU 77/10 1(\ Tl

/ ('ly.ou 11 13604 26S06

12 7122.40 II 14115 - 28151 23 7755.20 II 11799 - 24690
23 h 7125.11 II 12790 - 26821 10 7794.50 I 16211 - 29037
1 710 710 1 OA f

1 1490 15507 1 Alu 7QA1 CA T/oUl.04 1 12445 25259
1 1\ 7 1 fi^ T

1 1 OU 1 1

Q U0 n 70107C TT/olZ. 10 11 14Uo4 9A0QAZOooU
1 0IZ 7 1 QQ If

11 1 o^^o lo 700A 1 C TT/oZO. 15 11 1 1 (77 9d';fi1

40 d 7143.98 II 8046 22040 10 7831.40 II 14115 - 26880
85 d 7149.60 II 7525 - 21508 40 w 7835.08 II 14504 - 27263
1 A 7 1 "70 ^"7

1 1 ll.bl f
1 2273 16211 O/;z6 7007 07 ITtoil. 11 11 12842 25598

7 1 QO C7
11 v too 1 ^00 1

0

1 AlU noAA 00 IT/o44.oZ 11
1 AAOC 9fift9ft

1 100^^ 0 70CO CO I/oby.oo 1
lOAAfi
1 7UUU 11 79fi

23 7213.82 I 2273 - 16132 19 7863.65 II 14115 - 26828
26 d 7218.09 II 10371 - 24221 10 h 7880.01 II 11155 - 23842

to 7OOA A7
1 16345 30191 10 70AC <\A I/oyo.yo 1 16891 29552

Xo 7037 AO
( ZO / .UZ 11 1 9919 9find.fi Zb 70 1/1 OA IT/yi4.yo 11 1 1 ( 77 9ddin

00 IT
11 1 1 7Q1 9'^'^0ft^0070 OA 7Q0Q 1/1 IIiVZo. 14 11 1^700 xoo 70

9 7257.11 II 12790 - 26566 9 7931.92 I 17587 - 30191
9 d 7261.52 II 11798 - 25565 19 7937.09 II 12790 - 25385

lllH.lO 1
1 3125 16859 lo 70/1Q 10 IT/y40. IZ 11 12988 25566

OilZO
"7 00 1 /I •?

11 1 \3y\J\J 9d.fiQft 1

0

ly w OAA 1 Al IToUUl.Ol 11 Odin 9iondi. 1 7Ut

8
•7000 01
7282. z

1

I
1

1 7 1 OA ouvzz inly w OA 1 /I AO TTooi4.yz 11 1 Idfifi10400 9C04^A

19 7283.33 II 14667 - 28394 23 8025.12 II 12232 - 24690

16 7288.92 II 12790 - 26506 23 w 8026.32 II 14085 - 26540
1 0
10 I

1 14591 28305 10 QAOO AO IIoUoZ.Uo 11 11395 23842

26 h 7300.72
I r
11 1 =;f(Q71 007 i ^707 1 40 OA/IO 7A IToU4o. (U 11 idnfl'iiT-V/OO 9fi'infi

13
•7 0 0*7 AO7327.08 r f

11 1 1 OoV Z00U4 lo OAAC lA Iouoo. lo 1 1 1 dnfi1 14UO 90OA9

13 7332.65 I 4021 — 17655 45 8068.46 II 14115 - 26506

8 7338.04 I 13542 - 27166 9 w 8117.16 II 12988 - 25304

lb 7 0/17 OA7347.30 1
1 18119 — 31726 y Qi OQ 1 0 TTolzo. IZ 11 10874 23177

26 7376.69 r I
11

1 Of\A ^ OA Q1A1 QO TTolOl.oZ 11 1 710 11 ( OV

1

OOfidAZVD4U

13 7393.98 I r
11

1 OC\A C zoooo inly w OinC C{\ TTttiyo.ou 11 1 Idfifi10400 ZOOOO

30 7444.56 I 19138 — 32567 6 8206.30 II 11659 - 23842

26 7445.41 I 18298 - 31725 26 w 8218.76 II 11799 - 23962

26 d 7453.03 II 12567 — 25980 9 00 OA 0 0 T8zo0.o3 1 21055 — 33202

13 7470.76 I
1 0 Q 1 y1loo 14 071 OA lo QO/IA AO IToZ4u.yo 11 1 ^AAA zooyo

26 7481.99 II
1 0 ^ AA1o4do ZooZo 1

0

ly w QOQO OA IIoZoy.zo 11 1 ^AA/1 zoooo

23 h 7502.39 II 8579 — 21904 10 8300.88 II 11799 - 23842

10 h 7517.00 II 14193 - 27492 40 w 8305.79 II 14504 - 26540

23 h 7541.42 II 12790 — 26046 1 A
10

00 1 C /I c I0010.40 1 12445 24467

9 7544.74 I
1 7 C A/l 0A7 C COU (DO

1 A
19 w OO/IOAO TT8348. 60 li 1 9QA01Z04-Z OAQl A

10 7546.57
r
I

1 C I 7
1.561

7

Zooo4 1

0

ly QOQO 71 I0000. 11 1
1 1 Q77 ZooUZ

12 h 7560.03 II 13604 26828 19 8387.77 II 13466 _ 25385

19 7562.94 II 10743 - 23962 30 w 8432.64 II 14085 - 25940

23 7570.95 II 12842 26046 1

0

ly w Q/17Q C/i ITo4/o.o4 11 12790 24588

23 7572.29 II 15242 28445 45 w OAQC AA TT8485.99 11 13604 25385

19 7578.09 II 14504 27696 OA30 w OC 1 A AA TTOOlO.yO 11 12842 24588

30 7585.85 II 14085 27263 23 8543.22 II 12988 24690

23 7588.31 II 11047 24221 23 w 8617.03 II 12045 23647

10 7598.01 I 18350 31508 23 w 8632.82 II 14085 25665

23 d 7607.48 II 10518 23659 12 w 8677.81 II 12232 23752

7607.74 I 15567 28708 13 8706.32 II 14115 25598
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Samarium— all observed /iraes — Continued

Intensity

and
Character

Wavelength ^ ,

^ opecirum
Energy levels

in cm"'

Intensity

and
Oharscter

Wavelength
in A Spectrum

Energy levels

in cm"'

45 w o7uo.4a 11
1 1 one oooTc11395 - 22875 zo RR'^Q 76 n 10^71 — OlAQt;lUoll ZlOoo

oU w R71 7 HQ IIoil/ .07 11 1 97Qn — 9A9'^7IZ ly\J Z^-ZD t
8913 66 II 1904.=; — 9^961

30 w 8758.28 II 12232 - 23647
16 w 8780.59 II 10518 - 21904
23 w 8788.83 II 10874 - 22248

I
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Scandium

Sc, Z= 21, M= 44.9559, Ratio |^=0.707

Sc I Normal state of valence electrons 3rf4s- ^Dj 1/2= 0. LP.= 52920 cm-^
Sell Normal state of valence electrons 3d4^s ^Di = 0. LP. = 103240 cm~K
Sc III Normal state of valence electrons 3c? ^Di 1/2 = 0. LP. = 199677 cm"^

References

Wavelengths:
A. Gatterer and J. Junkes, Spektren der Seltenen Erden (Specola Vaticana, Vatican, 1945), below 7000 A.

G. R. Harrison, Massachusetts Institute of Technology Wavelength Tables (John Wiley & Sons, New York,

1939), above 7000 A.

The last five lines in the table are observed for the first time on our plates.

Classification:

Sc I and Sc II, H. N. RusseU and W. F. Meggers, Sci. Papers NBS 22, 329 (1927)

Molecular Spectra:

ScO, W. F. Meggers, and J. A. Wheeler, J. Research NBS 6, 239 (1931) RP 273.

Strong lines of scandium

Intensity

and
Character

Wavelength
in A Spectrum

Energy levels

in cm"'

Intensity

and
Character

Wavelength
in A Spectrum

Energy levels

in cm"'

28000 3613.84 II 178 - 27841 9900 3576.35 68 - 28021
23000 3911.81 I 168 - 25725 7700 3580.94 0 - 27918
20000 3630.75 II 68 - 27602 6600 3372.15 178 - 29824
20000 3907.49 I 0 - 25585 6600 3558.55 68 - 28161

20000 4020.40 I 0 - 24866 6600 3645.31 178 - 27602

20000 4023.69 I 168 - 25014 6100 3567.70 II 0 - 28021

15000 4246.83 II 2541 - 26081 6100 4082.40 168 - 24657
13000 3572.53 II 178 - 28161 5500 3273.63 168 - 30707
13000 3642.79 II 0 - 27444 5500 3996.61 0 - 25014

9900 3353.73 II 2541 - 32350 5500 4054.55 0 - 24657
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Scandium— all observed lines

Intensity

and
Character

in A Spectrum
iLnergy levels

in cm '

Intensity

and
Character

iJu o \i n erf nW dVclCllglll

in A Spectrum
Energy levels

in cm"'

65 2429.16 I 4000 3590.48 II 178 - 28021

110 2438.62 I 28000 3613.84 II 178 - 27841

oou IT 1 in 161 7 4.1ou 1 1 . ^o

2900 II 178 - 19145 20000 1610 75 II 68 - 27602

560 9'^^^ fi9 II 0 - 39114 13000 3642.79 II 0 - 27444

2300 2560.25 II 68 - 39114 6600 3645.31 II 178 - 27602

1100 2563.21 II 0 - 39002 no 3646.90
A(\ 9611 99 IT11 96081 - 64166 16 'il flO II Do

19 96S4 91 II 19145 - 76588 110 1664 25 II 2541 - 29824
120 2692 78 I 0 - 17126 290 1666 54 II 178 - 27444

60 2699.11 III 25537 - 62576 55 3675.26 II 2541 - 29742
360 2706.77 I 0 - 36934 40 3678.35 II 32350 - 59528

2707.95 I 168 - 17086 It)
u
It 3717.10

580 2711.35 I 168 - 17040 270 1811 07OOOO. U 1 IT 0 - 26081

30 2819 54 II 27918 - 61174 610 1841 01 II 68 - 26081

35 2822.15 II 28021 - 63444 90 3894.97 I

60 2826.68 II 28161 - 63528 20000 3907.49
{

0 - 25585
340 ^ 7UO. ou T1 n - 11707 O 0AAA23000 oy 1 1 . o 1 168 OC TO c- 25725

1200 9074, ni T
1 n — 1161 45 oVZo. Dl IT11 2541 - 28021

1400 OOQA 7^£.yOV, t 0 T
X 16R — 11707iOo OOtXJi 4400 OQOO op 168 - 25585

340 2988.95 I 168 - 33615 45 3952.27 I 16210 - 41505
2200 3015.36 I 0 - 33154 45 3989.06 II 2541 - 27602
2700 iniQ Id I lUO ooZ/V 5500 QOOA AloWO . 0

1

0 - 2.5014

360 mm ifi I lot) OO104' sio TI11 1
- 971-14

30 miQ 010U07 . 70 IT 9000fl 4UZU.4u AU - > 1860

70 3045.72 II 27444 - 60267 20000 4023.69 I 168 - 25014
85 3052.93 II 27602 - 60348 220 40.30.67

j

16023 -

120 h OUDO. o 1
1 140 l/\o 1 on 15757 - IO.S55

1 ou OA/:- 1 1oUoo. 1 I
1 T

Z i o4 1 - 0U4D 4
1 rut Hm4.Z.>

[

i/tfi')'>
1 IHl^^ k\ 'ol '.1

0 1 OQ -
11
11

9Q 1 A 1 AAn/\9 •>9ll i/\io un 1
1 .IOO.

990 3251.32 II 68 - .30816 2(K) 1046. 48 1 10(W7

1500 3255.69 I 0 - 30707 27(H) 1047.79
[

l(>K 2

4400 1 U - 120 Ilk 111 fk^HHv.V.9
!

101 11 M»H2*)
1
1 ioo - oUtUi .1 .n n. t 4U.T u •> \t\\'_ H>.> (

1 1 A Ju 0 1 1 0 OQ
il Z 1 o4 1 - D 1 i 4.> 99a

1 111 'm. I
ll w." 1

270 3352.05 II 0 - 29824 l(><) h I 10022 Kl.5.'>.'>

9900 3353.73 II 2541 - 32350 100 4078.57
j

loo 10 »0521

65 d 0 o : - OA If
11 6100 HloZ. HI

!

108 - 21057
9nnn IT

II OH — zy8^4 H*oC».C) *

!

1 11 1 t 1 10l>0 1

0 0 A 1 O 7 1

1

11
A OO" 1

0

100 41. lo 1 . lo I6'>l 11 1)^ 1 1
- 10071

1700 3361.94 II 0 - 29736 40 h 4093.13 1 10097 - K).521

4000 3368.95 II 68 - 29742 65 4094.85
}

10141 - 10555

6600 0 0 79 ]

c

I 7Q 90Q9 Iwo zyoZ4 55 h -fUVo. oD
!

1021

1

- 10004
on 0*+ 10. DO I

1 Lo io i 40U10 6^oo
!

1 .lU tZ

1 inlOU o41o.ol T
1 ddO u

11 1 ^6711 ou I 0 - 1086

1

0 70U 1

65 3419.36 I 15673 - 44910 530 h 4140.30 I 15757 - 39903

200 3429.21 I 15757 - 44910 65 h 4147.40
{

15757 - 39861

200 0 A on /I o T
1 LOO io — 44ozo 720 A 1 <^94I0Z.0O 15882 - 39958

970 o4ol.00 T
1

1 QQQ9 A ^(\lf^ c,c,oo ll
A'\'^A 794104. iZ

ooKJ o4o0. 00 T
1

lAft97 A^^OfLlOUZ / 4'OIZO QO IIU 4'101 . 00 1 'iR89 - 10Q010!7 7UO

90 3439.41 I 15757 - 44823 1100 h 4165.19 I 16027 - 40028

65 3440.18 I 65 h 4171.56
J

15757 - 39722

65 9 /I y1 O ^ n T
1 lOUZ / — 40U10 45 h Al A^41O0.40 16022 - 39902

97ftZ l\)
A CI AC3457.45

T
1 lozll — 4olzo Oo n A 1 Q7 A941o /.OZ 1 '1889lOOOZ 07 ( 00
T
1 10141 — 401/10 / o d.9n^ 90^ZUO. ZU 16097 - iQaoo0 70UU

130 d 3469.65 I 16010 - 44823 65 4212.34 I 16022 - 39755
110 3471.13 I 16022 - 44823 45 4212.49 16023 - 39755
200 Q A no n 1 T

1 101)1 1 - 44oVV 75 h /1 91 A 1

A

16010 - 39722
2700 3535.73

TT
11

o c .1 1 oAO 1 /;2541 - 308 lo no h /101 Q OA4zlo.z0 16022 - 39722
6600 OC CO c c3558.55 IT

11 Oo - z8101 no h ^ 01 0 75 16010 - 39701

6100 3567.70 II 0 - 28021 40 4221.88 I 16022 - 39701
13000 3572.53 II 178 - 28161 90 d 4225.59 16141 - 39800
9900 3576.35 II 68 - 28021 180 4231.93
7700 3580.94 II 0 - 27918 200 4233.61 16141 - 39755
4000 3589.64 II 68 - 27918 100 4237.82
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Scandium— all observed /irees — Continued

Intensity

and
Character

Wavelength
in A

Spectrum
Energy levels

in cm^'

Intensity

and
Character

Wavelength
in A Spectrum

Energy levels

in cm"'

400 4238.05 I 16211 - 39800 140 4991.92 I 17013 - 37040

90 4239.57 I 16141 - 39722 80 5018.39 17013 - 36934

lOU 16211 39755 CAOA 1 AoUZU. 14
i

ioUUU IJ 2541 26081 ou OUZ 1 . o 1 17025
r r
DO ooU CAQl AOoUo 1 . UZ TI

11 1004^

290 4294.77 II 4883 - 28161 55 5032.74 I

350 4305.71 II 4803 - 28021 250 5064.32
{

11610 - 31351

4200 ,1 0 1 ,1 An4ol4.Uy II 4988 28161 OA CA^o o/;

}

16023 35746

3300 4320.74 TT
11 4-000 ZoWZ 1

C OA530 CATA OO5070. z3
J

1 1 ^^ft1 1000 OIZ / 0

z400 4oZb.Ul TT
il 9701 0 OCAzoU C(\1C Ql

1 lOZU ^1 91 Ao izio

28 4348.53 I 15882 — 38872 2100 5081.56 I 11677 - 31351

180 4354.61 II 4883 - 27841 1200 5083.72 11610 - 31275
1 1 A110

J

16023 — 38959 1 1 AAilOU CAOC CC

J

11558 — 31216
r r
55 /I 0 C A AO4359.08 loo ( 1 750 CAO£ AC5086.95

J

1 loZU Q 1 1 75oliio
00zo A QA.A AO LOO 1 1

A^ AlA CAOT 1 A ZUZo /
50QQ0

2000 4374.46 II 4988 _ 27841 270 5089.89 I 20240 _ 39881
130 4384.81 II 4803 - 27602 45 5092.46 I

4o n A 0 on /;a 16097 — 38872 0AA390 CAA<; "7 0oUvo. 16
J

11558 — 31173

1100 4400.37 TT
11

/I OO 04883 0*7^;AOzToOz 620 CAAA no5099.23
J

1 1 £ 1 A11610 0 1 0 1 £01210
OOAoou 4415.56 TT

11
A OAO 27444 370 C 1 A 1 1 O5101. 12 110/ /

0 1 OTC0I2 /D

28 4420.66 II 4988 _ 27602 180 5109.06 I 17918 _ 37486
45 4431.36 II 4883 - 27444 150 5112.86 I 18000 - 37553
65 4542.55 I 14926 - 36934 320 5116.69 17947 - 37486
90 4544.68 1 C A/1 O 0 "TA/I

A

6 (U4U 70 b
C 1 O 0 £05133.68 be U

120 h 4557.24 O 1 /I AA AC U45 b 5171.06 be U

160 h 4573.99 J 21480 _ 43337 390 5210.52 I 20237 _ 39424
65 h 4592.94 I 21400 - 43167 45 5211.28 I 20239 - 39423

65 n 4598.45 I 21480 - 43221 280 5219.67 20240 — 39392

55 H 4604.72
{

350
r o O A OO5239.82 IT

11
I 1 not,
I I /oo OAO 1 £

45 4609.53 280 COCO 005258.33 OAOO "7

2U2o (
0 AO/1 0

45 4609.95 J 21480 _ 43167 35 5284.97 I 20237 _ 39153
350 4670.40 II 10945 - 32350 210 5285.76 I 20240 - 39153

40 h 4680.49 35 5301.94 0 — 18856

50 4698.29 TT
11

A OAO4803 0£AO 1zoOol 22 5318.35 TT
11

1 AO/1 C 0Q7/t 0zV /4z

120 4706.97 18516 39755 70 5331.77 loo/o O/I /I 00o442o

120 4709.34 J 18571 _ 39800 14 5334.23 II 12074 _ 30816

200 4728.77 I 11610 - 32752 95 5339.41 15757 - 34480

490 4729.23 I 11558 - 32697 120 CO A 1 AC5341.05
j

15673 — 34390

40 h 4732.30 16023 37148 95 5342.96
A
u 1 Q7 1 1lo / 1 1

590 4734.10 I 1 1520 32637 350 5349.30 1 A AO/i14920 0 0 ^ 1 c

60 4735.08 120 5349.71 I 168 18856

690 4737.65 I 11558 - 32659 60 5350.30 I 15882 - 34567

790 4741 .02 I 11610 - 32697 210 C 0 C C "7 COOOD. ID
j

15757 - 34423

1200 4743.81 I 11677 32752 530 5356. 10 15042 33707

200 4753. 16 I 0 21033 14 5357. 19
T T
il 12154 30816

220 4779.35
.

168 21086 270 5375.35 I 15882 34480

90 4791.,50 I 168 _ 21033 370 5392.08 I 16027 - 34567

100 4827.28 I 17948 - 38658 45 5416. 12 16022 - 34480

100 4833.67 I 17919 38602 45 5425.57
j

16141 34567

170 4839.44 I 18000 38658 45
r A or\ A 1

5429.41 16010 34423

40 4840.47
I

17948 38602 35 5432.94 I 16022 _ 34423

80 4847.68 I 17948 _ 38571 55 5433.23 I 16023 - 34423

80 4852.68 I 18000 - 38602 45 5438.22 16097 - 34480

140 bid 4857.79 Sc 0 55 5439.03
}

16010 34390

4858.09 Sc 0 55 h
r A A n z" o
5442.60 16022 34390

80 4906.67 16141 36516 270 5446.20 I 16211 34567

90 4909.76 J 16211 _ 36573 18 5447.39 I 14926 — 33279

90 4922.84 16023 36330 120 5451.34
J

16141 34480

90 4934.25 17919 38180 30 5455.21
{

16097 34423

45 4935.74 16022 36277 18 5465.20 18856 37148

70 4941.33 17948 38180 55 5468.40 I 16141 34423

170 4954.06 18000 38180 60 5472.19 16211 34480

120 4973.66 17025 37126 18 5474.64

150 4980.37 17013 37086 750 5481.99 15042 33279

80 4983.45 17025 37086 530 5484.62 14926 33154
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Scandium — all observed lines — Continued

Intensity

and
Character

Wavelenfith

in A Spectrum
Energy levels

in cm

Intensity

and
Character

Wavelength
in A Spectrum

Energy levels

in cm~'

570 c c 1 /I on5514.22
{

14926 33056 320 6239.78
T
1 0 - 16022

16 5515.39 15673 33799 120 6245.63 II 12154 - 28161

660 5520.50 J 111 "il 1 1ft 6249.96 I LOO 1 I

45 5526.06 I 15673 _ 33764 250 6258.96 I 168 - 16141

660 5526.82 II 14261 - 32350 60 6262.25 I 18516 - 34480

55 oo41 .1)4 15757 33799 55 1102 /O.ol
T
1 168 - 16097

30 5546.40 J 15882 33906 45 6279.76 II 12101 - 28021

18 5550.40 1 lOJUT* IS 6300.70 II 1 9 1 'id. - 9flft9)

5 5552.25 II 11736 _ 29742 750 6305.67 I 168 - 16023

35 5553.59 18571 - 36573 26 6309.90 II 12074 - 27918

16 5561.10 18516 36493 16 6320. 85
TT
11 12101 - 27918

70 5564.86 15882 33847 26 6344.83 I 0 - 15757

18 5571.24 J loo ( 1 ODD ID Aft 6378.82 I ft — IDO /

O

14 5579.76 J 15882 33799 55 bl 6408.41 ScO
110 5591.33 J 16027 _ 33906 90 6413.35 I 168 - 15757

35 h 5593.38 21086 - 38959 26 b /I 0 "7 AO6437.08 be U
22 5604.19 { 21033 — 38872 55 bl 6446.24 ScO
22 5631.02 9AZO LD 6457.78 ScO
80 5640 98 II 12101 29824 35 b 6485 40 ScO
45 5646 36 16141 33847 26 b 6495.90 ScO

16 5647.60 16097 - 33799 55 b 6525.62 ScO
55 5649.56 16211 — 33906 22 b 6535.30 ScO

250 5657 88 II 12154 29824 L
D 6557.84 ScO

60 5658.34 II 12074 29742 35 b 6566.88 ScO
55 5667.16 II 12101 29742 18 b 6575.85 ScO

70 5669.04 II 12101 - 29736 60 6604.60 II 10945 - 26081
1500 5671.81 11677 — 29304 26 bl 6609.99 ScO
95 5684 20 II

1 O 1 C yl121b4 2y /42 1 olo UIOl 6617.94 ScO
1200 5686 84 11610 29190 18 bl 6645 08 ScO
1100 5700.21 J 11558 29096 22 bl 6654.42 ScO

190 5708.61 11677 - 29190 26 bl 6661.01 Sc 0
880 5711.75 11520 — 29023 18 b 6700 48 ScO
230 5717.28 1 10 lU zvuvo LD 6705 93 ScO
180 5724.08

t
11558 29023 65 6737.87

55 bl 5736 85 ScO 35 6739.40

C C LI55 bl 5764.45 be O 35 £0 1 7 AO6817.08
{95 bl 5772.74 ScO 50 6819.52 21086 - 35746

55 bl 5775.32 ScO zy 6829.54
I 0 1m 1 OOO / 1

70 bl 5809 84 ScO 50 6835 03
I

70 bl 581 1 60 ScO 5 b 6963 12 ScO

95 bl 5847.73 Sc 0 5 bl 6990.68 ScO
70 bl 5849.07 So 0 5 bl 7025.72 ScO
70 b 5887.38 Sc 0 o8 D 7035.77 ScO
35 bl 5918.04 Sc 0 5 b 7072.37 ScO
30 5919. 1

1

I 18856 35746 5 b 7094.38 ScO

60 bl 5928. 10 ScO 12 h 7138.14

j

24866 - 38872

O J J 7U 1 .

I
1 21086 - 37856 14 7169. 13 25014 - 38959

f>0 hi Sr O 12 7257.57 31351 - 45126

35 5969. 19 I 21033 37781 8 7275.57 J 31275 - 45016
90 5988.42 I 17013 33707 3 h 7100 62

I
31216 - 44910

160 bl 6017.07 ScO 12 h 7524. 13

}

25585 - 38872
fin fift9fi IftUw^U . I O I

1 17025 - 33615 14 h 7=151 Ofi 25725 - 38959
fiftlfi 17 JL KJ 15 h 7574.44 24657 - 37856

iion hi f\()f>A 1

1

UUUH" . O 1 11 7617.45 24657 - 37781

440 bl \j\J i ^ .\jO Sr O 14 h 7665 72 J 20237 - 33279

620 bl 6079.30 ScO 30 7697.73
{

25585 - 38572
I9n hi filftl ft7U I U I . O ( 18 7729.72 25725 - 38658
17ft hiO l\J UI fil ftO 01 Sr n 55 h 7741. 17 20237 - 33151
17ft hiO 1 U UI f\] 07 Sr Ooc yj 5 h 7750.37 29023 - 41922
Ifift hiOU u f,]AO 70u 1 ^o. ( yj Sr O 5 7752.72

I
29190 - 42085

150 b 6153.93 ScO 6 h 7771.06 29096 - 41961

150 b 6188.09 ScO 15 7785.17 25014 - 37856
150 b 6192,90 ScO 8 7794.68 29190 - 42016

620 6210.68 I 0 16097 30 7800.44 20240 - 33056

90 6239.41 1 0 16023 11 7821.64 29304 - 42085
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Scandium— all observed Zines— Continued

Intensity

and
Character

flvclcngth

in A Spectrum
in cm ~

'

Intensity

and
Character

vv 3 V f*l n (fth

in A Spectrum
Energy levels

in cni~'

11 h 8196.98 I 25585 - 37781 15 h 8823.8 I

15 8241.13 I 25725 - 37856 30 h 8834.35 I 25014 - 36330
19 h 8761.40 I 24866 - 36277

11 h 8774.8

15 h 8794.72 I 29304 - 40671
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Selenium

Se, Z = 34, M=78.9, Ratio 1.243
Lu

Se I Normal state of valence electrons 4s24p'* ^P2 = 0. LP. = 78658 cm-i.

Se II Normal state of valence electrons 4s^4^p^ *Sl 1/2= 0. LP. = 171000 cm-i.

References

Wavelengths and Classification:

Se I, J. E. Ruedy and R. C. Gibbs, Phys. Rev. 46, 880 (1934).

Selenium— all observed lines

Intensity

and
Character

Wavelength
in A Spectrum

Energy levels

in cm~'

Intensity

and
Character

Wavelength c
^ spectrum

Energy levels

in cm"'

90000 1960.26 I 0 - 50997 50 8918.80 I 48182 - 59391

40000 2039.85 I 1989 - 50997

11000 2062.79 I 2534 - 50997
2000 2074.79 I 0 - 48182
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Silicon

Si, Z= 14, M =28.086 Ratio = 0.442
Lu

Si I Normal state of valence electrons Ss^Sp^ ^Fo= 0- I.P. = 65747 cm"i.

Si II Normal state of valence electrons 3s^3p ^P?/2 =0. LP. — 131838 cm~^

References

Wavelengths and Classification:

L. J. Radziemski, Jr. and K. L. Andrew, J. Opt. Soc. Am. 55, 474 (1965).

Silicon — all observed lines

Intensity

and
Character

Wavelength c
j„ ^ spectrum

Energy levels

in cm '

Intensity

and
Character

Wavelength c
^ " spectrum

Energy levels

in cm"'

2200 2124.12 I 6299 - 53362 1200 2519.20 I 77 - 39760

300 2207.98 I 0 - 45276 2400 2524.11 I 77 - 39683
300 2210.89 I 77 - 45294
480 2216.67 I 223 - 45322 2000 2528.51 I 223 - 39760

320 2435.15 I 6299 - 47352 240 2631.28 I 15394 - 53387

1700 2506.90 I 77 - 39955 2600 2881.58 I 6299 - 40992

1600 2514.32 I 0 - 39760 150 2987.65 I 6299 - 39760

3600 2516.11 I 223 - 39955 110 3905.52 I 15394 - 40992
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Silver

Ag, Z= 47, M= 107.868, Ratio ^= 1.697

Agl Normal state of valence electrons 4c?""55 2S 1/2 = 0. LP. = 61106 cm"

^

Ag II Normal state of valence electrons 46^'" 'So- = 0. I. P. = 173300 cm~^.

References

Wavelengths:
G. R. Harrison, Massachusetts Institute of Technology Wavelength Tables (John Wiley & Sons, New

York, 1939).

Classification:

Ag I, A. G. Shenstone, Phys. Rev. 57, 894 (1940).

Agll, A. G. Shenstone, Phys. Rev. 31, 317 (1928).

Silver— all observed lines

Intensity

and
Character

Wavelength
in A Spectrum

Energy levels

in cm~'

Intensity

and
Character

Wavelength o
^ bpectrum

Energy levels

in cm"'

80 2331.37 II 40741 - 83621 50 hi 4476.08 I 29552 - 51887
150 2413.18 II 40741 - 82168 60 hi 4668.48 I 30473 - 51887
90 2437.79 II 39164 - 80172
30 2447.93 II 46046 - 86884 1000 5209.07 I 29552 - 48744

60 2721.77 I 30242 - 66972 1000 5465.49 I 30473 - 48764

55000 3280.68 I 0 - 30473 100 5471.55 I 30473 - 48744

28000 3382.89 I 0 - 29552 320 7687.78 I 29552 - 42556

90 hs 4210.94 I 30473 - 54214 500 8273.52 I 30473 - 42556
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Sodium

Na
Na, Z = 11, M = 22.9898, Ratio 7^ = 0.3618

Lu

Na I Normal state of valence electrons 2p*'3s ^Si/2 = 0. LP. = 41449 cm"'.
Na II Normal state of valence electrons 2p^ 'So = 0. LP. = 381528 cm"'-

References

Wavelengths and Classification:

P. Risberg, Ark. for Fysik 10, 583 (1956).

Sodium— all observed lines

Intensity

and
Character

Wavelength
in A Spectrum

Energy levels

in cm ~'

Intensity

and
Character

Wavelength c
jp

Spectrum
Energy levels

in cm"'

300 3302.37 0 - 30273 20000 5889.95 I 0 - 16973

150 3302.98 0 - 30267 10000 5895.92 I 0 - 16956

10 1 5148.84 16956 - 36373 30 1 6154.23 I 16956 - 33201

20 1 5153.40 16973 - 36373 60 1 6160.75 I 16973 - 33201

70 1 5682.63 16956 - 34549
8183.26 I 16956 - 291731100

140 1 5688.20 I 16973 - 34549 2200 8194.82 I 16973 - 29173
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Strontium

Sr, Z = 38, M = 87.62, Ratio 1;^ = 1.379

Sr I Normal state of valence electrons 4^p^5s^ 'So = 0. LP. = 45932 cm"'.

Sr II Normal state of valence electrons 4p*'5s ^81/2 = 0. LP. = 88964 cm"'.

References

Wavelengths:

G. R. Harrison, Massachusetts Institute of Technology Wavelength Tables (John Wiley & Sons, New
York, 1939).

Classification:

Sr I, F. J. Sulhvan, Univ. of Pittsburgh Bull. 35, 1 (1938).

Sr II, F. A. Saunders, E. G. Schneider and E. Buckingham, Proc. Nat. Acad. Sci. U.S. 20, 291 (1934).

Strontium— all observed lines

Intensity

and
Character

Wavelength
in A Spectrum

Energy levels

in cm

Intensity

and
Character

Wavelength c
ij, ^ Spectrum

Energy levels

in cm"'

1400
1400

16

12

20

30

30

40

30

650

950
120

30

60

30

130

30
46000

200
32000

340

35

6500
320

220

140

480

360

50

60

300

60
200

100

800

130

80
140

200

2152.84

2165.96

2428.10

2569.47

2931.83

3301.73

3329.99

3351.25

3366.33

3380.71

3464.46

3474.89

3940.80

3969.26

3970.04

4030.38

4032.38
4077.71

4161.80

4215.52

4305.45

4438.04

4607.33
4722.28

4741.92

4784.32

4811.88
4832.08

4855.04

4868.70

4872.49

4876.06

4876.32

4891.98

4962.26

4967.94
51,56.07

5222.20
5225.11

14556

14836

0

0

0

14318

14504

14899

14899

23715

24517
24517

14318

14504

14504

14899

14899
0

23715

0

24517
14899

0

14504

14318

14504

14899

14.504

14318
181.59

18219

14504
14.504

14899

18319

14899

14899
201,50

18159
18159

60992
60992
41172
38907

34098

44596

44526
44730
44596
53286

53373
53286

39686
39691

39686

39703
39691

24517

47737
23715

47737
37425
21698
35675

35400

35400
35675
,35194

35007
38750

387.52

35022
35007
35400

38755

35045
3,5022

39539
37302
37292

200 5229.27 I 18219 — 37336

280 5238.55 I 18219 — 37302

480 5256.90 I 18319 — 37336

35 h 5329.82 I 20150 38907

150 C A Cf\ 0 A 1d4dU.o4 J
1 QO 1 0 oOOOU

700 5480.84 I 18319 - 36560

110 5486.12 I 18159 36382

350 5504.17 I 18219 36382

260 5521.83 I 18159 36264

200 5534.81 I 18319 36382

200 5540.05 I 18219 36264

25 h 5543.36 I 21698 39733

20 h 5970.10 I 21698 38444

25 h 6345.75 I 18219 33973

25 h 6363.94 I 18159 33868

35 h 6369.96 I 18159 33853

100 6380.75 I 18159 33827

90 h 6386.50 I 18319 33973

60 h 6388.24 I 18219 33868

900 6408.47 I 18319 33919

25 6446.68 I 18319 33827

25 h 6465.79 1 21698 37160

550 6504.00 1 18219 33590

100 6546.79 1 18319 33590

170 6550.26 1 21698 36961

300 6617.26 I 18159 33267

80 6643.54 I 18219 33267

180 6791.05 I 14318 29039

480 6878.38 I 14504 29039

120 6892.59 I 0 14503

5,50 7070.10 I 14899 29039

6 71,53.09 I 21698 35675

25 h 7167.24 I 201,50 34098

20 72,32.27 I 201,50 33973

250 7309.41 I 201,50 33827

50 7621..50 I 20150 33267

40 h 7673.06 I 21698 34727
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Tantalum

Ta, Z = 73, M = 180.948, Ratio^ = 2.848
Lu

Ta I Normal state of valence electrons 5d%s^ 1/2 = 0. LP. = 63600 cm~^
Ta II Normal state of valence electrons 5d%s w/= 0. I. P. = 130000 cm~K

References

Wavelengths:
G. R. Harrison, Massachusetts Institute of Technology Wavelength Tables (John Wiley & Sons, New York,

1939).

C. C. Kiess, unpublished material (1961).

Classification:

Ta I, P. F. A. Khnkenberg, G. J. van den Berg, and J. C. van den Bosch, Physica 16, 861 (1950).

G. J. van den Berg, P. F. A. Klinkenberg, and J. C. van den Bosch, Physica 18, 221 (1952).

C. C. Kiess and H. K. Kiess, unpublished material (1961).

Tan, C. C. Kiess, J. Res. Nat. Bur. Stand. (U.S.), 66A (Phys. and Chem.), No. 2, 111-161 (Mar.-Apr.

1962).

Strong lines of tantalum

Intensity

and
Character

Wavelength
in A Spectrum

Energy levels

in cm"'

Intensity

and
Character

Wavelength
in A Spectrum

Energy levels

in cm"'

2600 2653.27 I 2010 39688 1400 2239.48 II 2642 47281

2600 2714.67 I 0 36826 1400 2387.06 II 4416 46295
2400 2400.63 II 6187 47830

I2400 2647.47 I 0 37761 1400 2608.63 2010 40333

1900 2656.61 I 0 37630 1200 2182.71 II 1031 46831

1200 2250.76 II 1031 45447
1900 2850.98 I 5621 40686 1200 d 2526.35 I 2010 41581

3012.54
II 14581 49647 2526.45 I 3964 43533

1800 II 5331 38516
1700 2933.55 I 0 34078 1200 2559.43 I 0 39060
1500 2146.87 II 1031 47596 1200 2635.58 II 1031 38962

1500 2196.03 II 4416 49938 1200 2710.13 I 3964 40851

1500 2199.67 II 0 45447 1200 2748.78 I 3964 40333

1500 2661.34 I 5621 43185 1200 2940.22 I 0 34001

1500 2685.17 II 4125 41355 1100 2193.88 II 6187 51754
1500 2850.49 I

1100 3311.16 I 5621 35813

1500 2963.32 I 2010 35746 1100 2140.13 II

1400 d 2210.03 II 0 45234 1000 2698.30 I 2010 39060

2210.19 II 4416 49647 1000 2758.31 I 2010 38253
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Tantalum— all observed lines

Intensity

and
Character

Wavelength
in A Spectrum

Energy levels

in cm"'

Intensity

and
Character

Wavelength
in A Spectrum

Energy levels

in cm"'

1100 2140.13 II 130 2363.32 II

1500 2146.87 II 1031 - 47596 600 2364.24 II 6187 - 48470
740 2150.62 II 1031 - 47515 50 2367.24 II 4416 - 46646
uUU Z lOO.U 1 IT11 0 46175 IDU 91AQ ^9 II

11 2642 44835
91 7ftzi to.yjo

TI
11 3180 49080 Zo i\J. (0 II

11 5658 47825

1200 2182.71 II 1031 - 46831 320 2371.58 I 3964 - 46117

540 2193.20 II 2642 - 48223 II 0 - 42153
1100 2193.88 II 6187 - 51754 70 2372.80 II 6831 - 48963
loUU 9 1 OA A1 IT

11 4416 49938 1 AAlUU TT
11 10713 52825

lauu 9 1 QO fil TT
11 0 45447 7A zo / o.y 1

T
1

500 2207.14 II 150 2378.31 II 1031 - 43065
1400 d 2210.03 II 0 - 45234 440 2381.13 II 2642 - 44626

2210.19 II 4416 - 49647 240 2381.52 II 0 - 41977
99 1 ^ AA II

11 4416 49536 1 7A
1 l\)

9QQO 70ZOOO. /

z

II
11 5658 47596

1 A AA II
11 2642 47281 Z'+U OQQ/1 9Q II

11 1031 42960

240 2248.48 II 9746 - 54207 130 2385.73 I 0 - 41902
480 2249.79 II 0 - 44435 1400 2387.06 II 4416 - 46295
1200 2250.76 II 1031 - 45447 80 2388.37 II 5658 - 47515

zou ZZo'+.oO If 3180 47515 lou OOQO 1 1zoHy. 1

1

TT
11 9690 51534

AAfi TI
11 (

U

ooQ/; OAzoyo.ou T
1 "^69

1

OOZ 1 4- / 04U

360 2256.51 II 9746 - 54048 110 2399.15 I

500 2258.71 II 0 - 44259 50 2399.92 II 3180 - 44835
840 2261.42 II 0 - 44206 2400 2400.63 II 6187 - 47830
ZOU 99A1 AO TT

11 1031 45234 ^ Af\14U 9/1A9 1 1 IT
11 2642 44259

yyu 09A9 OA IT
11 zu^z T-UOO 1

1 (\(\lUU 0/1A^ AQ II
11 1 lo i o OOH-UU

220 2269.56 11 12705 - 56753 130 2406.55 I 2010 _ 43551

740 2271.85 II 2642 _ 46646 40 2407.57 I 2010 - 43533

990 2272.59 II 3180 - 47169 130 2408.26 II 5658 - 47169
zuu 0070 nr

ZZ /y .00
T
1

Af\ A4u a 0/119Z'+IZ-Oj If
11 14581 56019

oZU OOQO lOzzoz. ly
IT
11 lUol 0/110 A7z^-lz.O i

T
1

130 2285.02 II 5331 _ 49080 120 2414.32 I 9253 — 50660
790 2285.25 II 2642 _ 46387 240 2415.21 II 6831 - 48223

600 2286.59 II 9746 - 53466 320 2416.89 II 2642 - 44005

z40
000*7 0*7
ZZO < .Z

/

TI
11 12436 — 56142 OA 0/1 1 "7 0 0z41 / .oo IT

11 0 41355
AAA990 OOOA 1 £zzo9. 16 TI

11
Q 1 QAo loU Wool OOAzzU 0/1 1 1z41 /.oo IT

11

180 2292.54 II 0 _ 43606 150 2418.77 II

160 2295.18 140 2421.03 I 3964 _ 45256

160 2301.47 II 12705 - 56142 150 2421.85 II 14581 - 55859

440 zoUz.z4 TT
11 5658 — 49080 1 /U z4zo.4o IT

11 3180 44430

440 2302.93
I T
11 4410 4 /ozo 1 OA130 0/1 oc mz4Z0.y 1

IT
11 1 9/1 5A OOO'+O

300 2303.49 II 1031 _ 44430 360 2427.64 I 0 _ 41180

100 2308.46 II 5658 48963 60 2428.00 II 5658 _ 46831

440 2312.60 II 1031 - 44259 360 2429.71 II 0 - 41145
/I OA420 O 1 1 C A23 15.46 IT

11 1031 - 44206 I (U OA Q 1 AAz4o 1 .UO TT11 1031 — 42153
0£A260 O 0 1 A 1 £2319. 16 IT

11 lz4oO C C C /I Q OU 9/1 *?! AAz4o 1 .oo
I
1

1 1 7QA
1 1 /VO

COAA7

100 2331.29 II 11767 _ 54649 480 2432.70 II 6187 47281

690 2331.98 II 130 2433. S9 II 3180 _ 44259

550 2332.19 II 4416 - 47281 130 2436.51 II 12436 - 53466

1 10 2334. 13 11 1 lU 0y107 A7z4o / .U

(

1

180
O O I oo2334.88 I T

11 6831 A n£. A n49647 OAyu 0/107 A7z4o / .0

(

1
1 u /I 1 A 1 A41U1U

140 2335.75 II 12705 _ 55505 110 2438.64 II 6831 47825

300 2338.28 II 6988 _ 49741 200 2439.91 I 2010 _ 42983

200 2340.94 II 6831 - 49536 130 2442.39 I 5621 - 46552

200 2341.61 II 12436 - 55128 100 ^ A A A 1 Oz444. lo II
11 2642 — 43544

130 2343.64 I r
11

OAyu 0/1/1/1 A7Z444.0 /
II
11

100 2346.42 II 50 2445.53 II

90 2351.99 II 100 2447.17 I

170 23.S3.86 II 5331 _ 47801 80 2449.44 II 6988 - 47801

120 2355.22 II
OAoU 0/1 C/1 01z4o4. z 1

T
1 9705 50439

170 2356.05 II 9690 52121 1 AA100 O/t C /I AQz4o4.4o T
1 3964 44693

140 2356.90 II 4416 46831 50 2454.70 II 11767 52493

250 2357.30 I 0 42408 100 2458.68 I

170 2359.16 II 9746 52121 100 2460.55 I 9253 49882

260 2361.09 1 2010 44350 80 d 2461.06 II 10713 51334

160 2362.78 II 160 2463.82 II 12436 53011
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Tantalum— all observed /jVies— Continued

Intensity

flnd

C\\aTaotf*r

Wavelength
in A Spectrum

Energy levels

in cm"'

Intensity

and
Wavelength

in A opectrum
Energy levels

in cm"'

OU T
1 5621 46172 1 QAloU oc C

"7 "71loot . 1 1
TT
11 48776

130 2466.99 II 1031 41555 1200 2559.43 ^OOflO

130 2467.37 II 5658 — 46175 180 2560.68 I

50 2468.41 II 15851 - 56351 460 2562.10 I 3964 - 42983
380 2470.90 II 6187 46646 80 2563.33 I 2010 - 41010

1 9n 94.71 ^fi T1 1 /in OCAQ 7A 0 38994
120 2472.13 I 3964 44403 120 2569.13 j} 41 ^'^^^lOOO
150 2473.13 I 3964 _ 44386 340 2571.51 II 5331 _ 44206
120 2473.31 II 4416 - 44835 430 2573.54 I 0 - 38845
600 2474.62 I 2010 — 42408 390 2573.79 I 2010 - 40852

1 9A 9il7'i 00
( D.oo I

I 9759 50146 1 CA 0C7/I QQlOl'i.iO 00767 7 1 U 4Rfi00

200 2476.67 II 3180 43544 150 2575.47 { 9253 48070
150 2478.22 I 0 _ 40339 600 2577.37 II 11099 _ 49887
80 2479.58 II 2642 - 42960 340 2577.78 I 5621 - 44403
120 2481.86 II 11875 — 52156 70 2578.24 II 12705 — 51480

1 nn 9d.H9 Ifl I
1 1 nnlUU 9C7Q A9Z.0 iy,DZ AU OO / o^

100 2482.58 li 210 2580.16 J 901

0

AAVCA

80 2483.46 II 35 2581.60 II 9746 _ 48470
100 2484.04 II 340 2584.03 II

80 2484.72 II 0 - 40234 140 2584.49 II 13475 - 52156

duu T
1

1 CA oco/1 £.n 470^1^ tyo 1

120 2486.70 I ^T- lUU 100 2585.61 { y tyjo
4.QQAQ^OOD7

600 2488.70 II 4416 _ 44585 35 2588.88 II 6831 45447
500 2490.46 I 75 2589.81 II 5658 - 44259
50 2496.24 I 6069 - 46117 21 2590.20 II 13560 - 52156

7A T
1 1 9Rft^1 zouo COQA7 7A A OCAO

50 2497.77 II 0 4.0094. 2592.53 {{ 100U\J "191 91

90 2498.33 II 4416 _ 44430 430 2593.08 I 5621 _ 44174
140 2501.98 II 9690 - 49647 410 2593.66 II 4416 - 42960
100 2503.01 II 310 2594.25 II 0 - 38535

AAAOUU OCA/1 /I C 1
1 ^OOO 1

CAA OCAC OA ^AO 1OOZ 1

100 2505.32 II DOO 1 120 2595.59 jj U ooO 10

600 2507.45 I 2010 41879 85 2596.12 I 0 38508
100 2508.92 II 9690 - 49536 310 1 2596.45 II 2642 - 41145
100 2510.71 II 15726 - 55544 60 2596.61 I

C A A otr 1 1 AA
il

1 AAlUU 9COQ 01

240 2512.65 I u 9Q7Q7oy lot 45 2598.75 J UU'4-V

100 2513.10 II 3180 42960 220 2600. 14 I 0 38448
70 2513.88 II 11767 - 51.534 70 2600.73 II 6187 - 44626
100 2519.78 I 6049 - 45724 140 2601.06 I 6049 - 44484

140 2526.02 I T
11 OODO 85 OAAO OO

j{

AAAQ

1200 d 2526.35 I
OA 1 A yl 1 CO 1 600 2603.49 A 1 Q70 lo (

A A CQC

2526.45 I 3964 43533 60 2603.82 I 9976 48369
50 2531.29 I 5621 - 45115 60 2605.32 1 9253 - 47625

600 25.32.12 II 2642 - 42123 70 2606.43 II 1.5851 - 54206

120 2533.00 I
1 120 0/:A7 0/12607.84

70 2534. 16 I 50 2608.20 OA 1 A2010 /I A 0 OA

50 2534!47 I 9705 49149 1400 2608.63 I 2010 40333
120 2534.97 I 5621 - 45058 210 2609.00 I 6069 - 44386
160 2537.94 II 9690 - 49080 35 2610.13 I 6049 - 44350

90 d 2542.23 I
1

1 /l^AA C/\A 1 1 0 1 A J
3 10 d OA 11 OA

}

OAA/I /I 00/1 7

2542.35 II
1 1 0*7 C C 1 1 AT 2611.46 AAAO /I /I 0 CA

50 2544^27 I 110 2612.61 II 1031 39296

2544.37 II 12831 - 52121 70 2615.25 I 9705 - 47931

240 2545.49 II 1031 - 40305 340 2615.46 I 9705 - 47928

240 2546.80 1
A 0 1 AolU OA 1 C AA

{

9A 1 A /IAOQA

140 2549.38 I 4o 1 / / 50 2620. 18

460 d 2551.07 I 4 1 I Qflr I 1 70 170 2624. 12 I 6049 44146

2551.19 I 5621 44807 85 2625.46 I 6069 44146

140 2551.73 II 5658 44835 45 2627.43 I

70 2553. 18 II
TA
/O

OAOO OCzozo.oo
!{

18494 56522
II
11 2642 41775 75 6831 44835

120 2554.91 II 4416 43544 100 2632.27

240 2555.05 I 3964 43090 85 2633.79 18494 56451

140 2556.51 II 5331 44435 1200 2635.58 1031 38962
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Tantalum— all observed Zinei — Continued

Intensity

and
Character

u/ avAl^n Oft nvv avcicilglii

in A Spectrum
r< n^Ttixi 1my ^ 1

G

IjllClgy iCVCla

in cm

Intensity

and
Character

W dVClCllglll

in A Spectrum
Energy levels

in cm"'

70 2635.93 I 2010 - 39936 45 2695.54 II 10713 - 47801

50 2636.37 I 9705 - 47625 26 2695.71 II 9746 - 46831
4.7(1 96'?6 67 I •^064 - 41ft7Q 240 96Q6 SI I 9253 46323

860 2636 90 I 5621 - 43533 1000 2698 30 I 2010 39060
2637 93 n 0 - 37897 50 2700 70 I 12866 49882

85 2638.67 II 5658 - 43544 120 2702.80 II 0 - 36988

50 2639.19 II 11767 - 49647 85 2703.06 I 2010 - 38994
1 7nL IKJ 9fi4^ SO I 6060 - 41RR0 9704 11 I

9644 fiO II 9649 - 40444 470 9706 6Q I 10690 47625
2645 10 II 6831 - 44626 30 2706.92 I 10690 47621

510 2646.22 I 10690 - 48468 310 2709.27 II 9746 - 46646
600 2646.37 I 2010 - 39787 1200 2710.13 I 3964 — 40851

2646.74 II 11875 - 4Q647 26 2710.72 II
0,1 00/;242/6 Ol 1U6

9646 ftO II11 1 1 - dOS'^fS1 1 1 U 1 "t^OOU 9600 9714 67 I 0 36826
2400 2647.47 I 0 - 37761 240 2717.18 I 3964 40756

50 2650.02 I 150 2718.38 I 6069 - 42845

70 2650.28 I 9253 - 46974 470 2720.76 I 2010 - 38754
970 9651 99 II 4416 - 49193 170 2721 83 I 6049 42779

I
1 070^ — 4.7*^07 1 101 lu 979c: AO

£, i zo. tz IT11

9fi00 1 9010 - ^Q^iRft07U00 96 979^i "^9 I1 2010 38679

21 2654.01 I 470 2727.44 II 5331 - 41984
35 2655.68 I 410 2727.78 I 10690 - 47340

Oft^f. Oft I •iO 9710 71 IT11 28044 64653
1Q00 96'^6 61 I

1 Ocl 9719 06 T
1 15391 51982

70 96'i7 '^0 T 07Ut" 4*1000 70 9719 Q9 I 0u Ifi^iftOOUOOU

50 2658.14 II 30 2733.34 II 18554 - 55128
120 2658.86 II 6831 - 44430 100 2735.26 II 9746 - 46295
oO ZOO7 .4-

1

TI11 9649 — 409^4 ^100 lU 970/; ocz /oo.zo II11

OO iooy.oo Ii
910Z lU 97*^0 9AZ / OV. ZO II11 'i6'iftouoo 491 1^14-^ 1 00

1 ^nn ZUU 1 . 04-
I
1

"10ou 974.0 70 TI I 716RI I lUO 'i164'i00U4*0

150 2661.89 I 5621 - 43177 150 2741.17 I 9253 - 45724
130 2662.10 I 26 2742.92 I 10950 - 47397

9AA'3 QQ^uuo . 00 IT1

1

ldA9R - ^91 "^AIt-UZO OZlOO 910 9741 =iQZ ( 'TO . 07 T1 2010 38448
ou 9AAA 9/1 II11 1 7QQ9 — i^CiciAc

1 1 VoZ OOoUO 0 lU 9746 68 I1 5621 42018
ZDOO .DU II1

1

lUOl OoOOO 1 90 9746 R1z ( T"0. 00 IT1

1

1 =^796lot ^U S91 9

1

Oit L£i L

35 2665.94 I 85 2747.25 I

45 2667.00 II 1031 - 38516 30 2747.85 I 11244 - 47625
liO 9AA7 17 I

i AO6O - dl'i'ilUUU7 too.) 1 1 900 974R 78^ / 4*0. 1

0

I 3964 40333
990 I1 860ouu 974Q 81 T 9705 46061
^^00ouu 9^iAfi ^^9 I1 0 — '^7461 70 97Cn 41 IT 11875 48223

150 2669.58 II 24870 - 62318 150 2752.30 I 10690 - 47013

100 2671.63 I 10950 - 48369 410 2752.49 II 2642 - 38962
100 9A79 c;o II1

1

^f.'^a - 4106^; 70 h
1 u 11 97'i7 96 II 12705 48963

II1

1

I'lft'^l - ^^91'i1000 1 OOZ.OO 10001 uuu 97'i8 11i. 1 00. 0

1

I1 9010i.U 1 u 1895100^00

OO 9^^74. AO 11 10600 — 4R070 70 97=^0 06i. i 07 . vU ITi i 6811UOO 1 4106^^T'OUUO

770 2675.90 II 4416 - 41775 430 2761.68 II 1031 - 37231

50 2676.48 II 10713 - 48064 60 2762.05 II

Ifi
t\)

9^»7Q QO II11 loioO DOOUO 1 in1 lU 9761 17Z JDO.O t
IT11 0 36177

970 ZOoU.UO II1

1

^A'^ft — <19QA0 iO 97<;q noZ i UO. TI1

1

11800 lOU 10906O7Z 7U
990 ZOOU.UO II1

1

70 9771 81£.111, 00 TT
1 1

26 2681.63 I 12865 - 50145 100 2774.88 I 15391 - 51418

110 2681.87 I 130 2775.11 II 5331 - 41355

OUU 9AQ-1 9QZOo'+.Zo 1
1

9010 509c:5ZUlU ovzoo 00 Z 1 1 0.00 IT11 18186 54207

loUU ZOOO. 1 /
r I 41Zo — 4I000 770 977f^ QQ I1 U 5A01 AoOUl'+

00 9AQA 90zooO.zV 1
1 V / OV '1-OV / 4- ZO 977A 71Z 1 1 U. / 1 IT11 1 7951

1 /zol

100 2689.24 II 6831 - 44005 50 2778.82 II 13560 - 49536
35 2690.54 I 9253 - 46410 100 2779.10 I 3964 - 39936
o4U ZOVi .0 1 1 U Oil '+0 ^0oU 9770 70Z < (7. /U I1 9759 45724

oU o/;ni OA 1

1

11
A AM^ yllCCC44l0 — 41000 1 00lUU 97QnZ / 0U.04 II11 1031 36988

^OU r
1 oOZl — '+Z(oZ ^0ou 97ftO ftQZ ( oU. oV

45 2692.83 II 3180 - 40305 100 2781.37 I 9705 45648
95 2693.34 I 6049 - 43167 26 2781.79 I 10950 46888
50 2693.50 I 5621 - 42737 150 2784.97 II 5658 41555

470 2694.52 II 2642 - 39744 60 2786.77 II 2642 38516
150 2694.76 I 6069 - 43167 390 2787.69 I 9253 45115

267



Tantalum — all observed /mes — Continued

TntPtiQitv
Wavelength

in A O ^CL' 1 1 U 111

Energy levels

in cm"'

1 11 iCllol I J

\willcll dClCI

Wavelength
in A OfJCdl UIIl

Energy levels

in cm"'

130 2788.30 I 6049 - 41902 75 2865.32 II 17231 - 52121

50 2789.15 II 17168 - 53011 70 2866.14

50 2789.77 I 12235 - 48070 100 2867.41 II 17982 - 52846
100 2790.71 I 3964 - 39787 310 2868.65 I 3964 - 38813

140 2791.37 II 5331 - 41145 470 2871.42 I 2010 - 36826

120 2791.67 I 6069 - 41879 270 2873.36 I 0 - 34792

50 2793.86 II 3180 - 38962 260 2873.56 I 3964 - 38754
50 2795.20 II 12705 - 48470 210 2874.17 I 6069 - 40852

680 2796.34 I 2010 - 37761 140 2876.11 I 9759 - 44518
75 2796.56 I 9976 - 45724 85 2877.05 II 13475 - 48223

680 2797.76 II 1031 - 36764 100 2877.69 II 9690 - 44430

190 2798.40 3963 - 39688 70 2879.05 II 6831 - 41555

50 2800.57 I 12235 - 47931 35 2879.52 I 13352 - 48070

380 2802.07 I 3964 - 39641 120 2879.74 I 3964 - 38679

50 2804.76 I 6049 - 41693 380 2880.02 I 5621 - 40333

430 2806.30 I 6069 - 41693 35 2881.23 I 9705 - 44403

510 2806.58 I 2010 - 37630 35 2882.33 II 9746 - 44430

140 2810.92 I 12235 - 47800 85 2885.40 II 5658 - 40305

70 2811.72 II 95 2889.38 I 17383 - 51982

100 2814.31 II 6187 - 41709 75 2890.25 II 2642 - 37231

95 2814.80 6069 - 41585 85 2891.04 J 13352 - 47931

95 2815.01 I 2010 - 37524 770 2891.84 I 2010 - 36580

95 2815.12 I 6069 - 41581 100 2894.15 I 9976 - 44518
260 2817.10 II 5658 - 41145 140 2895.10 I 12866 - 47397

50 2817.50 I 10690 - 46172 35 2896.41 I

45 2819.14 II 10713 - 46175 35 2898.42 1 007 1 49882

95 2819.37 3964 - 39422 260 2899.04 I 3964 - 38448

50 2821.99 I 26363 - 61789 170 2900.36 I 9705 - 44174

45 2824.81 I 12235 - 47625 60 2900.75 II 12705 - 47169

70 2826.18 I 10950 - 46323 45 2901.05 I 9705 - 44166

35 2826.42 10690 - 46061 560 2902.05 13352 - 47800

95 2827.18 I 5621 - 40982 150 2904.07 I 10690 - 45115

95 d 2827.48 II 14581 - 49938 170 2905.24 II 4125 - 38535

2827.60 II 3180 - 38,535 170 2908.91 I 10690 - 45058

150 2828.58 II 31267 - 66610 35 2913.32 I 5621 - 39936

35 2829.79 jj 4416 - 39744 35 2913.45 II 6831 - 41145

70 2832.70 II 6831 - 42123 210 2914.12 10950 - 45256

170 2833.64 I 9976 - 45256 26 2914.94 I 10950 - 45246

70 2834.41 I 9976 - 45246 170 2915.34 I 10950 - 45241

35 2836.62 I 0 - 35243 310 2915.49 I 3964 - 38253

50 2837.94 10950 - 46177 35 2917.12 J 40339

85 2838.24 II 15851 - 51074 35 2917.56 11 13560 - 47825

75 2840.39 II 95 2918.96 II 17231 - 51480

260 2842.82 I 11244 - 46410 35 2922.11 II 15726 - 49938

70 2843.51 II 18186 - 53344 70 2922.84 II

640 2844.25 6049 - 41198 410 2925.19 J

290 2844^46 11 1031 - 36177 35 2925.66 I 9976 - 44146

170 2844.76 I 100 2926.46 I 6069 - 40230

290 c 2845.35 I 5621 - 40756 35 2930.99 I 12866 - 46974

35 2845.84 I 6069 - 41198 310 2932.70 I 12235 - 46323

70 2846.75 13351 - 48468 1700 2933.55 0 - 34078

150 2848.05 1 9705 - 44807 70 2934.85 I 'to lOy

560 2848.52 1 3964 - 39060 35 2938.00 II 18554 - 52580

100 2849.82 I 11244 - 46323 35 2938.43 I 12866 - 46888

1500 2850.49 I 150 2939.28 I 11244 - 45256

1900 2850.98 I 5621 - 40686 470 ZV4U.0O
.

10690 - 44693

II 14581 - 49647 1200 2940.22 I 0 - 34001

60 2852.36 II 18186 - 53235 150 2941.37 I 13352 - 47340

70 2856.69 II 12601 - 47596 60 2941.50

100 2857.28 II 9705 - 44693 240 2942.14 I 3964 - 37943

5331 - 4030S
35 2943.77

j35 z94o.oy 12235 - 46172
60 2860.88 6831 - 41775 150 2946.91 9253 - 43177
50 2861.12 6069 - 41010 35 2949.92 II 14581 - 48470

360 2861.98 9759 - 44689 510 2951.92 2010 - 35877
150 2864.50 15114 - 50014 II 15726 - 49593
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Tantalum — all observed /ines— Continued

Intensity

and
Character

W dVdCJlglll

in ^ Spectrum
Energy levels

in cm"'

Intensity

and
Character

W aVclcllglll

in A Spectrum
Energy

in cm
cvcls

100 2952.99 II 9690 - 43544 40 3076.38 I 6049 - 38546

340 2953.56 5621 - 39468 360 3077.24
j

10690 - 43177
1 nn n 9055 '^9 II 140 ^078 9^ou i o. zo 6069 ^8546ooo^u

9956 R4. II 15726 49536 110 ^070 96ou i 7. 7U
T

12235 4469^'*'*U70

180 ^081 85OUO I . oo
T

6069 ^a5n8ooouo

170 2957.60 I 5621 - 39422 170 3085.54 I 10690 - 43090

35 2957.88 II 9746 - 43544 140 3087.53 6069 - 38448
10950 44689 60uu ^087 76OUO ( . 1 u IT11 9746 491 9^^Z IZO

996'^ ^^9 T
2010 35746 ou ^099 06 9253 41 585T" 1 000

120 2963.91 9253 42983 180 3092.44
.

9253 41581

770 2965.13 II 0 - 33715 40 3092.99 I 5621 - 37943
770 2965.54 2010 — 35721 150 3093.87

{

9705 - 42018
2965.92 II 0 33706 1801 ou ^005 '^Q 13352 45648

•JO 99fiR 98 II 11767 45447 7^ 3ini 0^O lU 1 . uo IT11 11767 44005t^-uuo

340 2969.47 3964 37630 40 3101.72 15391 47621

70 2969.90 I 13352 - 47013 560 3103.25 I 0 - 32215
430 2975.56

}

3964 - 37561 40 3104.42 9975 - 42178
9976 in 9253 42845 75 ^107 91O lU i . Z 1 9705 41 879T- 1 0 ( !7

fic;O J 9976 96 IT
11 1 9705 4.6995 40^u ^l 10 89O 1 lU. oz TI11

fin 9Q76 76 1 nnlUU 2119 onol I0.7U

100 2978.18 II 18554 - 52121 75 3115.86 I 2010 - 34095
170 2978.75

}

150 3117.44
{

2010 - 34078
9705 43239 7R 9110 CQ0 i 17. 07 10690 497'?7

4-Z ( 0 t

fin 9QQ4.Z70T-. ou J 9253 42752 Ql on QO0 IZU. 7Z { 10950 490Q9tz 700
9986 81 IT

1 I 2642 36113 00\J Ql 04 Q70 IZ^. 7 1
9010Zulu '^4nniOI-UU

1

190 2988.58 I 10690 - 44141 150 3127.76 II 9746 - 41709
60 2989.05

{

11243 - 44689 60 3129.55
{

9253 - 41198
1 on Z7O7.0U 6049 39490 1 1 n1 lU 9 1 90 QC0IZ7.7O

{

5621 17^6

1

0 ( ou 1

1 nn OQQl OC 6n6Q •jq4Qn07'*7U •iaoOOU 9 1 OA COolou.Oo 1 1 9441 1 Z'+t 411 77

i(\
t yj 9QQQ '17 II

1

1

1 ^^70 4.7895
1 OZO 97nz /U 9 199 f,A,oloZ.04* } ^064 1';877000 / I

50 3001.54 I 12866 - 46172 40 3133.55 I 9976 - 41879
35 3002.98 II 13560 - 46851 75 3133.89 II 5331 - 37231

(

u

'i(\f\A 1 Q 9705 42983 loU q 1 0 c OQ 9705 41 "^H^4-1000
II
11 Q60n7U7U 49960 II

11 1 9705iz ^ uo 't4'000

oV/UO. 00 1 986 =; 46 1 1

6

*U i lO OU 1117 AA IT11 06on707U 'fl 000

110 3010.84 II 5331 - 38535 60 3142.96 II 9746 - 41555
180 3011.12

{

13352 - 46552 75 c 3147.37
}

13352 - 45115
9 1 nZ i u in 1 1 QQ

1 1 . oo 5621 38813 QIAO (\A

!
9253 di nin1 1 U lU

1 pnn
1 oUU ^n 1 9 IT11 OOO 1 OOO lU

0 1 CA OC
0 1jU.oO 7Z00 4-uVOZ

i U
OA 1 ^ 97oU lO.O

/

1 1 944.1 I Z^^ 44^86 olOO.ZO 11 68^ 1000

1

000 J.0

60 3019.67 I 11244 — 44350 40 3156.76 II 11875 _ 43544
90 3024.09

j

5621 - 38679 75 3157.96 II 5331 - 36988
1 fin uUZO. lO 9705 42752 AO 1 1 qo nc.0 1 07. vO 12235 'tOOo 1

ZVU Q •^097 AftoUZ ( .4o iZZoO 4ozo0 7^^ 11A9 79•J iOZ. /z
!

QQ7A 4- 1 000

OUZ / .0

1

II
1

1

1 A AQC.14-'VO Al^^K.
'l iDlo 11 A1 11 QQ7Ayy iO dl CLft 14- 1 Oo 1

90 3028.78 I 9976 _ 42983 70 3163.82 I 9253 _ 40852

110 3030.29 6069 - 39059 75 3167.53 6068 - 37630
1 iU QA07 cr\ IT

11 6831 - 39744 q 1 £.0 1 Q0 loo. lo II11 15726 - A 70Q 1'+ ( Zol
oH/in 7noU4U. /U IT11 OOOO one QC oZU 1 1 7n 900 1 / u. zy

!

90A9oyoo ic:dQ7

7^ OA/in OQ 7^: 11 79 Q70 1 / Z. 0 /
1 1 0/1 A
1 lz44 'tZ ( OZ

290 3042.06 II 4125 _ 36988 270 3173.59 I 0 _ 31501

110 3042.44 II 11767 - 44626 200 3176.29
{

6049 - 37524
1 3 QA/ii no 10690 - 43533 0 1 70 1 Aol 10. LO

J

5621 — 17A770 ( U / /

1 1 A o04o.yb
}

13352 46172 1170 07ol (O.Zi
}

Z A<:A6069 0 / 0Z4
loU oUlo.oO 2010 0 A OAA34800 AnnOUU 0 1 OA QC

a loU. 70 A0 1 1 dOQ0 14Zo

530 3049.56 I 2010 _ 34792 110 3181.69 I 9759 _ 41180
110 3050.10 6069 - 38845 110 3182.57

{

6049 - 37461
1 c/o 0A C £ ^ O If

11 17231 49938 0/1z4U 9 1 Q/l0I04.OD
}

6069 97/1A10 /'+OI
1 1 A
1 10

0A C 7 OO3057.22 11 14581 47281 1 OAIzO 9 1 0 1 1 Aoiyi. 10
j

10690 A OA 1 04zUlo
1 ,1 A140 OAC o /I 6069 38754 10 91 00 0=;oiyz.zo

140 3060.29 I 3964 36631 200 3198.67 I 3964 35218
180 3063.56 5621 38253 40 3201.98 9976 41198
40 3063.88 75 3205.00

530 3069.24 12235 44807 150 3206.39 5621 36800
60 3073.39 10950 43478 45 3207.85 11244 42408
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Tantalum— all observed /inei— Continued

Intensity

and
Character

Wavelength
in A Spectrum

Energy levels

in cm"'

Intensity

and
Character

Wavelength
m A Spectrum

Energy levels

in cm"'

200 3213.91 11 5658 36764 45 3438.40
1916 Q1 6069 37146 on lAACi OA TT

11 14495 43554
75 3221.32 I 9976 41010 45 3445.10 0076 1R004

300 3223.83 I 5621 _ 36631 70 3445.91 I 15391 44402
180 3227.32 I 9253 - 40230 75 c 3446.91 II 12705 _ 41709

230 3229.24 90 3447.29
}

9253 38253
IT 14495 45447 9 in IdAI 77 0 28862

120 3230.86 12235 43177 45 3472.52 I 1 71S11 I ooo d.fil 794-0 1 t Z

85 3234.69 I 17384 _ 48290 45 3473.90 I 9976 38754
40 3236.40 I 45 3477.22 I 15391 _ 44141

70 3239.99 12235 43090 100 3477.45
{

9759 38508
120 3240.94 II 5331 36177 id.Hn "^9O^oU.OZ 6069 34792
200 3242.05 3964 45 3484.62 I Q 9H<iR0zoooy
200 3242.83 I 3964 34792 75 3490.93 I 10950 _ 39588
40 3248.52 I 11244 - 42018 380 3497.85 I 2010 — 30591

40 3250.36
{

6069 — 36826 75 3502.50 11244 — 39787
I u 1960 IR 0 30665 1 inlOU ic^n9 Q7 10950 — 39490

210 3274.95 II o loU ii7nA 240 3503.87 I
007A oooUiJ

85 3275.68 11 5658 36177 130 3504.98 I 3964 32487
70 3279.29 I 9759 _ 40245 75 3505.18 I 12235 _ 40756

70 3280.87
{

9759 - 40230 490 3511.04
{

5621 - 34095
1909 zlQOZVZ.H-O 9976 — 40339 9nnZUU oolo.ol 11792 — 40245

40 3293.93 I 55 3527.06 119/1/1

140 3295.33 I 11244 41581 75 3528.61 I 12866 41198
120 3299.77 I 6049 _ 36346 150 3531.58 I 9253 _ 37561

70 3304.38
{

9976 - 40230 40 3532.21
{

10950 - 39253
1 o lino 7fl 2010 32215 /o 9253 37524

1100 3311.16 I oOz I 55 3540.82 J

210 3317.93 I 3964 34095 100 3541.88 II 1031 29257
70 3318.53 I 5621 _ 35746 120 3549.05 3964 _ 32132

680 3318.84 2010 - 32132 55 3553.42
{

0 - 28134
oou a OOOA 00OooU.W 11 oo QCC7 QCODD i .yD 12235 — 40333

3331.02 55 3564.79 J iuyou QQQQ/1

85 3332.41 I 9253 39253 180 3566.72 I 6049 34078
70 3337.80 I 2010 _ 31961 150 3571.85 I 10690 _ 38679

85 3338.49 6069 - 36014 150 c 3573.44
{

15114 - 43090
1 in 1110 01 11 6831 — 36764 ODO^.Z I 9253 — 37146
30 3343.47 I 1 7no

I I /VZ 85 3584.51 I
1 OQA^iZOOD

130 c 3349.21 11 14581 44430 150 3586.29 I 5621 33497
90 3350.96 13352 43185 150 3595.64 I 10950 38754

130 3351.51
{

9759 - 39588 55 3602.48 11244 - 38994
/oU iAn7 A 1OOU / 2010 - 29723

170 3361.64 { 13352 43090 55 3625.23 I o6zl 0 Q 1 no

40 3362.53 I 9759 39490 980 3626.62 I 3964 31530
45 3366.66 I 55 3633.75 I

110 3369.28 I 6049 - 35721 500 3642.06 I 5621 - 33070
640 3371.54 3964 - 33615 /IA40 o£ico on000O.09

}

12866 - 40230
130 3376.05 { 9976 39588 21 3653.83 15391 42752

45 3376.49 11 40 3656.89 I

140 3379.52 II 4125 33706 60 3657.27 I 13352 40686

360 3385.05 3964 - 33497 60 3657.49
j

2010 - 29344

40 3387.46 11244 - 40756 oc O/^CO 70

40 3388.82 { 9253 38754 65 3661.69 11244 38546

230 3398.33 J 2010 31428 65 3662.34 II 9690 36988
170 3406.66 II UOO 1 36177 35 3667.82

450 3406.94 I 0 - 29344 65 3674.83
{

11244 - 38448

90 3412.89 9253 - 38546 00 1A7C 19oO/o. Iz 11792 - 38994

140 3414. 14 II 6831 36113 40 3681.04 } 13352 40510

45 3417.03 II 0 29257 40 3681.24 I

75 3419.74 3964 33198 60 3683.06 I

140 3424.45 I 6049 35243 100 3686.18 I 9705 36^26
90 3426.73 6069 35243 100 3689.73 9705 36800

180 3430.94 75 3693.05 12866 39936

75 3434.50 9705 38813 60 3694.52 II 14495 41555

140 3436.00 11244 40339 60 3695.38 11792 38845
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Tantalum— all observed /ine5 — Continued

Intensity

and
Character

Wavelength
in A Spectrum

Energy levels

in cm~'

Intensity

and
Character

Wavelength
in A Spectrum

Energy levels

in cm"'

21 3701.34 11244 - 38253 65 4013.19 12235 - 37146
i /

Q7 1 A 70 ion 6069 - 30895

40 3723.07 I 2010 - 28862 140 4029.94 J 10690 - 35497
130 3731.02 I 0 - 26795 85 4033.07 I 11792 - 36580

140 3736.76 I 11792 - 38546 19 4033.38 J 19178 - 43964

130 3746.36 17 4033.63
J

2010 - 26795

110 0 7 C/1 CO 3964 - 30591 DO A(\oc onWoO.oV 10950 - 35721

75 3755.11 I 9253 - 35877 35 4039.63 J 9253 - 34001

23 3757.75 J 9976 - 36580 120 4040.87 J 5621 - 30361
45 3759.75 J 0 - 26590 85 4041.06 I 0 - 24739

23 3760.21
{

9759 - 36346 65 4058.46 11244 - 35876
At; 'XlfiO 1

1

O (Oi. 1

1

10950 - 37524 /I 1

A

A AA 1 Af\4U0 1 . 4U 6049 - 30665
40 3770.52 J 210 4064.63 J 6069 - 30665

45 3770.93 J 5621 - 32132 100 4067.24 J 2010 - 26590
110 3777.10 I 9253 - 35721 310 4067.91 J 2010 - 26586

19 3784.25
}

6069 - 32487 40 4073.00
{

15391 - 39936
1 1 A
1 lU

Q7QO AO 0 - 26364 AC00 /1A7A lO4U ( y. ly 17993 - 42501
95 3823.60 I 606Q - 19 4081.13 I 1 / 000 't lo i y

40 3826.17 J 12866 - 38994 40 4085.80 J 17224 - 41693
85 3826.85 J 2010 - 28134 40 4091.26 J 15904 - 40339

95 3828.95 10690 - 36800 19 h 4095.55 II 11767 - 36177
5d QQQA AA IT

11 5658 - 31760 A A40 /I AA7 1 A409 /. 19 5621 - 30021
210 3833.74 II 1 1 QA 120 4105.02 j ZyjlV —

65 3836.60 3964 - 30021 19 4114.77 J 9705 - 34001
85 3839.03 J 9705 - 35746 19 4118.07 J

40 3844.04
{

55 4123.17 I 15114 - 39360
0 O /I A A A 9253 - 35243 oc85 A 1 07 OO 3964 - 28183

100 3848.05 j olOUl 210 4129.38 } lOool o / OO i

40 3849.42 J 230 4136.20 3964 - 28134
40 3859.80 J 9976 - 35877 230 4147.89 5621 - 29723

100 3885.20 11792 - 37524 75 h 4161.00
{OOAQ AO 12866 - 38546 O 1 A /I 1 7 C O 141 /O.Zl 9253 - 33198

19 bl 3896.43 TaO 75 4176.90 II i^Ool ^fit; 1 AOoO 10

35 3898.78 4176.99 12866 - 36800
65 3909.33 J 100 4177.92 J 11792 - 35721

40 3912.13
j

17224 - 42779 130 4181.15
}

9705 - 33615
on l^AA 21381 - 46933 QC /I 1 O 1 OA4iyi.zu 6049 - 29902

210 3918.51 J
AU zoo lo 55 4193.10 luyou OA 709

40 3919.47 J 300 4205.88 J 3964 - 27734
55 3922.42 II 6831 - 32318 120 4206.40 I 17384 - 41151

140 3922.78 I 6069 - 31554 95 4228.61 12235 - 35877
140 0 A O O AO3922.92 9759 - 35243 0 c00 /I OO o riA4zoZ.y4
65 3930.94 AAAA 0 1 CAT 55 4235.94 II

OA 07A AO A 7A4o4 /U

40 3936.55 J 10950 - 36345 28 4243.99 11244 - 34800
85 3937.84

I
12866 - 38253 130 4245.35 T 11244 - 34792

19 3942.24 I 6069 - 31428 130 4268.26 I 15391 - 38813
65 3952.16

}

15391 - 40686 65 4271.51

J

10690 - 34095
40 3954.29 95 4279.06 0 - 23363
65 3956.57

I 9976 - 35243 65 4286.38 J 19178 - 42502
19 3956.82 1 55 4294.36 J 13352 - 36631

28 3959.73 I 160 c 4302.98 I 9253 - 32487

210 3970.10
!

0 - 25181 95 4314.52
{

2010 - 25181

65 3979.28 10690 - 35813 65 4318.81 12866 - 36014
19 3981.01 II 11875 - 36988 65 4322.68

I
17383 - 40510

85 3981.95 15904 - 41010 85 4329.57 J 15904 - 38994

19 3983.82 I 9705 - 34800 35 4336.20 I 23927 - 46982
17 3984.98 9705 - 34792 85 4344.31

}

21153 - 44165
85 ?988 70 } 10950 - 36014 110 4355.14 22682 - 45637
40 3990.40 24546 - 49599 45 4360 83

I
10690 - 33615

210 3996. 17 6049 - 31066 45 4364.84 J

100 3999.28 I 6069 - 31066 55 4369.35 I 12866 - 35746
65 4003.70 5621 - 30591 28 4374.21 12866 - 35721
190 4006.84 2010 - 26960 45 4375.14 15904 - 38754
35 4007.23 15904 - 40852 28 4376.31 19657 - 42501

65 4012.11 19178 - 44095 28 4377.98 24982 - 47817
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Tantalum— all observed Zines — Continued

Intensity

and
Character

Wavelength ^
X opectrum

in A
Energy levels

in cm~'

Intensity

and
Character

Wavelength
in A Spectrum

Energy levels

in cm"'

100 3964 - z6795 4786.64 0705 ^05Q1

23 4381.88 I 21168 - 43982 220 4812.75 0 90779

150 4386.07 I 6069 - 28862 85 4819.53 I 13352 _ 34095

110 4398.45 I 2010 - 24739 85 4825.43 I 11244 - 31961

180 4402.50 I 9253 - 31961 55 4832.18 I 9976 — 30665

130
A A T C 1 A T4415.74 1

f.f\AO 9QAQQDU'ty ~ zoooy 65 4o40.4o 25009 45637

45 4419.55 I 6069 - 28689 30 4852.17 J 10950 31554

35 4424.96 I 20647 - 43239 19 4871.70 I 6069 _ 26590

65 4430.41 I 12235 - 34800 13 4879.14 I 23913 - 44403

35 4431.09 I 5621 - 28183 11 4881.94 I 10950 31428

40 4432.98 1 15391 - 37943 75 /I Qo 0 nc 9253 29723

55 4441.03 I 9976 - 32487 \30 4904.59 15114 35497

75 4441.68 I 10690 - 33198 40 4907.73 I 2010 _ 22380

75 4450.72 I 13352 - 35813 30 4914.96 I 0 - 20340

19 h 4451.87 I 9759 - 32215 110 4920.11 I 12866 - 33185

AC95 A Acc\ nC T4459.76 1 19178 - 41595 1 (in 4921.27

95 4473.52 I 9253 - 31601 on 4923.47 f;A91OOZ

1

zoyzo
45 4480.93 I 25009 - 47319 25 4924.96 I 17224 37524

40 4494.97 I 21855 - 44095 110 4926.00 I 6069 - 26364
40 4496.50 I 2010 - 24243 150 4936.42 I 12235 - 32487

360 c 4510.98 I 5621 - 27783 OU 4937.63 1 /ooo o ( OoU

75 4511.50 I 5621 - 27781 1 Q 4958.11

55 4521.09 I 5621 - 27734 25 4968.53 I 22380 42502

35 4521.71 I 21855 - 43964 45 4969.73 I 10950 - 31066

65 4527.50 I 22380 - 44461 18 4972.06 I 15391 - 35497

190 4530.85 I 6069 - 28134 oczo 4976.20 VZDo ZVo4'4-

28 4547.15 I 9976 - 31961 (

J

5012.52 1 nc^filUVDU OAOQC0UO70

130 455L95 I 3964 - 25926 200 5037.37 I 13352 33198

45 4553.69 I 11244 - 33198 90 5037.66 I 2010 - 21855

85 4556.35 I 11244 - 33185 90 5043.32 I 11244 - 31066

45 4559.46 I 12866 - 34792 1 Qlo 5044.42
}17 4561.48 I 2010 - 23927 9C

11 5058.70 1 / OfJO ^71

170 4565^85 I 9705 - 31601 100 5067.87 I 12235 I 31961

28 4566.86 I 25926 - 47817 45 5076.37 I 17383 - 37077

45 4573.29 I 12235 - 34095 30 5082.25 I 10690 - 30361

340 4574.31 I 0 - 21855 00 5087.37 QAQQC

28 4S80 69 I 9705 - 31530 5090.71 ZVo^-^

19 4583.17 I 9253 - 31066 40 5095.27 I 12866 32487

40 4601.42 I 15904 - 37630 25 c 5109.37 II 9690 - 29257

45 4602.19 I 9705 - 31428 20 5109.77 I 5621 - 25186

17 h 4604.28 I 22429 - 44141 1 10 5115.84 ZOO (0 4t)l 10

tjO fl 40 5117.25
0*7 "700
Z / /OO 4/oiy

260 4619.51 I 9253 - 30895 45 5132! 12 I 24981 44461

30 4622.96 I 22761 - 44386 30 5136.47 I 6049 - 25513

17 4624.84 I 21622 - 43239 100 5141.62 I 6069 - 25513

45 4633.06 I 9976 - 31554 100 5143.69
}

noc 0yzoo zoooy
fit; 'too 1 . 1 Z 1 75 5147.62 1 1 0/1 y1

1 lz44 oUODO

130 4669.14 I 9253 - 30665 25 5148^78 I 17383 36800

450 4681.88 I 2010 - 23363 25 5150.87 I 15391 - 34800

45 4684.87 I 5621 - 26960 75 5153.42 I 3964 - 23363

40 4685.27 I 9253 - 30591 330 5156.56
{

obzl zoouy
1 o 40oo.O'+ 1 75 5161.81 \)\) lb

OOQ /I A

130 4691.90 I 9759 - 31066 65 5163.65 I 5621 24982

85 4693.35 I 22682 - 43982 25 5166.79 I 12866 - 32215

65 4701.32 I 10950 - 32215 20 5171.63 I 10690 - 30021

65 4706.09 I 11244 - 32487 40 c
C 1 OA AO5180.98 O 1 oc c 41 lol

'to 4.799 Rfl 1 0 - 21168 20 5188.93 IZOOD 0 O 1 0 o

85 4730.12 I 12866 - 34001 9nzu c 5193.99 I 36631

27 h 4738.35 I 23363 - 44461 20 5206.26 I 14875 34078

150 4740.16 I 9976 - 31066 110 5212.74 I 0 19178

40 4745.93 I 17383 - 38448 110 d 5218.45
{

2010 21168

220 47bo.51 1
QO£,4 01QQ9 COIR (\f\lo. UU 9705 28862

45 4758.03 I 10950 - 31961 40 5230.80 6069 25181

120 4768.98 I 12235 - 33198 30 5235.39 12866 31961

85 4780.94 I 10690 - 31601 30 5237.53 II 14628 33715
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Tantalum— all observed lines— Continued

Intensity

and
Character

in A Spectrum
Energy levels

in cm"'

Intensity

and
Character

W 3velcn£tn c
• X bpectrum
in i\

Energy levels

in cm"'

18 5244.78 I 9705 — 28767 30 5755.81 I 23141 - 40510
30 5275.02 I 10950 29902 15 h 5761.61 I 24243 — 41595
1A 5279.82 I 1 709/1 ooloy 9"^ OIUU.OU 1

noc 0yzoo 0/; C AAz6o9U
18 5281 02 I 9759 28689 30 c 9253 26586
90 5295.01 I 9253 _ 28134 10 5771.93 I 25181 42502

40 c 5318.67 I 25186 — 43983 130 5776.77 I 6049 — 23355
75 5328.38 I 2010 20772 25 5780.02 I 20647 — 37943

'i'^3fi 1 I 1 9PAAiZoOO OlOUl O I OV/. 1 1 1 ouoy ZOOOO
3964 I 22682 lOv 'iSll 10 IOO 1 1 . lO 1 3964 21168

5342 25 I 9976 _ 28689 25 5816 SI I 26795 _ 43983

50 5349.09 I 6049 — 24739 45 c 5843.94 I 9759 — 26866
50 5349.57 I 12866 31554 13 5849.68 I 10690 27781

oo OuOV Z4 1 oV 1
c;lO ^866 61 I

1
1; 17383 36014 240 =i877 16 T 13352 30361

5373 01 I 130 5882 30 T 23515 _ 40510

25 c 5388.51 I 28767 - 47319 90 5901.91 I 11244 - 28183

90 5389.30 I 2010 — 20560 30 5916.51 I 11792 - 28689
4.0 925o OTTO 1

z / loi 00 •ioia o'l T 9976 26866
ZD C0Q7 C<L T 17224 35746 1 c10 cQoc on Iovzo.vu 1 28766 45636

'i4fl9 '^l T 0 18505 1 cID O7OU.OZ 1 12866 29723

13 5403.54 I 15114 - 33615 23 5931.05 I 24739 - 41595
45 5404.96 I 17224 - 35721 20 5931.68 I 17224 - 34078
1 ^ r;4.nt; on T04'UO.oU 1 17383 35877 ISlo oyoo.o^- 1 23913 40756
ou idftS 78 TOH-UO .to 1 22428 40911 1 10lOU O7O7. (O 1 9759 26590
1

R

1 o 9705 28183 940z^u 074-4'.UZ 1 9976 26795

25 c 5413.48 I 6049 - 24517 25 5951.78 I 39253 - 56050
130 5419.19 I 6069 - 24517 18 5960.13 I 23913 - 40686

f\f\ IO'rOl.OO 1 21381 39786 1 QO f1 vu c 1^007 91 TOWf.ZO 1 13352 30021
idl"; 97 I 10950 29344 91^zo n OUUV.oV 1 24517 41151

9"; 21153 39468 9=^zo f.(\] c: on I0U10.70 1 17383 34001

90 5461.29 1 5621 - 23927 100 6020.72 I 9759 - 26364
13 5471.56 I 250 6045.39 1 11244 - 27781
in 04- i 0.0 1 1 22428 40686 1 00 f\(\A.l 9^ TOU4-/.ZO 1 12235 28767
1 c10 04-0 1 . 10 i 23355 41595 9'^ZO OUOo. (U 1 9705 26220
9nzu O^oO.^O 1 23363 41595 10ou (\C\QC\ Q9 TOUVU.oZ 1 25181 41595

40 5490.11 I 18 6092.06 I 22842 - 39253
20 5494.78 I 6049 - 24243 100 6101.58 I 22429 - 38813
ou CAQQ AA T04-77.

1

13352 31530 zo AiAfi 07 TOl4'U.U/ 1 26220 42502
1 n OOUU.OO 1 6069 24243 OO 014-4'.00 1 10690 26960

OOUO.uO 1 9976 28134 ou OIOZ.O^ 1 27734 43983

15 c 5516.27 I 130 6154.50 I 9976 - 26220
90 5518.91 I 17383 - 35498 40 6158.84 I 17383 - 33615
Q OOZ 1 . 10 1 20647 38754 lO fil 70 4fi Ioil u. tu 1 27781 43983

1 n OOZo.Vc) 1 26363 44461 1 1;lO 6180 ftfi IUIO7.00 1 22842 38994
OOZo.oO 1 3964 22047 1 c10 ^^101 1 1 1OIVO. 11 1 21381 37523

10 1 5.545.20 I 12866 - 30895 25 6208.37 I 25478 - 41581

20 5548.32 1 17224 - 35243 40 6249.79 I 12866 - 28862
oU 0004.UZ 1 27734 45637 lOU OZOO.OO 1 6069 22047
1 ^ OOVo. / O 1 97781 4'i617 lOU OZOO. lU i 12235 98181^0 100

ou OOW.OZ 1
9778'? 4^1617tOUO t ou OZiO.04- 1 91 1 SI^1100 17076

9 c 5605.50 I 17383 - 35218 65 6281.33 I 10950 - 26866

9 c 5617.71 I 23355 - 41151 15 6287.36 I 21622 - 37523
w JDZU.OO 1 12235 30021 /in A9Q7 01 TOZo/.Vl I 12235 28134
lo OOZO.ZU 1 9^9 1 Q 41089 Ad £OQQ OA 1 lOfiOO1 00 70 zuoou
on 0000. 11 1 1 uvou Z0007 ou A*5no 0^^ IOoUV.UO 1 91^14zoo lOlfiO

40 5640.18 I 12866 - 30591 150 6309.58 I 10950 - 26795
150 5645.91 I 9253 - 26960 25 c 6312.22 I 24917 - 40755
1 oU O0O4.VU 1 2010 19658 lo OOZO.U<5 1 6049 21855
onoO c oo o c I0688.25 I 17224 34800 oU OooZ.Vl 1 6069 21855

40 5699.24 I 9253 26795 OO 117 1004' 1.1/ 1 22428 38194

15 5704.31 I 21153 38679 30 6346.02 I 9759 25513
25 5706.28 I 24982 42502 75 6356. 16 I 9253 24982
30 5715.24 I 10690 28183 65 6360.84 I 11244 26960

8 5716.53 I 12235 29723 40 6373.06 I 22761 38448

23 5746.71 I 26586 43983 15 6379.07 I 26575 42247
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Tantalum— all observed Zirees— Continued

Intensity

and
Character

jj, A Spectrum
J-jllClgj lev Clo

Intensity

and
Character

W dVClcllHlll r.

1 spectrum
in

Energy levels

in cm"'

90 6389.45 I 21153 - 36800 20 7000.21 I 23912 - 38194
23 h 6392.21 I 10950 - 26590 40 7005.07 I 6069 - 20340
65 6428 60 I 1 1 244 - 2679'i to 7006 06 T 9976 - 24243

250 6430.79 I 1223S - 27781 709=; 01 I 10950 - 25181
13 6437 36 1

40 6444.61 I 20646 - 36159 13 7031.51 I 17383 - 31601
30 6445.87 I 23912 - 39422 40 7039.07 I 22429 - 36631

200 64^0 i.f> T 1^Z>00 £. 1 1 O^ 1 h10 11 70fil 30 T
1 UO 1 . ou X zoolz - o/ooU

20 645S 83 I 7Z.tJiJ 1 07 90 70ft 40 It VOO . T'V/ 1 9253 - 23363
30 6459.92 I 9705 - 25181 23 7093.02 I 12866 - 26960

380 6485.37 I 13352 - 28767 8 7108.05 I 22761 - 36826
18 h 6502.43 1 2010 - 17384 15 c 7117.52 I 25376 - 39422
65 6S05 52 I 9064.6 - ^601 90ZU 7191 97 TJ iz 1 . Z 1 X ZZ / Ol — OOoUU
100 6514.39 I 1 1 94.4 - 96^190 40^u 71 91c 79 T 3963 - 17993
100 6516 10 T 1 1 944 - 96Sa611 ^TT" ZiUOOU 1 =^0

1 0V 714.R 63 I
1 1^0.UO X 12235 - 26220

25 h 6561.60 I 10690 - 25926 110 7172.90 I 11244 - 25181
25 cw 6564.26 I 20646 - 35876 13 c 7174.91 I

100 6574.84 I 77lU ^OlOl 10 7101 T
1 1 7 1

.

00 1 24546 - 38447
1 n ACLQC TO TUOOO .10 X ZZ (01 o / 74'0 Q0 79^Q Af^ T(ZoO.'l'O 1

1 "i f ^ iU^Z OU ( 77 ou n 79CA 97 1/ZOU.Zi 1 10950 - 24739

no 6611.95 I 11244 - 26364 11 h 7264.82 I 24917 - 38679
75 6621.30 I 6069 - 21168 6 7272.29 I

15 cw ODOZ.Z^ X ZliOo oOlOV ^nou 797A OA !/Z(0.70 1 11244 - 24982
inn UU 1 0 . 1 O X

Q7c;q _ 94.7'^Q7 / 07 / 07 c;0 7977 T 22842 - 36580
lOV/ UU i J . Jt> X 1 1 94.4. - 9^990 Q7 79OA OA I(ZOU.OU 1 11792 - 25513

30 6684.00 I 21622 - 36580 13 c 7296.32 I

15 6693.61 I 23512 - .38447 140 7301.74 I 12235 - 25926
u / uu. tu X lo 1 14* OUUZI 90ZU 7^10 ft4. 1i0i7.o4- 1 9705 - 23363
6700 ^O I Z0710 OOOlO 1 1 f*11 c 7099 79 T

/ OZZ. f Z 1 15114 - 28767
in U / 1 ^ . 1 96099 — 40011 110 /OZO.7O 1 21153 - 34799

15 h 6723.61 I 22761 - 37630 11 cw 7340.19 I 21622 - 35242
75 c 6740.73 I 13352 - 28183 160 7346.41 I 6049 - 19658

D i 04-. 7 1 1 ZO ( VD 'flOVO 14-U c /OoZ. oD i 9759 - 23355
lo C Oi 00.00 1

1 1 709 _ Of^^QCi
1 1 / 7Z ZOoVU 1 nnlUU /O0O.7O i 6069 - 19658

0 M U.o 1 i
9*^01 — ^JIA7QZ07I0 00O/7 on ^ 1.)vu cw 7^AQ no T(OOV.UV 1 10950 - 24517

75 6771.74 I 9976 - 24739 160 7407.89 I 11244 - 24739
40 cw 6774.25 I 9759 - 24517 11 c 7435.19 I 26022 - 39468
40 cw AVfJQ QQ TU / OO . 77 1 l^Z.CiO ZO7OU 9^ZO 74.4.0 1 7 T 25376 - 38813
lo C OiVU.UO 1 Z4-7 1 1 0704-

1

ou 1 4'0 I . lo 1 9976 - 23363
1 1lo 0(77.// i

AfiAQ 90779OUD7 ZU / i Z 97ZO /'+0O.UI 1 20646 - 34001

40 c 6810.46 I 23514 - 38194 30 7520..56 I 10950 - 24243
160 c 6813.25 I 9253 - 23927 6 7569.23 I 17383 - 30591
9n UO i 7 . OU 1 z. I loo 000 1

0

q 7c;oo 99 II 07U. ZZ X 22842 - 36013
1 0 C OOZt.VO 1 994.9ft — "^707^ZZ'+Zo 0 1 u 1

0

7640 69 \ 22428 - 35497

1 O AQ'io nn IOooZ.UU 1
91 Iftl — '^AOl 1Z 1 00 1 oOU lo I 1 ViII n 7799 09 I 12235 - 25181

15 6850.83 I 21153 - 35746 11 7763.11 I

15 6865.13 I 10950 - 25513 9 c 7779.67 I 20646 - 33497

ziu OoDO.ZO 1
199*^^^ 9A7Qt^IZZoD ZO (70 9n r>ZU c (o4-Z. (0 i 12235 - 24982

Oo iZi./. i 1
Q07A 94^:1777 (0 Z'+0 1 (

1 nnlUU 7009 07 I
1 1 944 - 93997Z07Z i

OO I 1

.

4-7 1 9 1 A99 — '^A 1z 1 ozz 00 1 07 ^nou 7QqA IQ I
1 7OU. 17 1 1 33'i91 oooz - 25926

15 6896.77 I 10690 - 25186 5 7952.07 I

40 6900.55 I 26022 - 40510 6 7998.75 I 17224 - 29723

loU AOno in IOVUZ. lU 1
07c:o OAOA'iy/ov — Z'lZ'+o 0 0099 no !0UZZ.U7 1 21153 - 33615

OVZ/.OO 1 loooz — Zi loo
7c:
(O

QA9A CA ToUZO.oU i 6049 - 18505
AQOQ Q 1 I07Z0..14 1

1^^=;9 977Q1 c0 ftn9Q (\A IOUZ7.U4- 1 11792 - 24243

8 h 6939.33 I 26575 - 40981 15 8039.08 I 6069 - 18505

20 c 6946.87 I 21622 - 36013 8 8053.93 I 10950 - 23363

65 6951.26 I 13352 - 27734 15 8068.98 I
OTTO 1- z7781

to U7 «)0 . OO 1 17094 _ 11601 5 8100.11 I 9705 - 22047

180 6966 1
'\ I 12235 - 26586 13 8128.76 I 23514 - 35813

8 6969.49 I 21153 - 35497
8158.54 I 24546 - 36799

8 c 697L31 I 23912 - 38253 9

9 6971.53 I 21381 - 35721 5 c 8180.74 I

11244 - 23363
. 23 6983.52 I 22761 - 37077 13 c 8248.95 I

110 d 6995.22 I 10690 - 24982 20 d 8264.85 I 9759 - 21855

6995.49 I 6049 - 20340 75 8281.62 I 9976 - 22047
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Tantalum— all observed /inei— Continued

Intensity

\_illal aCici

Wavelength
in A

Snpftriim Energy levels

in cm"'

Intensity

v_> iial dl^lCl

Wavelength
in A

Energy levels

in cm"'

11 8389.06 I 21153 - 33070 11 h 8550.49 I 12235 - 23927
5 8415.73 I 9976 - 21855 15 8575.92 I 13352 - 25009

25 cw 8447.62 I 13352 - 25186 10 cw 8595.84 I 13352 - 24982
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Tellurium

Te, Z = 52, M = 127.6, Ratio— = 2.008
Lu

Te I Normal state of valence electrons 55^5p^^P2 = 0. LP. = 72667 cm"^
Te II Normal state of valence electrons Ss^5p^ '^S°ii2^ 0. LP. = 150000 cm-i.

References

Wavelengths:

J. F. Ward, unpublished material (1969).

Classification:

Te I, O. Bartelt, Z. Physik 88, 522 (1934).

Tellurium— all observed lines

Intensity

and
Character

Wavelength
in A Spectrum

Energy levels

in cm^'

Intensity

and
Character

Wavelength c
^ " bpectrum

Energy levels

in cm"'

14000 1994.18 4751 - 54877 500 2259.02 I 0 - 44253
26000 2002.02 4751 - 54685 1200 2383.26 I 4706 - 46653

6500 2081.16 10559 - 58596 1500 2385.78 I 4751 - 46653

18000 2142.81 0 - 46653 120 2530.72 I 4751 - 44253

3200 2147.25 10559 - 57116
110 2677.13 I

360 2159.85 I 10559 - 56845 100 3175.14 I 23199 - 54685
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Terbium

Tb, Z = 65, M = 158.9254, Ratio 7^ = 2.501
Lu

Tb I Normal state of valence electrons 4^p6s^ "H",/, = 0. LP. = 47200 cm-i.

Tb II Normal state of valence electrons 4/%5 '^8= 0. LP. = 92900 cm-^.

References

Wavelengths:
A. Gatterer and J. Junkes, Spektren der Seltenen Erden (Specola Vaticana, Vatican, 1945).

Supplemented by:

J. M. Eder, Sitzber, Akad. Wiss. Wien, Math, naturw. Kl. 131, 199 (1922).

A. S. King, Astrophys. J. 72, 221 (1930).

P. F. A. Klinkenberg and E. Meinders (see below).

About 70 lines above 7000 A were measured on our plates.

Classification:

Tb I, P. F. A. Khnkenberg and E. Meinders, Physica 32, 1113, 1617 (1966); 37, 197 (1967); 38,253 (1968);

42,213(1969); 50,625(1970); 57,594(1972).
Tb II, E. Meinders, Physica 42, 427 (1969) and unpubhshed material (1969).

Spectrum Assignments:
From 3837 to 4677 A the assignment of spectrum is from A. S. King, Astrophys. J. 72, 221 (1930).

The rest of the assignments are from our plates.

Strong lines of terbium

Intensity

and
Character

Wavelength
in A Spectrum

Energy levels

in cm"'

Intensity

and
Character

Wavelength
in A Spectrum

Energy levels

in cm"'

5700 3509.17 II 0 28488 1600 3568.98 II

4700 3702.86 II 1016 28014 1600 3600.44 II

4200 3568.52 II 0 28014 1600 3901.33 I 462 - 26087
3800 3324.40 II 1500 3293.07 II 6372 - 36731

3800 3676.35 II 1016 28209
1500 3830.26 I 285 - 26386

3700 3848.73 II 0 25975 1300 3523.66 II

3500 w 3874.17 II 0 25804 1300 4061.58 I 462 - 25076
3200 3561.74 II 3010 31078 1200 3219.98 II

3000 4326.43 I 0 23107 1100 3218.93 II

2400 3703.92 II
1100 3540.24 II

2400 3899.20 II 3010 28649 1100 3579.20 II

2300 3650.40 II 1100 3755.24 II

2200 d 3976.84 II 0 25138 1100 4144.41 II 1016 - 25138
2200 4318.83 I 0 23147 1000 3285.04 II

2100 3776.49 II
II 3542 - 304761000 d 3711.76

2100 4033.03 II 1016 25804 970 4002.59 II 5171 - 30148
2000 3658.88 II 1016 28339 870 3747.17 II

1900 4005.47 II 1016 25975 870 3747.34 II

1800 3981.87 II 3542 28649 870 4032.28 I 2310 - 27103
1700 3765.14 I 509 27061

4336.43 I 2771 - 25825870
1700 4338.41 I 0 23043 870 4356.81 I 2771 - 25717
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Terbium— all observed lines

Intensity

and
Character

Wavelength
in A Spectrum

Energy levels

in cm~'

Intensity

and
Character

Wavelength c Energy levels

in A pec rum
in cm"'

29 2577.73 II IQOi.y\j 901:9 14. II

110 2584.61 II 75 2854.20 II

29 2590.31 II 75 2854.96 II

29 2591.42 II 75 2855.65 II 0 - 35007
24 2592.64 II 110 2857.68 II

55 2597.71 II 95 2R61 34 IT

40 2602.93 II 40 2864.48 II

110 2608.57 II 50 2867.42 II

40 2616.90 50 2872.32 II 0 - 34804
130 2628.69 II 0 - 38030 40 2872.55 II

55 2655 96 II 75 ZiOO 1 . ^0 11

50 2661.40 II 95 2884.68 II

24 2661.64 II 75 2885.90 II

55 2667.64 II 230 2886.29 II

50 2668.86 II 75 2887.44 II

140 2669.29 n 50 PflRR 10 II

40 2674! 13 II 40 2888.31 II

40 2674.69 II 40 2888.82 II

29 2678.15 II 75 2889.66 II

40 2683.97 II 40 2892.49 II

oo II
1

1

n _ ^710^ lUU ZOVH-.H-O 11

50 2691.90 II 55 2896.04 II

35 2693.05 II 320 2897.44 II

55 2693.41 II 160 2898.86 II

35 2695.46 II 110 2901.54 II

50 II 9Q0'? 94. II

35 2701.52 II 40 2907.10 II

190 2704.07 II 110 2910.30 II

95 2706.28 II 75 2911.77 II

50 2713.22 II 40 2912.65 II

35 2720.89 II 40 2913.39 II

35 2724^29 II 160 2914^75 II

35 2726.49 II 160 2915.30 II

65 d 2730.21 II 190 2915.60 II

35 2733.90 II 120 2916.24 II

35 2735.45 II 1 90 2918.89 II

35 2735^99 II 65 2919^00 II

130 2736.24 II 120 2924.16 II

65 2742.26 '
II 120 2924.53 II 3010 - 37193

85 2743.50 II 65 2925.94 11

Oo 971:7 A] II
11 1

0

9Q'll dl ITi 70 1 . H' 1 11

160 2759.47 II 160 2932.89 II

65 2760.96 II 75 2933.79 II

35 2766.57 11 55 2934.80 11 1016 - 35080

35 2767.02 II 55 2936.39 11

970 97^0 II
1

1

^74-U.UO 11

35 2782. .35 11 85 2941.70 II

35 2783.00 11 85 2944.90 II

130 2784.49 11 95 2945.70 II

35 2785.50 II 75 2946.87 II

£. 1 7\J .7.)
II
11 00 2949.04 11

180 2800.51 II 55 2950.04 II

75 2800.63 n 250 2956.21 II

250 2802.75 II 40 2957.32

250 2809.30 11 1016 - 36601 40 2957.70 II

inn 9019 f,AZo i Z.Of II
11 9960 II 0 - 3'?767

40 2818.48 II 55 2962.78 II

40 2819.78 II 95 2963.97 II

85 2827.41 II 85 2964.76 II

75 2833.03 II 55 2965.32 II

OO 9000 70 IT
11 1 70 90fift 87 II

40 2842 00 II 40 2974.15 11

75 2843.95 11 170 2977.78 11

75 2845.93 11 40 2981.99 II

55 2851.04 11 110 2987.03 11
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Terbium— all observed Ziraes— Continued

Intensity

and
Character

Wavelength
in A Spectrum

Energy levels

in cm"'

Intensity

and
Character

Wavelength r- . Energy levels
i Spectrum . _i

in A ^ in cm

110 2988.57 II 95 d 3091.62 II

40 2989.84 II 95 3092.96 II

85 2991.96 II 65 3093.20 II

50 2992.54 II 95 3096.86 II

130 2996.00 II 50 3097.40 II

110 2999.03
TT
11 230 3102.54 II

1 O 3002 45 n 480 3102 96 II

85 3004.58 II 95 3108.41 II

130 3005.52 II 65 3109.15 II

55 3007.11 II 65 3109.82 II

170 3009.30
II
11 65 3112.43 II

55 3010.12 II 50 3112.53 II

230 3010.59 II 75 3113.62 II

65 3013.61 II 50 3116.66 II

230 3016.18 II 75 3117.26 II 3010 - 35080

130 3019.17
TT
11 290 3117.89 11

170 3020.29 II 290 3119.62 II

55 302 L 95 II 95 312L43 II

110 3023.43 II 230 3121.94 II

75 3023.70 II 75 3122.83 II

170 3027.33 II 230 3123.05 II

n11 3124.02 II

85 3029.23 II 160 3124.54 II

230 3031.60 II 95 3126.16 II

85 3032.83 II 50 3128.88 II

75 3034.09 II 110 3131.35 II

oo 3034.91 II 250 3n4 96 IT

50 3037.04 II 95 3135.35 II

85 3038.66 II 95 3137.22 II

50 3042.07 II 50 3138.63 II

50 3042.50 II 440 3139.64 II

OUt-^ . OO II11 190 3140 06 TT 1016 - 398S3

95 3043.65 II 85 3143.38 II

230 3044.96 II 230 3145.22 II

50 3047.00 II 150 3146.67 II

50 3050.57 II 310 3147.04 II

190 3051 . 13 II 310 3147.15 II

95 30,52.18 II 65 3148.21 II

130 3053.24 II 310 3148.71 II

460 3053.55 II 65 3154.69 II

50 3061.80 II 65 3155.10 II

1 OUU^ . 1 o 190 IISS 69 TT

230 3064.09 II 50 3156.52 II

50 3064.51 II 50 3157.49 II

50 h 3065.17 II 75 3158.66 II

110 3065.69 II 95 3159.22 II

oUO.j. oO IT
1

1

70 Q] CO jq IIO 1 0 7 . 07 11

230 3067.20 II 130 3162.42 II

270 3069.03 II 290 3162.93 II

460 3070.05 II 95 3163.85 II

270 3072.60 II 75 3164.10 II

cc00 Qfi? 1 7 1 M
11 yo SlAd, 77 IT

95 3076.06 II 190 3165.74 II

670 3078.86 II 380 3167.52 II

65 3080. 1

1

II 140 3168.32 II

95 3081.55 II 50 3168.59 II

oo oUoZ .U 1
11
11 910 3169.84 II

480 3082.36 II 95 317L19 II

75 3083.81 II 190 3173.76 II

65 3085.99 II 380 3174.66 II

120 3086.78 II 75 3175.45 II

65 3087.54 II DU 0 1 70 QA TI

250 3088.43 II 380 3180.54 II

50 3089.10 II 50 3181.22 II

480 3089.58 II 95 3183.28 II
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Terbium— all observed /tVies— Continued

Intensity

snd
Wavelength

in A
Energy levels

in cm"'

Intensity

and
Character

Wavelength
in A bpectrum

Energy levels

in cm"'

95 o1oo.d4
TT
11 230 3264.90 II

140 3183.88 II 75 3965 Q3 II

95 3186.23 II 400 3266.40 II

480 3187.26 II 0 - 31365 190 3268.10 II

290 3188.03 II 150 3268.52 II

90 Ql QQ CColob.oo XT11 75 3270.63 II

50 3188.83 II 150 327? 35 11 lUlU OlOUU
95 3189.97 II 250 3274.14 II

50 3190.72 II 250 3274.33 II

65 3192.76 II 65 3275.66 II

0 1 CiA 1 OolV4. lo
TT
11 210 3277.32 II

190 3194.69 II 110 3277.73 II

380 3195.60 II 760 3280.31 II 0 - 30476
50 3198.02 II 760 3281.40 II

480 3199.56 II 520 3283.10 II

1 C AioU 11 50 O OO O O

1

3283.81 TT
11

95 3202.70 II 1000 3285.04 II

65 3202.95 II 150 3285.21 II

75 3207.09 II 50 3286.98 II

130 3207.53 II 310 3287.55 II

95 3207.96 II 310 3291.56 II

65 3209.54 II 1500 3293.07 II 6372 - 36731

50 321o!oi II 110 3294.00 II 1016 - 31365
150 3210.22 II 210 3295.33 II

95 3215.01 II 110 3298.20 II

1100 3218.93 II 310 3298.66 II

1200 3219.98 11 110 3304.10 II

95 3220.17 II 110 3304.26 II

50 3222.37 II 210 3304.95 II

95 3222.97 II 110 3305.37 II

50 3227.48
IT
11 75 3306.41 T T

11

150 3229.19 11 420 d 3307.44 II

250 3230^03 II 85 3307.80 II

250 3231.06 II 210 3308.51 II

95 3231.46 II 110 3309.17 II

85
1 rt 1 o f\c\
3232.00

I T
11 50 3310. 10

I

T

11

50 3232.73 11 75 3310.37 II

95 3234.50 II 110 3310.80 II

110 3235.78 11 0 - 30895 150 3312.53 II

95 32,36.20 II
- 150 3312.78 II

210 d 3239.60 II 210 3314.38 II

250 3240.00 II 50 3314.70 II

190 3240^65 II 110 3315^07 II

75 3243.20 II 50 3317.58 II

50 3244.60 11 110 3319.16 I 0 - 30119

95 3245.17 II 340 d 3321. 15 II

OU II
11 4.90 00£.Z-, zo IT11

50 3247.18 II 210 3323.38 II

65 3249.61 II 210 3323.89 II

50 32.50.75 II 3800 3324.40 II

50 3250.95 II 150 3325.49 T I
11

1 A 1 £ o 1 f\n o1016 - 31078

1 Ov n 110 3327. 1

1

II

480 3252.32 II 520 3329^08 II

65 3253.54 II 110 3333.21 II

65 3255.22 II 120 3333.93 II

95 3259.38 II 1 10 3334.25 T T
11

ion II11 210 3334 48 II

50 3260.66 II 110 3335.42 II

95 3260.83 II 250 3336.70 II

190 3261.74 II 310 3338.03 II

95 3262.68 11 250
o 1 o r\ c\f\
3339.00 11

OCAzoU ozoz.y

/

II
11 0007. 0

1

II
11

50 3263.65 II 50 3.342.98 II

230 d 3263.87 II 120 3343.77 II

50 3264.06 II 50 3343.93 II
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Terbium— all observed Ziraes— Continued

Intensity

and
Character

Wavelength c
;^ ^ Spectrum

Energy levels

in cm

Intensity

and
Character

Wavelength
in A spectrum

Energy levels

in cm"'

004'0 OZ 11 210 3410.68 II 3542 - 32853
OUT* (

97 TT
i 11 ozu QAl 1 7AO^-IO. 10 TT

11

210 3348 07 II 270 3416.24 II

85 3348 23 II 85 3417.72 II

150 3348 54 II 55 3417.91 II

1 uu ^^4Q 49 TT11 55 3418.86 II
inn ooo 1 AA TT^4 11 ccOO o'tio.yo TT

180 3352 89 II 85 3419.54 II

50 3356 18 II 400 d 3420.34 II

120 3357 37 II 190 3422.44 II

oooo i.f\ TT4-0 11 75 3423.05 II
1 in oooy Hfi TTOU 11 1 10 0A9^ Of, IT

11

50 3360 05 II 190 d 3424.35 II

50 3360 29 II 110 3424.66 II

320 3362 25 II 55 3425.92 II

1 1 n1 lU Z4 11 110 d 3428.16 II
QCoo oo04 00 11 JO 04.90 7104^0. ( 1

IT
11

760 3364 93 II 55 3429.09 II

110 3365 27 II 210 3430.61 II

150 3367 18 II 55 3431.86 II

o on d 3370 61 U 110 3432.35 II
0 OA 0 0 "7 1337

1

CA T T50 11 1 in 04.09 OA II
11

520 3372 36 II 320 3433.26 II

460 d 3372 72 II 55 3434.54 II

190 3374 41 II 75 3434.92 II

C OA 3375 AO IT03 11 75 3435.53 II
1 1 A S6lb 00 11 OO ^/I'iA 07 II

11

160 3376 66 II 190 3438.57 II

190 3377 66 II 75 3439.05 II

110 3378 40 II 270 3439.72 II

66 Its
no II73 11 520 3440.37 11

^OA 0 0 "70
00 10 0£. II00 11 04H* 1 .00 TI

11

85 3379 15 II 320 3444.58 II

160 3380 60 II 210 3446.40 II

85 3380 89 II 270 3449.46 II

9 OA OOOZ OA IIoO 11 110 3450.30 II
1 1 A d 0 0 o/;OOOO Ad II4V 11 1 in ^7 IT

11

85 3388 37 II 75 3453.46 II

55 3388 63 II 810 3454.06 II

110 3390 02 II 110 3455.35 II

O 1 A
z 10 3390 60 II 55 3455.99 II

380 3391 28 II 1 in1 lU 04c:/;0400. JO 11
11

75 3391 72 II 160 h 3457.03 II

160 3392 01 II 190 3458.71 II

55 3393 01 II 380 3460.38 II

160 3393 49 II 1016 - 30476 190 3461.00 II

110 3394 77 II oin AZoU u Q/IA9 Q7 11

160 3395 09 II11 55 3464.63 II

55 3397 60 II 110 3465.98 II

270 3398 35 II 75 3466.92 II

85 3398 58 II 620 3468.03 II

320 3399 10 II O'+OV. /U
IT
11

85 3399 ^n II 75 3469.85 II

110 3399 97 II 160 3470.36 II

270 3400 53 II 270 3471.73 II

210 d 3400 86 II 270 3472.37 II

420 3402 33 II Bin A0 lu a 0479 70 II
11 XUlO — ZVoUo

rr
OO 0 ;1 AO04UZ 70 II

lis 11 210 3473.00 II

55 3404 24 II 55 3473.28 II

160 3404 71 II 75 3473.79 II

190 3406 01 II 55 3475.72 II

40 3407 10 II
1 1 A
1 10

0 A nc 1

0

3476. 12
II
11

85 3408 86 II 110 3476.29 II

160 d 3409 94 II 55 3479.29 II

210 3410 40 II 380 3480.17 II
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Terbium— all observed Zme5— Continued

Intensity

3nd
Wavelength

in A 0|JCdI Ulll
Energy levels

in cm"'

Intensity

and
v< iidracier

Wavelength
in A opcctrum

Energy levels

in cm"'

QC00 XT rr
OO OCACi O 1oo4V.zl

75 3482.80 II 150 3549.36 II

230 3483.04 II 310 d 3551.03
230 3483.69 II 320 3551.96 II

no 3487.28 II 160 3555.29

OO O'to / .OZ TT
11

ccOO OCCA ACoooo.Uo

290 d 3489.51 II 0 - 28649 no 3556.25
no 3489.78 II 75 3558.09
75 3491.24 II 6372 - 35007 460 d 3558.77

210 d 3492.00 II 55 3559.14

1 AH TT
11 zyu Oreo QOoooV.oV T

1
OQC OQ070ZOO — Zoo t Z

no 3492.99 II 230 3559.76 II

270 3494.21 II 3200 3561.74 II 3010 - 31078
160 3494.92 I 285 - 28890 480 3562.90 II

270 3495.36 II 160 3565.34

c c00 TT
11 0 l\J OODO. /4

160 3499.33 I 810 3567.35 II 3542 - 31566
160 3500.28 II 0 - 28561 4200 3568.52 II 0 - 28014

810 3500.84 II 3010 - 31566 1600 3568.98 II

95 3504.04 II 320 3572.07 II

140 oo04.7o 11 160 3575.90 T
1 3174 - 31131

no 3505.09 II 160 3576.64
270 d 3505.90 II 230 3576.83 I 2840 - 30789
75 3506.56 II 230 3577.08

570 3507.45 II 6372 - 34875 no 3578.70

5700 3509.17
T I
11 0 - 28488 1100

firm n/\
3579.20

TT
II

380 3510.10 II 710 3585.03 II 3010 - 30895
95 3511.04 II 570 3587.44 II

160 3512.60 II no 3587.76 I 5484 - 33348
320 3513.10 II no 3589.53

z90 TT
11

r r
00 0 CA 1 OA3591.39

290 3515.04 11 no 3591.66 II

no 3515.44 II 230 cw 3593.07 II 3542 - 31365

210 3516.14 II 6372 - 34804 no 3593.75

160 3516.63 I 462 - 28890 75 3594.65 I 285 - 28096

lou 0 c 1 o fin T
1 oov — zoyiy 1 1 A

111)
OCA/1 AO TT

11

570 3519.76 II 810 3596.38 II

160 3520.79 II 440 3598.06 II

55 3522.92 II 190 3600.04

55 3523.20 II 1600 3600.44 II

1300 3523.66
TT
11

1 1 A
1 10 OOUl. ID

TT
11

380 3525.14 II 320 3604.90 II

440 3.525.61 II 3010 - 31365 290 3606.04 II

160 3525.79 II 290 3606. 16 II

85 3526.73 II 55 3608.25 II

no 3529.76 II 320 3611.33 TT
11

210 353 1 70 II 270 3611.41 II 5171 - 32853

160 3532^70 11 160 3613.06 II

140 3533.86 II 95 3613.36 II

440 3536.32 II 230 3613.68 II 6912 - 34577

85 3536.62 I 1371 - 29638 320 3614.63
TT
11

3537. 1

1

II 320 d 3615.66 II

no 3537^69 320 3616.58 II

570 3537.94 II 380 3617.86 II 1016 - 28649

140 3538.90 160 3618.18 II

140 3539.81 1 1 A
1 lU 0/^ 1 O AAoolo.yu IT

11

1 100 3540.24 II 380 3619.73 II 5234 - 32853

no 354l'75 130 3622.11 II

290 ,3,543.23 11 290 3623.92 II

810 3543.89 II 0 - 28209 no 3624.80 II

95 3544.36 II 810 TT
11

c rOO 004.J.4U II
1 1 ,) 1 u IT

75 3546.05 II 160 3626.87 II

290 3546.52 290 d 3628.20 II

110 3548.82 380 3629.44 II 1016 - 28561
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Terbium— all observed /traes — Continued

Intensity

cind
Wavelength

in A
Energy levels

in cm"'

Intensity
Wavelength

in A OpCCll Ulll
Energy levels

in cm"'

oOoU.zo TT
11 Q7AO QA TT

11

110 3631.46 II 1000 d 3711.76 II 3542 - 30476
670 3633.29 II 5171 - 32687 80 3714.37 II

190 3635.42 II 140 3716.08 II

670 3638.46 II 200 3716.43 II

1 OOoO.OV I
i 4'OZ Z/Voo 1 CiCl Q71 7/17OIL 1 .^t

TT
11

290 3639.82 II 3010 - 30476 80 3717.90 I 509 - 27399
670 3641.66 II 5234 - 32687 40 3718.24 II

290 3642.68 II 180 3718.44 II

75 3643.26 II 300 3719.45 II

ID oD4o. 10
IT
11 LIU Q70Q r\A TT

11
C 1 71 OOAOO

95 3644.13 II 45 3723.84 II

230 3645.38 II 140 3724.92 I

110 3645.82 II 85 3725.32 II

95 3646.46 II 75 3728.65

/iAfi 00'+ / .uo 11 loU

570 3647.75 II 650 3729.91 II

95 3649.41 II 85 3731.00 I

2300 3650.40 II 150 3731.52 I 2419 - 29210
290 3650.93 II 430 3732.39 II

0/1 C 1 0£.oool.oo
TT
11

Q 700 iC C3732.00
T
1 o9o9 - 33772

230 3652.26 II 130 d 3734.80
190 3652.97 II 3735.04
160 3653.87 II 45 3738.45
810 3654.88 II 3542 - 30895 170 3740.32

TT
11

2000 3658.88 II 1016 - 28339 220 3741.58 II

120 3659.45 II 260 3741.89
100 3660.44 II 170 d 3742.43
200 3660.75 II 430 3743.09

JOOO. iz
TT
11 1 /U

90 3665.60 II 650 3745.04 1371 - 28065
40 3668.00 II 75 3746.30 I 3719 - 30405
80 3668.50 II 220 3746.54

260 3669.64 I 285 - 27528 870 3747.17 II

100 3674.05 T T
11

07A 0 7/17 OA TT
11

220 3675.78 II 5171 - 32369 85 3748.80 II

3800 3676.35 II 1016 - 28209 130.- 3749.70 2310 - 28971

300 3677.89 II 75 d 3750.24 I 3174 - 29832
100 3678.78 II 45 3751.35 I 6989 - 33638

810 3682.26 II 45 3751.62

220 3684.81 II 85 3753.00 J 4695 - 31333
320 3688.15 II 85 3753.52

240 3689.12 II 1100 3755.24 II

120 3689.72 II 45 3757.05 I 2310 - 28919

610 3691. 15 II 430 3757.44 TT
11 3542 - 30148

300 3692.95 II 430 d 3757.90 II

450 3693^58 I 462 - 27528 650 3759!35 2840 - 29433
140 3694.75 II 85 3760.02 I 1371 - 27959
170 3696.,30 II 120 3760.13 I 5484 - 32071

320 3696.85 II 350 3761. 14

{

2310 - 28890

200 II 65 3762.51

450 3700.12 I 509 - 27528 65 3762^74

200 3701.15 I 462 - 27473 85 3763.96 I 6351 - 32911

150 3701.33 I 285 - 27295 1700 3765.14 I 509 - 27061

80 3701 .50
T T
11

OAA 07A7 CA TTU
4700 3702 86 II 1016 - 28014 85 3769.43

300 3703.12 I 45 3771.03

80 3703.50 II 160 3775.26 II 6372 - 32853

2400 3703.92 II 2100 3776.49 II

240 3705.06 I 509 - 27492 1 OAizu 0777 AQ

o 1 UO. 11
11 330 3779.22

100 3706.80 I 3819 - 30789 65 3782^18

100 3708.42 I 462 - 27420 55 3782.62 I

180 3708.76 II 600 3783.53 I 285 - 26708

283



Terbium — all observed /irees— Continued

Intensity

and
Character

Wavelength
in A Spectrum

Energy levels

in cm~'

Intensity

and
Character

Wavelength
in A Spectrum

Energy levels

in cm"'

55 3784.15 J 260 3886.82 II

120 3785.38 160 d 3887.64 II 1016 — 26731
410 d 3787.22 II 3010 - 29407 160 3887.88 I 2840 - 28554
120 0'7O'7 /;A 480 3888.22 I

•J 70*7 "71
95 3889.84 II

160 3789.00 65 3890.95 I

120 3789.68 160 3893.38 II

410 3789.92 65 3893.69 I 6488 - 32163
120 3791.05

}

2840 - 29210 160 3894.46 II

3792.20 5353 - 31715 490 3894.64 I

75 3793.25 65 3895.08 I 4646 _ 30313
600 3793.55 65 3895.37 I 6351 — 32016
130 3796.25 3719 - 30054 330 3895.99 I 2840 - 28500
75 3797.00 5829 - 32159 330 3896.58 II

3798.59 45 3897.26 I
1 171 O7AOQ

200 3798.95 II 330 3897.89 I 509 _ 26157
75 h 3801.36 2400 3899.20 II 3010 _ 28649

330 3801.80 II 160 3899.57 II

160 3802.17 II 130 3900. 74 I 2419 - 28048
1 rt/^ d An
3804.42 509 - 26787 1600 3901.33 I 40z zoUo/

95 3806.26 95 3901 68 II

760 d 3806.85 II 3542 - 29803 95 d 3902.00 II

40 d 3810.57 30 3903.08 I 3819 - 29433
240 3811.65 75 3904.17 I 3719 — 29326

3812.73 55 3906.54 II

240 3813.16 480 3908.06 I 462 _ 26043
150 d 3814.96 65 3908.68 I 285 25862
120 3816.27 380 3909.14 I 285 - 25859
240 3816.89 330 3909.55 I 5830 — 31401
1 C A150 3820.11 II 95 3910.14 II

75 3821.00 I 509 - 26673 160 3910.40 I

120 3823.12 I 2840 - 28989 160 3910.84 I

65 3824.14 110 3912.26 0 - 25553

75 h 3826.74 75 3912.77 II

65 3828.74 I 2310 - 28421 280 3913.48 I 7060 0 O/: AC32605

1500 3830.26 I 285 - 26386 150 3914.63 I 2310 27848
75 3832.63 I 2419 - 28503 650 3915.43 I 285 25818

540 3833.42 I 2840 - 28919 65 3916.64 I 3719 - 29244
180 3834.02 I 509 - 26584 45 3916.94 I 5425 - 30948
75 3837.18 I 75 3917.30 I 285 25806

150 ?8'?7 83 I 285 - 26334 95 3918.78 II

920 d 3842.50 II 75 3919^02 I 3174 _ 28684
180 3842.98 480 3919.52 II 6372 - 31879

370 d 3845.61 II 6372 - 32369 150 3920.72 II

180 3847.88 I 5425 - 31406 300 3922. 10 II

3700 3848 73 \\ 0 - 25975 480 3922.74 II

45 3849..59 I 509 - 26479 150 3923^31 II

110 w 3851.37 65 d 3924.42 II

260 3851.86 II 110 3924.81 II

75 3855.38 I 4646 - 30577 760 3925.45 II 5171 30639

170 3855 58 II 65 3929.75 I

140 3868.90 II 75 3929.89 I 285 25724

450 d 3869.75 II 55 3930.76 II

85 3873.00 I 285 - 26098 220 3932.35 I 3719 - 29142

210 3873.78 II 130 3934.38 I

3500 3874. 17 II 0 - 25804 650 3935.24 II

240 3875^22 II 65 3937.13 I 5829 _ 31221

65 3876.69 I 509 - 26297 160 3937.61 I 2310 _ 27699

130 3878.23 II 65 3938.07 I 1371 26757

95 3879.99 I 810 d 3939.52 II 0 25376

95 3R80 35 I 260 3941.21 II

95 3881.29 I 285 - 26043 220 3942.21 II

260 3881.76 II 110 3942.93 I 2310 27664

330 3883.34 I 509 - 26253 95 3943.66 I 509 25860

200 3885.09 I 1371 - 27103 160 3944.88 II
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Terbium — all observed /mes— Continued

Intensity

dnd
Character

Wavelength
in A Spectrum

Energy levels

in cm"'

Intensity

and
Character

Wavelength
in A Spectrum

Energy levels

in cm"'

OOVJ 3946.89 II 3010 - 9ftHQ 1 10 4018.45 I 6488 _ 31366

45 3947.25 I 7824 - 33151 370 4019.14 II

260 3948.35 II 540 4020.47 II

65 3949.51 II 220 4022.88 I

210 3950.13 I 509 - 25818 180 d 4024. 10 II

210 3950 43 I 3819 - ?Q19fi i7n 4024.77 I 509 _ 25349

65 3951.87 I 170 4025.73 II 5234 _ 30068
210 3954.05 I 170 d 4028.31 II

45 3955.65 I 85 4028.59 I

65 3956.18 II 520 4031.66 II

170 3957 3S I 462 - ?'i794. 0 (

u

dni9 9R T 2310 27103
280 3957.97 II 140 d 4032.62 I 285 _ 25076

350 d 3958.36 II 4032.70 I 3174 - 27964
30 h 3960.12 II 2100 4033.03 II 1016 - 25804
65 3960.29 I 509 - 25753 350 4036.22 I 3719 28488

95 3960 69 I ^0 TT11

30 3962.61 I 210 4038.86 I 1371 26123
170 3965.10 I 4646 - 29859 30 4039.21 II

170 3965.95 II 150 4039.48 I 462 - 25210
95 3967.22 II 3010 - 28209 150 4040. 10 I

I
1 0000 ouoou lou A(\Ar\ A^'tU^U.'j'l

II
11

55 3969.93 I 2310 - 27492 65 4041.84 I 8097 32832
170 d 3970.19 II 95 4042.34 II

220 3971.77 I 3719 - 28890 45 4043.67 II

170 3972.06 II 65 4045.35 I 2024 26737

1Q74 9Q II 1 "^n ^\}^ 1 . XT'
T
1 509 2521

1

170 3974.67 I 5425 - 30577 65 4048.80 I 2840 27532
2200 d 3976.84 II 0 - 25138 55 4049.87 II

260 3981.16 II 6912 - 32023 65 4051.49 II

1800 3981.87 II 3542 - 28649 300 4051.86 II

inn 10S1 ft'; II
1

1

innouu 4'UOZ.O 1
XT11 3542 28209

260 3984.05 II 150 4053.96 I 462 25122
150 3984.84 II 430 4054.12 I

150 3985.12 II 410 4060.37 I 509 - 25131

260 3986.35 11 220 4060.87 II

1 "^n oVo i .OD I
i IIVI _ 9Ad.il 11 0 i 1 ilU4'4' 1 1 inn AflfilT-UU 1 . 00 I

i 462 25076

75 3989.48 I 220 4063.89 II

55 3990.22 I 6352 - 31406 390 4066.22 II

220 3990.63 I 5353 - 30405 150 4070.10 I 2840 - 27402

75 d 3991.58 I 3174 - 28220 110 d 4070.54 II

lou d 1 00 4.070 71 T
i 8097 32656

85 3995.12 I 1371 - 26394 110 4071.21 I 509 25065

75 d 3995.80 11 130 d 4072.69 I 2419 - 26966

150 3997.43 II 110 4073.75 II

150 3998.40 II 75 4073.94 I 285 — 24824

1 1 A
1 10

T
1 4*U ( 4*. 10 T

1 IftlQ00 1 y 28358

65 3999.24 II 260 4075.22 I

350 3999.40 II 95 4078.47 II

150 4000.01 II 6372 - 31365 55 d 4078.79 I 3174 - 27684

180 4001.26 I 2310 - 27295 390 4081.24 I

OCA J350 d 4002. 19 11 z. I n 40fl9 94 IT11

970 4002.59 II 5171 - 30148 130 4082.79 I 3819 98106

110 4003.78 II 110 4083.21 I zoo 9476Qzt / U 7

65 4003.91 II 110 4084.27 I 2310 26787

75 4004.52 11 110 4084.82 I 2840 27314

1 AAA A AAC A 1 1

1

11 lUlo — ZOV/0 9in 4086 60 I

110 4005.97 1

1

11
II11

150 4009.18 I 2419 - 27355 120
A AOA 0 A4089.34 T

1 2310 26757

150 4009.56 II 55 4089.51 II

300 4010.04 I 1371 - 26301 65 d 4091.30 I 4018 28453
4091.42 I 5425 29859

150 /I A 1 A or4010.85 1

.)Qr '7^0 inZoo — /OZlU
IAA 1 9 7 1;H-U 1 Z . I.J n - 10148 210 4092.19 7839 32270

150 4012.86 II 130 4094.03 1 2840 27259

330 4013.26 I 2310 - 27220 260 4094.37 11

75 4017.85 II 260 4094.49 I 285 24701

285



Terbium— all observed /irees — Continued

Intensity

and
Character

Wavelength
in A Spectrum

Energy levels

in cm '

Intensity

and
Character

Wavelength
in A Spectrum

Energy levels

in cm"'

120 4095.91 I 4018 - 28426 150 4171.80 J 5425 _ 29388
95 4097.36 II 240 4172.60 I 6989 — 30948
110 4097.48 II 240 4172.82 I 285 - 24243
bo TT

11 260 4173.47
}OO /I 1 TC AC41 /o.Oo ' 171 00 / ly Z / DO**

75 d 4099.48 II 85 4175.85 I

130 d 4100.90 I 150 d 4178.98 II

130 4101.65 65 4179.79 II

OO TT
11 180 A 1 OA AA4180.40

(

o

A.^ Cx'X 0 1 o i\)D — ZoU /U ocOO 4101.00 TT
11

170 4103.36 I 2310 - 26673 180 4184.29 J 3719 - 27611
85 4103.46 I 462 - 24824 65 4185.91 I 509 - 24392
260 4103.90 II 1016 - 25376 240 4186.21 I

/I 1 f\Q Q7 OOC O/lrf^OTZoo — Zwo I 300 4187. 16
{41UO.OO o / ly — zoUoo 1 OAloU 4188. 11 1 171

55 4107.79 I 3819 - 28157 75 4188.51 II

55 4110.09 I 7839 - 32163 150 4191.08 I 509 _ 24363
55 4110.86 7839 - 32159 180 4191.59 I 3174 - 27025

oUU /I 1 1 O CA41 IZ.oU
J

CAn 0/1 O 1 Aooy — z4oiy 55 4193.35
}

1371 — 25211
loU /I 1 1 0 OQ41 Iz.oo 4t)Z — z4/6y /o

A'XCtA Al4iy4.01 AAQQoyoy OAQOAOUO2O

55 h 4114.13 II 390 4196.74 J

55 d 4115.36 II 85 4198.43 I 2419 _ 26231
110 4117.23 1371 - 25652 65 4198.98 I 3719 - 27528
reOO /I 1 1 O OA41 lo.oO

{

OQ1A OACO/1zolU — zt)oo4 65 A 1 AA AC4iyy.0o 2310 — 26118
/1 1 1 fi no41 iv.yz CAn OylT'TCouy — z4( /o 450 /I OA 1 AA4201.00 TT

11

110 4120.51 II 650 4203.74 J 2310 _ 26091
85 4121.03 3705 - 27964 600 4206.49 I

110 4122.47 3819 - 28070 65 4206.90 285 - 24049
o cOO 41Z0. /

1

AOC1 one?*?6ool - oOo

(

i
T OAIZU /I OA "7 CA4z0 ( . o4

}

1371 25131
1 An140 A 1 on4127.Z9 O "7 1 n O^A/lOo/iy — Zl^'Vl A C65 A OAO A C4208.60 ZO'+U

140 4130.14 I 285 - 24491 55 4208.73 J 3719 _ 27473
55 4131.11 I 300 cw 4213.50 I 4695 _ 28422
140 4131.45 I 300 4214.42 II 3010 - 26731
45 ,110 0 o o 480 y1 0 1 C AA421o.0y 5425 — 29142
140 4132.48 ' 509 - 24701 95 h 4216.67

85 4132.83 5353 - 29543 300 4217.56 I

55 4133.51 I 8646 - 32832 95 4218.84 I 2310 _ 26006
55 d 4134.32 3174 - 27355 260 4219.16 1371 - 25065
130 4135.37 46z — Z4637 85 A OOA 1 A4220. 10 TT

11

40 4136.47 55 4221.37 2o4U 9AQ99ZooZZ

40 4137.03 95 4222.70 I 1371 _ 25046
55 4139.06 I 285 - 24438 75 4223.32 II

140 4139.78 I 509 - 24658 260 4224.28 285 - 23951

140 4141.55
{

1 OTX o c c An1371 - zooOy 480 cw A OOA A C4226.40 TT
11 0 - 23653

55 A 1 An AO4142.43 3174 — z/30o ocOO /iOOA AO42o0.62 00 1 Ao8iy ^1 A C A2/450

55 4143.24 T 3719 - 27848 65 4231.35 J 462 _ 24088

280 4143.51 I 509 - 24637 260 4231.89 I 462 24085

140 4143.63 I 2840 - 26966 180 4232.19 II

1100 4144.41 II 1016 - 25138 480 4232.82
}

5353 — 28972

110 4146.96 285 - 24392 65 A^O A 004234.22 dAnc46y5 OOOAA28306

45 4148.21 II 300 4235.35 J 285 _ 23889

110 4149.17 II 160 4239.28 I 509 _ 24092

55 4150.54 95 4239.91 I 509 - 24088

55 4150.87 3174 - 27259 95 4242.56 II

85 4152.24 2840 - 26916 95 /I O/l C 1 ,14245. 14 2310 25860

85 4156.28 J 6351 - 30405 130 4246.59 I 462 _ 24003

55 4158.28 II 65 4248.57 II

350 4158.53 I 285 - 24325 55 4250.26 II

120 cw 4161.35 I 130 4251.33 6351 29867

55 4166.51 130 4251.72 II

240 4169.09 J 3719 - 27699 95 4252.70 J 6351 29859

240 4169.32 I 1371 - 25349 65 4254.04 I 3719 27220

120 4169.91 4695 - 28670 370 4255.24 509 24003

85 4170.48 95 4256.10 2419 25908

240 4171.05 2840 - 26808 480 4258.23 II 5171 28649

286



Terbium — all observed /j'nei — Continued

Intensity

and
Character

Wavelength
in A Spectrum

Energy levels

in cm""'

Intensity

and
Character

Wavelength
in A Spectrum

Energy levels

in cm~'

4261.84
.

2840 - 26297 11 2840 25818
260 4263.66 I 509 - 23957 55 4351.60 II

65 4264.72 I 509 - 23951 55 4351.72 II

75 4264.98 I 2840 - 26280 430 d 4353.20 II 3010 - 25975
650 4266.34 I 280 4356.09 I 7839 30789

330 4269.69
T

2310 - 25724 870
.

2771 25717

95 4271.53 I 285 - 23689 45 4357.46 I 285 23228
95 4272.21 I 2840 - 26240 280 4360. 16 I 509 — 23438
220 4275.21 I 55 w 4362.44 I 2310 - 25226
110 d 4276.75 II 3010 - 26385 45 4366.00 II

95 4277.77
T

220 4367 30 II 6912 29803
760 cw 4278.52 II 220 4372.02 2771 25637

300 4285.13 II 55 4374.43 I 3819 - 26673
65 4285.75 II 55 4376.43 II 3542 - 26385
65 4286.13 II 85 4381.29 I 285 23103

120 4286.91 II 330 4389 4'^ 4646 27458
150 4287.11 45 4384.06 II

300 4289.70 I 130 4385.68 I

65 h 4293.13 I 6351 - 29638 130 4386.08 II

65 h 4294.04 I 300 4388.23 I 2771 — 25553

4,001; %A.
,

2310 - 25584 Do n
.

85 4296.30 I 7824 - 31093 260 4390.91 I 509 23277
370 4298.36 I 462 - 23720 45 4392.96 I 8190 30948
300 4299.90 I 55 4394.03 I 462 - 23213
65 4301.15 I 45 4394.92 II

^OVO. DO
,

120 4304.00 I 462 23689 45 4401.54 II

65 4304.27 I 75 4403.18 I 2310 25014
240 4307.18 I 509 - 23720 75 4405.40 II

150 d 4308.68 II 55 4406.76 I

dim 4.9'TO lU. 4*^ UU t 'T 9Qfifi7 ddflO '^9 TT
11

75 4310.96 II 55 4411.14

85 4311.29 I 55 4411.93 I 4695 _ 27355
300 4311.56 I 462 - 23649 55 4413.63 I

110 4312.08 II 200 4416.27 II 1016 - 23653

O l\J 4-0 lo . ^O dd9n iQ

120 h 4313.41 I 350 4423.10 I 9771

150 4315.73 I 45 4427.34 I 1371 _ 23951
2200 4318.83 I 0 - 23147 45 d 4430.13 II

150 4320.26 I 285 - 23425 95 4430.66 I

c eOO 'i'OZ l.Vy dA^O 79 yroo i,yyj^ 1

600 4322.23 I 95 4434.47 II

170 4322.87 I 462 - 23588 75 4435.01 I

85 d 4323.66 II 75 4435.55 II

120 4325.50 I 240 4436.12 I

/I 0 OC 034oZD.oo IT11 yo AA'XO Q7 TT
IX

85 4326.14 Zoo 110 4439.38

3000 4326.43 I 0 - 23107 45 4441.27 II

240 4328.90 I 75 h 4441.45 I 2840 - 25349
85 4330.31 I 5829 - 28916 240 4448.04 I

OUU OO

55 4333.69 J 85 d 4452.82 I

150 4334.65 I 5425 - 28488 45 h 4459.38 II

870 4336.43 I 2771 - 25825 45 4461.27 I

600 4337.64 I 110 4467.69 I

1 /uu A Q A 1 u — uo dd^O 19

150 4339.62 I ooo 1
— 45 4471.72 II

85 4339.87 I 40 4485.68 I

700 4340.62 I 85 4488.16 I

110 4341.00 I 65 4491.01 I

4o0 cw /I O /I O CO 1371 - 24392
55 h } 2419 - 25433 45 4499.47 J

45 4344.21 II 45 d 4509.04 II

55 4346.49 150 h 4511.52

110 4349.60 45 4512.96 II

287
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Terbium — all observed /tVies— Continued

Intensity

and
Character

Wavelength
in A Spectrum

Energy levels

in cm '

Intensity

and
Character

Wavelength
in A Spectrum

Energy levels

in cm"'

75 4514.31 II 25 4840.39 I

45 4519.72 II 30 c 4842.69 II

45 4525.01 II 30 4844.89 II

45 ov '+00'+. ol 9145 - 29737
45 h 4-00 1 .00 IT

11 9A '+OD0.O4
TT
11

45 4534.13 I 8646 - 30695 30 4858.87 II

45 4537.14 I 6488 - 28522 80 4875.57 II 1016 - 21521
45 4537.23 I 3719 - 25753 25 4876.12 II

110 1
on80 A OO 1 1

C

4881. 15
TT
11

TT
11

onzy /I on/1 OO4894.3d

110 4550.45 I 95 4915.90 J

110 4556.46 I 35 4924.09 I

55 4562.24 II 35 4926.83 I 4646 - 24938
110 TT

11
cn50 /inoo no49z8.93

ow 4'004.00 TT11 DO /ino 1 ^n ZoD ZUDoO

55 4573.19 II 19 4940.72 II

210 4578.69 II 3542 - 25376 19 4959.93 II

65 4584.84 II 19 4962.28 II

65 loVl.oo
TT
11

on29 4970.99
TT
11

T
1

cnn oooTnooy - zzz/y onzy yimi /104971.42

45 h 4604.10 II 29 4973.04 J

30 4611.96 I 8190 - 29867 29 4980.16 II

45 h 4615.92 II 29 4980.56 462 - 20534
27

T
1 Zo4U - Z44yi oc85 /inno OO4993.82 TT

11 1016 - 21035
T T
11 OU Af\f\C OA4yy5.o4 TT

11

75 d 4626.32 II 55 4997.95 J 2840 - 22843
95 4626.94 II 19 5004.84 I 2419 - 22394
65 4632.07 I 8277 - 29859 29 5006. 10 II

65 h 4000. 59 1
1 8506 - 00068 cn50 cnoo 1/:5022. 16 6488 - 26394

ou 4000.VV IT
11 51/1 - LOl6l onzy cno/i OA5UZ4.Z4 TT

11

85 4641.00 II 29 5024.65 I 9145 - 29041
210 4641.98 II 50 5033.12 I

260 cw 4645.31 II 0 - 21521 50 w 5042.06 II

80 4647.23 1
1

o 1 nn on*7AO8190 - 29702
r r
55 cf\c A On5054.30

jou 4658.38 1
OOT7 omoT8277 - 29l6l

r r
55 cn^c "rn5065.79 OOD i

— /OUoO

20 4658.73 110 5078.25

80 4662.79 I 4646 - 26087 24 5080.05 II

50 c 4665,45 I 4695 - 26123 24 5081.11
{40 4ooy.4U

I
1

o 0 1 n o 0 7onZolU - Zo/zU 1 nly CAO 1 onoUo 1 . oU 3819 - 23492
on 4676.90 1 75

rAon 1 n5089. 12
IT
11

70 c 1681.87 I 8506 - 29859 24 5089.66 J

50 4682.52 I 462 - 21812 24 5101.09 1

25 c 4682.79 II 24 5108.56
{80 4ooti.oo 11 00

C 1 1 Q OO51 IB.oy 3175 - 22707
on 4693. 1

1

1

1

11
OAZ4 c 1 on 1 o51ZU. lo ouy — Onno cZUUo5

30 h 4693.39 II 19 5121.61 II

200 4702.41 II 50 w 5131.69

110 4707.94 II 50 w 5141.08 II

40 w 4716.07 11
cn50 C 1 /I "7 CO514/. 5o 8190 - 27611

40 4728. 16
Tf
II

0/1z4 c T £.A on5164.27 n 1 /I c9145 - OQcno

60 cw 4734.20 I 2840 - 23957 29 5170.13 I 4695 - 24032

80 4739.93 I 8646 - 29737 24 5170.61 I 8277 - 27611

70 4747.80 I 8646 - 29702 50 5176.51 I 285 - 19598

410 cw 4752.53 II 0 - 21035 50 5179.97
j

8277 - 27576

40 4758.44 II
cn50 CIO/1 cn5184.59 o 1 nnoiyu - on ATiZ/4/0

40 4760.19 II 85 5186.13 1 8646 - 27923

30 4762.37 II 1016 - 22008 50 5188.48 I 8190 - 27458

25 4764.47 II 50 5198.86 8190 - 27420

35 4778.36 II 35 w 5202.77
}

8277 - 27492

35 4778.80 II 40 5204.55 8190 - 27399

180 4786.78 I 2840 - 23725 40 5207.97 J 8277 - 27473

40 cw 4789.91 II 6372 - 27244 19 5209.34 II

30 4801.87 II 40 5214.28

100 4813.77 I 40 5221.99 462 - 19606

60 4837.59 II 120 5228.12 8277 - 27399

288



Terbium— all observed /ines— Continued

Intensity

and
Character

Wavelength
in A Spectrum

Energy levels

in cm"'

Intensity

and
Character

Waveleneth
m A Spectrum

Knergy levels

in cm "
'

40 5235.11 509 - 19606 17 5712.45 II

75 ^OAQ 71 ^OO IVoOZ OO C 0 /4 / . OO
75 w 5262.11 II 3010 - 22008 9 5761.62 II

13 5264.92 24 5762.66 285 - 17634
19 w 5272.07 II 24 5785.18 II 6372 - 23653

24 5275.03 8506 - 27458 75 5795.64

75 oZoi.UO oO'^O Z / 0 /0 7t^
ooUo. lo

TT
11

1 1 OA 1 00/1 OO

1 ^ 5287.30 J 2310 - 21218 65 5815.36

65 5304.72 J 8646 - 27492 29 5842.97 I

29 5308.19 J 65 5851.07 I

29 5309.46 5829 - 24658 65 5870.62
110 coin oo Zoo — lyuou 0 cOO cono OAoo9o.o4
15 5322.11 II 24 5902.40
15 5323.92 9145 - 27923 35 5904.71 J

15 5329.05 I 4695 - 23455 15 5910.10 J

35 5331.04 8646 - 27399 65 c 5920.78
J11 OOOZ.DO lo oyo / .uy

5337.90 I 50 c 5939.38 {

35 d 5338.59 J 35 5940.17 J

15 5346.04 J 462 - 19162 24 5951.17 J 2840 - 19639

24 5347.83 ii 1016 - 19710 15 5951.78
160 roZA QQ0001.00

}

A AO 1 Ol Q

1

Ityz — IVlol 19 5961.00 IT

in 5363.62 2840 - 21479 75 5967.34 II 11261 - 28014
75 5369.72 J 462 - 19080 15 c 5979.83
75 5375.98 285 - 18882 11 6010.65 II

19 w 5377.88 II 15 6019.24 I 509 - 17118
15 ooy / .yu on OUoo.y (

Ja 5402.06 II 5171 - 23678 29 6039.38 }

15 5403.82 II 15 6061.83 J 8277 - 24769
29 5413.65 15 6077.84 II 12200 - 28649

29 5416.20 15 6084.34 I 7839 - 24271
50 S'iZ'i. lU

T T
11

1 r
10 /;aaq aaouyo.yy

1

Q

5425.00 24 6104.29
29 c 5426.43 J 13 6106.03 J 5829 - 22202
13 5427.47 J 462 - 18882 13 6134.39 J 2310 - 18607

13 5432.45 II 13 6137.00
13 o4o (.11) lo C oloo.zy 0 7 1 A 1 AAC O0 ( 1 y - 1 yy.00

5438.12 } 2840 - 21223 11 6171.88 jj 13605 - 29803
35 5443.38 J 11 6193.64 J 6351 - 22493
29 5457.00 J 1371 - 19691 11 6194. ,52 JJ 12200 - 28339

55 5459.81 I 11 c 6195.14 I 10456 - 26594
19 5464.39 509 — looOo 10 6218.4
ooZy w 5470.34 II 13 6222.25

'{
4695 - 20762

11 5476.96 10 6225.95 JJ

24 5481.45 J 11 h 6272.36 J 3719 - 19658

11 5488.26 II 24 c 6292.43 I 4646 - 20534
11 5500. 10 285 - 18461 19 6o0o.78

55 5509.61 { 462 - 18607 10 6317.82 462 - 16286
50 5514.54 J 19 6321.59 JJ 12200 - 28014
65 5524. 12

I
509 - 18607 19 6322.33 JJ

24 c 5525.62 I 3719 - 21812 35 6.331.68 II

11 5536.26 II 24 6334.91

1

1

S5S6 ^O II 10 6336.83 509 - 16286

35 5565.93 n71 - 19332 11 6337.85 JJ

1

1

5572.82
I

1371 - 19310 9 6356.40 JJ

19 5586.96 I 9 6359.88 II

19 5589.56 17 c
/:L/1AC A"?

}{11 5591.62 II 13 6424.43

11 II
t 1 10 c 6441.03

I
6351 - 21873

19 OUOU. «JU 24 6446.87 JJ

29 c 5638.80 I 10 c 6461.74 II

19 c 5645.75 13 6470.86

19 5671.84 510 - 18136 8 c 6.501.33 6801 - 22178

29 c 5685.74 II 9 6512.19 II

40 c 5686.48 8506 - 26087 35 cw 6518.68
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Terbium — all observed /trees— Continued

Intensity

and
Character

Wavelength
in A Spectrum

Energy levels

in cm^'

Intensity

and
Character

Wavelength
in A spectrum

Energy levels

in cm"'

17 6527.63 II 45 7496. 12 I

9 6562.50 II 17 7499.69 II

24 c 6574.04 II
27 I35 6581.82 I

7511.40

14 6593.66 I 3719 - 18882
9 7519.77 II

6 7557.59 II

30 6607.17 II 27 h 7582.03 II

16 6640.14 II 27 7587.49 I

8 c 6642.27 II
45
00
17 h

7590.24
icna A A/Dy6.44

7601.18

I

T
1

II

18

6

6645.41

6665.94
II

I

13605 - 28649
2419 - 17417

462 - 13622

90 6677.94 II 17 7616.01 II

8 6689.51 II 22 h 7624.05 I 509 - 13622

18 6693.38 II

8932 - 23847
'7£.0'7 O 1ioZ i.oL 1 509 - 13616

40
20

cw
c

6702.61

6706.79
I .

II
7 II

8

i Kjoy .\Jo

7672.72

TT

II

12 TTU 8 h 7694.74 II

7 A797 91 I
i

22 h 7706.16 II

7 6734.86 II 22 h 7726.97 II

7 6754.29 I 30 7737.63 I 2419 - 15339
14 6755.01 II 22 7793.20 I

Id14'

OU
6769.81

6785. 12

Tf
11
I r
11 13605 - 28339

8
16

7807.33

7832.91

II

II

13 c 6792.48 II 30 7855.79 II

130 6794.58 II 11261 - 25975 15 7864.99 I

40 6874.18 II 11261 - 25804 6 h 7885.70 I

r r00 6896.37 II
6 7913.11 I 3819 - 16453

27 7927.90 IIL
n 6899.95 I 6488 - 20977

40 6901.98 I 4647 - 19131 13 7955.31 I 3719 - 16286

13 6916.69 I 8190 - 22644 11 7998.03 I 2840 - 15339

13 h 6923.09 II 17

13 h

8001.04
8010.16

I

II

11 6989.60 II 30 8025.42 II

9 7005.99 II

17 7082.85 II 6 8053.80 I

11 7089.22 II 19 8067.35 II

11 71 12.69 I 30
27

8085.06
8164.17

II

I 1371 - 13616
10 7187.48 I 13 8171.70 I 3720 - 15954
10 h 7195.89 II

65 7204.28 I
65 8194.82 II 13605 - 25804

19 h 7234.98 I 1371 - 15189 95 8212.57 I

40 7257.73 I
11

8

8214.33

8259.08

I

I

17 7311.57 I 40 8450.06 II

45 7348.88 II

II10 7398.27 II
8 h 8465.80

4695 - 1645315 h 7424.24 II
13 8502.70 I

10 h 7429.62 II
30 h 8511.80 I 7060 - 18805

45 8583.45 II

9 7472.15 I 30 8603.40 I

22 7484.54 I 9 8678.25 I 3819 - 15339
9 7495.45 I 285 - 13622 65 8765.74 II
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Thallium

Tl, Z = 81 , Af = 204.4, Ratio^ = 3.216

Tl I Normal state of valence electrons 6s^ 6p ^P°/2 = 0. I. P. = 49267 cm~^
Tl II Normal state of valence electrons 65^ ^So = 0. I. P. = 164765 cm"^

References

Wavelengths:
G. R. Harrison, Massachusetts Institute of Technology Wavelength Tables (John Wiley & Sons, New York,

1939).

A. Fowler, Report on Series in Line Spectra (Fleetway Press, London, 1922).

Classification:

Tl I, A. Fowler, Report on Series in Line Spectra (Fleetway Press, London, 1922).

Thallium— all observed lines

Intensity

and
Character

Wavelength c
^ Spectrum

Energy levels

in cm"'

Intensity

and
Character

Wavelength
in A Spectrum

Energy levels

in cm"'

140 2315.98 I 0 - 43166 2800 2918.32 I 7793 - 42049

900

700

60

80

h 2379.69 I

2580.14 I

2608.99 I

2665.57 I

0 - 42011

0 - 38746

7793 - 46110

7793 - 45296

440
1200

20000
5000

2921.52
3229.75
3519.24
3529.43

7793 - 42011
7793 - 38746
7793 - 36200
7793 - 36118

420 2709.23 I 7793 - 44693
12000 cw 3775.72 0 - 26478

50 h 2710.67 I 7793 - 44673 18000 5350.46 7793 - 26478
4400 d 2767.87 I 0 - 36118 16 h 6549.77 26478 - 41741

280 2826.16 I 7793 - 43166 6 h 6713.69 26478 - 41368
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Thorium

Th, Z = 90, M= 232.0381, Ratio—= 3.651

Th I Normal state of valence electrons 6d^ls^ ^¥2 = 0. LP. = 49000 cm-i.

Th II Normal state of valence electrons dd^ls 4Fi,/j= 0. LP. = 96000 cm-^

References

Wavelengths and Spectrum Assignments:
R. Zalubas, NBS Monograph 17 (1960) and unpublished material (1969).

Classification:

Thi, R. Zalubas, J. Opt. Soc. Am. 58, 1195 (1968) and unpubHshed material (1969).

Th II, R. Zalubas and C. H. Corliss, J. Res. Nat. Bur. Stand. (U.S.), 78A (Phys. and Chem.), No. 2,

163-246 (Mar.-Apr. 1974).

Th III, P. F. A. KUnkenberg, Physica 16, 618 (1950);

U. Litzen, Phys. Scr. 10, 103 (1974).

Strong lines of thorium

TntAncitvllllCllStlj

cind
Wavelength

in A
Snpptriim Energy levels

:_ -1

Intensity

and
Wavelength c Energy levels

in cm"'
Character

111 uill
1101 uVL^A

40 1 Q 1 ^T-U 17.10 IT11 0 24874 0 /u oooy.oy 11 0 - 28244
1300 3392.04 II 1522 ouyy4 670 d 3617.02 II 15305 - 42944
1300 3469.92 II 4147 32957 3617.12 II 10855 - 38494
1300 3741.18 II 1522 28244

35879
31929

loUU 4'OCJ 1 -OD
II
11 6700 29515 650

620
3752.57 II

3287.79 II

9238 -

1522 -
1200 2837.30 II 6214 41448 620 3292.52 II 6700 - 37063
1100 3180.20 II 1522 32957 620 3334.60 II 6214 - 36194
1100 4116.71 II 6168 30453 620 3337.87 II 1860 - 31811
1100 4391.11 II 4490 27257
980 3351.23 II 1522 31353 620 3358.60 II 1860 - 31626

980 3402.70 II 6214 35594
620 4178.06 II 7332 - 31259
620 4208.89 II 6700 - 30453

980 3434.00 II 1860 30972 590 3238. 12 II 4113 - 34987
980 3609.44 II 4113 31811

590 3719.44 I 0 - 26878
910 3256.27 II 9238 39939
910 3262.67 II 6168 36809 590 3803.08 I 0 - 26287

910
910
840

3291.74
4069.20
3325.12

II

II

II

6214
6691
4147

36584
31259
34212

590
560
560

3929.67 II

3221.29 II

3229.01 II

0 -

10189 -

7332 -

25440
41223
38292

840 3839.74 II 6700 32736
560 3659.51 II 13407 - 40725

840 4108.42 II 4490 28824 550 2870.41 II 1860 - 36688

800 2832.31 II 4147 39443 530 3439.71 II 10379 - 39443

770 3188.23 II 6213 37569 530 3559.45 II 6244 - 34330

770 3435.98 II 0 29095 530 3575.32 II 6700 - 34662

770 3721.82 II 1860 28721 530 3994.55 II 0 - 25027

700 3675.57 II 1522 28721
520 2747.16 II 0 - 36390

700 4085.04 II 10189 34662 510 3108.30 II 6700 - 38863

700 4086.52 II 0 24464 510 3119.53 II 4147 - 36194

700 4094.75 II 0 24415 510 3122.96 II 6168 - 38180

700 4282.04 II 6168 29515 510 3321.45 II 4113 - 34212

670 3078.83 II 4113 36584
510 3762.88 II 6168 - 32736

670 d 3511.56 II 4490 32960 3762.94 I 3688 - 30255

3511.67 II 15305 43733 500 2565.59 II 1860 - 40826
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Thorium— all observed lines

Intensity

and
Character

Wavelength
in A Spectrum

Energy levels

in cm

Intensity

and
Character

Wavelength
^ bpectrum

Energy levels

in cm"'

110 2326.93 II 1860 44822 11 2576.32 II 13468 — 52272
OO ZOD'*.\JO

II
11 9061 51529 onn 0C-7A AH 11zo/o.oy 11 4147 42944

85 2356.76 II Q 4.941 R 100 2579.43 II 44yu 40Z4 I

40 2366.04 II 1522 _ 43774 23 2580.35 II 10379 I 49121
95 2366.99 II 9712 - 51947 55 2580.70 II 4490 — 43228

40 2368.05 II 4490 46706 35 2583.45 II 13250 — 51947
9070 OALo i0.04 IT

11 0 42113 14 OCOA 1 C IIzooo. lo 11 10189 48844
85 2375.08 II 4490 46 '^89 11 2587.24 II 0100 4-4'OUO

190 2377.84 II 4113 _ 46156 230 2589.06 II 1860 _ 40472
55 2384.36 II 12570 - 54497 55 2595.03 II 8379 - 46903

55 2388.14 II 1522 43383 230 2597.05 II 0 38494
00 oaoQ 1

1

ZoVo. 1

1

TI
11 4490 46264 9 in OAfin QQ ITZOUU.OO 11 9238 47675

90 2404.17 II 00 1 7 40061 28 2607.48 II 1 ^99 O7OOZ
90 2404.50 II 4113 _ 45689 23 2608.32 II 8379 _ 46706
45 2411.30 II 8378 - 49837 100 2609.85 II 4113 _ 42418

100 2413.41 II 1522 — 42944 23 2611.62 I 0 — 38279
40 II11 OQAZoU OAl Q Ol IIzoio.yi 11 4147 — 42319
90 2423.68 II loZOU ^44QP 270 2623.45 II 4110 /1 0990

28 2431.15 II 4490 45611 270 2625.74 II 4147 42220
55 2432.85 II 10855 _ 51947 28 2626.40 II 7331 _ 45395

45 2437.54 II 14484 - 55496 55 2628.81 II 4490 - 42519
ii)

0/1/11 OA If
11 4490 — 45395 1

0

lo OAQA AO IIZOOU.UZ 11 9720 — 47731
28 2444.47 II

1 t^OO A 0/1 1 Q 45 2633.33 II
O/IAA040U /I A/1 0,1404z4

28 2450.79 II 40 2639.51 II 1522 39397
90 2456.30 II 4490 _ 45190 14 2639.88 II 7829 _ 45698

23 2456.87 II 8378 - 49068 14 2640.27 II 13818 - 51681
0/1 cn A

1

^4oy.Ul IT
11 0 — 40655 1 A14 OA/IA OA ITzo4u.oy 11 4490 — 42352

90 2466.13 II
/1 1 1 *> /I /I A C 14400

1

270 2641.49 II
A 9*70/1 A0 /o40

55 2468.15 II 4147 44651 14 2642.60 II

45 2470.13 II 14 2643.28 II 7001 _ 44822

35 2476.97 II 1860 - 42220 45 2649.48 II 4490 - 42222
1 A14 O/I 0 c c\c IT

11 9061 — 49289 A n4o OA/IA OT ITZ04V.O/ 11 10572 — 48299
70 2489.62 II AO 1 /IOZ 14 /I AQ40000 170 2650.58 II

AU 177 1 A0 M 10

35 2494.62 II 150 2658.66 II 0 37602
70 2495.35 II 4490 44553 35 2661.39 II 9585 47148

20 2497.56 III 9953 - 49980 55 2662.35 II 8606 - 46156
r r
00 0 A no A A IT

11 4490 — 44504 4U OAAO QA ITzOOZ.oO 11 10189 — 47731

55 2498.87 II 0 /UU 40 /UO 23 2664.06 II Q17000 (V 4oVU4
35 2502.88 n 18 2665.89 II 6244 43744
100 2504.28 n 8379 48299 11 2667.55 II 7331 44808

40 2505.60 II 4490 - 44389 18 2669.46 II 13818 - 51268

55 0 C AT AO2507.92 1

1

11 0 - 39862 1

0

lo OA"? 1 /I 0 IT/0/1.4O 11 8378 - 45800
28 2509.96 II 9585 49415 18 2672.94 II 9202 46603

28 2516.43 II 12220 51947 35 2675.68 II 9061 46424

80 2520 66 II 4113 43773 18 2678.94 II 9585 46903

14 2525.92 II 9712 - 49289 360 2684.29 II 1522 - 38765

28 d 2526.22 II 6691 - 46264 130 2687.13 II 8018 - 45221

2526.34 II 7331 46903 18 2688.34 II 4490 41677

45 2532.43 11 6214 45689 23 2691.06 I 0 37149
45 2535 87 II 7001 46424 45 2691.18 II 9238 46385

35 2542.64 II 4490 - 43808 480 2692.42 II 0 - 37130

55 2545.34 II 6214 - 45489 18 2693.96 11 6700 - 43809

35 2545.74 II 4113 43383 18 2695 02 II 9061 46156

150 2547.90 II 4.M7 0000 80 2695.21 II 8606 45698

35 2548. 13 II 7000 too 1

0

1 10 2695.55 II 10379 47466

11 2549.98 II 6700 - 45904 28 2695.82 II 8606 - 45689

14 2551.23 II 1522 - 40707 40 OilA^ 00 IT2696.00 11 12220 - 49289

1

1

^00^ > \J\J II 1522 40655 45 2697.55 II 1522 38582
91^^^ 17 in111 3188 42312 70 2698.74 II 6244 43288

ao IT
1

1

14484 53520 18 2700 60 II 9585 46603

80 2561.94 II 6168 45190 28 2701.82 II 13469 50470

500 2565.59 II 1860 40826 270 2703.96 II 1522 38494

270 2566.59 II 1522 40472 170 2708.18 II 1522 38436

28 2567.94 II 11 2710.48 II 9720 46603

70 2574.48 II 4113 42944 35 2711.45 II 12488 49357
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Thorium— all observed /inei— Continued

Intensity
Wavelength

in A ojjcdi mil
Energy levels

in cm~'

Intensity

End
\j iidracicr

Wavelength ^
ij^ ^ opectrum

Energy levels

in cm"'

DO 971/1 f.0 TT
11 A c 07nA ^0 ITz/yu.4z 11 194.79IZ^ t z - 4R900

40 2715.09 II 15349 52170 70 2791.01 II - 49'ilOtZO 1 y

90 2716.31 II 8018 _ 44822 35 2791.43 II 10572 - 46385
35 2719.46 II 8460 - 45221 90 2794.26 II 9712 - 45489
55 2719.93 II 11116 — 47871 70 2797.02 II 1860 - 37602

ZOU 9791 fiO II
11 6214 42944 7n/U 0707 7/1 TT 4490 - 40223

170 2722.38 II 10189 46910 55 2798.27 II 801 ft - 4^744T"0 1 'T'T

18 2723.32 II 17460 — 54169 28 2798.67 II 9585 - 45306
70 2724.88 II 0 - 36688 55 2799.11 II 4147 - 39862
40 2726.49 II 9238 45904 70 2800.57 II 9202 - 44899

Ofi 9797 9/1Z / Z / .Z4 TT
11 9712 46368 Qc:00 OOAO 00 TTzoUo.oo 11 9238 - 44898

45 2728.91 II I860 38494 55 2807.72 II 9202 - 44808
250 2729.33 II 9061 — 45689 110 2807.83 II 9585 - 45190
100 2730.26 II 8606 - 45221 180 2808.99 II 9061 - 44651
40 2731.58 II 20 2812.42 II 10189 - 45735

oo 07Q1 00 T|
11 4113 40706 7A/U OQl/1 00 TTZ0I4.OZ 11 6700 - 49999tzzzz

250 2732.81 II Q ooooz 45 2814.58 II 1 144 — "^066^

11 2733.21 II 1860 _ 38436 45 2816.07 II 6700 - 42200
160 2734.40 II 4146 - 40706 18 2817.14 II 11117 - 46603
28 2735.83 II 4113 - 40655 100 2819.32 II 7829 - 43288

ooii Z736.44
¥ f
11 07907 / zu 45 nOOA OA T T2820.34 11 6700u i UU — 491474Z 1^ (

70 2737.42 II oo / 7 40 2821.60 II 00 ty

45 2738.32 II 4147 I 40655 100 2822.02 II 8379 - 43804
23 2738.82 II 4490 - 40992 35 2822.36 II 9401 - 44822
18 2740.47 II 14545 - 51024 20 2822.56 II 12902 - 48320

07 /) 0 A/;Z /4o.UO 11
nU OAzO 0000 £A ITZB22. 69 11 7nm

520 2747.16 II Q 20 2823.55 II 07907 ( zu HrO IZU

18 2747.59 II 17460 53845 170 2826.86 II 8018 - 43383
45 2747.85 II 7001 - 43383 20 2827.76 II 14484 - 49837
40 2748.80 II 13468 - 49837 45 2827.99 II 9202 - 44553

100 07 1 n CO 11
11 1 io 1

Z

OAzO ooon AO IIZOZ9.93 11 1 1 ^7A — 4600'?

18 2749.71 II 1 z^-oo 'fO04-4' 70 2830.44 II D 100 — 414ftft

410 2752.17 II 1522 37846 800 2832.31 II 4147 - 39443

18 27,S3.09 II 12219 - 48532 55 2833.33 II 8460 - 43744
18 2755.96 II 16033 - 52307 160 2834.48 II 8018 - 43288

1 o18 2758.96 11 1 OZ 1 oil DO 1 OA130 OOOi; AC IIz83o.05 11 4147 oyoy /

45 2759.41 II 0 lOo 1 45 2836.44 II - 410^6

130 2760.39 II 8606 44822 1200 2837.30 II 6214 - 41448

150 2763.61 II 6244 - 42418 80 2839.24 II 4490 - 39701

100 2764.64 II 9061 - 45221 14 2839.34 II 6700 - 41909

100 2765. 12
IT
11

A AA A A TA70 OOylAIC II2840. 15 11
AU

QC 1 AA— ooiyy

270 2768.84 II 6zl4 42319 90 2841.16 II
AOAOyzUz A A OOA— 44ooy

200 2770.82 II 1522 37602 20 2841.81 II 9720 - 44899

200 2771.51 II 4113 - 40184 320 2842.81 II 1522 - 36688

18 2772.01 II 10189 - 46253 20 2843.30 II 6168 - 41328

18 2773.02 II 6700 42751 20 2845.19 II
1 1 1 1

A

1 1 1 10 — 4t)Zoo

Z 1 ( .5 . 7i>
11
I 1 13251 49289 20 2845 84 II

1 /io 1 0loolo C 1 A/1 7- oiy4(

2774.07 II 4147 40184 90 2847.35 II 10379 - 45489

45 2774.84 II 10189 - 46217 20 2848.01 II 17460 - 52562

20 2775.05 III 6288 - 42313 270 2851.26 II 1522 - 36584

70 2777.80 II 10379 46368 80 2851.44 11
1 QOOloZZ — OOOOZ

40 2778.02 II 1860 37846 23 2852.50 II
1 A 7Gf\14 /yu — 4900

/

70 2778^71 II 9712 4.5689 45 2854.13 II 13818 - 48844

45 2780.70 II 13406 — 49357 23 2854.92 II 15453 - 50470

18 2782.37 II 10673 46603 55 2855.90 II 11576 - 46582

110 2783.05 II 4490 40412 55 OOC7/1A ITZOO (.49 11 ooy 1
A 1 Z77

701 u 2783.49 II 7828 43744 320 d 2861.33 II
0710y / iz A AAC1— 4400

1

45 2784'06 II 1 C\f\l'\lUO / o ^000

1

2861.42 II 10673 - 45611

70 2784.98 II 7332 43228 55 2862.61 II 1522 - 36445

35 2785.61 II 9238 45126 70 2864.66 II 17272 - 52170

18 2786.24 II 15145 51025 35 2866.41 11 4490 - 39367

/U 07QA 01 11
11 13250 49121 00 9ftfifi AC 11ZOUU.UO 11 14484 - 49357

100 2787.13 II 6244 42113 35 2868.46 1 0 - 34852

35 2787.67 II 14545 50407 45 2868.68 II 8379 - 43228

35 2788.68 II 12472 48320 70 2869.92 II 10855 - 45689
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Thorium— all observed /mes— Continued

Intensity

flnd
Wavelength

in A
SnpotriimO L/^V./LA UlII

Energy levels

in cm"'

Intensity

and
Wavelength c

J

.wf^v^^Ll Ulll
Energy levels

in cm"'

ooU TT
11 I860 - 36688 ZV4'U.O/ 11 17272 51268

28 2870.82 II 10572 - 45395 28 2941.34 II 10189 44177

70 2876.42 II 6168 - 40924 23 2941.89 II 9401 - 43383

40 2879.20 II 1860 - 36582 130 2942.63 II 8379 - 42352

23 2879.53 II 8379 - 43097 340 2942.86 II 6214 40184

'I'D
OOOl lAZool. I't

II
11 6700 - 41399 9^zo 9044 O'^ ITZ^H^'T.^O 11 14545 48492

45 2882.01 II 11576 - 46264 28 2946.26 I 2869 36800

40 2882.51 II 8606 - 43288 28 2946.61 II 16033 - 49960

23 2883.62 II 9720 - 44389 150 2949.07 II 4490 - 38389
320 2884.29 II 4490 - 39151 90 2949.93 II 9238 43127

OOU ZoOO.Uo IT
11 4113 - 38765 £ nn

f. OU ZVOu.^-^- 11 9061 42944

45 2886.24 II 6691 - 41328 70 2951.20 II 6700 40575

45 2886.51 II 10855 - 45489 45 2954.89 II 6691 - 40524

360 2887.82 II 4147 - 38765 55 2955.04 II 10673 - 44504
160 2891.25 II 8379 - 42956 55 2955.60 II 7001 40826

lou a ZoV L. to IT
11 9238 - 43809 OO once oc TTzvoo.oo 11 8379 42200

2891.82 II 9202 - 43772 170 2957.58 II 4490 38292

40 2892.17 II 9238 - 43804 90 2957.92 II 12570 _ 46368

23 2894.50 II 10189 - 44727 70 2958. 14 II 10855 - 44651
130 2895.14 II 1860 - 36390 28 2959.88 II 14545 — 48320

HI 0007 A7 II
11 1 Ot-OO 4QQ^il OQZO OQAQ ITzyoo.oi 11 41 1 ^•t 1 lO O t CtU

35 2898.26 II 691 ^ - 4ft7fl6 28 2963.88 II 1 lO i u 4'i306^oouu
45 2899.37 II 13818 - 48299 28 2964.00 II 12488 _ 46217
250 2899.72 II 6168 - 40644 55 2964.11 II 6168 - 39895
45 2903.17 II 4147 - 38582 110 2964.92 II 9238 — 42956

ZVU4.Z /
TT
11 1 Z 7UZ 1 1 A OQ/;c en TT 6700 4041 9

45 2905.93 II 616fl - 40 "^70 270 2968.69 II 4490 38165

28 2906.12 II 8018 - 42418 28 2969.38 II 6700 _ 40367

80 2908.36 II 4490 - 38864 45 2969.82 I 0 - 33662

23 2909.77 II 7332 - 41688 110 2971.48 II 4113 - 37756

OQ 1 A f.f\zV lU.OU 11 d.1 d.7 — oU 9079 99 TTZV/Z.ZZ 11 1 "^991 ozz OO 1 0 i

90 2911.32 II OUUO 49044 110 2973.54 II lOlflO 4^8004*OOU7

90 2912.01 II 0 - 34330 220 2974.01 II 4490 _ 38105

90 d 2912.66 II 4113 - 38436 110 2976.02 II 7332 - 40924

2912.76 II 9061 - 43383 28 2976.65 II 12571 - 46156

om A Q 7zy lo.o

(

I
1 ZDOO OOoo 1 ZO OQQn 11 TZVoU. 11 1 ouoo ?79'?4O t ^04"

45 2917.03 II 55 2980.33 II 0401 49044

160 2917.41 II oO to I 160 2981.34 II U lUO ^0701O 7 ( U 1

55 2917.79 II 13468 - 47731 160 2981.49 II 8379 41909

45 2917.90 II 10189 - 44450 28 2981.84 II 9720 - 43247

140 OA I A OA n
11 /I /ion44yu — QQ79Q OQZO 9QQ9 nn ITzVoZ-UU 11 f\f\Q 1DO 7 1 409 1 f\^•UZ 1 o

A C45 OAOA 97 T T
11

A^O 1ooy 1
— OQZO zycjo.uz 11 VZoO 4971^ 1'l-Z i o 1

45 2920.93 II 10673 - 44899 55 2983.57 II 8606 _ 42113

23 2921.37 II 12485 - 46706 140 2983.82 II 13407 - 46911

160 2921.53 II 9585 - 43803 160 2985.24 II 4113 - 37602

2921.62 II 13248 - 47466 OAOU OAO*; 7A IIzyoo. /y 11 7nni
/ UU

1

i Z

70 2922.60 II
A 7/;7c4/0/0 28 2987.67 I O / 14-7

45 2922'80 II 12220 - 46424 360 2988.23 II 4490 37945

23 2922.99 II 8018 - 42220 150 2991.06 II 4147 - 37570

23 2924. 10 II 13818 - 48006 90 2991.70 II 12488 - 45904

OCA250 OAOC ACz9z5.05
IT
11

1 c 0 /I n 4yoz /
70/u OQQQ f.'i ITzyvo.oo 11 4-0 I 1 4-

250 2928 25 n O 0 7A /I O C 1 A4zoiy 160 2993.80 11 '+0O0

1

40 2928.70 III 9953 - 44088 28 2995.27 11 9720 43097

40 2929.30 II 14484 - 48612 110 2996.99 II 9061 - 42418

45 2930.91 II 12472 - 46581 28 2997.20 I

28 2932.64 11 9720 - A 0 OAA 1 QAloU OOOO AO TT 1111^11110 'f'f^OU

55 2933. 10 II
A70A9720 - 28 2999.27 II Q7Q99o / oZZ

55 2934.14 II 1522 - 35594 45 2999.80 II 14546 47871

130 2936.19 II 6168 - 40216 70 3000.97 II 7331 40644

170 2936.47 II 9202 - 43246 180 3001.26 II 8379 41688

70 2937.44 II 12902 - 46936 OOAZZU QAAO AC\ IToUUz.4U 11 1860 35157
OQ'JD inZ 700 . i u II

1

1

9202 - 43228 35 3006.00 II 6691 39949

100 2939.56 II 9238 - 43246 110 3006.93 II 12488 45735

2939.62 II 15349 - 49357 130 3007.62 II 6700 39939

35 2940.59 II 7332 - 41328 110 3007.80 II 10572 43809
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Thorium — all observed /ines— Continued

Intensity

and
Character

Wavelength
in A Spectrum

Energy levels

in cm"'

Intensity

and
Character

Wavelength
in A Spectrum

Energy levels

in cm"'

70 3007.95 II 9720 - 42956 130 3090.09 Ij 1860 _ 34212
70 3008.28 II 10572 - 43804 85 3093.05 II 1521 _ 33843

180 3008.50 II 6214 - 39443 50 3096.26 II 16033 - 48320
7A ^nno 77 II

11 0 33216 1 AA OAAiC /I 0
}I 9202 — 41488

oo Qfii 1 AnOU 1 1 .ou TI
11 O ( UU 0A07 07 " /I 1 1 0

85 3012.71 II 6214 - 39397 100 d 3099.74 jj 12571 — 44822
70 3013.60 II 13250 - 46424 3099.86 II 9238 _ 41488
40 3014.93 II 9061 - 42220 200 d 3100.79 II 13249 - 45489
OO OUlO. /

Z

11
11 9202 42352 O 1 AA f\A3100.94 II 12488 — 44727

Oo oUx / . io 1111 1 \J\J I o aono4-OOUo CA 0 1 A 1 <;A
II 1 ID J

0

110 3018.49 II 13249 - 46368 200 3102.66 JJ 6168 — 38389
no 3019.42 II 8379 - 41488 85 d 3104.97 I 0 - 32197
40 3021.49 II 13468 - 46555 3105.05 II 9202 _ 41399

i lU QAOO AQOUZZ.UV II
11 7332 40412 OOAzou 0 1 AC 7C

jl 9720 41909
A(\ 11 7UO 1 d.91 1 ^ CAoU o 1 A^: AO

II
A97t^l4Z / o 1

150 3026.57 II 9720 _ 42751 200 3107.03 JJ 6691 _ 38867
130 3028.58 II 6691 _ 39701 510 3108.30 JJ 6700 _ 38863
40 3030.49 I 4962 - 37950 250

II
6691 - 38836

oUou.oO 11 9238 — 42222 CA Olio AAiz.uy II 6168 - 38292
OO d OA0 1 OAoUol .ZU I

1 oOoo OOOOV CA 0 11/1 A70114.0/ II
ACOC Al £.QO

OAOl OAoUo 1 .ZV
II
11 1 1 1 1 A11110

50 3114.27 JJ 8605 _ 40706
40 3031.70 II 4490 _ 37465 250 3116.30 II 12571 _ 44650
70 3031.96 II 13406 - 46378 100 3116.48 II 10673 - 42751

O /U OA 0/1 A^.3UJ4.UO 11 8379 — 41328 140 0 117 £iOo 1 1 / . 6o II 6691 — 38758
1 1(\ OAO^ 1 1 II

11
1 A 1 on /I 0 1 07 1 AAlUU 0 1 1 A 0 C01 ly.oa II

OAAC 400D4

40 3035.54 II 9585 _ 42518 510 3119.53 JJ 4147 36194
85 3038.60 II 6168 _ 39069 50 3120.88 I 2558 _ 34591
70 3040.05 II 7332 - 40216 510 3122.96 II 6168 - 38180

1 OA OA/10 C\£. II
11 6700 - 39552 O 7A370 O 1 0/1 OA3124.39 II 6168 - 38165

0 A/1 C TI
11

1 A 1 OAluisy /I OA 1 /I4oU14 OOA 0 1 oc O

1

II
OO 7A 40o0 (

170 3046.95 II 13407 _ 46217 480 3125.51 JJ 9238 _ 41223
420 3049.09 II 4490 _ 37277 140 3125.74 II 1859 33843
85 3049.64 II 15710 - 48492 85 3127.21 II 9720 - 41688
A A40 3049.86

T f
11 14546 - 47324 CA50 0 1 OA A73129.97 II 10379 - 42318

o c85 0 A C A AO3050.98
T T
11 10189 42956 1 CA150 0 1 O 1 A73131.07 II 0 31929

85 3051.79 II 6700 _ 39458 85 3133.62 JJ 9585 _ 41488

40 3057.64 II 6168 38864 150 3134.42 II 14484 _ 46379
28 3057.90 II 11117 - 43809 100 3136.22 I 4962 - 36838
85 O A C O AO3058.43

TT
11 14484 - 47171 CA50 I 0 - 31870

180 3060. 18
TT
II 8379 41047 420 O 1 OA O 13139.31 II

AOAO A 1 A/1 74104/

85 3060.44 I 0 32666 100 3139.87 JJ 11117 _ 42956
220 3061.70 II 6700 39352 100 3140.27 I 2869 34704
220 d 3063.03 11 12488 - 45126 210 3141.85 II 7332 - 39151

0A^ 0 1 0
11 9585 - 42222 A OA 0 1 /I O OAol4z.o4 II 9238 - 41047

85 1 f\£. C AO3065.93 11 9712 42319 CAoO 0 1 /I C i^A0l40.04 ' 0 0 1 70 1

40 3066.41 II 12220 44822 310 3146.04 JJ 6168 37945

450 ,3067.73 II 13250 45838 150 3150.46 II 14484 46217

220 d 3068.91 I 0 - 32575 100 3151.65 II 10189 - 41909
3068.98 11 4113 - 36688 O 1 A310 0 1 C /I OAOlo4.o0

IJ

1522 - 33216

40 3069.26 11 10673 43244 O 1 AolU 0 1 C /I 77
II 13406 45095

270 3070.82 II 10572 43127 100 3155.83 JJ 9720 _ 41399

370 3072.11 II 4147 36688 100 3156.40 IJ 6168 37841

85 3072.82 II 13818 - 46352 50 3158.62 II 10572 - 42222

28 3075.84 II 9720 - 42222 50
1 1 rA f\'~t

3159.07 II 9061 - 40706

85 3077.34 II 9202 41688 70 3161.69 II 6168 37788

70 3077.93 II 9720 42200 110 3162.84 JJ 9720 41328

670 3078.83 II 4113 36584 110 3164.48 II 6700 _ 38292

50 3079.89 II 6691 _ 39151 55 3165.62 II 7001 _ 38582

480 3080.22 II 10189 42645 110 3165.82 II 8606 40184

50 3081.66 II 13249 45689 140 3166.10 II 4490 36066

200 3081.98 II 4147 36584 85 3167.56 JJ 15350 46911

140 3082.15 II 13469 45904 110 3169.33 JJ 6213 37756

140 3082.99 II 12472 44899 55 3170.43 7331 38864

140 3083.30 II 10673 43097 55 3171.28 0 31524

240 3088.47 II 7332 39701 40 3171.73 II 11725 43244
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Thorium— all observed /irees— Continued

Intensity
Wavelength

in A
Snfftriim Energy levels

in cm"'

Intensity

and
1 I1 Q T*!] t AT*
v.. lldl dClCl

Wavelength
in A opectrum

Energy levels

in cm"'

r r
55 2869 34372 zoU oz4o. /6

TT
11 — ^Qflfi9070OZ

110 3174.20 1859 33354 110 3247.59 II 04.00 — 401R4.

420 3175.73 II 6700 _ 38180 110 3248.49 II 12472 - 43246
55 3176.50 II 6244 - 37716 100 3249.86 I 0 - 30762
55 3177.20 II 6700 — 38165 280 3251.92 I 3688 - 34430

OO 9Rfi9Z.OU J7 34324 qoco 79OZOZ. 1 z 11 1 79791 J Z 1 z — dSOOfiT-OUUU

270 3179.05 JJ 140 3254.81 II 0771 A

1100 3180.20 II 1522 I 32957 140 3255.51 II 13469 - 44177
110 3181.19 II 7331 - 38757 910 3256.27 II 9238 - 39939
55 3181.67 I 4962 — 36383 180 3257.16 II 9585 - 40278

OO UU^ 1 00 lUO 1 OA 0 OC 7 073z5/.3/
T
1

9QAQZ0O7 oodOU
110 3182.64 JJ Q061 4.04.79 110 3259.06 I ( ZoU
55 3183.56 II 11117 _ 42519 110 3259.62 II 11576 - 42246
55 3183.79 II 13251 - 44651 110 3260.92 II 9238 - 39895

310 3184.95 II 4490 - 35879 110 3261.54 II 10572 - 41223

Do o lo / .UU J. 7ZUZ 4ft'^7n 0 1 Ay lu 00/io /;7oz6z.6/
TT
11 OlOo OAQAA

55 3187.40 JJ 1 ftfi'^'^lUoOO 4.9990 110 3263.03 II V5o5 A noo 0

770 3188.23 II 6213 I 37569 110 3264.43 II 12472 - 43097
270 d 3190.07 II 9585 - 40924 110 3265.58 II 7332 - 37945

3190.16 II 10572 - 41909 180 3267.00 II 7001 - 37602

itu 0 1m An

}{

1 1 A110 3269.47 TT
11

/;7AA0/UU 07077

85 3191.22 079(1 A^C\A1 110 3270.82 II
nU 0ACA C— OU505

55 3192.59 I 4962 36275 110 3272.03 I 0 - 30553
55 3193.16 II 13818 - 45126 310 3273.92 II 10189 - 40725
55 3195.69 I 0 - 31283 310 3275.07 II 13249 - 43774

1 1 n
1 lU Q 1 no o 9

{|

1 Q/1AQ /I /I 797 0 1 A310 3280.37 TT
11

OA 1 0 00An A- 38494
110 3198.48 ODUO 55 3282.98 II

1 c:o — 45yu4
110 3198.69 II 6691 37945 130 3285.75 I 2869 - 33295
85 3198.97 II 4490 - 35741 310 3286.58 II 8018 - 38436
55 3203.23 II 10189 - 41398 620 3287.79 II 1522 - 31929

w 1 Q 0/1 0 40o55 1 OA130 OOAA 1 03290. 13
IT
11

1 C 0 CA15350 - 45735
55 3203.88 }{ 1 0Q7nllo /U A 0770 910 3291.74 II Ozl4 0 A C 0 /I- oo5o4
55 3205.29 11 15236 46426 620 3292.52 II 6700 - 37063
55 3206.93 II 8379 - 39552 130 3293.60 II 14546 - 44899
55 3207.78 II 9202 - 40367 240 3293.95 II 9202 - 39552

55 Qono AOozUo.Uo 12220 /1 0 0 00 1 OA130 OOAC AA3295.00 T T
11 13469 - 43809

170 3210.31 }}
7An0 /OU 0 70/1

1

180 3295.32 II
AO /I /I6z44 OA C 00- 06502

55 3211.20 I 2869 34001 130 3295.52 II 9061 - 39397
170 3213.57 II 6168 - 37277 150 3296.61 II 12902 - 43228
55 3214.08 I 2558 - 33662 130 3297.37 II 10673 - 40992

55 32 14.38 4962 36063 240 3297.83 T T
11 9238 - 39552

55 3215.78 j} 6700 0 *7 "7 on37788 55 3298.05 I 4962 - 35274
170 3217.46 II 9401 40472 55 3300.62 II 1522 - 31811
55 3217.73 II 10379 - 41448 240 3301.26 II 11725 - 42008
170 3220.35 II 4113 - 35157 3301.35 II 11117 - 41399

560 3221.29

{{

10189 41223 240 3301.65 I 4961 - 35240
280 3225.41 9711 40706 130 3303 48 II 14546 - 44808
55 3225^66 II 17460 48453 480 3304.24 I 0

55 3225.90 II 1860 — 32850 55 3305.30 I 3865 - 34111
55 3226.12 II 8379 - 39367 130 3309.14 II 7332 - 37542

55 3226.41
}{

9585 40570 130 3309.36 I 0 - 30209
110 3227.77 0 30972 180 3310 2S n 6244 - 36445
560 3229^01 II 7332 38292 55 3313.07 I 10527 - 40701
110 3230.87 II 9712 _ 40655 180 3313.65 I 4962 - 35131
110 3232.12 I 2869 - 33800 240 3314.83 II 8606 - 38765

40 O O O O OA3232.30 0 30929
r r
55 0 0 17 7C3317.75 IT

11 13251 - 43383
55 3235.00 { 3688 34591 55 3318.98 II 6691 - 36813

480 3235.84 II 0 100 0 1 UOo 280 3320.30 II ^700 OOOUV
590 3238.12 II 4113 34987 510 3321.45 II 4113 - 34212
55 3238.93 I 2869 33735 55 3322.09 I 2558 - 32651

100 3239.29 II 6700 37562 390 3324.75 I f
11 1860 - 31929

1 1 ft 6691 37542 ft40 aooc: 19 TT
11 4147 - 34212

55 3240.64 2869 33718 100 3326.46 II 4490 - 34544
240 3241.11 II 7001 37846 130 3327.19 I 3688 - 33734
110 3244.45 0 30813 55 3328.26 II 13251 - 43288
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Thorium— all observed /inei — Continued

Intensity

and
Character

Wavelength
in A Spectrum

Energy levels

in cm"'

T » »
Intensity

and
Character

Wavelength c
. ! " spectrum
in J\

Energy levels

in cm"'

55 3329.73 I 7795 - 37819 980 3402.70 II 6214 - 35594
250 3330.48 I 0 - 30017 200 3403.27 II 9061 - 38436
100 3332.40 II 12220 - 42220 170 3404.65 II 10189 - 39552
170 3333 13 I ZH69 - 32863 O'tUO.OU 1 3688 - 33043

3334 60 II 6214 - 36194 130 3406 94 IT 6691 - 36041

130 3335.06 II 8606 - 38582 70 3407.83 I 7795 - 37131

620 3337.87 II 1860 - 31811 250 d 3408.64 II 10855 - 40184
130 3338.40 II 7332 - 37277 3408.75 I 2869 - 32197

DO Di ^^di ^1 ?AnO 97 IIOH*U7. Z / 11 10572 - 39895
cc00 Of.004^0.ZU TI11 15787 - 45689 1 7(1 OAl 1 7Q II04- i 1 . 1 O 11 7829 - 37130

130 3343.62 II 17272 - 47171 250 3413.01 I 2869 - 32160
130 3344.87 II 8605 - 38493 130 3414.50 II 9585 - 38864
100 bl 3345.89 ThO 70 3415.88 I 3688 - 32955
IROlOU 00*tU. oo TT

11 9585 - 39458 9(1(1 9/1 IQ 7Q ITO4'lo. to 11 19880 - 49121
O 1 u 77 I

1 0 - 9(1(1 o^lo.yo 11 fl6(16 -ouuu O I 04U

130 3348.95 II 10855 - 40706 270 3419.17 II 13407 - 42645
980 3351.23 II 1522 - 31353 390 3421.21 I 4962 - 34183
130 3353.95 II 11117 - 40924 200 3422.66 I

o lu QQt;4 1QooO'r. io XT11 10379 - 40184 1 QA O/IOO 1 O TT 12472 - 41677
11
11 OO iou 97(1 OAOq QQ T (1 — 9Q1Q7Z7 IV /

130 3355.27 II 10572 - 40367 130 3425.18 II 9202 - 38389
100 3356.82 II 9585 - 39367 130 3425.94 11 9401 - 38582
620 3358.60 II 1860 - 31626 200 3429.00 I 2558 - 31713
1 ou OOOU. 10 II

11 11576 - 41328 1 in1 lU 'iA9Q 50 TT04-zV.oV 11 9238 - 38389
1 QQfin '17 II

11 1V 107 1 'inlOU QA9Q on IT ddO(1 - OOUO /

310 d 3361.62 II 17727 - 47466 130 3431.81 II 20158 - 49289
3361.73 II 9720 - 39458 980 3434.00 II 1860 - 30972

100 3362.18 II 12488 - 42222 130 3434.76 I 10414 - 39520
1loU JQfiO COOoOZ.OZ II

11 9712 - 39443 77(1 OAT,':, QO TT04-00.70 11 0 - 29095
70
i \S

II
11 Al 1 Q — Ooo^-O 97(1 OAOf. 10 T04-0U. ( O 1 OOUO 590RAOZVOH-

130 3363.07 11 8379 - 38105 130 3437.02 II 8379 - 37465
130 3363.68 II 13406 - 43127 340 3437.31 I 2869 - 31953
250 3364.69 II 12488 - 42200 340 3438.95 II 13249 - 42319
1 inloU ooO.J. o'*

I
1 2869 - 32575 7r» 3688 - 32755

ll^iA CO II
11 1 10AO AOQAA DoU "iAIQ 71 TT 1 0570lUo(V OV't'f0

390 3367.82 II 4490 - 34175 130 3441.04 II 9712 - 38765
250 3371.80 II 12571 - 42220 130 3441.36 II 6691 - 35741

130 3373.49 I 2869 - 32504 110 3442.58 I 4962 - 34001

oo i 4'. .70
II
1

1

9238 - 38863 7(1 OAA'l 1 1 ITO^-^O. 11 11 9401 - 38436
I
1

OA COO
O'+OOO 7A OP T

70 3376.84 II 10673 - 40278 200 3445.22 II 10379 - 39397

390 3378.58 11 8018 - 37608 70 3445.39 II 12472 - 41488
130 3380.86 I 2869 - 32439 200 3445.74 II 14791 - 43804

i u ooo 1 .o^ 11
11 15324 - 44890 7(1 OAAQ 90 ITOH-t^.Z? 11 23187 - 52170

oo QQQl Q7 It
11 VOO.T — OO 1 ^ 1oV lol 1 1(\ OAAQ fiq II 1 C\^10lUD/Z OVOoZ

130 3383.15 II 16818 - 46368 110 3450.95 II 13251 - 42220

310 3385.53 II 4490 - 34019 130 3451.70 I

310 3386.50 II 9061 - 38582 270 3452.68 II 6244 - 35199
1 1 A Q0Q7 no T

1 7795 - 37303 1 in O^.jO.Ol 1 15490 - 44438
1 1 A111)

OQQQ CO
oooo.r)o

IIU oo'j An 1 nn OAC,A 91 IIO^-O^-.zl 11 Vzoo — OQ 1 onooloU

130 3389.46 I 8111 - 37606 200 3461.02 I 0 - 28885

310 3389.64 II 1860 - 31353 270 3461.22 I 4962 - 33845

110 3390.37 I 340 3462.85 II 9712 - 38582

1300 0 o rto r\ i3392.04
IT
11 1522 - 30994 Z l\J

OAfi'i 79 TTo'+Oo, iZ 11 13251 - 42113

70 0 0 no '10
11 8379 - o /o41 7(1

iXJ O'fOO.UO 1 o /Uvo

110 3394.14 II 11116 - 40570 450 3465.76 II 6700 - 35546

130 3394.80 II 17722 - 47171 130 3465.92 II 4113 - 32957

110 3395.37 II 7001 - 36445 130 3466.54 I 4962 - 33801

130 oon/i on3396.39 11 15787 - 45221 1 /in14U lAfifi f\A T 10414 - 39252

3396.46
Tf
11 17272 - 46706 OAf.Q OO IT04-0o.zZ 11 6700 - 35525

200 3396.73 I 3865 - 33297 170 3469.34 I 3688 - 32504

220 3397.52 I 1300 3469.92 II 4147 - 32957

250 3398.54 I 2869 - 32285 170 3471.22 I 3865 - 32666

200 3401.65 II 7001 - 36390 70 3471.96 I 7280 - 36074

200 3402.03 II 8460 - 37846 130 3473.03 II 9061 - 37846
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Thorium— all observed /ine5— Continued

Intensity

and
Character

Wavelength
in A Spectrum

Energy levels

in cm"'

Intensity

and
Character

Wavelength
in A Spectrum

Energy levels

in cm"'

100 3473.42
|j

9712 38494 140 3551.40 I 2869 31019
0/17/: C/i 6700 35456 12570 40706

70 3477.70 11 15349 44096 70 3553.38 1} 9712 37846
130 3478.13 II 9202 - 37945 200 d 3555.01 I 2869 _ 30991
130 3478.46 II 13407 - 42147 3555.10 II 9720 - 37841

250 3479.17 ooy 1
OCA 0£ 70 3555.70 I 10414 38530

l\j o'loU.Uo 8111 36838 1 7A OOO / .TO 6168 34270
130 3482.55 jj 9585 38292 530 3559.45 jj 6244 34330
130 3482.76 II 1860 — 30565 270 3559.94 II 12488 _ 40570
200 3485.21 II 8379 - 37063 70 3561.78 I 6362 - 34430

390 3486.51
If

10189 38862 110 3563.38 I 11197 39252
0 28673 7A OO04. ( 1 9711 37756

70 3490.27 JJ 14484 43127 140 3565.40 JJ 9238 37277
70 3490.45 II 15324 _ 43966 70 3567.05 II 6700 — 34727
70 3491.58 II 17272 - 45904 170 3567.26 I 0 - 28025

270 3493.52 I| 7829 36445 70 3567.70 II 12902 40924
4962 33560 "TA 6168 34175

70 3496.81 I 140 3569.82 J oooo olo / U

70 3497.01 II 10855 _ 39443 110 3571.57 JJ 10189 _ 38180
70 3497.26 Ij 9202 _ 37788 340 3572.39 JJ 8460 _ 36445

200 3498.01 II 1521 — 30101 200 3573.22 II 8606 — 36584
loU 0 A no /;o 8244 36818 530 3575.32 6700 34662
130 3498.96 t ouz OOU 200 3576.56

3498.99 JJ 9720 I 38292 340 3579.33 JJ 8460 _ 36390
200 3499.99 JJ 8018 _ 36582 140 3580.23 II 12488 _ 40412

140 3501.46 II 10189 — 38740 200 3582.01 II 10855 — 38765
70

jJ

5563 — 34111 140 d 3583.04 16907 — 44808
200 3502.78 9061 - 37602 3583.10 J 4962 - 32863
140 3503.62 JJ 13818 _ 42352 110 3584.18 J 2869 _ 30762
70 3503.79 J 7280 — 35813 130 3585.05 JJ 16564

-

— 44450

140 3505.49 II 13818 — 42336 270 d 3585.77 II 9585 — 37465
70 3506.85 II 15237 — 43744 3585.88 II 12488 — 40367
70 3509.09 I 6362 - 34852 170 3588.22 II 9202 - 37063
110 3511.16 J 3688 — 32160 3588.30 JJ 1859 - 29720
670 d 3511.56 JJ 4490 32960 110 3589.15 JJ 6700 _ 34553

3511.67 II 15305 - 43733
6691 34544200 3589.36 11

—

140 3512.74 II 9720 38180 170 3589.75 I 7502 35351

200 3514.53 JJ 110 3591.06 JJ ouUO
70 3514.96 JJ 9238 _ 37680 140 3591.45 I 3688 31524

140 3516.35 JJ 8379 _ 36809 270 3592.78 J 8800 — 36626
3592.83 JJ 9238 - 37063

140 3516.82 II 8018 - 36445
140 3518.40 2869 — 31283 140 3593.88

{{

13406 41223
70 3518.90 j} 70 3595.33 1 94.79 d.n97ft^UZ / 0

70 3521.06 J 3688 32080 70 3595.62 J 8244 I 36047
340 3521.91 JJ 10379 38765 270 3598.12 J 0 _ 27784

70 3523.50 I 390 3601.03 II 17727 - 45489

70 3526.63
j{

0 - 28348 340 3603.20
|{

9720 — 37465
140 3528 82 6691 70 3603.36 Iz4/Z /I AO 1

270 3528.95 JJ 10189 38518 70 3604.06 J 7502 35241

110 3530.51 J 8111 _ 36427 110 3604.68 J 3865 _ 31599

140 3531.45 I 4962 - 33271 70 3605. 19 I 13175 - 40905

140 3531.93
{{

18118 - 46423 110 3605.65 II 10855 - 38582
200 'K'^'M 16 9202 — 37465 170 3608 38

340 151Q V? JJ 4490 32736 200 3609 22 II 10673 _ 38372

670 3539 59 JJ 0 28244 980 3609.44 II 4113 31811

140 3541.62 II 8460 - 36688 240 d 3610.04 II 13407 - 41099

70 3542.50 I 6362 - 34583 3610.12 II 9585 — 37277
IflO

I
8800 37009 170 3610.40 II 7332 35021

7ni u .J 9401 37602 200 3610 80 II 4113 31800
^^d^ 1ft JT 13249 41448 200 3612 43 0 27674
Qi^At; OQ JJ 1522 29720

70 3612.87 0 27671I

70 3545.96 12848 41041 140 3613.78 II 4147 31811

140 3547.34 3688 31870 140 3614.01 II 14484 42147

170 3549.60 8111 36275 70 3614.21

70 3550.29 II 12486 40644 70 3614.35 10527 38186
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Thorium— all observed /ines — Continued

Intensity

dnd
Wavelength

in A opeclrum
Energy levels

in cm~'

Intensity

and
Character

Wavelength
in A Spectrum

Energy levels

in cm"'

A OA oolo. li
TT
11 4147 31800 40 3700.98 I ODOO OZO i D

0 /U u TT11 4.904.4. 40 3702.86 TT
11 40V 1

1

3617.12 II 10855 _ 38494 85 3703.78 I 4962 _ 31953
110 3618.36 I 7502 - 35131 250 w 3703.91 II 10855 - 37846
40 3619.71 II 10673 — 38292 3703.99 II 10572 - 37562

11 12571 40184
3704.08 II 9400 — 36390

270 3621.12 II l\J<J i £. OO lOU 85 d 3704 86 I ZOOV zytjoo

140 3622.29 I 10783 _ 38382 3704.97 II 15237 I 42220
140 3622.34 I 5563 - 33162 340 3706.77 I 8111 - 35081
110 3622.80 I 3688 — 31283 40 3707.00 I

TT
11 6700 34279 40 OTAT A 13707.43 TT

11 n ZU7UO
390 3625.63 II 1522 29095 35 3708.75 II lUOlO 4^774.

200 3625.90 I 7280 _ 34851 280 3711.30 II 6700 _ 33637
110 3632.62 II 9061 - 36582 85 3711.62 I 6362 - 33297
140 3632.83 I 11242 — 38761 55 3712.53 II 17461 - 44389

0004.00 T
1 OOOl/l /in 07 17 OOO / 1 / . OO IT

11 1 41 09 40009

140 3635.24 II lo to t
4.ooootOZoo 40 3718.17 II VZoo OOIZO

200 3635.42 II 22028 49527 590 3719.44 I 0 z 26878
270 3635.94 I 450 3719.98 II 10189 - 37063
110 3637.56 II 6691 - 34175 270 3720.31 II 9712 - 36584

55 3638.32 I
A OAO 00/1 OO 770 3721.82 II 1 Q^n 0Q70 1zo/zi

70 3638.64 I
QQAnBBUU 0A07^OOZ (0 340 3722.12 n /I 1 1 0411o ono70ouy /z

340 3639.45 II 6168 33637 50 3723'29 II 15350 42200
310 3642.25 I 0 - 27448 55 3723.66 II 4147 - 30994
110 3643.51 I 6362 - 33801 85 3724.73 II 17460 - 44300

70 3644.35 II iUO / o QQl AC 70 3725.39 I

100 3647.30 II oyoyo 220 3726.72 II A^Al 0AQ79

3647.37 II 14791 42200 110 3727.90 I 2869 29686
150 3647.65 II 12488 - 39895 130 3730.37 I 6362 - 33162
110 3648.17 II 0 - 27403 170 3730.75 II 15350 - 42147

140 0£. AO /I O3648.42 T T
11

OQQOQZoyZ.6 22
O T O 1 OA3731.30 I

1

310 3649.25 II 707 40 3731.42 II 1^1/1/1 A 1 QQ/iH-LyoO

170 3649.74 I 5563 I 32955 50 3732.98 I 10527 I 37307
170 3650.77 II 9061 - 36445 50 3733.67 I 8111 - 34887
370 3652.17 II 10189 - 37562 100 3734.60 II 4490 - 31259

140 3652.54 11
7Q0Q Q c 1 no 100

T 1 T r 1

3737.51 T
1 ooOo Q r\£ 1 A

100 36.56.20 H y I ZU Q7A£ 0 170 3738.85 II t540u
^t; 1 QQ

420 3658.06 II
7 Art 1 9 /I 0 OAo4ooU 110 3740.85 II

1 1 1 1 T
1 1 1w 0 /o41

560 3659.51 II 13407 — 40725 1300 3741.18 II 1522 — 28244
55 3661.62 I 3687 - 30990 150 3742.92 I 4962 - 31671

220 3663.20 I
om AnoU lOU 40 3743.51 II

1 nc70lUo (Z 07077

340 3663.70 II
c\A(\^ 00000 55 3744.74 II

0/1 An OC 1 C700 lo /

130 3666.98 I 8800 36063 50 3745.66 I 14482 41172

140 3668.14 I 8244 - 35498 340 3745.97 II 7332 - 34019
280 3669.97 I 8111 - 35351 310 3747.54 II 9202 - 35879

3670.06 II 4113 - 31353
I40 3751.02 n OAA C 0zOooz

OU i 1 . o^ I 6362 33591 3751. 12 I
1 1 O/I o
1 124z 0 7ono37893

140 3673.28 II 10572 37787 650 3752^57 II 9238 35879
200 3673.79 II 7332 - 34544 35 3753.24 I 7795 - 34431

700 3675.57 II 1522 - 28721 55 3754.03 I 8244 - 34874

200 3678.02 II
OA 1 O8018 0 c 1 nn 130 3754.59 II

nU OAAOAZDOZO
II
i I 9400 36581 130 3755.21 I

1 1 1 n7
1 1 197 0 70 1 n37819

280 3679.71 II 13407 40575 50 3756^29 I 8111 0 yl 70c34725

85 3681.88 II 11576 - 38729 140 3757.69 I 10527 - 37131

240 3688.76 II 13468 - 40570 130 3758.47 I 2558 - 29157

210 3690.49 II 9720 36809 130 3759.26 T
1

Oil!ol 1 1
0 A inA

180 3691.88 I 7795 34874 50 3760.27 II
AU ZOboO

170 3692.57 I oooo OU / oz 70 3761.10 II 1 9d.ftft 07UU7

280 3693.90 II 12488 39552 50 3761.47 I 9805 36383

150 3695.97 II 11117 38165 510 3762.88 II 6168 32736
3762.94 I 3688 30255

70 3696.65 II 9401 36445
/U ooy /.Oo 11 6168 33209 uU 11

11 16818 43383

180 3698.11 I 9805 36838 110 3765.24 I 8800 35351

55 3698.26 II 200 3767.90 II 9061 35594

110 3700.77 II 15305 42319 180 3770.06 I 5563 32080
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Thorium— all observed /irees — Continued

Intensity

and
Character

Wavelength
in A Spectrum

Energy levels

in cm~'

Intensity
1and

Character

Wavelength
in A Spectrum

Energy
in cm

evels

200 3771.37 1
Au ZODUO 250 3874.86 I

A AA9 30762
100 3772.24 II 7ft9Q OHeOOKJ 210 3875 37 I 36211
170 3773.76 II 10572 37063 28 3875.65 I 7502 33297
50 3774.20 II 19880 - 46368 140 3879.64 I 7502 - 33271
70 3775.90 II 14349 - 40826 55 3884.52 II 9720 - 35456

6 I lo.il
T
1 ftRnn 140

'inn A nn
3884.82

TT
II 1 00 1 9lyy iz 45646

25 3777.41 I i .jUZ 55 ^885 77 II 1 c:09lozz
50 3780^97 I 2869 I 29310 100 3886.92 I 2869 28589
25 3781.32 I 7280 - 33718 100 3887.02 I 10414 - 36133
170 3783.01 II 13469 - 39895 85 3891.05 II 11117 - 36809

140 on on on3783.29 IT
11 9fid.9'^ZD^ZO 28 3891.72 I

1 1 107 36885
340 3785.60 II O iUO OZO 1 t 50 3892 31 11 31929
50 3785.91 II 17771 44177 55 3893.11 II 13407 39086
70 3786.88 II 7332 - 33731 28 3893.42 II 12488 - 38165
50 3788.36 II 4490 - 30880 340 3895.42 I 7795 - 33459

310 3789. 12
f I
11 loou 50

'Inf\n A A
3898.44 I

oo^nZo09 28513
85 h 3790 36 I 35 3898 51 I 1 lz4z 16885

200 3790.79 I 7795 34167 28 3900. 13 II 12472 38105
70 3791.30 II 11576 - 37945 55 3900.58 I 8800 - 34430
110 3792.37 I 10414 - 36775 340 3900.88 II 7332 - 32960

100 3794.15 II
1 1 1 1 "7

11117 37465 55 3901.15 II 12220 37846
55 3794.70 I 13175 one OA39520 1009 17 I

1

85 3795.39 I 110 3903. 10 I 7795 33409
55 3796.73 I 8800 - 35131 140 3904.08 II 4113 - 29720
40 3797.45 II 15787 - 42113 170 3905.19 II 13469 - 39069

55 3798.10 I 4962 31283 50 3908.75 I 11242 36818
130 3801.44 I 7502 33801 28 3909.14 I 12114 37688
28 3802.15 II 9585 35879 85 3911.91 I 4962 30517

590 3803.08 I 0 - 26287 110 3912.28 II 10572 - 36125
85 3803.98 I 8800 - 35081 100 3913.00 II 13818 - 39367

110 3805.82 II 6691 32960
3913.08 I 11601 - 37149

370 9202 35456 55 191 1 890 7 10. II 1860 27403
55 3808.61 I 10527 36775 50 3916.42 I 0 25526
55 3809.83 II 14484 - 40725 140 3916.80 II 17722 43246
100 3810.99 I 7502 - 33735 55 3917.27 I 10526 - 36047

28 3812.40 I 15490 41713 85 3918.07 1 14482 39997
340 3813 07 II 9238 35456 55 3918 SO II

40 3815.03 II 10379 36584 110 3919.02 I 3688 29197
110 3817.48 I 8244 - 34431 55 3922.22 II 9238 - 34727
50 3818.68 I 4962 - 31141 28 3923.80 I 2869 - 28347

170 3821.43 II 11117 37277 140 3925.09 I 3688 29158
•JOOO 1 CLOOZ^ . 1 1}

II
1

1

9585 35741 98CO 3926.71 II 12486 37945
85 3823.58 11 13251 39397 110 3927^18 II 13407 38863
28 3826.37 I 10527 36654 110 3927.42 II 14484 _ 39939

110 3826.95 II 14349 _ 40472 590 3929.67 11 0 - 25440

450 3828.38 I 0 — 26113 55 3932.00 II 14791 40216
1Q9Q 19 11

1

1

17122 43228 oo 1019 91 IT11 9238 1<lfifi9OH-OUZ

55 3830.06 I 200 3932.91 I 770S 33215
110 3830.77 1 0 _ 26097 140 d 3935.48 I

270 3831.74 11 14484 _ 40575 3935.63 II 16818 _ 42220

50 3832.97 11 140 3937.04 II 10673 36066
7n
i\j 0000.0'+ I

1 7502 33560 1 in 1017 09 II
11 7828 1191fi

55 3836.58 1 iiniQt> 1 U 1 7 110 d 3938.61 I 8800 34183

250 3837.88 1 2869 28918 3938.78 II 6244 _ 31626
840 3839.74 11 6700 _ 32736 110 h 3941.23 1 5563 — 30929

85 3840.80 1 4962 — 30991 50 3942.07 1 7502 32862

ott^i .yo II11 9720 35741 70 104.9 fid. II11 10189

85 3842.90 I 1 1 197
0 "7O 1 O372 12 150 3943.39 II 09A9VzUz 34553

28 3846.25 11 22014 48006 85 3943.69 II 12472 37822

85 3852.14 I 3688 29640 220 3945.51 II 10855 36193

390 3854.51 11 10189 36125 85 3945.82 II 10189 35525

140 3859.84 11 8379 34279 09AzzU IT11 13407 ooi'H

450 3863.40 II 6700 32577 110 3947.33 I 9805 35131

340 3872.72 11 10379 36193 50 3948.03 I 0 25322

370 3873.82 1 2869 28676 20 3948. 13 I 8244 33565
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Thorium— all observed /ines— Continued

Intensity

Inaraf^tpr

Wavelength
in A \j u^y^ii mil

Energy levels

in cm~'

Intensity

and
v..iiarader

Wavelength
in A Spectrum

Energy levels

in cm"'

OAn U20U 11
TI
11 7ZOO 250 4030.84 T

1
OQAO 07A7

1

2/0/1
200 3950.39 I u ZOoUO 110 4032.46 II

28 3951.11 II 12486 37788 110 4032.60 I 8800 33591
220 3951.52 II 12488 - 37788 140 4034.25 II 6214 - 30994
50 3952.76 I 3865 — 29157 70 4034.92 II 4146 - 28923

1 lu T
1 ORO'i OD\jO I

OCAZDU ArxOA. ACWoo.Do T
1

AU 9/1 77AZ^ i iV

50 3955.89 I ZoOV 9tll 4.1 240 4036.56 II 1 QAA 20020
390 d 3956.59 II 10189 I 35456 110 4039.86 I 14207 38953

3956.69 II 0 - 25267 240 4041.20 II 10855 - 35594
55 3957.16 II 20989 - 46253 70 4043.13 II 1859 - 26586

1

1

QQCQ on 1
1 OOKJO OUO lO 1 1 A

1 lU AnA o on4043.39 T
1 4'VOZ

70 3960.33 II 13251 38494 50 4045.63 II UlUO ouoou
55 3962.42 I 3688 _ 28918 55 4048.29 I 7502 32197
50 3963.22 II 15350 - 40575 55 4048.43 I 12114 - 36808
28 3963.47 II 10379 - 35602 85 d 4049.94 I 3688 - 28373

OU 0 TT
11 17101 1 1 o

1 lU /lACA QO T
1

3964.86 II 1 AQ70 or CO/I 140 4053.53 I
T^OC
( /yo 09/1 CO

390 3967.39 I 4962 30160 140 4059.25 I 6362 30991
70 3969.00 II 0 - 25188 250 4063.41 I 11197 - 35800

200 3972.15 I 7795 - 32963 55 4064.33 I 11197 - 35794

70 39/2.64 T
1 8244 O 0.1 AA33409 55 4065.69 TT

II 9585 34175
150 3973.20 I Oobz 0 1 CO/1o lDz4 55 4067.45 I

OOZA2869 OIA AO2/448
55 3974.22 II 14546 39701 910 4069.20 II 6691 31259
210 3976.41 II 9585 - 34727 55 4071.75 I 8244 - 32796
55 3979.04 II 15243 - 40367 55 4075.50 I 2558 - 27088

150 OAOA AA3980.09 1 55 4080.71 1 7795 32294
55 3980.75 II 110 4081.37 I

OOAA 0 QOOC

200 3981.10 II 13407 38518 110 4082.26 II 11576 36066
55 3981.83 I 12848 - 37955 70 4083.47 I -865 - 28348
85 3987.22 I 7502 - 32575 700 4085.04 II 10189 - 34662

200 OAOO AO3988. Oz
TT
11 9202 34270 85 A AO C AO4085.43 T

1 8800 33271
55 3988.60 II

1 C O 1lozl z6bo6 700 4086.52 II 0 24464
70 3988.84 II 6691 31754 50 4087.28 I 10414 34873
110 3990.49 I 3865 - 28918 70 4088.73 I 6362 - 30813
110 3991.73 I 8800 - 33845 55 4089.14 I 2869 - 27317

55 OAAO no3992. zo IT
11 9238 34279 50 4091.35 TT

11 9202 0 OZO 73363/
530 3994.55 II 0 25027 85 4093.39 II 7332 31754
250 3996.06 II 15350 40367 700 4094.75 II 0 24415

55 3997.47 II 11117 - 36125 55 4097.32 I 6362 - 30761

150 3997.86 II 9720 - 34727 110 4097.75 I 2869 - 27266

55 4000.28 I 10414 35405 170 4098.93 II 8460 32850
110 4001.06 I 7795

o r\^ rf^32782 150 4100.34 I 0 24381
55 4001.73 II 4113 29095 140 4100.82 II 14484 38863
110 4003.10 II 10572 — 35546 55 4102.62 I 7502 _ 31870
240 4003.31 II 9202 - 34175 140 410'i.38 II 8379 - 32736

55 4005.09 I 3688 28649 270 4105.34 II 700) 31353
140 4005 S'i II 15453 40411 70 4105.91 11 10673 35021
100 4006.38 II 10572 OJOZO 55 4107!3V II 11117 35456
250 4007.02 II 11117 _ 36066 55 4107.86 I 3688 _ 28025
220 4008.21 I 7795 - 32737 840 4108.42 II 4490 - 28824

220 4009.06 I 11197 36134 55 A 1 AA O O4109.32 T
1 8111 32439

28 4009.72 I 8111 33043 110 d 4110.51 11 12488 36809

28 4009.82 I 13175 38107 4110.64 II 6244

55 4011.59 I 6362 _ 31283 85 4110.83 I

110 4011.74 I 4962 _ 29881 240 4112.75 I 0 _ 24308

280 4012.50 I 2869 27784 280 4115.76 1 5563 29853

55 4014.51 II 1522 26425 1100 4116.71 II 6168 30453

55 4018.10 I
A0 0>1 ODA 50 4118.49 I 1 Q907io2y 1

07C71o/o/i

4200 4019.13 II 0 24874 55 4122.70 II

110 4019.77 ThO 110 4123.53 II 8606 32850

210 4022.07 I 8244 33099 200 4127.41 1

TT
11 4490 29345 ccoo ^low. oo T

1 15490 39694

210 4025.65 II 9720 34553 110 4131.00 I 7795 31996

170 4026.14 II 110 4131.42 II 8379 32577

140 4027.01 I 3688 28513 340 4132.75 II 9711 33902
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Thorium— all observed /iraes— Continued

Intensity

and
Character

in A Spectrum
r.nf*r(TV Ipvpi^

in cm ~

'

Intensity

and
Character

vv n V p1pn h

in A Spectrum
Energy levels

in cm"'

140 h 4133.46 ThO 55 4218.19 II 11726 - 35426
200 4134.06

T
I 0 - 24182 55 4218.54 II 10572 - 34270

4134.11 II 9202 - 33384 55 4220.06 I oouo

140 d 4136.29 I 11878 - 36047 55 4224.24 II 1522 - 25188
4136.39 II 13407 - 37575 55 4227.39 I 7280 - 30929

70 h 4139.19 ThO 100 4229.45 II 12488 - 36125

220 4140.24 TT
11 9238 - 33384 85 /I O OA AO4230.43

T
1 11242 - 34873

150 4141.63 II 17771 - 41909 55 4233.29 II 15453 - 39069

170 4142.48 II 14484 - 38617 85 4235.46 I 0 - 23604
250 4142.70 II 0 - 24132 50 4240.59 II 6213 - 29788

55 4145.84 I 14032 - 38146 85 4243.93 II 9401 - 32957
220 4148.18 II 7829 - 31929 28 4247.60 II 4490 - 28026

50 4148.72 I 7502 - 31599 140 4248.00 II 09n9y^\j^ - ^971fioz 1 ou
450 4149.99 II 10572 - 34662 55 4249.68 II 7829 - 31353
55 d 4152.20 I 170 4250.34 II

4152.34 I

I110 4253.54 13297 - 36801
1 1 A110 4155.30 70

A c\r £: Art4256.09
TT
II 9720 - 33209

70 4155.47 70 4256.25 I 7502 - 30991
130 4156.24 II 10673 - 34727± \J\J l Kj O r 1 1 100 4257 50 I 0 - 23481
340 4156.51 II 9585 - 33637 110 4260 33 I 9805 - 33271

28 4157.27 I 28 4262.61 I 16784 - 40237
28 4157.39 I 10414 - 34461 55 4263.36 II 9401 - 32850
110 4158 54 I 9805 - 33845 28 4269.94 I

O 1 1 181 1

1

- 31524
85 4159.66 II 14484 - 38518 55 4270 33 II 15453 - 38864
55 d 4161.59 II 13818 - 37841 50 4271.10 II 1860 - 25267

4161.74 I 7502 - 31524
I55 4272.88 8800 - 32197

55 4162.51 I 10414 - 34431 280 4273.36 II 8379 - 31773
140 4169 fiftT" 1 . uo II 1497fi - ^R9Q9 1 in 4974 n9 II1

1

12488 - 35879
170 416'< fid IT11 y I oo I o 1 inn 497fi ftl^Z i u. o 1

II
i 1 8379 - 3 1 754

110 4164.25 QOflO _ ^^9no oo 4276.97 1 1 9202 - 32577

55 4165.07 II 15350 - 39352 480 4277.31 II 0 - 23373
140 4165.77 I 7795 - 31794 70 4278.32 I 14204 - 37571

00 n A]f.a 0':, I
i 9Rzo 19Rn ^7rZOU. O t

11 5.563 - 289 1

8

X i u IT11 10=^79 - ^4'i'i'?lUOj^ O'+OOO 1 "^n 49R1 n7^^O I .\J t
II
1 I 1522 - 24874

990 41 7n il7 II
11 <i9iR - ^i9no7^00 OOiU7 1 in .I9fll 49 II

1 I 8460 - 31811
4170.53 I 4069 _ OOQ'K'K

700 4282.04 II 6168 - 29515

55 4170.78 II 13818 - 37788 110 4283.52 II 9238 - 32577
1 in 4.171 ^4 II

11 7n 4284.98 II 1 000.1 - .iVoVo

41 7fi IT11 14701 - '?R790LH! t y 1 oo t Ly =>nou 4286. 19 II 17722 - 41047
41 7fi 4R I

1 49Rfi 9'<^^ou. zo 11 6362 - 29686

620 4178.06 II 7332 - 31259 55 4288.05 II 14791 - 38105

250 4179.71 II 1522 - 25440 28 4288.47 I 13848 - 37160
1 ^0 4170 Qfi TI

J.1 y 1 oouo 1 28 4288 67 I 7502 0AO 1 O- 30813

55 41 sn flsT' lOU. oo T
1 55 4291.81 I 8244 - 31537

1 in 41 S9 1 TT
11 1497fi — ^ftlfini^Z ( u oo iOU oo 4295.04 II 17771 - 41047

55 4183.56 II 9061 - 32957 55 4297.31 I 11197 - 34461

50 4184.71 II 14276 - 38165 70 4298.83 II 12486 - 35741
^nou lOy.OD T

X 1^907 — "^Tl^^A oo 4900 ft4 I 11197 - 34447

00 dlQl TTli 1 1 ^lf\ - 'K^A.Of\1 1 0 ( O OD'^Z.yj oo 4^06 ^^7 II 19912 - 43127
4,109 3/; T1 100 4307. 18 I 11197 - 34408

130 4193.02 I 8111 - 31953 28 4308. 12 I 11242 - 34447

50 4194.94 I 7795 - 31627 200 4309.99 II 10189 - 33384
7n 4-1 VO.DO TT11 lflfil7 — 49fi4^XooX / 4*Z04'0 9ft 4311.58 I 11803 - 34990

00 4-1 VO.OO TT11 141^4^; — ^R^79X4-0*tD 000 i Z 9Rzo 4'^l 1 8n I 8244 - 31429

4-1 VO. 70 TT11 i4nx^u 4312.99 I 2869 - 26049

55 4199.02 II 13469 - 37277 55 4315.25 I 2869 - 26036

170 4201.85 II 8018 - 31811 110 d 4318.29 II 9585 - 32736
OKI TI11 17799 — 4'^lft 494-0 lO. 4^ I

UZU IT 0/UU — OU'+OO 9ftZO 4'?io in^0 XV. lyj IT11 15243 - 38389

00 49 in 7A T
1

77QC 1 Q '17
/ iyo 0 100 / 14U 4^9n 1 ^40Zw. X O IT11 4490 - 27631

130 4210.92 I 0 - 23741 85 4320.59 II 12902 - 36041
55 4213.07 I 2558 - 26287 40 4327.09 II 4490 - 27594
28 4214.54 II 17727 - 41447 40 4327.23 II 4146 - 27249

28 4214.83 I 4962 - 28681 55 4328.69 II 17272 - 40367
55 4217.22 II 6168 - 29874 55 4329.49 II 14484 - 37575
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Thorium— all observed /ines — Continued

Intensity
Wavelength

in A OfJCdl lilll
Energy levels

in cm"'

Intensity

and
v.. lldl aClcr

Wavelength
in A opectruni

Energy levels

in cm"'

T
1 O J. 1 1 oil 70 140 4440.87 04DU ouy t z

55 4331.92 II 14484 50 4443.09 Jj OO /o 9AO70ouo (

y

28 4333.93 II 22028 _ 45095 28 4445.03 I 10783 _ 33274
28 4335.31 II 12485 - 35545 28 4445.90 I

170 4335.69 II 11117 — 34175 110 4447.83 II 6244 - 28721

4'00 / .Zo I
1 0 23049 9QZo 440Z.OO 9S60 £tOO£.£,

4337.38 II 25 4454.51 jj 1 10 /o

50 4338.11 I 10414 _ 33459 85 4458.00 I 3688 _ 26113
55 d 4340.90 I 8111 - 31141 85 d 4461.06 II 13469 - 35878

4341.03 II 23187 — 46216 4461.24 I 3688 — 26097

Q';oo TT
11 12571 35594 /IA AA^-\ CO440 1 . DO R94d ^0651OUUO 1

70 4342.44 I 8244 31266 40 4461.70 18816 41 99^

100 4343.95 II 1860 _ 24874 220 4465.34 II 8606 _ 30994
130 4344.33 II 0 - 23012 55 4469.53 I 10414 - 32782
170 4344.62 ThO 35 4472.28 II 13248 - 35602

I
1 7930 OU^O 1 4U AA7A n744/4.Ui ioZ4y oooy4

25 4347.19 II ld7Ql o I too 85 4480.82 JJ Alio4110 Z04ZO
25 4347.24 II 14546 _ 37542 40 4482.17 I 4962 27266
55 4348.60 I 13848 - 36837 40 4485.80 II 10673 - 32960
55 4349.07 I 4962 - 27949 25 4486.63 II 18817 - 41099

140 n 4350.82 1 nU z5 A A Oil AA4486.90 ZDOO
85 4352.68 II 110 4487.50 J} A^ Al

85 4353.40 II 10673 33637 140 4488.68 II 4490 26762
55 4354.48 I 13175 - 36133 40 4492.24 II 12472 - 34727
110 4355.32 II 8018 - 30972 170 4493.33 I 0 - 22249

55 4357.61 Tf
11 OAAf%A 40 4496. oz

TT
11 1 OOl 9lyy iz /I 9 1 /I A

55 4358.32 I lU / oO OO i Z.i 24 4497.91 1 1QA Q 'ififi'lAODU /

85 4359.37 I 10527 33459 110 4498.95 I 5563 27784
85 4361.31 II 15243 - 38165 70 4499.98 I 7795 - 30011
85 4365.93 I 8244 - 31142 55 4505.22 I 8800 - 30991

oc00
TT
11 QQ70 Q 1 9 COo IzoV 9/1z4 A CAA A 14o0d.4/ 7CA9/oUz zyooo

85 4373.90 II Q79Ay Izu 091^77oZo / / 280 4510.53 j{ luo / z oZ /OO

85 4374.12 I 0 22855 40 4512.48 II 11576 33731
130 4374.78 II 4113 - 26965 55 4513.68 I 9805 - 31953

55 4378.18 I 2869 - 25703 40 4515.12 I 0 - 22142

/U /tool Af\4ool .40 If
11

/I 1 /I A4140 zoyoo A A4U ACX C AA4olo.y6 OAAAAzuyyu /I Q 1 974olZ (

1300 4381.86 II 0 (UU ZVO 10 22 4517.04 {} loUoo oolOO
28 4384.66 I 22 4518.64 II 17771 39895

1100 4391.11 II 4490 - 27257 22 4519.26 I 3688 - 25809

55 4392.97 I 7795 - 30553 22 4519.75 II 12902 - 35021

28 4393.76 1
T CAO750z OAOC CoOzoo "7A L

70 h 45zl.zu
j}

90AAzo6y OA AO 1z4yoi
85 4394.89 II 8606 31353 4521.24
70 4396.48 II 9061 31800 22 4522.78 II 24757 46861

85 4397.91 II 6700 - 29431 40 4524.84 II 7001 - 29095

50 4399.09 II 20288 - 43014 28 4525.09 II 11117 - 33209

55 4401.58 I 7795 30508 20 4529.48
'1

lz47z O A C A A34544

oo 4402.93 I 2869 25575 22 4S30 32 11242 33309

85 4408^88 I 3688 26363 70 4531.71 II 13818 35879
28 4410.49 II 17272 - 39939 85 4532.26 II 12486 - 34544
85 4412.56 I 13175 - 35831 170 4533.30 II 9720 - 31773

210 4412.74 II 6168 28824 70 A CO A TO4534. Iz
1 AC TO10572 0 OA O 13z6zl

55 4414.49 I 8244 30890 40 4535.26 J 8244 30287

85 4416^24 II 10572 33209 70 4537.07 II 15242 37277

28 4416.84 I 9805 _ 32439 55 4540.40 II 14791 _ 36809

28 4418.66 II 16818 - 39443 70 4544.51 II 4490 - 26489

50 4421.54 II 1522 24132 35
AT A r OO4545. 8z TT

11 12220 34212

50 4422.05 I 10783 33391 4545.92

55 4427^66 II l^'tt54 o ( UOO 22 4551.47 I ioo**o OOO lO

28 4432.25 I 6362 28918 35 4552.15 I 8800 30762

250 4432.96 II 9202 31754 70 4555.81 I 3865 25809

22 4436.05 II 10673 33209 70 A C£. 1 O C45ol.o5 7280 29197

Zo AAlf^ 90^^oO.ZV II
11 9238 31773 on A.^fx'X on

II 18817 40725

40 4436.55 II 14276 36809 40 4563.66 8111 30017

140 4439.12 II 11117 33637 21 4564. 18 II 10673 32577

40 4440.57 II 0 22513 30 4566.65 II 7829 29720
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Thorium— all observed /ines— Continued

Intensity

and
Character

vJ nvpl^ncrthTV dVC^ldlglll

in A Spectrum
Energy levels

in cm"'

Intensity

and
Character

U/ !1 lo n <Tt nW aVclcllglll

in A Spectrum
Energy

in cm
evels
-1

21 4567.24 I 7795 — 29684 30 4729.13 I 7795 — 28935
65 4570.97 I 11197 33068 45 4729.88 8379 — 29515
26 4573 70 II 616$)O iOO 9ftn96 13 4732.67 Jl ZZOOO 41R0Q400U7
21 4575.25 11 1522 _ 23373 190 4740.53 >j 6168 979^7

21 4575.42 II 14276 — 36125 13 4741.31
T

6362 _ 9744R£, 1 440

21 4581.23 II 16906 — 38728 26 4742.24 II

40 4581.58 II 15243 37063 4742.26
ij

10673 — 31754
30 4584.37 11 19479 1497Q«j4'Z (7 45 4741 6QT" t ^O. U7 dill4110 9'^lRRAO 100
30 4588 23 11 16033 _ 37822 26 4749.20

T
7795 9RR46^oo^u

50 4588 43 I 10414 — 32202 21 4749.97
.

8111 _ 29158

40 4589.12 II 12486 — 34270 140 4752.41 II 6214 — 27250
30 4589.67 II 12488 34270 45 h 4758.14

jj50 4592.67 I R944 ^nni 1OUU 1 1 65 4761. 11 lOOOO 17'i690 / ouz
4593.64 I 13089 I 34852 40 4764 14^ I Ut". O^ JJ 17121 1R10=;00 1 uo

75 4595.42 I 3688 _ 25443 13 4766 60T 1 \J\J . \J\J 3865 _ 94R1Q

45 4602.88 II 7001 - 28721 65 4774.25 II 6691 - 27631
26 4606.50 II 12472 — 34174 26 4777.19 14204 — 35131
50 4609.37 II 1 OA 1A 1 7/1o4i /4 26 4778.29 U 90Q99A\jyAA

MO 1 1 . OU II11 9202 30880 1
? 477Q '^Q JJ

'tU 1^.0*T IT11 9585 31259 91 4,700 7fi4" i OZ. 1 U 6691 97=^04Z ( 074

65 4619.48 II 9238 - 30879 15 4784.04 I 15619 - 36516
40 4619.56 II 14484 - 36125 40 4789.39 3688 - 24562

II11
OAOO O20288 41909 1

1

4fl0n 1 7 6700 97^^97Z / OZ t

4fi94 14 IT11 11117 32736 91Z 1 4ft01 4R4-0U0.4-O 19912 4079^^^u / zo
26 II 16565 38180 1

9

4fi01 Q'^tOUO. 70
X,

13469 1497Q04"^ i y

140 4631.76 II 10189 - 31773 45 4808. 13 I 4962 - 25754
45 4633.76 I 12114 - 33689 26 d 4813.72
uo 4ft ^0 7(1 II

11 12472 34019 4R 1 1 ftO inn c7795 Zoouo
4ft40 ft4^utu . ut II11 10379 31924 4^^ AO-] a f,An-O 1 0. Ut J, 17771 1R=il ft00010
4641 94 T

1 11242 32782 IfilO 4890 HRT-O^U. oo J. 12472 1190QOO^U7

140 4651.55 II 7332 - 28824 12 4821.27 II 13818 - 34553
30 4651.99 II 1522 — 23012 26 4822.86 4962 — 25690
£•0 466'? 90 I

1
OA 9AO 91zo 4H91 Ifl A Al414 / 94R74zto 1 4

UO fuoo . uu II
1

1

6168 27594 OU 4R91 60 J 6362 970Rflz 1 uoo
•^00\J 4666 flOtUUU . OU I

1 6362 27784 404U 4R96 70 13088 11R01OOOU

1

90 4668.17 I 7502 - 28918 45 4831.12 I 3688 - 24381
50 h 4669.98 I 8244 - 29651 13 4831.60 8244 - 28935
1 o 4671 66^U i o . uu I

1 2869 z4z60 6^UO 4-00^. Ov IT11
AU 90686^uuou

4676 06tU I U . UU I
1 10414 31794 4=%T-O dftdO d? II

1

1

1860 99=11

1

AAO LO

ou 46Hn 64 II
11 6168 27527 OU 4-04-U.O4 2869 91=^9 1AOOA L

15 4686.20 I 2869 - 24203 45 4844. 16 II 11117 - 31754
100 4689.17 II 6691 - 28011 18 4844.56 II 9238 - 29874

1 1;
1 o II

1

1

17837 39150 10OU 4R4R 16^Ot'O. OU 0680 94108^4*0^0

^u tU 7 1 . UO II
1

1

19912 41223 40H-U 4R4Q 044-0^7. Ut- IT1

1

22028 4964"^4^U40
1 c
1 D 4'D7 1 .00 I

1 6362 27671 7=^
/ o AQC.n A A

^-OOU.tT" II
1

1

4147 947'^RZ4 ( 00

140 4694.09 II 0 - 21297 15 48,52.87 I 16218 - 36818
50 d 4694.92 II 4147 - 25440 12 4858. 10 II 18973 - 39552

4-OVO .U4-
I
1 3688 _ 24981 40^u 4-000. OO II

11 10379 _ 100^^60U70U
4- ( uu. 14'

II
11 14276 35546 1

1

lo 4H61 9940U 1 . ZZ 8111 9R676^ou 1 u
1 1; 4.709 ^1 IT

11 9712 30972 9fiOZOU 4fl61 164-OUO. lU TI
1 1 6213 96770

50 4703.99 I 0 - 21253 45 4865.48 I 7795 - 28342

130 4705.76 II 9711 - 30956 12 4868.27 II 18817 - 39352
AC\
Ht\) /uo.Zo ITU 7001 28244 1 9 4-o0c5. Oo

I

1 1242 0 1 / / 0

ID 4- / Uo. lU
IT
11 1 1 796 32960 4-U 4.079 no

I

6362 ZOO / 0

00 4 / 1 Z . OV IT
11 99'^R?iOO 30453 10 40 ( 4. OD 8800 90*^10^yo 1 \j

d7 I 9 dft4 / 1 Z.H-o
1
1 9804 31019

4877.00 II 16565 3706350 -

26 4715.43 II 10572 - 31773 26 4878.73
{

2558 - 23049

00 4 / lo.OZ 11 19912 41099 4074. yyj 0 90494
/I A Alia OQ IT

11 14276 35456 oU dQOJl dA II
11 17771 1S1R0oolou

QAoU 1
1 7502 28673 10 4flQft ftn4'OVo.oU II

11 17272 176fl00 / uou

90 4723.44 I 0 21165 26 4899.24 I

120 4723.78 II 1522 22686 18 4911.38 9805 30160

50 4724.77 II 9720 30880 40 4912.53 II 4113 24464

30 d 4726.33 II 1860 23012 15 4914.12 II 17122 37465

4726.46 II 12486 33637 240 4919.82 II 6168 26489
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Thorium— all observed /iraes— Continued

Intensity

and
Character

Wavelength
in A Spectrum

Energy levels

in cm~'

Intensity
Jand

Character

Wavelength
in A Spectrum

Energy levels

in cm"'

26 4920.53 II 8605 28923 50 5110.86
'1

16565 - 36125
4921.61 II 9202 29515 10 Olio. 3865 - 23410

18 4922.95 II 10572 30880 40 5131.07 II 15243 - 34727
26 4924.42 11 4113 - 24415 24 5140.77 I 6362 - 25809
18 4927.78 I 8244 - 28531 95 5143.27 II 1860 - 21297

18 4929.98 II 14Z /O
O A C CO34553 24 5143.92

J

10414 - 29849
1ft 40^^ ft"! II 7332 27594 9A O1^0.U4- 7332 - 26762
40 4936.77 I 8800 29050 120 5148.21 II 15243 - 34662
40 4939.64 I 7795 - 28034 50 5151.61 I 3687 - 23093
17 4943.06 I 2869 - 23094 24 5151.86 II 4113 - 23518

17 4945.46 I 0 20215 50 5154.24 7795 - 27191
17 4946.66 II 19240 OCiA CO39458 o loo. uu j 2869 - 22249
60 4947.56 II 10673 30879 70 5160.72 I 7280 - 26652
50 4950.62 II 9238 - 29431 24 5163.46 I 3688 - 23049
95 4954.56 II 11576 - 31754 50 5164.98 I 14204 - 33560

4954.66 II 14484 34661 24 5170.22 II 11117 - 30453
10 4960.42 I lO O 1 / U. 7U 11197 - 30508

496o!49 II 9720 29874 35 5182.53 II 1 OO lU - 3R1fl7OO 1V 1

24 4963.18 II 11117 _ 31259 35 5183.99 II 12488 - 31773
50 4964.12 II 10855 - 30994 14 5187.46 I

24 4968.75 I 13848 33968 21 5189.67
}{

20288 - 39552
d070 O'l II

11 8605 28720 ^0 O IVU.O ( 4113 - 23373
35 4972.17 II L<JOO\J 40 5193.82 II Q — lQ9dft

35 4973.38 II 15324 _ 35426 50 h 5195.82 I 4962 - 24203
35 4975.95 II 12486 — 32577 50 5198.80 I 10527 - 29756

19 4976.59 II 12488 — 32577 95 5199.16
}

3865 - 23094
1Q II

1

1

6691 26762 9d cone 7Q 15349 - 34553
24 4985.37 I oooo 60 5206.49 II 10 — 9'^dldZOt" 1^

110 4987.15 II 18817 _ 38863 5206.66 II 10673 - 29874
19 4989.31 I 7280 — 27317 50 5211.23 I 3865 - 23049

24 4997.80 II 15453 35456 24 5213.35 7795 - 26971
10 dQQQ Qd II

1

1

14276 34270 yo coif. COoziu.ov 1522 - 20686
50 5002.10 I 2869 22855 50 5218.53 II 7332 - 26489
19 5008.19 II 17983 _ 37945 35 5219.11 I 8111 - 27266
50 5015.89 II 110 5231.16 I 2558 - 21669

260 5017.26 II 7332 27257 24 5232.04
|{4.0 o\j ly n11 14102 34019 oo

rnoo OOozoo. ^z 9720 - 28824
17 5020.54 II 13818 — 33731 40 5237.91 II 17722 - 36809

130 5028.61 II 10572 - 30453 40 5240.20 II 6168 - 25246

17 5029.63 II 15145 — 35021 95 5247.65 II 0 - 19051

24 50,39.23 I 2558 — 22397 19 5253.44 II 15145 - 34175
40 h 5040.15 ThO 35 5258.36 I 3865 - 22878
24 5040.56 II ^iO 1 o 12 5266.71 I ouoo - 99fi7fl

24 5040.68 I 3688 _ 23521 70 5277.50 II 10572 - 29515

50 5044.72 I 0 — 19817 12 5280.10 II 14276 - 33209
5044.75 I 7795 _ 27612

30 5297.75 8800 - 27671
{1 o 1

1 7502 — 27317 JO Oou 1 . ^y) 14102 - 32960

19 5047.05 I 12 5303.05 II 1 9Q09 01/

24 5047.43 II 15787 35593 12 5304.62 II 14791 - 33637

240 5049.80 II 6691 26489 17 5305.58 II 9401 - 28244

24 5050.78 I 3688 - 23481 30 5307.47
|{

16564 - 35400

OD oUoD. j4 II 1522 21297 OO lU. 1860 - 20686

70 5058.56 II 1 4- j VU 35 5312.00 I ouoo — 99'iOHzzouo

24 5059.86 I 7502 27260 35 5312.53 I 5563 - 24381

40 5061.22 II 14791 _ 34544 60 5325.14 II 12486 - 31259

19 5064.60 I 4962 - 24701 50 5326.98
{

8111 - 26878
OA C^CiAA 7QDUOO. /

o

I
1 18011 — 37742 9d OOZ7. 0 1 10673 - 29431

110 5067.97 I 7795 27522 5329.48 II 18816 - 37575

24 5075.47 II 15324 35021 60 5343.58 I 3688 - 22397

24 5090.75 II 8606 28244 30 5345.31 II

21 5094.13 I 14207 33832 14 5347.04 II 22028 - 40724

40 5095.07
T
I 18432 38053 14 5351. 13 15619 - 34301

50 5098.04 11 1521 21131 40 5375.35 1522 - 20120

21 5100.62 I 4962 24562 24 5375.77 15305 - 33902

24 5107.24 II 7829 27403 12 5378.84 14482 - 33068
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Thorium— all observed /mei — Continued

Intensity

and
Character

Wavelength
in A Spectrum

Energy levels

in cm"'

Intensity

and
Character

Wavelength
in A Spectrum

Energy levels

in cm"'

35 5382.92 TT
11 41 1 ^ 99fiftfi 7 5601.60 I n 17ftd.7

12 5384.03 I 50 5604 51 II

35 5386.61 I 4962 _ 23521 7 5605.30 I

70 5390.46 II 6700 - 25246 12 5610.24 I 7502 - 25322
50 5392.57 II 4147 — 22686 19 5610.68 I 11601 - 29419

12 5394.76 1 12 5612.07 1 1 04.1 d

24 5398 92 I 35 561 S 32 I ooOo
24 5407.65 I 11197 29684 24 5615.73 II 17722 I 35525
21 5410.77 I 6362 - 24839 7 5626.73 II 19912 - 37680
70 5415.46 II 14276 — 32736 7 5630.30 I 19986 - 37742

24 5417.49 I '\f\9.HODoo 9914.9 70 5639.75 II 1 '^99 1 Q9d.ft

19 5421.84 II 7001 9'^4.40 50 5645 89 11 11117I L L I I

21 5424.01 I 10414 I 28845 12 5652.90 II 17771 I 35456
60 5425.68 II 9585 - 28011 12 5654.02 II 6700 - 24381
12 5431.11 I 6362 - 24770 12 5657.93 I 12848 - 30517

10 5433.70
TT
11 1 1 1 1 i 17 5665. 18 I

12 5435 13 II 1 9/lQA 30 566 S 62 II Q71 1y / 1

1

50 5435.89 II 12488 30879 14 5674.99 I 11803 29419

24 5437.38 II 12570 - 30956 7 5678.92 II 16033 - 33637
35 5443.11 II 4147 - 22513 24 5700.45 II 9712 - 27250

40 5449.48 II
1 A 97A Q9A91OZO/ 1 95 5700.70 II 079ny (zU 979C7

30 5452.22 I VoUo 9Q 14 1ZOl41 5700.91 II /I 1 4 A 9 1 AQOzlooz
24 5461.74 II 13469 31773 95 5707.10 II 6214 23731
30 5462.61 II 14276 - 32577 19 5719.62 I 7502 - 24981
19 5474.86 II 1860 - 20120 50 5720.18 I 3688 - 21165

24 5484.14 II
1 I I 1 71111/ 30 5725.39 I Z ( ZOO

24 5488 62 II
AU 1 Q9 1 A 30 II 1 7797 Q^l AC05105

7 5495.81 II 14546 32736 7 5738.31 II 17121 34543
10 5496.14 I 5563 - 23753 19 5741.17 II 7001 - 24415
30 5499.26 I 2558 - 20737 24 5742.08 II 13468 - 30879

12 5501.94 II OZ44 /4415 10 5745.68 II zuyyu 90 0 on

19 iJtJ V/T . \J\J I 10 5748.74 I
A "2AODOOZ 0 Q 7C 9zo /5o

35 5509.99 I 9805 27949 30 5749"38 II 1860 19248

12 5510.68 II 15243 - 33384 10 5753.03 I 4962 - 22339
19 5514.87 I 7795 - 25923 70 5760.55 I 0 - 17355

19 5518.99 1
^a An16347 0 /I /I £ 134461 10 5763.53 I 2869 OAO 1 CzUzl5

12 5521.75 I 19/27 O 70 OO37332 10 S7fi4 87 II
1 7070I7z7z o455o

24 5524^22 II 16565 34662 21 5796.42 II 11576 28824
12 5524.58 I 13175 - 31271 35 5804.14 I 0 - 17224

12 h 5528.00 II 20081 - 38165 17 5806.28 II 12570 - 29788

12 5537.13 II 9202 27257 19 5815.42 II 1860 19051
I
1 9805 27853 10 ^K\fK 04OOiJO. II11 0 17122

70 5539.91 II 9585 27631 7 5852.68 I 10414 27496
19 5542.89 I 10527 - 28563 17 5859.67 II 13818 - 30879
10 5546.12 I 17 5870.55 II 12486 - 29515

35 5548.18 I 6362 24381 14 5885.70 I 9805 26790
ooo \ .o I

II
1 i 9585 27594 oo qoQl A^ I

1 10527 27496
24 5557.04 I 8800 26790 40 5914.39 II 9585 26489
12 5557.31 II 16564 _ 34553 17 5914.65 I 7280 - 24182
50 5558.34 I 8111 - 26097 19 5925.87 II 10379 - 27250

7 5559.89 I 3688 21669 17 5938.83 I 5563 22397
II
1 1 12486 30453 10lU 074- 4-. OO I

1 10527 27344
35 5568.00 II 13818 31773 30 5973.66 I 3688 20424
35 5571.19 I 11197 _ 29142 30 5975.07 I 6362 — 23094
17 5572.47 I 7502 - 25443 85 5989.04 II 1522 - 18214

40 5573.36 I 8111 26049 14 5991.00 I 6362 23049
94. A i;i;7A nn I

1 94 5994. 13 I 3865 20544
5576.20 I

1 C\A 1 A1U4 14 901/1

9

/00'+/ 7 600L21 I
Q1 1 1o 1 1 1 94.770Z^- / / U

35 5579.36 I 5563 23481 21 6007.07 I 8800 25443
21 5583.76 II 9061 26965 11 6010.16 I 2869 19503

60 5587.03 I 4962 22855 30 6015.42 II 15305 31924
C C 0*7 TO5587.73 I f 20288 38179 1 o1/ II

11 15145 31754
24 5588.87 II 6244 24132 17 6021.04 I 7795 24399

24 5593.61 II 7001 24874 17 6037.70 I 3865 20424

24 5595.06 I 8244 26112 24 6044.43 II 4147 20686
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Thorium— all observed /tnes— Continued

Intensity

and
Character

Wavelength
in A Spectrum

Energy levels

in cm"'

Intensity

and
Character

Wavelength
in A Spectrum

Energy levels

in cm"'

12 6066.50 II 26647 — 43127 24 6619.94 II 4147 — 19248
30 6073.10 II 1522 — 17983 21 6644.66 II 9712 - 24758
12 6085.26 II 6214 22642 8 6646.54 II 12486 — 27527

6087.26 II Ol i to 5 6648 50 II I 1 79A
I I /ZO

24 6099.08 II 10379 I 26770 4 6648 96 11 10379 25414

11 6102.60 I 10414 — 26796 6 h 6658.68 I 11242 — 26256
30 6104.57 I 15619 - 31996 30 6662.27 I 7502 - 22508
40 6112.84 II 1860 18214 4 6678.71 7280 — 22249
oU 6120 56 II 14040 oUooU 8 6692.72 II

1 AAC 1

14 6151.99 I 7502 23753 8 6704 05 II 11576 26489

60 6169.82 I 4962 — 21165 8 6713.97 I 6362 - 21253
50 6182.62 I 2869 — 19039 8 6719.20 I 10527 — 25405
12 6184.79 I 13089 — 29253 16 6727.46

J

5563 — 20424
10 6188 13 I 8 (S73'? 7^(J 1 OO . t o

1 A OA/114ZU4 OQAC 1

12 6191.91 I 6362 22508 5 674? 88 .
12848 27674

24 6193.86 II 11117 - 27257 20 6756.45 I 2558 - 17355

10 6198.22 I 3688 - 19817 6 6765.68 I 18614 - 33391
12 6200.43 II 1860 — 17983 10 6770.10 II 8606 — 23373

6203.49 I 4962 8 6772. 18 lo49o oOzoo
19 6207.22 I 5563 21669 6778.31

T
3865 18614

12 6224.53 I 2869 - 18930 7 6780.13 I 8244 - 22989
12 6232.97 II 9401 - 25440 11 6780.42 I 8111 - 22855
24 h 6234.86 I 6362 - 22396 6 6787.73

{

14204 — 28933
L
n 6258 60\J\j . \j\J II 414/ OA 1 Of\^UlzO 5 6788 84 111 07

1 1 ly /
OCAOQ

21 6261 06 II 4113 20081 5 6791.23 J 8800 23521

21 6261.42 I 10414 - 26380 6 6804.73 II 12902 - 27594
11 6266.17 II 8460 - 24415 8 6810.54 II 12571 - 27250
50 6274.12 II 4147 - 20081 6 6812.76 II 10572 — 25246
11 6277.23 II11 6214 22140 Qo 6894 68 1 1 Ojl o

1 1242 OC OAAzo890
30 6279. 16 II 12902 28824 11 6899 04 7502 22142

17 6285.28 II 11726 - 27631 14 6834.92 I 4962 - 19588
11 h 6289.48 11 9711 - 25607 7 6854.11 I 13089 - 27674
11 6301.42 I 6 6868.46 13297 - 27853

1

1

h Aand 94. 1

1

8606 24464 QO /SR74 7'iuo l^. I

o

OO^A2869 1 1 A 1 11741

1

7 uo^u. ou I 11242 27044 90 AQQQ 'JO 1111 1521 16033

21 6327.28 I 11197 - 26997 11 bl 6894.4 ThO
35 6342.86 I 8800 - 24562 15 6909.84 II 13468 - 27937

11 h 6348.56 II 22642 - 38389 24 6911.23 0 - 14465

7 uooo

.

II1

1

19880 35602 oo 6943.61 9805 24203

14 I 17166 32862 u U70^. 7U II1

1

10379 24758

40 6376.93 I 14204 - 29881 55 6989.66 I 7795 - 22098

40 bl 6406.2 ThO 24 6993.03 II 7001 - 21297

19 6408.63 II 1522 - 17122 18 7000.81

{

9805 - 24085

30 I 7502 23094 10 7018 56 0 14244
I 13297 28885 o 7021.28

.
15970 30209

17 6416.10 II 9401 - 24982 7 7036.28 I 11197 - 25405

14 6424.81 II 22014 - 37575 30 7045.80 II 1522 - 15711

60 6457.28 I 7795 - 23277 15 7053.61 II 1860 - 16033

50 I 16554 32024 u 7060 65 3688 17847
oo fid71 90 II 1 94fifi 27937 f.u 7064.45

r
14207 28358

14 6490.74 I 8800 - 24203 6 7072.39 I 14207 - 28342

12 6503.51 II 11117 - 26489 24 7075.33 II 11117 - 25246

7 h 6511.36 II 9061 - 24415 30 7084.16 9805 - 23917

50 h
il C Q 1 OA I 6362 21669 ^4 vnsQ '^1

( uoy . oo II11 0 14102

D ODo4. 1 0 I1 9091 'i 10 7100.51 II 8606 22686

14 6560.06 II 14276 - 29515 11 7124.56 I 0 - 14032

10 6569.63 II 12570 - 27787 4 7130.29 I 24032 - 38053

5 6572.88 . II 15243 - 30453 5 7131.35

19 t)0 / / .00 IT11 15349 30548 t;
o 7140 X'^t I'tU. 'TO II 13248 27249

24 £ c o 0 n 1 1
1 2869 18054 c0 714ft 10414 24399

24 6588.54 I 3865 19039 5 7150.28 I 3865 17847

12 6591.48 I 0 15167 10 hw 7154.95 I 7280 21253

24 6593.94 I 5563 20724 15 hs 7155.5 ThO
24 6605.42 II 4113 19248 5 7156.94 I 4962 18930

10 6617.05 II 12485 27594 8 hs 7158.56 ThO
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Thorium— all observed Zines — Continued

Intensity

snd
Wavelength

in A Spectrum
Energy levels

in cm~'

Intensity

and
Character

Wavelength
in A Spectrum

Energy levels

in cm"'

io ns 71 '^Q 10 1 c:10 77QQ oq
i / 00. 70 11197 - 24032

5 7159.94 I 13297 - 27260 5 7798.36 I 5563 - 18383

7 hs 7164.88 ThO 21 7817.77 I 10414 - 23202
30 7168.90 I 0 - 13945 8 7834.45 II 12486 - 25246
7 7173.37 I 14204 - 28141 3 7840.29 I 13297 - 26049

0 71 7fi 79 n11 10379 - 24309 0 7fi4n 44 19986 - 32737

40 7191.13 II 10855 - 24757 5 7841.78 I 11242 - 23990
7 7200.04 7280 - 21165 15 7847.54 I 8800 - 21540

5 7206.48 I 10527 - 24399 4 7848.44 I 15490 - 28228
35 7208.00 I 8800 - 22670 4 7849.62 II 14791 - 27527

1

1

791 9 (\Q y 14482 - 28342 19 14482 - 27191

10 7217.76 II 1859 - 15710 10 bl 7868.3 ThO
11 7218.06 I 9805 - 23655 6 7886.27 I 6362 - 19039

4 7219.16 I 4962 - 18810 7 7897.9 ThO
5 7230.87 I 17501 - 31327 11 7900.31 I 15619 - 28273

c0 J 7795 - 21594 1

1

7Q41 79 16347 - 28935

7 7284.90 3688 - 17411 7 h 7972.60 I 4962 - 17501

5 hs 7285.62 ThO 24 7978.98 I 3688 - 16218

7 hs 7287.05 ThO 5 7981.21 II 8605 - 21131
11 hs 7288.98 ThO 4 7981.67 II 16906 - 29431

7OAC AC\ XTtl 7001 - 20686 1 1
7QQ7 07 13848 - 26363

7 7324.81 14204 - 27853 11 8032.43 I 7502 - 19948

7 7328.28 I 7280 - 20922 4 8054.52 II 12570 - 24982
7 7335.57 I 11 8062.64 I 19227 - 31626
8 7341.15 I 10414 - 24032 5 8075.65 I 11803 - 24182

c 18011 - 31627 c
D oUOO.Zo 8800 - 21165

5 7346.34 II 10855 - 24463 5 8093.63 J 3865 - 16218

6 h 7358.35 II 12902 - 26489 7 8122.72 I 19986 - 32294
8 7376.88 I 14482 - 28034 11 8138.47 I 5563 - 17847

7 7383.71 I 20868 - 34408 5 h 8139.90 II 9401 - 21683

1 Qio 7QQt: cn .

ouoo 1 7994 1 Q 8800 - 21077
3 7393.43 II 13249 - 26771 5 8152.39 II 10379 - 22642

5 7402.25 10527 - 24032 12 8159.74 6362 - 18614

21 7428.94 I 7280 - 20737 10 8163.12 II 7001 - 19248

10 7430.26 I 6362 - 19817 7 8166.44 II 1860 - 14102

.
1 1 949 - 7 QIAQ 70olOV. /V

.
7980 - 19517

10 7481.35 I QRon -oovu 991fi'^ 15 8186.92 J 8111 - 20322

7 7511.35 II 7001 - 20310 12 8203.19 II 12571 - 24758

50 7525.51 II 9401 - 22686 7 8217.22 II 13248 - 25414

4 7528.49 I 11601 - 24880 5 8252.40 I 0 - 12114

r
0 /OOD.41 1 9!ld7 — 9fil A oZO 1 .Ul 1 '>4Q0 - 97=109Z ( 07Z

7 7549.32 I
90=^9^ZUDZo 5 8263.93 I 70UO Z 1 7UZ

7 7,566.53 II 17272 - 30484 18 8275.63 I 11197 - 23277

18 7567.74 I 9805 - 23015 15 8320.86 I 7502 - 19517

12 7585.69 I 16554 - 29733 30 8330.46 I 7502 - 19503

1 o QQCQ 700000. / 0 1 1 949 - 9^909

4 7598.20 {
119/11 9/1 "^00 4 8369.33 j 1 104"^ — ZOuVU

7 7625.70 I 14482 - 27592 6 8387.09 II 4113 - 16033

5 7627.18 I 4962 - 18069 18 8403.79 II 12485 - 24381

4 h 7630.31 I 8800 - 21902 15 8416.74 I 0 - 11878

oO (04 i .00 ZZo i 0
c
0 Q/i 1 Q nn 19114 -

1 Z 1 14- ZO 77U

7 7653.83 } Z / ZOO 12 8421.23 ooOO 1 ^71710 /o (

4 7658.32 I 8111 - 21165 8 8445.50 I 8111 - 19948

7 7676.21 II 1522 - 14546 21 8446.52 I

4 7678.12 I 7502 - 20523 5 8450.68 II 10855 - 22686

/00b. oU 11
/1 1 1

Q

4 1 io 17191W iZ 1
1 Q DODo 1 ( 000

4 7693.80 1 / 100 — oUlOU 5 8500.67 II 99 1 10ZZ IO7

8 h 7701.10 II 14275 - 27257 6 h 8516.55 19588 - 31326

5 7709.59 II 16906 - 29873 4 8543.72 I 15490 - 27191

4 7710.26 I 8111 - 21077 4 8544.59 I 29310 - 41010

1 A 7731.72 I r
11 9711 - 22642 A li Qt^t;^ 19oDoO.oz 10414 - 22098

d 7749 15619 - 28531 4 8568.20 11 18816 - 30484
3 7743.93 II 11 8573.12 5563 - 17224

7 7782.32 5 h 8587.63 II 20158 - 31800

15 7787.79 II 8460 - 21297 12 8591.83 II 10379 - 22015
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Thorium— all observed Zirees— Continued

Intensity

and
Character

Wavelength
in A Spectrum

Energy levels

in cm"'

Intensity

and
Character

Wavelength
in A Spectrum

Energy levels

in cm"'

4 8639.44 10526 - 22098 15 8758.25 I 8800 - 20215
4 OOlD.O 1 I loyOZ — Zoi>Zt) 8 h 8775.58 I 8111 - 19503

10 8665.49 I 7502 - 19039 8 h 8784.55 II 1522 - 12902
4 8668.12 T

II

12848 - 24381
8 8816. 16 II 4113 - 15453

4 8686.07 6213 - 17722

8709.23 3688 - 15167
6 8841.17 I 7502 - 18809

5 I
IRlO

5 8719.62 II 15305 - 26771
ftft49 07 11

c0 XT11 T^lRJ — 979dQ 15 8868.82 I 9804 - 21077

8 8732.43 15 8957.97 II 12571 - 23731

18 8748.04 7502 - 18930 40 8967.64 I 8800 - 19948

6 8749.17 I 15 bl 8971.96 ThO
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Thulium
T

Tm, Z =m,M= 168.9342, Ratio ^=2.658

Tm I Normal state of valence electrons ^P^6s'^ ^Yl^i^ = 0. LP. = 49880 cm -\

Tm II Normal state of valence electrons 4/i36s ^Y\= Q. LP. = 97200 cm-i.

Tm III Normal state of valence electrons 4/^3 2F3 1/2= 0. LP. = 191000 cm-i.

References

Wavelengths and Spectrum Assignments:

W. F. Meggers and J. Sugar, unpublished material (1966).

Classification:

Tm I, J. Sugar, W. F. Meggers, and P. Camus, J. Res. Nat. Bur. Stand. (U.S.), 77A (Phys. and Chem.),

No. 1, 1-43 (Jan.-Feb. 1973).

Tm II, J. Sugar, private communication (1974).

Tm III, J. Sugar, J. Opt. Soc. Am. 69, 454 (1970).

Strong lines of thulium

Intensity

and
Character

Wavelength
in A Spectrum

Energy levels

in cm"'

Intensity

and
Character

Wavelength
in A Spectrum

Energy levels

in cm"'

10000 4094.19 0 - 24418 4900 3453.66 II 237 - 29183

9500 4105.84 0 - 24349 4800 3700.26 II 237 - 27254

8900 3848.02 0 - 25980 4800 3761.91 II 0 - 26575
8800 4187.62 0 - 23873 4000 3362.61 II 237 - 29967

8500 3462.20 0 - 28875 3800 3701.36 II 0 - 27009

7700 3717.91 0 - 26889 3500 3916.48 I 8771 - 34297

7400 3131.26 0 - 31927 3000 4242.15 II 237 - 23803
7100 3795.75 237 - 26575 2700 4359.93 I 0 - 22930
6800 3883.13 0 - 25745 2400 3734. 12 II 237 - 27009
6400 3425.08 237 - 29425 2300 3133.89 II 0 - 31900

6000 3761.33 0 - 26579 2300 3172.83 II 237 - 31745
6000 4203.73 0 - 23782 2300 3241.54 II 0 - 30841

5400 3887.35 0 - 25717 2300 3291.00 II 0 - 30377
5000 3744.06 0 - 26701 2100 3608.77 II 0 - 27702
4900 3441.50 II 237 - 29286 2000 3302.46 II 237 - 30509
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Thulium— all observed lines

Intensity

and
Character

Wavelength
in A Spectrum

Energy levels

in cm"'

Intensity

and
Character

Wavelength
in A Spectrum

Energy levels

in cm"'

360 2284.79 11 0 - 43754 30 2551.51 II 26256 - 65436
120 2329.77 II 120 2552.46 III 22897 - 62063
230 2331.80 III 31037 - 73909 360 2552.76 I 0 - 39161

Zooo.oD IIIill 25920 68672 O^-U
OCA! £.Czooi.oo 0 - 39025

7n
/ u 9^40 Q9 XT11 loU ZOOO.OO Au 7 7 1

310 2357.05 III 25302 - 67715 65 2565.98 II 237 - 39197
120 2361.23 III 33802 - 76140 35 2568.26 II 237 - 39162
120 2363.91 II 35 2569.34 16567 - 55476

TTTill 31368 73657 A OCT/l COzo /4.0Z TTT111 34826 - 73657
IT
11 12457 54710 OO OCQQ AO 0 - 38696

160 2367.11 II 430 2588.27 II 12457 - 51081
150 2383.68 II 236 - 42176 35 2594.98 II 19526 - 58051
110 2388.95 II 0 - 41846 170 h 2596.49 0 - 38502
OD TI

11 0 41511 1 lU OAA 1 AOzou 1 . uy 0 - 38433
IT
11

o^A^^ AO 0 - 38361

110 2412.44 II 12457 - 53896 810 2607.06 II 237 - 38583
65 2419.37 II 60 2609.46 II

30 2420.20 II 20619 - 61925 80 2613.59
JJ1 on Z'+Z 1 .OO 11 12457 53738 A A OA 1 C A

A

zoio.yy
}{

18291 - 56506
Zo z4zo,zo TI

11 OAIA QO — R7fi9QOtoZV

450 2426.17 II 40 2616.99 II 0 - 38200
55 2428.43 II 0 - 41166 40 2620.93 II 16567 - 54710
30 2430.77 II 20619 - 61745 80 2622.21

{j

237 - 38361
C COD 0/1 "iA 7c: TI

11
Tin Z0Z4.00

}j

0 - 38094
0/1 5A IQ IT

11 7A/U OAOO 7Qzozy. to "

65 2437.67 II 0 - 41010 40 2632.23 II

90 2440.70 II 0 - 40959 60 2637.23 II 19619 - 57526
140 2445.47 II 12457 - 53336 70 2638.41

{{

19682 - 57573
03 2440. y4 IT

11 <ilu Z04U. (0
}{

237 - 38094
A cDO o ^ Ai 1 oZ44/. Jo II

11 40 OA/IO OQZD4Z.OO

80 2451.20 II 40 2643.50 II 12457 - 50274
35 2454.91 II 237 _ 40959 130 2646.45 II 0 - 37775

80 2458.58 II 70 2648.14 II

oO z4o4.9.1
I T
11 12457 53013 1 <;aloO OACA OTZODU.Z /

}}
237 - 37958

1 o z4 / 1 .0 /
I T
11

0 c35 OA CO An
'I 0 1 no 1Z lUZ I ooOVo

80 2476.97 II 0 — 40359 190 2658.48 II 237 - 37841

770 2480.13 II 236 _ 40545 250 2660.09 II 0 - 37581

150 2481.15 II 50 2664.45
IJ

25219 - 62739
1 jO 0/1 07 COz4o /.oz If

11
^ Af\
141)

OAAQ OA
|j150 2489.44 III

111 07 c;c: 7Z / 00 / 0 i / 10
Af\40 OAT/t AOzo74.9o II 9*^09/1 OUOVO

35 2490.93 II 17974 _ 58107 60 2677.12 II 20619 - 57961

250 2491.60 II 237 _ 40359 50 2678.09 II 16567 - 53896

90 2499.20 II 310 2679.57 12457 - 49765
1 AA O.I AA C A T T

11 237 — 40232 OAQO QOZOOZ.OZ 111 25302 - 62572
r r
55 OCAO "TA2502.70

I T
11 1 (4

C 7A 1 A0 /y ly y.i
OAQ/1 A7Z0o4.U I II 01AZoo 07400— 0 /40Z

65 2504.71 III 27547 67460 35 d 2686.20 II

27 2505.90 II 0 _ 39894 2686.32 II 21021 - 58236

27 2506.45 II 17974 - 57859 35 2689.99 II 17974 - 55138

130 2507. 15
t T
11 12457 - 52331 6o OAAQ /lA

}}

19526 - 56642

1300 2509.08 11 0 I lu 0AQ7 CAzt>y ( . ou II

45 2511.84 II 20619 _ 60418 40 h 2698.21 III 30664 - 67715

90 d 2513.78 I 0 _ 39768 40 2699.49 III 38055 - 75088

2513.87 II 17974 - 57741 40 2699.80 III 0 - 37028

23 2518.48 II 50 2700. 18 II 19619 - 56642

100 2519.78 III 36466 1^ ^ Ail76140 40 OTAl AAz70l.yo II

200 2520.87 II 237 _ 39893 80 2707.03 III 33802 - 70732

2520.94 II 19 2708.18 237 - 37151

250 2522.17 II 0 - 39636 95 2709.74 III 33831 - 70724

180 2524. 1

1

II 110
OT 11 CA271 1.50 0 - 36869

130 2527.02 I 0 39560 An40 OT 1 "7 CAZ / 1 / . OO Til
111 39934 - 76721

110 2527.42 II 200 2719.47 III 25302 - 62063

35 2527.85 I 0 39547 540 2721.19 12457 - 49195

18 2531.45 II 17974 57465 29 2721.90

120 2542.66 II 237 39554 200 2727.56 III 25920 - 62572

30 2544.03 II 19682 58978 150 2729.04 237 - 36869
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Thulium— all observed /tnei — Continued

Intensity

£ind

Character

Wavelength
in A

Energy levels

in cm"'

Intensity

and
Character

Wavelength c
.w/|JCV^lI U III

Energy levels

in cm"'

oo 97an 79 TT
11 17974 _ 54583 90zv 9O/I9 7A TT

70 2731.38 III 34124 70724 310 2844.67 II 237 _ 35380
50 2735.33 11 0 - 36548 60 2845.35 II 20619 - 55753
95 2742.95 II 16567 - 53013 95 2848.86 II 19619 - 54710

200 2744.08 II 20619 57050 29 2848.98 II 8957 44047

1 in II11 17974 _ 54317 90 9Qt;o CO II 18291 _ 53336

110 2753.18 II 237 36548 29 2853.25 II 237 35274
150 2756.69 II 8769 - 45034 90 2854.02 II 17974 - 53002
90 2758.97 II 20619 - 56853 200 2854.17 I 0 - 35026
40 2759.55 II 19526 55753 60 2854.89 II 23961 58978

7A ^ 1 UU. O 1
II
11 0 _ 36132 9nnzuw oofiO 19 TTZOUU. 1 Z 11 26188 61141

50 2767.09 II 18291 _ 54419 50 2860.36 II 21021 _ 55972

110 2771.04 II 8957 - 45034 70 2860.55 II 237 - 35185

90 2773.79 II 0 - 36041 200 2861.74 II 17974 - 52907

70 2774.77 II
O 1 AOOzlOz2 57050 95 2863.35 II 0 34914

lou 9774. Q7 II11 18291 54317 1 i^n
1 ou 9ft^>'? 7=^ TI^ouo. to 11

50 2776.68 II 29 2864.75 I 15271 50167

120 2777.04 II 22052 - 58051 160 2868.01 II 20619 - 55476

90 2777.50 II 8957 - 44950 1600 2869.23 II 12457 - 47299
50 2778.39 II 17974 53955 80 2873.00 II 8957 43754

ZIU 9770 TI 0 35966 9Q7Q 9n TTZo/O.ZU 11

110 2780.87 II 19526 55476 60 2878.36 II 21021 55753

350 2785.07 II 237 — 36132 18 2883.04 II

95 2786.18 II 22355 - 58236 140 2886.45 II 237 - 34871

50 2787.96 II 60 h 2887.95 II 18291 52907

90 9701Ziyi .^fo II11 VO 9$iQ0 AA TTZooV. 04' 11 23904 58500

120 2791.61 II 29 2889.93 II 25014 59607
180 2792.16 II 237 — 36041 35 2890.74 II 23768 — 58351
680 2794.60 II 0 - 35772 630 2890.94 II 0 - 34580
95 h 2796.09 II 0 — 35754 50 2893.62 II 20619 55167

iO\) 9707 97 nit 12457 48195 1 7n 9QQA A7 TTZOV4.4'/ 11 20619 55157
60 2797.98 II 237 35966 130 2903.08 II

95 2800.39 II 17974 — 53673 29 2904. 10 II 26709 - 61133

70 2803.10 II 18291 - 53955 95 2905.42 II

40 2806.77 III 33236 — 68853 70 2907.17 II 17974 — 52361

1 Q{\ioU zoU ( .Vo 1 7074 53576 AHOU 9QnR AO TTZVUO.OV 11 19526 53896

170 2808.42 II 9^7 35834 29 2910.37 II 12457 46807

95 2812.25 II 50 2911.87 II 23904 _ 58236

40 2813.02 II 19619 - 55157 130 2913.96 II 0 - 34308

29 2813.82 II 23768 — 59297 170 2914.84 I 0 — 34297

ZO 14.4

1

11 99n=;9^ZVOZ O i O 1 o loU 9Q1A IIZylo.oo 11 1 y\s 1 y 0007U
140 2814.50 II 1 7074. 210 2918.27 II

29 2814.74 II 25696 61213 70 2920.98 II 21608 _ 55833

40 2816.55 II 23803 - 59297 60 2921.26 II

90 2817.31 II 21021 - 56506 70 2922.09 II 19526 — 53738

1 1 A
1 lU oo 1 O 1 ,1zo lo. 14 II

11 990^9 O t JZD m/U 0000 QA IIzVzz. o4 11 9^004 'iRin7

250 2818.47 II 1Z40 /
/17Q974 ( VZ ( 270 2925.65 II ofliiti;zu^oo

70 2819.08 II 19526 54988 70 2925.92 II 236 I 34404
24 2820.22 II 20619 - 56066 680 2926.74 II 0 - 34157
40 2823.54 II 29 2927.31 II 22355 - 56506

60 zoz4. lb
T T
11 o / OV oU 9097 IIZVZ(.D( 11 9'^0n4t^oyyj^ OOUO 1

95 2826.43 II 1 QAl Q D4700 110 2928.22 II ^uzoo

250 2827.02 II 17974 53336 29 2928.63 II 21021 _ 55157

80 2827.76 II 20619 - 55972 50 2930.56 II 31323 - 65436
580 2827.92 II 12457 - 47808 40 2931.09 I 16456 - 50563

ao zooO. lo
1 I
11 iV 90*^9 TTZVoZ.Oo 11 OOUO 1

200 2831.55 II 1 OfiP91VOoZ 80 2932.97 I 0 ^4nR'i04000

70 2833.81 II 29 2933.78 II

50 2836.16 II 40 2933.88 II 26188 60262

40 2838.63 II 22355 57573 29 2935.49 II 19682 53738

160 oo Q o no II 20619 55833 OoU ZVoD.yV 11 16567 50617
95 II 29 2936 59 II 22308 56352

70 2839.85 II 18291 53494 70 2943.36 II 20619 54583

120 2841.38 II 19526 54710 95 2946.83 II 23904 57829

40 2842.42 II 22355 57526 140 2948.00 11 17974 51885
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Thulium— all observed /irees — Continued

Intensity

and
Character

Wavelength
in A Spectrum

Energy levels

in cm"'

Inf^rtGitvXII ic iisii y

and
Character

Wavelength
in A Spectrum

Energy levels

in cm"'

95 2948.15 II 25980 59889 75 3061.14 II 22052 54710
35 2950.07 II 27254 61141 75 3062.05 II 19682 52331

Oov 90^1 9AZ7O 1 .ZO II
11 ID QAA/I AA0UD4.UU II

11 16567 49195
50 2951.80 II 23961 57829 55 3068.11 II 990=19 otuou
50 2952.47 II 27254 — 61114 580 3073.08 II

60 2953.58 II 26478 60325 150 3073.48 II

50 2955.05 II 23768 57599 75 3073.84 II
IT
11 OOU QAO 1 1 0oUol. 1/ T

1 0 32446
60 2957.54 II 56157 150 3087.01 II

29 2957.66 II 20619 — 54419 180 3093.11 II 19682 _ 52003

180 2959.64 II 19526 53304 120 3096.96 II 21608 53888
50 2961.39 II 22308 56066 740 3098.60 II 236 32500

'toy)
II
11 16567 50274 ID

OAQQ AAouyy.ou IT
11 23904 56157

120 2967.75 II 19619 53304 55 3101.85 II 28096 fin3?5

120 2969.50 II 0 - 33666 75 3102.87 II 8769 _ 40988

490 2973.22 I 0 33624 55 3113.31 II 22308 54419
160 2973.38 11 19682 53304 150 3122.53 I 8771 _ 40787
1 1 n 9Q7/1 9JJ IT

11 23961 57573 0 IZo.zV II
11 22308 54317

29 2974.60 II ZOU70 75 3124.90 II 91091Z lUZ 1 OOUlo
150 2978.42 II 0 _ 33565 75 3125.73 II 18291 _ 50274

35 2979.44 II 26709 — 60262 150 3126.01 II 21021 — 53002
540 2981.48 II 12457 — 45987 7400 3131.26 II 0 — 31927

/O onOQ 1 0Z\)oi. Iz
TT
11 8957 42470 OOAA 9 1 Q Q OAoioo.sy IT

11 0 31900
70 2985.08 II 150 3142.43 I ft771 t-UOOt"

130 2985.37 II 19526 _ 53013 230 3144.90 II

350 2986.52 II 230 3146.16 II 8769 — 40545
630 2990.54 II 237 — 33666 75 3149.15 II 0 — 31745

IT
11 22355 55758 ID

9 1 C A AAoloU.UO IT
11

200 2993.26 II 1900 3151.04 II
Au ^1 79fi0 1 i ZO

120 2993.90 II 0 33392 1500 3157.34 II 237 I 31900

29 2994.33 11 25257 - 58644 75 3162.44 II 23024 — 54636
130 2999.60 II 237 — 33565 75 3164.87 II 8957 40545
1 cdo 11 26578 59889 lyu QIAO 1 Aoloo. ly II

11 19526 51081

29 3004.16 II 90^10ZUD IV OOoVD 75 3168.82 II ou ly / 0 1 1 40

60 3006.35 II 17974 51227 450 3172.65 I 0 I 31510

120 3008.91 11 16567 - 49792 2300 3172.83 II 237 - 31745
29 3009.20 II 25015 - 58236 380 3173.58 II 18291 — 49792

/O
1 T
11 loU 1 1 77 /I Aoil / . 40 II11 8770 40232

230 3013.71 II 1 OA 1 0 ^010 1oz (VI 75 3178.20 II 1/7(4

430 3014.65 II 237 33399 150 3180.56 I 0 I 31432

1500 3015.30 II 237 - 33392 150 3185.47 II 12457 — 43840

70 d 3016.09 11 23904 - 57050 230 3195.33 II 8770 - 40056
on 1 A 10 T IU 28096 - 61241 1 lAloU Q 1 OA C^Aoiyo.o4 IT11 8957 40232

35 3016.79 II
0007/1 DZ 1 lo 130 3199.99 II 1 AQA71000 /

/l 7QAQ4 / OUO

270 3017.09 II 19526 52661 320 3210. .56 II 18291 49429

70 3017.26 11 23024 - 56157 320 3210.82 II 0 - 31136

29 3018.26 II 25257 - 58379 320 3212.01 II 8770 - 39894

95 3018.59 11 130 OZI4.6O TI
11 8957 — 40056

60 3019.79 II 75 3216.11 II
90QA/1zoyu4 04y{jo

35 3022.07 II 28276 61356 75 3226.81 II 22355 53336

330 3026.07 II 0 - 33036 75 3228.90 II 22052 - 53013

55 ,3028.73 II 230 3231.51 II 8957 - 39894

75 3031.67 II 21608 - 54583 75 0000 lAozoo. /4 I
1 0 — 30915

75 30 ?4 08 II
0 0 an A/j904 CAO C Q00000 470 3235.44 II 907ZO /

oil OA0 1 loO

85 3035 98 II 21608 54536 1200 3236.81 II 8957 39843

280 3042.35 II 237 - 33097 1600 3240.23 II 237 - 31090

340 d 3046.76 II 223.55 - 55167 2300 3241.54 II 0 - 30841

3046.87 1 0 - 32811 1 9A OOAC. QAOZ40.O0 IT11 237 — 31037

170 3048.81 II 18291 51081 320 3246.96 I 8771 39560

320 3050 73 II 420 3247.46 II 8770 39554

75 3053.70 II 23768 56506 75 3249.83 II 26837 57599

150 3054.04 II 12457 45191 75 3251.33 II 19526 50274

340 3056.07 II 19619 52331 160 3251.63 II 8770 39514

75 3058.35 II 1900 3258.05 II 0 30684

75 3058.98 11 23961 56642 400 3261.65 II 20465 51116
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Thulium— all observed Zines — Continued

Intensity

and
Character

Wavelength
in A Spectrum

Energy levels

in cm"'

Intensity

and
Character

1 .

1

Wavelength
in A Spectrum

Energy levels

in cm"'

320 3264.10 II 0 - 30627 8500 3462.20 II 0 - 28875
1600 3266.64 II 237 - 30841 210 3467.51 I 15587 - 44418
1 OAA1200 O20/.4U 11 8957 39554 340 3476.69 T

1 13119 41874
790

TT
11

0 /I A OylOA AO34o0.9o
T
1 1 '^'i871 JJO 1

4.4107
1 1 AA1100 02 /O.ol

TT
11 Q 30509 340 0 /I O T '7C3481.75 TT

11 S7ftOO t U7

1200 3283.40 II 237 - 30684 170 3487.08 II 19526 - 48195

85 3284.68 II 22355 - 52791 420 3487.38 I 13119 - 41786
1 OAA1200

IT
11 8770 39197 1 OA130 3489.52 T

1 19466 48115
2300 3291 .00

IT
11 0 30377 55 3491.72 I lOOcJO 47484

OAAA2000 If
11 237 30509 O 1 A210 0 /IAO CO34V2.50

TT
11 8957 37581

210 3306.01 II 8957 - 39197 85 3495.19 II 24059 - 52661
210 3306.91 II 8769 - 39000 340 3499.95 I

01 A210 Q QAO A 1 TT
11 31135 61356 1 OA130 ocAO o/:3503.36 T

1

1 OAA1200 0 0 An OA IT
11 8957 39162 OCA250 0 C 1 0 AO3513.02 TT

11

040
TT
11 0 30197 o5 0 C 1 /I 11o514. 1 i

T
1 0 28449

85 3316.17 II 19619 - 49765 85 3514.86 I

400 3316.88 II 237 - 30377 250 3517.60 I

01 A210
TT
11 140 oolT.Tz

T
1 19466 47885

160 iiZi.ll TT
11 4'V i 00 170 3522.43 TT

11 171

85 3327.58 TT
11 85 3525.03 T

I 4.791 4

85 3335.05 II 22355 — 52331 65 3525.28 I

230 3349.99 I 13119 - 42961 250 3534.85 II 19526 - 47808
230 3354.86 II 1700 3535.52

TT
II 0 — 28276

ylAAA4000 3362.61 T T
11 Z.O i zyyo / 490 3536.21

TT
11 lOoO /

AAQ'iQ
1 OA130 3368.33 T T

11
C Q7QQDO i 6o 850 3536.58

TT
11

Au 9Q9AQZoZOo

130 3368.60 I 16957 _ 46634 420 3537.91 I

160 3369.64 II 19526 - 49195 55 3542.08 I 18990 - 47214
490 3374.50 II 8957 — 38583 140 3548.48 II 21021 — 49195
55 3380.04 II

C 1 QQC
D loOO 85 3550.16 II

07COQ c c 7cr Q00 /oo

170 3380.53 I 85 3550.83 II
OC OC 7 ^"lA 1 10041 1

420 d 3384.99 II 23803 — 53336 85 3551.68 I

3385.08 I 15270 - 44803 210 3555.82 I 16456 - 44571
170 3393. 19 I 13119 42581 85 3556.57 I 16456 44565

1700 3397.50 I T

11
AU 85 3557.34

T
1 ^000 i

65 3397.87 I
1 Q 1 1 Q 420 3557.79 II Q77A0 / /U

170 3398.02 II 16567 - 45987 340 3560.92 I 18693 _ 46767
420 3399.95 11 8957 - 38361 420 3563.88 I 0 - 28051
OCA850 3410.05 1 0 29317 490 3565.91 T T

11 19619 47654
55 341 1.57 II Ojo I 1300 3566.47 II ZoZOO

340 3412.59 I loZ ( 1 420 3567.36 I U ZoUZ4

340 3416.59 I 0 29260 130 3569.80 I 13119 _ 41124
170 3421.79 I 15587 - 44803 280 3574.06 II 19682 47654
65 3424.50 T

1 18692 — 47885 oc85 3575.29 T
1 13119 — 41081

6400 3425.08
T T
11

0Q7ZO / 85 3583.43 T
1 lOVo /

A A QC^f^

950 3425.63 II
A
u

OA 1 QQ 280 3586.07 I 10450 /I /1 11/1

170 3428.61 II 21608 _ 50766 130 3590.73 I 15587 _ 43429
340 3429.33 I 16456 - 45608 170 3598.62 I 15271 - 43051

850 3429.96 11 8769 - 37916 85 3599.16 II 25014 - 52791
420 3431.19 II

one T8957 0 OAA /I38094 130 3607.35 II
OOAC 022052 4V (05

55 3434.90 11
OO OAO2jo0o C OAA*?5ZV0/ 2100 3608.77

T T
11

A
U 0T7A0

190 3435.35 I 16456 _ 45557 250 3609.53 II 18291 _ 45987
85 3437.63 II 16567 - 45648 65 3611.61 II 19619 - 47299
140 3438.80 II 8769 - 37841 95 3612.39 II 17974 — 45648

4900 3441.50 II 237 29286 85 3613.03 II
1 c ^ "7

10567 /I /I 00 T44237
170 3442.99 I 15270 44307 180 3619.97 II 34307 ^ 1 AO /I61924

85 3444.16 I 30 3623.42 11 8957 36548
85 3446.55 I 17454 - 46461 85 3624.20 I 15271 - 42855
170 d 3447.26 II 8957 37958 380 3638.41 I 13119 40596

3447.35 I 13119 42119 35 3639.89 11 237 27702

170 3449.76 II 23024 52003 85 3642.94 I 15587 43030

85 h 3453.03 I 18693 47644 9.50 3643.65 II

4900 3453.66 II 237 29183 180 3646.70 I 13119 40533
55 3456.36 I 140 3647.22 II 22355 49765

140 3458.55 I 18853 47759 240 3647.72 II 12457 39863
140 3461.16 II 8957 37841 600 3653.61 II 8770 36132
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Thulium— all observed /irees— Continued

Intensity

dnd
Character

Wavelength
in A spectrum

Energy levels

in cm^'

Intensity

and
Character

Wavelength
in A Spectrum

Energy levels

in cm~'

85 1l£.£if\ OOoooU.oo
TT
11 4.7097 10000 4094.19 T

1
Au Z441o

500 3665.81 II 877n — oOU'rl 9500 4105.84 I Q

1100 3668.09 II 0 - 27254 70 4107^93 I 16742 41078
120 3673.14 II 17974 - 45191 120 4132.69 II 19526 - 43717
410 3677.98 II 12457 - 39638 1100 4138.33 I 8771 - 32928

4dU q OO /O.OD
TT
11 Ifil 19 1 OA12U A 1 ACi 1 A414y. 14

T
I

3678.95 II 55 4150.10 I
1 77C9 A^QA^41o41

140 3683.20 II 22052 - 49195 120 4158.60 I 8771 32811
410 3694.74 II 237 - 27294 70 4159.54 II 19682 - 43717

3694.82 II 24059 - 51116 70 4170.45 I 18990 - 42961

85 3697.57 TT
11 8800 4187.62 T

1
AU ZOO 1 0

170 3699.87 II 1Qd77 520 4199.92 II nu ZOOUO

4800 3700.26 II 237 - 27254 6000 4203.73 I 0 23782
3800 3701.36 II 0 - 27009 220 4206.00 II 0 - 23768
330 3704.85 II 8769 - 35753 55 4212.79 II 8770 - 32500

7700 3717.91
T
1

au 0 OA380 ,1000 /in4222.67 T
1

Q771o / / 1
Q9A/1

A

70 3719.71 II oVo /
— 0000'+ 95 4236.94 II

0/1 ACQ A7AQA'+/0O^

890 3725.06 II 0 - 26837 3000 4242.15 II 237 23803

120 3730.81 II 8957 - 35753 55 4246.39 II 8957 - 32500
2400 3734.12 II 237 - 27009 70 4268.56 I 17343 - 40763

5000 3744.06 I 0 - 26701 270 4271.71 I
077 18771 Q O 1 7 /I32174

1700 3751.81 I 0 - 26646 150 4298 36 I
1 0 1 1 A
131 19 Q£ 9 7736377

310 3756!86 II 8770 - 35380 95 4318.40 I 17613 40763
6000 3761.33 II 0 - 26579 70 4344.48 I 17752 - 40763
4800 3761.91 II 0 - 26575 70 4346.48 I 15587 - 38588

70 3765.85 II
1 O OA 118291 - 44838 55 4351.00 II

O 1 AOO A 0AAO

85 3781.15 I
Au - 0<iy| A A 95 4351.18 II

Q77A 3 1 7y1 C

260 3783.55 II 8957 - 35380 2700 4359^93 I 0 22930

50 3787.01 I 16456 - 42855 95 4363.66 II 16567 - 39477

380 3795.16 II 237 - 26579 55 4367.89 II 19682 - 42570

7100 3795.75 11
n 0 "7

237 - O/; C "7 C2oo /o 1400 4386.43
T
1

Au 9970122 /VI

770 3798.54 I
0*7 "7 1o / / 1

- 200 4394.42 I
07710 i I I

240 3798^75 II 8957 - 35274 120 4395.96 I 15271 38012

70 3802.07 I 15587 - 41881 140 4396.50 I 8771 - 31510

600 3807.72 I 8771 - 35026 55 4399.72 I 18853 - 41576

380 3810.72
If
II 8769 - 35003 55 4437.40 T T

11
OOOAOzZoUo A A OOO

550 3817.39 II
1 OO 80 4442.74 I 10 i'^Z

OQO/1 A

60 3821.62 I 17454 - 43614 50 4447.58 I 16742 39220

290 3826.39 I 0 - 26127 120 4454.03 I 16742 - 39187

1300 3838.20 II 8957 - 35003 80 4459.99 I

290 3840.87 I 15271 - 41299 50 4467.98 T
1

1 C 07Alo2 /U ilbw
8900 II 0 - 25980 540 4481.26 II

A0 OOOAA

70 3853.10 II 18291 - 44237 80 4489^70 II 8770 31037

140 3857.84 11 8957 - 34871 150 4519.60 I 16742 - 38861

6800 3883.13 I 0 - 25745 260 4522.57 II

1800 3883.44 II 237 - 25980 180 4529.38 II 237 OOOAA22309
QQQ7 I 0 - 25717 80 4532.15 I 15587 37646

440 3890.,S3 II 0 - 25696 110 4548'60 I 17343 39322

440 3896.62 I 0 - 25656 40 4556.68 II 26256 - 48195

680 3900.79 II 8769 - 34398 40 4561.86 II 8770 - 30684

3500 3916.48 I 8771 - 34297 80 4564.68 T
1 17343 OAO/1 A39244

II
1

1

8957 - 34404 40 4567. 11 II
1 7A7 A17974 o AO/; o39863

570 3929.58 II 8957 - 34398 95 4596^63 I 17613 39362

1500 3949.27 I 8771 - 34085 270 4599.02 I 0 - 21738

55 3957.42 II 237 - 25498 35 4601.29 II 8957 - 30684

1500 3958.10 II 0 - 25258 55 4603.43 TT
11

yo O ? 1 u . uo I 16742 - 41881 40 4604.85 I 17752 39462

440 3995.58 II
917 50 4613.97 I 1 77'^9 oy^ 1 y

1800 3996.52 II 0 - 25014 40 4614.47 II 22052 43717

220 4024.23 I 16456 - 41299 300 4615.94 II 16567 38225

80 4034.76 II 25014 - 49792 35 4619.06 II 22355 43998

ooO AC\A A Al4U44.4/
T
1 8771 - 33489 A/iOi 79 I

1 17613 39244

80 4055.81 I 13119 - 37768 80 4626.33 II 21608 43217

80 4090.29 11 8957 - 33399 95 4626.56 II 0 21608

80 4091.49 II 8957 - 33392 40 4626.97 I 17613 39220
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Thulium— all observed /iraei— Continued

Intensity

and
Character

Wavelength
in A Spectrum

Energy levels

in cm"'

Intensity

and
Character

Wavelength
in A Spectrum

Energy levels

in cm"'

110 4634.26
TT
11 lozyi — oVoOo ly 5182.68 I 21799 - 41089

40 4642.96 II
990AQZZoUo ~ O J,0<J .

T
X 0/71 - OOAC 1ZOO5I

95 4643.12 8771 - 30302 14 5204.51 II 27598 - 46807
35 4644.58 I 17752 - 39277 80 5213.38 I 16456 - 35633
120 4655.09 I 17613 - 39089 22 5228.23 II

4000. /U
TT
11 ZO /Do /I 1 Ql 5260.93

TT
11

Orf; 1 00ZD loo — /I c 1m4Diy 1

35 4671.99 II ZD/00 — A 1(^0.44 /Do4 Zl 5967 ^^4 II
OC OC Tz5z57 - 44237

35 4675.10 40 5291.14 I 21799 - 40693
80 4675.31 I 15270 - 36653 40 5294.32 I 24611 - 43494
40 4677.86 II 237 - 21608 35 5300.21 I 15587 - 34449

160 4681.92 O / / 1
— JO 5302.69 I 01 1 L

— z /Oz4
70 4685.11 J 1 ^1 1 Q OAA ^7 c rDO 5305 87 n 9 1 A99ZlUzz — oyooD
120 4691.11 I 8771 - 30082 650 5307.12 I 0 - 18837
110 4724.26 I 0 - 21161 16 5322.99 II 35535 - 54317
680 4733.34 I 0 - 21121 35 5338.90 I 16957 - 35682

35 4750.75 5339.03 I 17454 - 36179
70 4759.90 J 15270 - 36273 80 5346.49 n 19526 - 38225
27 4789.92 11 28276 - 49147 27 5372^98 II 19619 - 38225
27 4807.48 I 16456 - 37252 14 5391.96 II 25696 - 44237
35 4808.68 I 15587 - 36377 27 5400.46 II 24059 - 42570

35 4813.50 19748 - 40517 27 5402.23 I

27 4826.99 28096 - 48807 14 04"U0. yO II11

27 4828.97 I 16456 - 37159 14 5461.95 II 34027 - 52331
80 4831.20 II 23024 - 43717 14 5464. 14 I 22559 - 40855
35 4835.75 I 13119 - 33793 14 5465.54 II 0 - 18291

27 d 4851.76 19132 - 39737 16 5500.30 II

4851.90 27009 - 47614 14 II11 34913 - 53002
19 4872.28 n 22052 - 42570 24 5528.34 I 22419 - 40503
27 4879.19 I 18990 - 39479 14 5539.03 II 26188 - 44237
27 4891.64 I 27 5566.00 I 13119 - 31080

24 4909.74 15271 - 35633 22 5581.37 I 20406 - 38318
55 4923.83 18853 - 39157 14 OOKjyJ . \jO II 34766 - 52661
140 4957^18 I 18990 - 39157 14 5589.94 II

40 4970.87 II 19526 - 39638 14 5606.64 I 20406 - 38237
27 4971.26 I 19548 - 39658 270 5631.41 I 0 - 17753

40 4975. 12 II 23904 - 43998 40 5642.60 I 8771 - 26488
50 4978.90 19548 - 39628 27 5645 40 I 22419 - 40128
40 4980.68 II 23768 - 43840 70 5658.30 I 8771 - 26440
55 4989.32 II 23961 - 43998 520 5675.84 I 0 - 17614
27 4993.79 II 19619 - 39638 14 5683.59 I 16456 - 34046

19 4994.72 II 27598 - 47614 40 5684.76 II 22052 - 39638
35 22742 - 42733 14 5696.42 II

27 5001.59 I 1 7 i OO ^074.1 oo 5709'97 II 99-3CC _^^ODD 07OUO
160 5009.77 II 19682 - 39638 22 5715.79 I 15271 - 32761

35 5014.56 II 23904 - 43840 14 5733.81 II 33182 - 50617

27 5017.87 II 28974 - 48898 11 d 5737.20 II 22052 - 39477
lOU IT

11 19619 - 39477 i;707 91;0 i 0 t . ZD It
11

27 h 5041.00 II ZoUVO A7097 1 A14- un 5738.92 II 4-uvoy CQ07Q

22 5043.50 17454 - 37276 27 5758.02 I 15587 - 32950
35 5045.41 I 19748 - 39563 55 5760.20 I 8771 - 26127

27 5060.42 II 23961 - 43717 190 5764.29 I 0 - 17343
^(i^^n on 0 - 19754 5

i;77Q 09oil 0. oz 30508 - 47808
27 5062.25 I 0 1 Q 5782.36 II 1 /OZ^ o4y ID
27 5065.88 I 19753 - 39488 22 5784.46 II

80 5066.67 I 19748 - 39479 11 5799.97 II 34766 - 52003

27 5072.42
}

19753 - 39462 14 5811.19 II 21022 - 38225
97 OU iO. oO 21799 - 41493 14 h DO 1 U. 4-0 I

1 16456 - 33644
27 5077.18 I 19753 - 39444 35 5838.76 II 22355 - 39477
35 5085.09 I 19753 - 39413 240 5895.63 I 0 - 16957

40 5107.53 I 19748 - 39322 35 5899.47 I 8771 - 25717

95 5113.97 0 - 19549 24 5901.57 I 18693 - 35633
50 51 14.55

TT
11 23024 - 42570 8 cn 1 0 COoy IZ.DO 1 25520 - 42429

22 5120.67 19753 - 39277 11 5931.70 I 15587 - 32441

22 5140.28 II 23768 - 43217 27 5935.90 I 15271 - 32112
40 5149.40 II 23803 - 43217 140 5971.26 I 0 - 16742
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Thulium— all observed Zmes— Continued

Intensity

and
Character

Wavelength c
in A opectr

Energy levels

in cm"'

Intensity

and
Character

Wavelength c Energy levels

in A '^"'^
in cm"'

Z 1

QQ7t; no
;

^71 "Ifto / lOo

ii

19 6025.44 I 17454 34046

11 6067.78 II

16 6131.53 I 16456 - 32761

1 A 01 Id.Ay 1 Q 1 1 0io 1 IV ZVoUo
1 A 1 0 1 /IIDlol.41

TT
11

none o QQOOCoozzo
14 6299.46 II 22355 38225
27 6352.66 16742 - 32479
22 6401.44 1 16742 - 32359

QO TI
11 ODOOO 0 lUol

1 d. iOVOD

200 6460.26 16742 32217
14 6490.70 I 16956 - 32359
14 6519.78 1 25656 - 40989

Q 00/0.04
!

Vo ooU4.yo 1 / o4o oz4 /y

8 6627.25 26126 41211

35 6657.72 I 17343 - 32359
11 6658.64 1 24348 - 39362

1

1

!
19132 0 A nan34069

Oft 0<Zl.O0 1 "7 0 /I 0
1 /o4o 0 no 1 7

9 6726.34 } 26126 40989
9 6727.94 II 38717 - 53576

18 6739.22 I

9 h 0 (0 / .4o
}

z64J9 41zl 1

9 6777.93 26439 41 189

110 6719.11 17613 32359
14 h 6782.00 I 24348 - 39089
18 6788.52 I 17752 - 32479

13 h 6820.27
j

17454 321 12

14 6826.95 24418 39061
14 6829.12 II 21133 35772
23 6831.09 26439 - 41074

120 6844.26 I 17752 - 32359

80 6845.76 17613 32217

18 6854.12
{

26488 41074
6898 S6

6 6915.86 I 27037 - 41493

10 6937.37 I 16957 - 31367

5 6949.54 I

5 h 6976.69 'I 30508 44838
5 7010.79

6 h 7014.31 21713 35966

10 7017.90 26448 40693

6 h 7029.40

12 7034.34

10 7056.43 25696 39863

5 7060.97 8771 22930

6 7079.78 17624 31745

10

5

5

4

17

11

14

11

14

5

5

75

75
10

14

140

17

20

17

5

5

17

4

7

8

8

80
4

12

17

4

40

3

5

55

110

6

11

14

95

3

14

5

7

7

27
7

11

7106.14
7231.33

7233.74

7257.72
7272.62

7284.30

7286. 16

7310.51

7336.63

7432.18

7434.51

7439.95

7481.08

7490.20
7507.28

7545.78

7558.33

7580.61

7593.74

7595.07

7629.85

7648.76
7655.00
7660.32
7666.24

7676.04
7701.46

7731.53

7778.27
7782.35

7785.51

7785.90
7803.93

7829.22

7856.08

7861.67

7918.10

7927.51

7930.84
7971.56

7985.93

8014.77
8017.90
8021.33

8194.19

8294.52

8365.75
8460.79
8472.01
8546.07

8565.73

18693
25717
24273
17613
17752

19132

15587
27314
34027
18990

21133
20228
18853
19132
25745

13119
18990
28024
28023
20228

19753

32917
30914
28340
26701

21133
25520
19548
26889
28143

26701
21120
19548

26701
19753

26646
28448
19748
19753
28448

28555
26889
19748
19753

26889

19466
19548
33022
17624
20228
20228

32761
39542
38093
31388
31499

32856

29308
40989
47654
32441

34580
33665

32217
32479
39061

26368
32217
41211
41189
33391

32856
45987
43974
41391
39741

34157
38502
32479
39741
40989

39542

33961
32359
39470
32479

39362
41074
32359
32359
40989

41074
39362
32217
32217
39089

31519
31499
44838
29424
31926
31899

318



Tin

Sn, Z = 50, M = 118.7, Ratio |^ = 1.868
Lu

Sn I Normal state of valence electrons 5s^5p^ ^Po = 0. LP. = 59232 cm-i.

Sn II Normal state of valence electrons 5s^5p ^P°i2^0. I.P.= 118017 cm-*.

References

Wavelengths and Classification:

Sn I, W. F. Meggers, J. Research NBS 24, 153 (1940) RP 1275.

Tin — all observed lines

Intensity

and
Character

Wavelength c
• X bpectrum
in A

Energy levels

in cm^'

Intensity

and
Character

Wavelength c
• i " bpectrum
in A

Energy levels

in cm"'

OiCAAA 107A QA TIV/U.oU 1 1692 - 52416 1 1 AA
1 lUU O/ioo on T 3428 43683

loUUU n OH-ZO OooZO 1 1 AA
1 100 O/IAC 7A T2495.70 1

QA 1 Q

QAAA ^d9Ro^zo OZH IL) 150 z5z3.92 1
QA 1 Q 4ozZz

A OAA OA7*3 AQ T Au - dft999'TOZZZ 2400 2546.55 I
A
0

0AOC 739257
CCAA zuyi.oo 1 1 fiQ91O7Z — d.Qd.H7 1000 2571.58 I 8613 47488

mfUU n 8613 - 56299 550 2594.42 I 8613 47146
IDUU 0 1 AA 0^ T 3428 - 51010 1400 2661.24 I 1692 39257
DOUU 01 1 0*^ TZl lo.yo I 1692 - 48982 7000 2706.51 I 1692 38629
AAAOUU Z i^o. to 1 1692 - 48216 110 2761.78 I 3428 39626
1400 2151.43 I 3428 - 49894 1000 2779.81 I 8613 44576

1600
2200

2194.49 I

2199.34 I

3428
1692

- 48982
- 47146

320
120

2785.03 I

2812.59 I

8613
17163

44509
52707

3200 2209.65 I 3428 - 48670
600 2813.58 I 8613 44145

300
480

2211.05 I

2231.72 I

8613
3428

- 53826
- 48222

14000

1700

2839.99 I

2850.62 I

3428

8613

38629
43683

4200 2246.05 I 0 - 44509
10000 2863.33 I 0 34914

190 2251.17 I 8613 - 53021
480 2267.19 I 8613 - 52707 240 h 2913.54 I 17163 51475

3200 2268.91 I 3428 - 47488 7000 3009.14 I 1692 34914

650 2286.68 I 3428 - 47146 400 3032.80 I 17163 50126

8500 3034.12 I 1692 34641
2200 2317.23 I 8613 - 51754
1400 2334.80 I 1692 - 44509 40 3141.84 I 17163 48982

5500 2354.84 I 1692 - 44145 5500 3175.05 I 3428 34914

60 2357.90 I 8613 - 51010 5500 3262.34 I 8613 39257

200 2.380.72 I 1692 - 43683 1100 3330.62 I 8613 38629

400 3655.78 I 17163 44509
260 2408.15 I 8613 - 50126

3600 2421.70 I 8613 - 49894 2800 3801.02 I 8613 34914

5500 2429.49 1 3428 - 44576 400 4524.74 I 17163 39257

35 2433.47 I 3428 - 44509 40 5631.71 I 17163 34914
50 2455.24 I 3428 - 44145 8 h 8552.60 I 34914 46603
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Titanium

Ti, Z = 22, M = 47.9, Ratio j^- = 0.754

Ti I Normal state of valence electrons SdHs^ ^¥2=^0. I.P. = 55138 cm-i.
Ti II Normal state of valence electrons 3d^4>s *Ft 1/2 = 0. LP. = 109506 cm-^.
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H. W. Banks, W. R. Bozman, and C. M. Wilson, Georgetown Obs. Mono. No. 20 (1966).

Classification:

Ti I, H. N. RusseU, Astrophys. J. 66,347 (1927).

W. F. Meggers and C. C. Kiess, J. Research NBS 9, 309 (1932) RP 473.

Ti II, H. N. Russell, Astrophys. J. 66, 283 (1927).

Molecular Spectra:

TiO, F. Lowater, Proc. Phys. Soc. (London) 41,557 (1929).

Strong lines oftitanium

Intensity

and
Character

Wavelength
in A Spectrum

Energy levels

in cm"'

Intensity

and
Character

Wavelength
in A Spectrum

Energy levels

in cm"'

12000 3349.41 II 393 - 30241 5200 3236.57 II 225 31114

7800 3998.64 I 387 - 25388 5200 3752.86 387 27026

7200 3361.21 II 225 - 29968 5200 3958.21 387 25644
3361.26 I 170 - 29912 4800 3635.46 0 27499

7200 3653.50 I 387 - 27750 4800 3981.76 0 25107

6600 3234.52 II 393 - 31301 4600 4991.07 6743 26773

6600 3642.68 I 170 - 27615 4500 3948.67 0 25318

6000 4305.92 I 6843 - 30060 4500 3956.34 170 25439
6000 4533.24 I 6843 - 28896 4300 3349.04 II 4898 34748
5800 4981.73 I 6843 - 26911 4300 3371.45 387 30039

5700 3341.88 I 0 - 29915 4100 3239.04 II 94 30959
II 4629 - 34543 4100 3354.64 170 29971

5700 3372.80 II 94 - 29734 4100 4301.09 6743 29986
5700 3383.76 II 0 - 29544 4000 4999.51 6661 26657
5700 3989.76 I 170 - 25227 3800 3199.92 387 31629
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Titanium— all observed lines

Intensity

and
Character

Wavelength
in A Spectrum

Energy levels

in cm"'

Intensity

and
Character

Wavelength
in A Spectrum

Energy levels

in cm"'

140 2272.61 I 387 - 44376 250 2742.32 I 7255 - 43710
180 2273.28 0 - 43976 40 2749.06 8492 - 44858
loU zZ lO. i\j 170 44079 00

O7C7 Af\z / 0 / . 4U 8602 44858
ion 997Q Qfk

{

387 44233 VO Z /Oo.UO 12118 48365
0 43468 10 07A1 00z /oi.zy IT11 8710 44915

140 2302.73 I 170 - 43583 250 2802.50 I 7255 - 42928

190 2305.67 387 - 43745 55 2805.70 8602 - 44233
00 OOQA QlzooU.ol 387 - 42377 3r\oU ZoUO.OU IT11 9851 - 45473

93Q/1 ^0

}

387 42311 OQAQ 1 7 8492 44079
DO Z*t lO.OO 0 41337 ID 90 in 3A TI11 29734 65307

75 2421.30 I 170 - 41458 30 2812.98 I 8437 - 43976
95 2424.24 I 387 — 41624 30 2817.40 T 8492 — 43976
A f\4U 0/10Q 03

}

41170 00 OQ 1 7 Q/iZol / .o4 J

}

8602 44079

OD 0/133 00
1

170 41255 OQ 1 7 Q7Zol 1 .Oi
1

29968 65446
1 0 0A3/1 in 387 41458 00 OQOQ (17 6557 41907

2440.21 II 12629 53597
9090 1 CZoZo. 10 30241 65589

35 -

65 2440.98 387 - 41342 130 2832.16
{{

4629 - 39927
OA II

11 12758 53555 1 on OQ/1 1 0/1Zo4 1 . V4
IJ

4898 40075
0/1 OCA/l C/1zoU4.o4 1 1 A OOC 1 1 AZool . lU

}}

9RS1 4.4.91 5
•7 C
/o

O C 1 "7 /I 0zol /.4o 11 1087 40798 OOCO AOzooo.yo 4898 39927

40 2519.04 I 0 - 39686 95 2862.32 II 9976 - 44902
140 2520.54 0 - 39662 55 2868.74

II

4629 - 39477
/o O C 0/1 /I

11 984 40582 1 OAloO
007*7 AAzo / / .44

II
8998 43741

OOU zozo.oU TT
11 1216 40798 zoU Zoo4. 1

1

9118 43781
00 0Q07 OQzoz / .Vo 170 39716 00 OQQQ 03Zooo. Vo 4629 39233

210 2529.85 I 170 - 39686 55 2891.07 II 4898 - 39477
190 2531.25 II 1087 - 40582 55 2905.66

1O C 0 /I to 1

1

11 984 40426 OAoO OAAn AO 393 34749
1 0 A ZOJO.O /

II
11 T-V/OOVJ

A CA OA 1 0 AOzv Iz.Uo
1

7255 41585
1 nAIvU O C /I 1 AO 387 39716 OAOO 0/1zyzo.o4 12118 46258

65 2555.99 II 4629 - 43741 15 2931.03
110 2571.03 II 4898 - 43781 180 2933.55 0 - 34079
C A50 O C "70 £ C2572.65 11

o/^zo OAO C At

C A50 O C OA OO

}

loU OAO 7 0 0
A':f6l .6Z

j

170 34205

35 OCAA 0£2590.26 1 70 OO 1 uo 1 1 AA
1 lUU Of\A 0 AAZV4Z.UU 0 33981

190 2593.64 I 0 - 38544 1300 2948.26 I 170 - 34079

65 2596.58 170 - 38671 30 2954.58
0*7 A270 OCAA AO2599.92

j

0 38451 lOUU OOCt I 02yo0. lo
j

387 34205
0 /I A340 Ot A C 1 C2605. 15

J

170 38544 1 /U OACt QA 170 33981

510 261 1.28 OO i OOU 1 I
OA30 0A C 0 112958.7/

75 2611.48 I 170 _ 38451 26 2959.71 I 8492 - 42270

300 2619.94
}

387 - 38544 35 2959.99
I

8602 - 42377

1 (0 o/; 0 1 c A200 1 .54 170 38160 1 in ooAc: 71ZVOo. i 1 8602 42311

170 2632.42 nU 07077 1 HA 9nA7 09 387 34079

640 2641 . 10
Au O i OOZ ZO OOAO 93ZVOo.zo OOUOU

800 2644.26 I 170 _ 37977 75 2970.38 I 0 - 33656

950 2646.64 I 387 - 38160 30 2974.93 I 8602 - 42207

30 2649.30
[

170 OAO 0 0 1zVoo.ol
J

170 33680

15 2654.93
j

U O lOoo
0 c35 OAAA 01oUOU.o/ 00 t 00 1 u 1

35 2657. 19 u 37A03O / OZO 1 OAIzO OA 1 "7 1 AoUi /. IV I T
11 1 z / J 0 T-O

85 2661.97 I 0 _ 37555 140 3029.73 II 12677 - 45674

95 2669.60 I 170 - 37618 110 3046.68 II 9396 - 42209

130 2679.93 387 — 37690 1.30 3056.74
II

9364 42069

26 2684.80 130
0 AC "7 A f\3057.40

}}

AU OZDVo

30 2685. 14 oti /
37#^ 1 Q 1 in170 OACO AA

II volo 4.99(10

65 2688.82 I 85 30.59.74 II 9396 - 42069

26 2716.25 II 8744 - 45549 1300 d 3066.22 II 94 - 32698

85 2725.07 8492 45178 oOoo.oo
|j

0 32603

75 2727.42 8437 45091 70 3071.24
II

9518 42069

21 2731. 13 8602 45206 600 OA "7 0 113072. 1

1

II 225 32767

40 2731.58 8492 45091 1100 3072.97 11 0 32532

170 2733.26 8602 45178 1600 3075.22 94 32603

55 2735.29 8492 45041 2300 3078.64 225 32698

40 2735.61 7255 43800 3600 3088.02 393 32767

85 2739.81 8602 45091 180 3089.40 15266 47625
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Titanium— all observed /i>ie5— Continued

Intensity

and
Character

Wavelength
in A Spectrum

Energy levels

in cm"'

intensity

and
Character

Wavelength
In A Spectrum

Energy levels

in cm"'

180 3097.19 II 9931 - 42209 220 3282.33 II 9873 - 40330
180 3100.67 I 8602 - 40844 530 3287.66 II 15266 - 45674
230 3103.80 II 15258 - 47467 290 3292.08 7255 - 37623
230 3105.08 II 9873 - 42069 170 3900 dl 7255 - 37555
260 3106.23 II 10025 _ 42209 170 oouu. 00 17215 - 47447

70 3106.81 I 8492 - 40671 220 3308.39 I 8437 - 38654
50 3110.67 II 9931 - 42069 220 3308.81 II 1087 - 31301
50 3112.48 I 8437 — 40556 260 3309.50 J 8492 - 38700
140 3117.67 II 33no 7^ r

17075 - 47281
720 3119.72 I 12118 44163 1 in } 16961 - 47140

3119.80 II 10025 _ 42069
840 3314.42 I 8602 - 38765

190 3123.07 I 7255 - 39266 3314.52 I 8492 - 38654
240

1 1 1 1^ art
3130.80 II 94 — 32026 290 3315.32 9873 - 40027

140 3141.54 I / Zoo QQA7Q 33nooyj Jl 984 - 31114
95 3141.67 I 17215 49036 550 3391 7n XJ 9931 - 40027

220 3143.76 11 225 - 32026 2900 3322.94 II 1216 - 31301
240 3148.04 II 0 - 31757 380 3326.76 II 908 - 30959
240 3152.25 11 984 - 32698 2100 3329.46

II

1087 - 31114
240 3154.20 II 908 32603 'i^n•JOKJ ^^•^9 1

1

OOOZ. 1 1 10025 - 40027
240 3155 67 II 1087 32767 iRnn on0000. }| 984 - 30959

500 3161.20 11 908 - 32532 1100 3340.34 II 908 - 30837
780 3161.77 11 984 - 32603 5700 3341.88 I 0 - 29915
1000 3162.57 II 1087 - 32698 4629 - 34543
1600 3168 52 II 1216 32767 1 9n1 zu 3^4.9 1 5oo^z. 10 0 - 29912
2400 3186 45 I 0 31374 Q5d.3 77 ry

1216 - 31114

1000 3190.87 11 8744 - 40075 330 3346.73 II 1087 - 30959
3100 3191.99 I 170 - 31489 4300 3349.04 II 4898 - 34748

50 3197.52 II 225 - 31491 12000 3349.41 393 - 30241
3800 3 199.92 387 31629 1 9n OOOZ. 74- 170 - 29986
780 3202.54 IT

1

1

8710 39927 d.1 nn 0004-. 04- } 170 - 29971

50 3203.44 11 0 - 31207 290 3358.28 I 0 - 29769
240 3203.83 1 170 - 31374 290 3360.99 I 170 - 29915
50 3204.87 1 8492 - 39686 7200 3361.21 II 225 - 29968
110 32 13. 14 11

1

1

94 31207 OOU 1 . zu 170 - 29912
3914. 94. I

1 387 31489 1 9n QOAl OA :

170 - 29907

190 3214.75 II 393 - 31491 1100 3370.44 I 0 - 29661
1100 3217.06 11 225 - 31301 4300 3371.45 I 387 - 30039
110 3217.94 I 15877 - 46944 140 3372.21 II 4898 - 34543
260 3218.27 II 12677 43741 57nn0 1 3379 fin If 94 - 29734
1 in V? 1 Q 91 I

1 15976 47030 ou aQ7/l oc00 / 4-. 00 ij11 9976 - 39603

110 3221.38 I 16106 - 47140 2900 d 3377.48 I 387 - 29986
1300 3222.84 11 94 - 31114 3377.58 I 170 - 29769
220 3223.52 I 16268 - 47281 290 3379.22 387 - 29971
240 3224.24 II 12775 43781 1400 338n 98 II 393 - 29968
140 16459 47447 1 7n oooz. 0

1

8602 - 38160

530 3228.60 11 8710 - 39675 5700 3383.76 II 0 - 29544
780 3229.19 11 0 - 30959 170 3385.66 I 387 - 29915
530 3229.42 11 9118 - 40075 1400 3385.95 387 - 29912
1 1 n1 1 u V?'<] V)OZi} 1 . oz II

1

1

1087 32026 1 dnn 3QQ7 OA000 ( . OH- II 225 - 29734
9<in 'J959 9Q IT

1

1

8998 39927 33flfl 7f\0000. 1 u II11 9976 - 39477

6600 3234.52 11 393 - 31301 140 3390.68 I 8492 - 37977
220 3236.12 II 8710 - 39603 140 ,3392.71 I 12118 - 41585

5200 3236,57 II 225 - 31114 1100 3394.58 II 94 - 29544
A inn II 94 30959 fid oOVO.Oo 8437 - 37852
99n II R74.d fin 3An9 4.9Ot-UZ. 4-Z II11 700 1 1J7Z00

2600 3241.99 11 0 - 30837 60 3407.20 II 393 - 29734
1200 3248.60 11 10025 - 40798 95 3409.81 II 225 - 29544
950 3251.91 II 94 - 30837 60 3439.30 11777 - 40844

1 Of\f\ QOCO 01oZoz. V

1

11 225 30959 oVU II11 1216 - 30241
1 Of\f\ IT11 393 31114 OU II11 16516 - 45473

1200 3261.60 II 15258 45909 180 3456.39 II 16625 - 45549
310 3271.65 11 10025 40582 600 3461.50 II 1087 - 29968
310 3272.08 11 9873 40426 95 3467.26 8492 - 37325
200 3278.29 II 9931 40426 600 3477.18 II 984 - 29734
260 3278.92 11 8744 39233 60 3478.92 8437 - 37173
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Titanium — all observed /irees— Continued

Intensity

and
Character

Wavelength
in A Spectrum

Energy levels

in cm~'

Intensity

and
Character

Wavelength
in A Spectrum

Energy levels

in cm"'

3480 53
T

8602 37325 600 3771 (Sft 387 26893

60 3485.69 I 8492 37173 30 3776.06 II 12758 39233

60 3489.74 II 1087 - 29734 840 3786.04 I 7255 - 33661
480 3491.05 II 908 - 29544 120 3789.30 I 11777 - 38160
60 3495.75 I 8492 37091 70 3795.90 I 11640 37977

95 3499.10
T

8602 _ 37173 60 3798.31
T

11532 37852

890 3504.89 II 15258 43781 70 3818.22 I 18193 44376
120 3506.64 I 387 - 28896 60 3822.03 I 17075 - 43232
600 3510.84 II 15266 - 43741 240 3828.19 I 17215 - 43330
60 3520.25 II 16516 44915 95 3833.68 I

3535 41 II 16625 44902 95 3836 78 T

190 3547.03 12118 40303 60 3846.45 I

120 3573.74 II 4629 - 32603 130 3853.05 I 15877 - 41823
60 3574.24 I 18288 - 46258 130 3853.73 I 15976 - 41917
60 3587.13 II 4898 32767 170 3858. 14 I 16106 42018

240 35Q6 05 II 4898 32698 240 3866 44 T
16268 42124

190 3598.72 7255 35035 170 3868.40 I 15976 41819
600 3610.16 I 7255 — 34947 120 3873.21 I 16106 — 41917

190 3624.82 II 9851 - 37431 260 3875.26 I 0 - 25798
95 3635.20 I 387 — 27888 I 16106 — 41903

foUU oooo . '*o J 0 27499 1 7(1 oooZ. lO J 16268 42019
120 3637.97 I 0 27480 170 3882.33 I 16268 42018
190 3641.33 II 9976 _ 37431 500 3882.89 I 16459 — 42206

6600 3642.68 I 170 - 27615 60 h 3888.02 I 16106 - 41819
180 3646.20 I 0 — 27418 70 3889.95 I 0 25700

790n OUOO . 0\J J 387 9on Vi 0070. zo J 16459 42124
290 3654.59 I 0 27355 85 3898.49 I 0 25644

660 3658.10 I 170 _ 27499 530 3900.54 II 9118 34748
120 3659.76 II 12758 - 40075 180 3900.96 I 170 - 25798
380 3660.63 I 170 — 27480 2600 3904.78 I 7255 — 32858

1 Qft 11 ^QQ97oyy^, I
1 in \\1 lu n 101 1 10oy 1 1 . i 7 lw**0!7 4.901 QtiU 1 y

380 3668.97 I 1 70 500 3913.46 II Q7 70 34543

600 3671.67 I 387 _ 27615 500 3914.34 I 387 _ 25927

3100 3685.20 11 4898 - 32026 24 3914.74 I 0 - 25537
120 3685.96 I 11532 - 38654 35 3919.82 I 12118 - 37623

yo ouo / . oo J OO /
9Qn 1091 4.9O 7Z 1 . T-Z

,
n L.O^y^

600 3689.91 I OO i i, I 'tOU 1100 3924.53 I 170

140 3694.45 I 11640 _ 38700 110 3926.32 I 20796 46258

30 3698.18 I 18145 - 45178 890 3929.88 I 0 - 25439

60 3698.43 I 11640 - 38671 35 3932.02 II 9118 — 34543

AHOU o i UU.Uo
.

1(\i\J 101/1 94.0704-. Z4 J 187OO (
9=^708ZO ly<j

120 3702.29 I 1100 3947.78 I 1 70 OC.AQAZO^V^-

190 3704.30 I Will I 38765 4500 3948.67 I 0 _ 25318
140 3706.23 II 12629 - 39603 4500 3956.34 I 170 - 25439

50 3707.53 I 16268 - 43232 5200 3958.21 I 387 - 25644

zyu o / uy .yo
.

Q/IOOo4yz 0 CA 10o.74oy you OVOZ. OD J u 9^997

30 3715.40 1 950 3964.27 [
1 70 9C OQQZoooo

450 3717.40 I 0 26893 4800 3981.76 I 0 25107
140 3721.64 II 4629 - 31491 570 3982.48 I 0 - 25103
330 3722.57 I 170 - 27026 60 3984.33 I 16961 - 42053

ouu 170/1 t:7
.

1 0 1 1 Q IQQt; 9COVoO.ZD J

380 3725.16 J OOUZ 60 3985.59

2900 3729.82 I 0 26803 5700 3989.76 I 170 25227

50 3735.67 I 35 3994.70 I 16875 - 41901

60 3738.90 I 15157 - 41895 7800 3998.64 I 387 - 25388

linn 07 11
.

1 1C\
1 (U zooyo 70 100Q l^ioyyy , OU

,

10vol 41VOV

330 3741.64 J] IZ loo 1QA770V4 / t 70 4002.49 I 1 707"^1 / U / o 4.90'^1

160 3748.10 I 15108 41781 70 4003.81 I 17215 42185

5200 3752.86 I 387 27026 35 4005.97 I 16961 41917

600 3753.64 I 170 26803 70 4008.06 I 17075 42018

6 Id i .\yJ 12629 39233 yoyj 4.nna o^ 170 25107

3300 ^7S9 HO\J I xJ 7 . \J\J
j! 4898 31491 190 4009.66 [ 170 25103

2900 3761.32 4629 31207 70 4012.39 II 4629 29544

50 3761.89 20892 47467 180 4013.58 17215 42124

60 3766.45 8492 35035 70 4015.38 16817 41714
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Titanium— all observed /irees— Continued

Intensity

and
Character

Wavelength
in A Spectrum

Energy levels

in cm"'

Intensity

and
Character

Wavelength
in A Spectrum

Energy levels

in cm"'

oo 4Uio.2o
J

1 791 4-/ iU / 160 4284.99 I 14028 Q7QCA
un Wl 1 . 1

1

lOo / 0 890 4286.01 0001 2yvoo
1 Aft 4021.83 Al Q 1

Q

840 4287.40 o/4o 0AAAAoOOOO
1200 4024.57 I 387 25227 30 4288^16 I 6599 29912
40 4025.14 II 4898 - 29734 I 8492 - 31806

IQft Ln 4UZD.o4
j

1 H-lyVo 950 4289.07 05VV OAAA7
2WO /

4027.48 120 4290.23 II VoVO o2oV8
4028.34 II loZoo WViO 840 4290.94 055 /

OAOC C29855
190 h 4030.51 17215 42019 120 4291.14 I

40 4033.91 I 17424 - 42207 140 4294. 12 II 8744 - 32026

OU 40o4.91
}

I loiy) 4z 140 840 4295.76 I
OAOOA

lift A r\0 c o 14035.83 AO'X^ 1'+Zo 11 2000 4298.66 OQQC CzVo55
oo n 4040.32 { I l\) lo /I 1 Q 1 O 200 4299.23 1/11141U0

290 4055.02 I 8437 33091 200 4299.64 I 6661 29912
85 4057.62 I 18594 - 43232 200 4300.05 II 9518 - 32767

OO 4058. 14
J

loOVo A OQ QA 2900 4300.56 000

1

OOnA72yyo /

A'\{\ 4060.26 o4Vz aol 14 4100 4301.09 an A Q6/43 OAAO£29986
4064.22 O ACiO 0 OAA 1oooy 1 85 4301.93 II

AO^ A9364 0 o/:AO32603
200 4065.10 I 8492 33085 6000 4305.92 6843 30060
840 4078.47 I 8602 - 33114 180 4307.90 II 9396 - 32603

A A40 4079.72 I 17424 41929 35 4308.50 I 8602 31806
4082.46 I

o/:AO 0 OAA 1 40 4311.65 17370 40556
oc85 4099.17 I 17540 41929 85 4312.87 II 9518 32698

220 4112.71 I 387 24695 85 4314.35 I 6743 29915
85 4122.17 I 21470 - 45722 1200 4314.80 I 6743 - 29912

A A 4123.31
I 6599 - 29769oo yl AC22405 46650

OC00 4123.57

}

o 1 c oo21588 /I C O 0 o45832 360 4318.64 18193 41342
1 QA 4127.54 O 1 "7,1 A21740 /I CA/IA45960 180 4^21 66rtj^ X . yjyj 18037 41 170

40 4129J7 I 190 4325.13 I 18141 41255
40 4131.25 I 18525 - 42724 160 4326.36 I 6661 - 29769

140 4137.29 18695 42859 30 4334.84 I 6599 29661
o c85 4143.05 18594 42724 160 4337.92 II 8710 31756
170 4150.96 17540 41624 24 4344.29 n 8744 31756
85 4159^64 I 17424 41458 70 4346.11 18037 41040
70 4163.65 . II 20892 - 44902 35 4354.06 I 17424 - 40385

35 4164. 14 15108 391 16 95 4360.49 17540 40467
40 4166.32 15157 39152 24 4368.94 18288 41 170

85 4169.35 15220 39198 95 4369 68 20796 43674
120 417L03 I 17370 41337 60 4372.38 I 20063 42928
40 4171.90 II 20952 _ 44915 30 4388.08 I 18062 - 40844

35 4183.30 I 18062 41959 170 4393.92 18288 41040
360 4186.12

}

121 18 36000 330 4395.04 II 8744 " 31491
40 4188.69 18062 41929 60 4399.77 II 9976 32698

4200.75 I 18145 41944 240 4404^28 18145 40844

85 4203.46 I 18145 _ 41929 60 4404.90 I 15157 — 37852

35 4211.73 I 20063 43800 30 4405.68 I 8492 31 184

40 4224.79 22405 46068 60 4416.54
j

15108 37744
40 4997 20063 43710 990 441 7 9ft 15220 37852

4237.89 I 909 in 4'^flnn+OOUU 60 4417.72 II 32026
85 4249.12 I 18525 _ 42053 120 4421.76 I 18062 _ 40671

130 4256.04 I 18695 — 42185 120 4422.82 I 8602 31206

70 42.58.54
j

18483 — 41959 24 4424.39
{

18288 40883

70 ,19^1 f\(\'tZO 1 .ou 18594 42053 ^0 449^ QQ 8602 31191

4263.13 I OOU / 1 120 4426.06 I 1 "il =17lO lO i
^7744

35 4265.71 I 15108 _ 38544 890 4427.10 I 12118 _ 34700

40 4266.22 I 18525 41959 21 4430.02 I 19422 41988

70 4270.14
{

18695 — 42107 85 4430.37
{

11640 34205

85 4.979 6661 30060 50 4431.28 17996 40556

240 4274.58 I 6599 29986 30 4432^60 I

I 15157 38544 24 4433.58 I 19323 41872

120 4276.43 I 13982 37359 170 4434.00 I 11532 34079
120 4278.23 I 20796 44163 15108 37655

30 4278.81 18594 41959 •7A 44ot).5V 15157 37690

110 4281.38 6557 29907 30 4438.23 18145 40671

220 4282.71 15108 38451 130 4440.35 15108 37623
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Titanium— all observed Ziraes— Continued

Intensity

and
Character

Wavelength
in A Spectrum

Energy levels

in cm"'

Intensity

and
Character

^^avelength
in A Spectrum

Energy levels

in cm"'

50 4441.27 15108 — 37618 480 4623.09 I 14028 - 35653
230 4443.80 11 8710 31207 190 4629.34 13982 — 35577
24 4444.27 loUOZ 4'UOOO 50 d 4634 87

840 4449.15 J 15220 37690 60 4637.88 J 18912 40467
30 4450.49 II 8744 _ 31207 240 4639.37 J 14028 _ 35577

550 4450.90 15157 — 37618 220 4639.67 I 14106 — 35653

840 4453.32 11532 — 33981 190 4639.95 13982 — 35528
290 4453.71 1 CI AOlo lUo o /OOO 140 4645.19 0 C CAOoooUo
950 4455.33 J 11640 34079 120 4650 02 T

14028 35528
1100 4457.43 J 11777 _ 34205 24 4656.04

T
14106 _ 35577

21 4462.09 0 - 22405 720 4656.47 I 0 - 21470
70 4463.38 15157 37555 840 4667.59 170 21588

95 4463.54 o /olo 70 4675.12 1 ooUz
290 4465.81 J 14028 36415 950 4681.92

T
387 21740

240 4468.50 II 9118 _ 31491 21 4686.92 J 17370 _ 38700

240 4471.24 13982 - 36341 24 4690.80 8602 - 29915
95

A A '7 A C\r4474.85 11640 - 33981 190 4691.34 8602 — 29912
95 4479.70 ooz9o 40 4693 68 170 Zi47u
50 4480.59 J 14028 36341 24 4696.94 J 17370 38654
530 4481.26 J 14106 36415 190 4698.76

T
8492 29769

95 4482.69 I 11777 - 34079 120 4710.19 I 8437 - 29661
19 4488.32 II 25193 - 47467 24 4715.30 387 - 21588

260 4489.09 14028 36298 65 4722 62 8492 29661
24 4492.55 J 16961 39214 65 4723.17

T
8602 29769

40 4495.01 55 4731.17
T

17540 38671

240 4496.15 I 14106 - 36341 45 4733.43 I 17424 - 38544
24 4497.73 17075 — 39302 18 4734.68 18037 - 39152

200 4501.27 11 8998 31207 22 4742.11 17370 38451
40 4503 78 17215 39413 170 4742.79

.
18037 39116

21 4506 36 22 4747.68
T

18141 39198

50 4511.17 I 310 4758.12 I 18141 - 39152
780 4512.74 6743 - 28896 310 4759.28

}

18193 - 39198
19 4S1 5 69 17075 39214 45 4766 33 18141 39116

1000 4'il8 03 J 6661 28788 98 4769.77 J 18193 39152
95 4518.70 J 11532 33656 uo 4778 9fi J 18037 38960

1000 4522.80 I 6599 - 28703 45 4781.72 I 6843 - 27750
780 4527.31

}

6557 - 28639 110 4792.49 18826 - 39686
6000 4S33 94 6843 28896 45 4796.22 18818 39662
240 4533.97 n 9976 32026 35 4797.98 J 18826 39662

3600 6743 28788 110 4799.80 J 18288 39116

2400 4535.58 I 6661 - 28703 28 4805.10 II 16625 - 37431

1200 4535.92
J

6599 - 28639 110 4805.43 18912 - 39716
1200 4536 05 6557 28596 45 4808 53 24695 45485
24 4537 23 22 481 1.08 J 15220 36000

24 4539. 10 40 4812 25 J 18912 39686

720 4544.69 I 6599 - 28596 200 4820.42 I 12118 - 32858
950 4548.77 6661 - 28639 22 4825.46 18695 - 39413

^o^y . uo TT 12775 34748 40 4836 1 3toou. lO 18288 38960
U 1 to 470 4840 87 I ^OO 97007^ t 7U /

24 T"JJJ . \J0 104.99 4.1 '^M 65 4848.47
T

1 7=^4.0 oo lUU

720 4555.49 I 6843 - 28788 290 4856.01 I 18193 - 38780
19 4557.86

}

19938 - 41872 35 4864. 18 17424 - 37977
1 0 4'00o. 1 1 18912 40844 900^uu '*OUO. ^u 18037 38573

A^^Q 09 1 1 777ill!/ ^•^701 9=^0^ou dR70 14. iftidilO 14' 1 OOUU7
T-oo^ . oo } 1 70 990R1 28 4880 91 1 7^701 ( o / u O i oo^

35 4563.43 I 19574 - 41481 45 4882.35 I 18193 - 38669
110 4563.77 II 9851 - 31756 400 4885.08 15220 - 35685

19323 41194 380 4899.91 15157 35560
'rO ( 1 .VO TT 12677 34543 ^90o^u 4.01 1. f>9^y 1 o. u^

.
15108 35454

1 Q ACOC OA
'rOOO.O^' ccoo 4.0 1 "i 94'T7 lO. J 15220 35560

24 4589.95 II 9976 31756 130 4919.87 I 17424 37744
60 4599.23 180 4921.77 17540 37852
21 4609.37 55 4925.41 15157 35454

950 4617.27 14106 35758 30 4926. 16 6599 26893
24 4619.52 18826 40467 150 4928.34 17370 37655
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Titanium— all observed /iraei— Continued

Intensity

and
Character

Wavelength ^
in A Spectrum

Energy levels

in cm"'

I ntpriQitv

and
Character

Wavelength
in A Spectrum

Energy levels

in cm"'

30 4937.74 I 6557 26803 120 5206.08 I 20063 - 39266
95 4938.29 I 20796 41040 75 5207.87 16817 - 36014
?nou 17424 37655 Do
21 4948.19 I 17540 37744 1400 5210.39 I ^S7

21 4958.25 I 7255 _ 27418 65 5212.29 I

55 4964.75 I 15877 36014 150 5219.71 I 170 - 19323

21 4966.04 I 17424 37555 95 5222.69 16817 - 35959
uo 15976 36096 OZZO. 04- 16875 - 36014
75 4973.05 I 16106 250 5224.32 J 1 791X 1 Z 1 o OOOO i

120 4975.35 I 20210 — 40303 95 5224.56 I 16961 - 36096

65 4977.74 I 16268 36351 190 5224.95 I 17075 - 36209
120 4978.20 I 15877 35959 65 5226.56 II 12629 - 31756

OoUU '*70 1 . 1 O 1 6843 26911 1 9r» COOQ CODZoo. Do 6843 - 25927
150 4989.15 I 15976 36014 21 5246. 15 I 9091 n

4600 4991.07 I 6743 — 26773 55 5246.57 I 6743 - 25798

30 4995.08 I 18145 38160 75 5247.31 I 16961 - 36014
140 4997.10 I 0 — 20006 21 5250.95

}

6661 - 25700
dOQQ ^1 I 6661 26657 1 1 n 387 - 19422

230 5001.01 I 10 iUO OOUVO 75 5255.83 I L l\J to oouyo
3600 5007.21 I 6599 _ 26564 55 5259.99 J 22081 - 41087

120 5009.65 I 170 - 20126 55 5263.50 I 17215 - 36209
230 5013.30 I 16268 — 36209 150 5265.98 15220 - 34205

Q9flA Aozuu a 0 19938 8492 - 27418
5014.24 I 140 5283.45 I 1 =^1 ^7

580 5016.17 I 6843 _ 26773 35 5284.39 I 8437 - 27355

840 5020.03 I 6743 — 26657 26 5288.81

840 5022.87 I 6661 — 26564 65 5295.79
}

8602 - 27480
6599 26494 1 9n Ci9Q7 9AOZV / .ZD 15108 - 33981

300 5025.58 I
1 AA^Olo^-oy oOoo 1 65 5298.44 J ZUZ lU — '^0078Oy\j I o

1200 5035.91 I 11777 31629 26 5336.81 II 12758 - 31491

840 5036.47 I 11640 - 31489 17 5341.50 I 34947 - 53663
740 5038.40 I 11532 - 31374 75 5351.08 22405 - 41087
IZUU 170 20006 9AZO OoOO.OD 6599 - 25227

75 5040.62 I
AAA 1000 1

9A/1 OA 55 5369.64 I

85 5043.59 I 6743 26564 40 5389. 18 I 6557 - 25107

35 5044.27 I 17540 - 37359 55 5389.99 I 15108 - 33656

55 5045.41 I 6843 - 26657 17 5396.60 170 - 18695

ZD oU4o.Zl 1 17370 — 37173 oo ^^07 no 15157 - 33680
110 5052.87 I 35 5404.02 I looZO a i oZD

21 50.54.08 I 21588 41369 no 5409.61 J 15220 - 33701

HO 5062. 1 1 I 17424 - 37173 40 5426.26 I 170 - 18594

35 5064.07 I 21740 - 41481 75 5429.15
{

18912 - 37325
OU04.00 1 387 — 20126 ZO 04-OD. I o 7255 - 25644

95 5065.99 I
1 1 A /I A
1 lo4U J 1 .5 ( 4 17 5438.32 I

1 1 Q^9 900 1 ^

35 h 5068.33 I 21470 41194 40 5446.64 I 18818 - 37173

65 5069.35 I 17370 - 37091 11 bl 5448.34 Ti 0
130 5071.48 I 11777 - 31489 30 5448.90

{

18826 - 37173

40 5085.34 I 11532 - 31191 9 1 o44y. Id 11640 - 29986

130 5087.07 I .5 1 1 o4 35 5453.65 I
1 1 f^A n
1 104U 9QQ7 1— zvy /

1

21 5103.15 1 55 5460.51 I 387 - 18695

55 5109.44 I 11640 - 31206 75 5471.21 I 11640 - 29912

190 5113.44 I 11640 - 31191 35 5472.70
j

11640 - 29907

270 5120.42 I 20796 - 40320 4U n o4 / O.OO 18826 - 37091

30 5129.15 11 15258 34748 85 5474.23 J
1 1 777 — oUUoy

270 5145.47 I 11777 31206 30 5474.46 J 18912 - 37173

230 5147.48 1 0 - 19422 120 h 5477.71 I 19574 - 37825

210 5152.20 I 170 - 19574 110 5481.43 19422 - 37660
n 1 L

1

2 1 bl 51 00. 50 1 1 U ID 5^7 11532 - 29769

1100 5173.75 I 0 19323 85 h 5488.20 J 19323 - 37539

40 5186 ?4 I 17075 36351 150 5490. 15 J 11777 - 29986

85 5188.70 II 12758 32026 26 5490.84 I 387 - 18594

30 5189.58 I 18061 37325 110 5503.90
J

20796 - 38960

1300 5192.98 I 170 19422 40 551 1.78 20063 - 38201

85 h 5194.04 I 16961 36209 340 5512.53 11777 - 29912

65 5201.10 I 16875 36096 270 5514.35 11532 - 29661
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Titanium— all observed /mes— Continued

Intensity

and
Character

Wavelength
in A

Energy levels

in cm"'

Intensity

vj lldl dcici

Wavelength
in A OpCCLI Ulll

Energy levels

in cm"'

0014.0't
T
1 oU Dl AlAO OOOlOZ. ZO t: f\

1 1 U
Of, 5530.49 35 6186.15 I 00 ( u 1

110 5565.49 I 18037 _ 36000 95 h 6215.28 I 21740 - 37825
13 5579.16 75 h 6220.49 I 21588 - 37660
21 h 5582.98 65 h 6221.41 I 21470 - 37539

OOOO.Oo OoU OZOo. lU T
1 11640 - 27615

00 Ol 5597.85 Ti 0 380 6258.70 I 1 1 777 _
1 1 M 1 Z / i OU

55 bl 5629.28 Ti 0 300 6261.10 I 11532 - 27499
17 5635.84 65 6303.75 I 11640 - 27499

250 5644.14 I 18288 — 36000 55 6312.24 I 11777 - 27615

t o 0040.00 20126 37825 OAZD £.0 1 Q nouolo.Uo T
1 11532 - 27355

Of, hi 5661.55 Ti 0 30 6336.10 I 11640 - 27418

190 5662.16 18695 _ 36351 35 6366.35 I 11777 - 27480
75 5662.91 I 20006 - 37660 11 6419.10 I 17540 - 33114
21 5673.42 I 25103 - 42724 17 6497.69 I 11640 - 27026

Cf.nc. AA00 /0.44
.

looyt oozuv 1 Q ACAQ 1/1OoUo. 14 1
1 1 1 coo _

1 lOOZ OAQQOZOO7O
'id Ln 5679.94 1Woo o i Oov 55 6546.28 I 1 1 ^"XO

1 lOOZ ZOOUO

95 5689.47 I 18525 I 36096 65 6554.23 I 11640 - 26893

75 5702.68 I 18483 - 36014 11 h 6554.83
35 5708.23 I 18695 - 36209 75 6556.07 I 11777 - 27026

C "7 1 1 OO0/ 11. oo oouyo 19 n A C A C AO6o6o.6z 1

L
11 5713.92 }

1 Q/1 0 cncQOOVOV 14 h 6575.18 I zu/yo 0 Afinn

95 5715.13 I 18193 35685 35 6599.11 I 7255 - 22405
55 5716.48 I 18525 - 36014 18 bl 6651.46 Ti 0
35 5720.48 I 18483 - 35959 18 h 6666.55 I 11777 - 26773

QC 0/oV.Ol 1 Q 1 /I 1 OOOOU oo uzz n AAA*? TA6667.74
5740.02 } loUo i

OCA CLA0040'+ 9 6668.39

19 5741.22 I 20210 37623 18 6677.18 I 20063 - 35035
21 5752.84 I 18062 - 35439 22 b 6691.21 Ti 0
19 5756.86 I 26 6716.68 I 20063 - 34947

4U L
ri 0 /DZ.Z

/

OA ACiA AOQA A Id bl 0 /zo.yo 1 1 U
c c
DO

L
h 5766.35 { Z0004 A Tono 80 6743. 12 I / zoo — ZZUol

75 h 5774.05 I 26657 43972 22 6745.52 I 18037 - 32857

30 5780.78 I 18145 - 35439 18 6844.64

75 h 5785.98 I 26773 - 44051 18 6860.39

£. CDO hi
COCA O00U4.Z0 OAH 1 1ZOV 1 1 44100 OO AQAl A7OOO 1.4/ 1

1 QOQQlozoo — OOQCQOZOOO

Z 1 bl 5814.96 Ti 0 9 6873.92 I
0 1 CQQZlOoo — OA 100ooloZ

40 5823.71 18288 35454 12 6913.19 I 21740 - 36201

21 h 5841.18 14 h 6933.15 I 25107 - 39527

21 5852.34 14 h 6943.70 I 25388 - 39786

400 5866.46 8602 ^C£. A Azo644 oozo AnnA AOoyvo.oo 1
1 OOOAlOOZO - 0 0 11/100 1 14

65 5880.31 } 8492 25494 15 7004.66 I
1 OO 1 O10810 - 0 0An 1O0O9I

21 h 5888.68 14 7008.35 I 18826 - 33091

230 5899.32 1 8492 - 25439 14 7010.94 I 18826 - 33085

55 5903.33 I 8602 - 25537 14 h 7035.86 I 25318 - 39527

120 5918.55 8602 25494 40 TAOO OATOoo.oO
T
I

1 on 1 018912 - 331 14

150 5922. 12 } 8437 25318 14 7050.65 I 18912 - 33091

75 5937^82 I 8602 25439 40 bl 7054.51 Ti 0
120 5941.76 I 8492 - 25318 23 7069. 1

1

I 25644 - 39786
300 5953.17 I 15220 - 32014 23 7072.05

200 5965.84
!

15157 31914 AC Ul45 bl
'7AO'7 on/08/.o9 1 1 U

270 5978.56 15108 31830 30 b 7124.9 Ti 0
340 5999^04 I 17540 34205 40 bl 7125.61 Ti 0
65 5999.68 I 18037 _ 34700 26 7138.91 I 11640 - 25644
21 6012.73 26 7167.13

110 6064.63 8437 24921 oozo
"7 1 "7 1 CO
( 1 / 1 . OO

120 608S 23 { 8492 24921 55 7189.89 I 20796 - 34700
6091.17 I 1 OZoO o4 ( UU 26 b 7203.64 Ti 0

40 6092.81 I 15220 31629 260 7209.44 I 11777 - 25644

40 h 6098.67 I 24695 41087 60 7216.20 I 11640 - 25494

35 h 6121.01
j

15157 31489 loO 10A A o/; T
1 11640 - 25439

120 A } Of, 000 1 ZO. ZZ 8602 24921 1 OU I
1 11532 - 25318

19 6138.38 17370 33656 19 7263.40

30 6146.22 15108 31374 19 7266.29 I 13982 - 27740

21 6149.74 17424 33680 19 b 7269.05 Ti 0
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Titanium— all observed /irees— Continued

Intensity

and
in A Spectrum

Energy levels
-1

Intensity

and
Wavelength o

jjj A spectrum
Energy levels

Character
111 Ulll

Character
in cm"'

15 7315.56 J 17540 _ 31206 75 8364 24 T 6743 _ 18695
26 7318.39 J 18145 — 31806 100 oo 11. oo X 6661 _ 18594
120 7344.72 I 11777 — 25388 100 8382.54 I 6599 18525
11 7352.16 I 20063 - 33661 55 8382.82 I 6557 - 18483
90 7357.74 11640 25227 75 8396.87 I 6557 - 18463

60 7364.11 I 11532 - 25107 120 R41 9 ^^i I04- 1 Z . OU 1 6599 18483
26 7440.60 I 18193 31629 OA 1 no T 18037 - 29915
9 7474.94 I 14106 27480 15 8424.41 I 16961 28829

26 7489.61 18141 o i^oy 170 8426.52 I 6661 — 18525
19 7zlQ^ 1 9 18037 31374 490 8434.94 I 6843 _ 18695

12

bl

7580.55
Ti 0

17996 1 1 R4
240 8435.70 I 6743 - 18594

9 7589.62

18062
18145

31191
31206

40 8438.93 I 18193 - 30039
15

23
1

1

Dl

7614.50
7654.44
7705.21

I

Ti O
- 40

9 h
8450.89 I

8457.10 I

18141

14106 :
29971

25927
ly n o'K) ( . 10 1 17075 28882

30 /y^y. 1 /
i

12118 24695
45 8468.50 I 15220 2702626 h 701^1 "^ft

I J\j 1 . oo 26657 39214
-

60 7978.88 I 15220 27750 15 8496.04 I 18145 - 29912

9 7979.07 I 26773 - 39302
19 h 8518 05 I 17215 — 28952

oyj 7996.53 I 26911 ov41o 4U
14

OC 1 O OO Tooio.oz 1

8539.38 1

15157
18069

26893

7 h ftOn^ c;i;ouuo . oo

55
.

15157 27615 40 8548.12 I 15108 - 26803

30 8068.24 I 15108 27499 9 8569.77 I 17996 - 29661

8 oz6 /.62 If 11 18288 - 29915

14 h 8306.31 I 27750 39786 90

45

8675.39 1

8682.99 I

8602

8492

20126

20006
9 h 8307.41 6661 18695
9 h 8311.76

T
27499 39527 23 8692.33 I 8437 19938

8 h 8312.85
T

27615 39641 19 8734.69 I 8492 19938

12 8334.37 6599 18594 23 8766.64 I 8602 20006
14 8353.15 6557 18525 15 h 8778.71 I 14106 25494
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Tungsten

W, Z = 74, Af = 183.8, Ratio^ = 2.893
Lu

W I Normal state of valence electrons 5d'^6s'^ ^Do^ 0. LP. = 64400 cm-\
W II Normal state of valence electrons 5d%s «Di/2 = 0. I.P. = 143000 cm-^.

References

Wavelengths:
G. R. Harrison, Massachusetts Institute of Technology Wavelength Tables (John Wiley & Sons, New York,

1939).

D. D. Laun and C. H. Corhss, J. Res. Nat. Bur. Stand. (U.S.), 72A (Phys. and Chem.), No. 6, 609-755

(Nov.-Dec. 1968).

Classification:

W I, D. D. Laun and C. H. CorHss, J. Res. Nat. Bur. Stand. (U.S.), 72A(Phys. and Chem.), No. 6, 609-755
(Nov.-Dec. 1968).

W II, D. D. Laun, J. Res. Nat. Bur. Stand. (U.S.), 68A (Phys. and Chem.), No. 2, 207-252 (Mar.-Apr. 1964).

Strong lines oftungsten

Intensity

and
Wavelength

in A Spectrum
Energy levels

Intensity

and
Wavelength

in A Spectrum
Energy levels

Character
in cm"'

Character
in cm"'

15000 2029.98 6147 55393 2400 2098.60 II 1519 49154

13000 2008.07 4716 54499 2400 2121.59 II 3173 50292

9700 2079.11 6147 54229
2400
2400
2300

2944.40
2946.99
2065.57

I

I

II

2951
2951
4716

36904
36874
53114

8600
7300

4008.75

2026.08

2951
4716

27890
54057

6100 2094.75 1519 49242 2200 2075.59 II 8711 56875

5800 2001.71 3173 53114 2200 2089.14 II 4716 52567

5300 2049.63 1519 50292 2200 2100.67 II 0 47589
5100 2009.98 1518 51254 2200 4302.11 I 2951 26189
5000 4074.36 2951 27488 2100 2118.87 II 0 47180

4100 2010.23 3173 52902 2100 2681.42 I 2951 40234

4100 2014.23 3173 52803 2100 2718.91 I 2951 39720

4100 4294.61 2951 26230 1900 3617.52 I 2951 30587
3600 2088.19 3173 51045 1800 2435.96 I 4830 45869
3400 2071.21 3173 51438 1800 3867.99 I 2951 28797

2700 2035.03 II 7420 56544
1700 2090.48 I 0 47820
1700 d 2405.58 I 1670 43228

2700 2551.35 0 39183 2405.69 I 4830 46385
2600 2724.35 2951 39646
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Tungsten— all observed lines

Intensity

and
Character

Wavelength
in A

Spectrum
Energy levels

in cm ~'

Intensity

and
Character

Wavelength
in A Spectrum

Energy levels

in cm"'

5800 2001.71 II 3173 - 53114 60 2358.81 II 3173 — 45554
13000 2008.07 II 4716 - 54499 580 2360.44 3326 — 45678
5100 2009.98 II 1518 - 51254 850 2363.07 1670 - 43975

IT
11 3173 52902 OU O0<^/1 OOZod4.Zz II

11 14968 57252
9ft Id. 9^ IT

11 3173 S980'^ 9QAC A CZot)o.4o Au ^ZZOZ

7300 2026.08 II 4716 - 54057 110 2365.85 I 17008 - 59264
15000 2029.98 II 6147 - 55393 110 2366.18 I 4830 - 47079
2700 2035.03 II 7420 - 56544 95 2366.96 I 9528 - 51763
OoUU II

11 1519 50292 1 CAlOU 00^17 AAZOO /.OV 1670 43893
ZUOD. D /

II
11 4716 531 14 ocVo OOTA OAzo /u.oy Z70 1 (I'll 1 7"tO 11/

3400 2071.21 II 3173 - 51438 35 2371.39 J 17107 - 59264
2200 2075.59 II 8711 - 56875 50 2374.13 I 6219 - 48326

9700 2079.11 II 6147 - 54229 510 2374.47
{

4830 - 46932

OOUO OAQQ 1 0 II
11 3173 51045 OO

}

3326 45422
OOAAzzuu OAQQ 1 A IT

11 4716 52567 Vo Zo /O.UO O 1 1 fO

1700 2090.48 I 0 - 47820 50 2376.57 I 17107 - 59172

6100 2094.75 II 1519 - 49242 50 2377.05 I 16431 _ 58487
2400 2098.60 II 1519 - 49154 210 2382.99 6219 - 48171
OOAA 9 1 AA IT

11 0 — 47589 /;7A OOOyi OOZoo4.oZ
J

6219 - 48138
1 CAA O 1 A 1 C AzlUl.o4 T

1 OOZO c AQQ/1 ocOO OOOA 1 AZOOD. 10 1 7AAO COAA/1

1500 2106.18 II 1519 _ 48983 240 2389.08 J 1670 _ 43515
1300 2110.34 II 4716 _ 52087 120 2390.37 II 7421 49242
2100 2118.87 II 0 - 47180 120 2392.93 II 4716 - 46493
0>1 AA IT

11 3173 — 50292 1 OAIZU OO AC .10Zo9o.4o 9528 — 51260
OCA Z loo. DO IT

11
A 1 /I 7Ol4/ OZOD 1 <oO OOA7 AA2397.09 IT

11
0 1 7001 (0

A AOT?448 / /

850 2157.80 II 4716 _ 51045 560 2397.73 J 3326 _ 45019
1500 2166.32 II 4716 _ 50863 560 2397.98 I 3326 _ 45015
480 2182.90 I 6219 - 52015 60 2399.04 I 17107 - 58778
'VW O 1 A/1 CO TT

11 0 — 45554 OA30 O /I A 1 OA2401.30
}

6219 — 47851
1 9AA OOA/1 .1 oZZU4.4o T T

11 A 1 /I 7014/ C 1 /I QCo 14^0 ACyo O/IAO AZ 1 0 770lo ( /

O

CC OQA

460 2248.75 II 0 _ 44455 75 2404.24 II 8711 _ 50292
460 2249.80 I 1670 — 46105 50 2405.26 13349 - 54912
180 2270.24 II 1519 - 45554 1700 d 2405.58 I 1670 - 43228
AC95 227 1.37 1 3326 — 47338 O/l AC A A2405.69

}

4830 — 46385
CIA510 O O "7 "7 CO2277.58 1

Au 4ooyo AC95 O/IAA AO2409.03 AQ'if\4{5oU /I AQOQ4doZo

160 2284.91 I 1670 45422 60 2410.62 J 6219 _ 47689

320 2285.17 I 6219 _ 49966 75 2411.54 II 17437 _ 58892
530 d 2294.49 I 6219 - 49789 320 2414.04

{

3326 - 44737
OOA A Z A

11 4716 — 48285 1 AOlU O 1 I C AOZ410.D0
j ,

1670 — 43054
A270 ZZ98..53

T
1 4ooU ,1 Q 0 0A CA50 O ^ 1 A O /I2416.24 AO 1 Qoziy

240 2303.83 II 1519 _ 44912 50 2419.34 II 20040 61361

240 2306.59 I 2951 _ 46292 60 2420.20 13778 _ 55084
340 2309.02 I 6219 _ 49514 50 2421.01 II 13412 _ 54705
44U O 0 1 0 17

Z.i 1.5. W 1 0 43217 1 OAloU OIOO OA

j

3326 44596
OOA O 0 1 1 17

Z.5 14. 1 /
I
1 62 19 49418 ,1

A

4U O/lOO AAZ4ZZ.00 AO 1 A6219 47484

190 2315.02 II 3173 _ 46355 870 2424.21 J 4830 _ 46068

110 2318.96 I 15070 _ 58179 190 d 2425.98 J 13349 _ 54557
2321.63 I 3326 - 46385 2426.08 I 19535 - 60741

290 2326.09 r t 6147 - 49125 130 O y1 O 7 OO2427.28 1,5070 - 56256
390 d 2326.56 r

1 62 19 49188 1 AAIvU 0/107 AC\Z4Z / . 4y 11
0 17 0ol7o A AOZZ44355

9 "J OA 7

A

1
0 0 0£3326 46292

2429.39 II 26929 68079170

75 2328.31 II 1519 _ 44455 170 2429.84 6219 _ 47362

180 2331.29 I 12162 _ 55043 120 2430.44 I 14976 _ 56109

75 2331.91 I 15460 58330 580 2431.08
}

3326 44447
75 2332.76 I 6219 49073 630 o /I o o no2433.98 4830 A CAAO45902

130 2333.77 II 1519 44355 60 2435.01 II 20534 _ 61590
210 2341.37 I 1670 44367 1800 2435.96 4830 _ 45869
01/ 2343.12 I 17008 - 59673 29 2436.26

I

}

2951 - 43985

75 2347.97 I 3326 45902 250 2436.62
j

3326 44353

75 2349.26 II 20.534 63088 29 2437.95 9528 50534
2349.33 I 13307 55859

60 2442.98 13348 54269J

120 d 2350.37 II 20456 62990 24 2443.33 I 19826 60741

2350.46 I 4830 47362 95 2443.61 17008 57919

320 2354.61 I 6219 48676 580 2444.06 1670 42573

60 2358.07 I 12162 54557 160 2446.39 II 7421 48285
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Tungsten— all observed /ines — Continued

Intensity
Wavelength

in A
Hnpptriim Energy 1

in cm
evels
-1

Intensity

ll(]ICl\..Ld

Wavelength
in A OpCCLi UIIl

Energy levels

in cm"'

Z /U 90 OCIQ CAZOlo.OU 12162 - 51856
270 2451.35 I 12162 - 52943 95 2519.87 I 13307 - 52979
780 2451.48 II 1519 - 42298 310 2520.46 I 15070 - 54733
870 2452.00 I 0 - 40771 60 2520.98 I 13348 - 53003
430 2454.72 I 15070 - 55796 780 2521.32 I 2951 - 42601

oou d.H^n —T^OOU 970 XT 4716 - 44355

780 2455.51 I 6219 - 46932 780 2523.41 4830 - 44447
780 2456.53 I 3326 - 44020 60 2523.59 I 17701 - 57315
1100 2459.30 I 3326 - 43975 75 2524.81 I 13349 - 52943
270 2460.16 I 6219 - 46855 140 2525.68 I 2951 - 42532

lyu yo OrOA AOZoZ0.4Z 6219 - 45790
480 2462.79 J 1670 - 42262 430 2527.76 I 17008 - 56557
270 2464.30 I 3326 - 43893 190 2529.72 I ^6^9 7

95 2465.20 I 17008 - 57561 24 2530.99 I
OAC 1zyoi - A OA CA4z4o0

230 2466.52 II 1519 - 42049 780 2533.64 I 1670 - 41127

1mn OOZO 4oo0 1
90zy ZOoO. VO

.

i
15460 - 54912

7C(0 9/1 7A Qf\Z4 /U.oU TT
11

0A7Q 1zU/ol — A 1 0/1 10 1Z41 oU OC 0 /I AOZ004.0O 15460 - 54900
75 2471.21 I 17107 - 57561 50 2534.82 II 20781 - 60219

480 2472.51 I 4830 - 45263 85 2535.11 I 1670 - 41104
95 d 2473.70 I 14976 - 55389 70 2539.31 I 13434 - 52803

2473.82 I 0 - 40411
7C10 OC /I 1 7AZo41. l\J 6910 -

1 7 'iOOO 1

1200 2474.15 J 6219 - 46625 120 2543.44 } 13348 -

290 2477.80 II 6147 - 46493 29 2544.17 I 14976 - 54269
870 2480.13 I 1670 - 41979 580 2545.34 I 3326 - 42601
40 2480.66 I 2951 - 43251 1200 2547.14 I 3326 - 42573

1 A70ID ( U — oo OC/1 Q 1 c
zo4o. lo uz ^Ot-OA

1500 2481.44 J 6219 - 46506 35 2548.56 } 13777 - ooyjyjo

480 d 2482.10 I 2951 - 43228 50 2549.09 II 3173 - 42390
2482.21 I 12162 - 52436 40 2550.10 II 23235 - 62437

29 2484.40 II 20040 - 60279 780 2550.38 I 1670 - 40868

oou OAQA lA 1 0 1 ^i9izloz — c noneozoVo 1 Af\14U 9cc:i AAZOO 1 .UU OoZD tZO 1 4"

130 2486.30 J 17107 - 57315 2700 2551.35 J 0 -
1 oo

390 2487.50 I 4830 - 45019 29 2551.99 I 17107 - 56280
270 2488.77 11 7420 - 47589 170 2553.17 I 4830 - 43985
120 2488.93 I 6219 - 46385 450 2553.82 I 4830 - 43975

0/1 QO 0 0
11

/I 7 14 / Id — /I /I Q77 /t 1 A410 OCC/l QAZoo4.oo 11 n — oy IZV

70 2489.72 3326 - 43479 580 2555.09 II olio d990fl*ZZ 70

75 2490.85 I 17008 - 57143 2555.21 3326 - 42450
75 2492.93 II 14857 - 54959 40 2556.27 I 13777 - 52885
70 2493.39 I 12162 - 52256 310 2556.75 I 1670 - 40771

o /i n c o^ 1 7A1670 - 41 /o4 7C/o OC C 7 C 7ZOO / . .1 ( 1004-V 0Z4-00

230 2496.64 II 4716 - 44758 29 2558.48 }
1 09^:/^iVZOO

50 2496.97 17107 - 57143 290 2560.12 I 15070 - 54119

95 2497.48 II 6147 - 46175 29 2560.76 I 23484 - 62524
95 2499.43 I 13349 - 53346 85 2561.53 I 2951 - 41979

140 2499.69 I r
11 7420 - 47413 730 OC A 1 A72561.97 AQ'if\4ooU A OQC 14ooO 1

40 2500. 1

1

II 18000 - 57986 230 2563. 16 II 1 /4o /
— C A /I /I A0D44U

160 d 2501,78 2951 - 42911 110 2563.91 II 11301 - 50292
2501.90 11 13412 - 53370 150 2564.70 I 17008 - 55988

14 2503.04 I 15070 - 55009 140 2,567.51 I 3326 - 42262

40 2503.96 14976 - 04900 1 QAloU OCAO O 1zooo.zl

}

009AooZO ~ /I 99C14ZZ0

1

70 2504.53 9528 - 49444 95 2568.56 9QC 1ZVO 1
— /I 1 Q7041o /Z

680 2504^70 I 1670 - 41583 75 2568.99 I
1 AA/1 OiyD4o - COCAO00000

40 2505.37 I 3326 - 43228 190 2569.25 I 12162 - 51072
95 2505.65 I 12162 - 52060 2569.30 II 15147 - 54057

zoUo.Uz 0 1 9<;oozo - /I 0 O 1 74oZ 1 / lOU 0C7A lAzo I u. lu 6219 - 451 17

24 2508.00 11 16553 - 56413 C OAooO OC 7 1 A AZO /1.44 II
II 3173 ~ 42049

95 2508.44 12162 - 52015 170 d 2572.24 II 20534 - 59399
190 2508.73 I 6219 - 46068 2572.35 II 13412 - 52276
250 2510.17 I 15070 - 54896 190 2573.53 I 13307 - 52153

I o n OOO 7^
75 2573.95 11 16553 - 55393

oi; 1 n d?itO IK) .He i
10071 -

50 2575.47 19828 - 58644
29 2512.94 17008 - 56790 1 An14U 0^77 r\izo 1 / .uo j 15070 - 53863
140 2513.93 4830 - 44596 190 2579.26 II 23955 - 62714
85 2516.55 17107 - 56832 190 2579.41 13307 - 52064
60 2518.14 II 10593 - 50292 2579.54 II 7420 - 46175
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Tungsten— all observed Zines— Continued

Intensity

and
Vifl rfl rtpr

Wavelength
in A Spectrum

Energy levels

in cm"'

Intensity

and
Oharacter

Wavelength
in A Spectrum

Energy levels

in cm"'

OQCi 90"^! — A^flQA ow IT 4716 42390

O/U
:

1 f,lf\ A(\A 1 1
1 0 / U — 1

1

1 '?n Of.C,A AA 15460 53118

140 2581.06 J 12162 - 50894 80 d 2655.56 I 19826 _ 57471

40 2581.20 II 6147 - 44877 2655.67 II 8711 - 46355
1600 2656.54 I 2951 - 40583

/ 0 zooo . zz 1?777 _ ';9il77 4'UU 9^i'^7 ^ftilUO i . oo 4830 42450

oVU 1 7nnQ t^t^AQi
1 i UUo DOOV

1

Ann A 9^^^^^ fid. IT
11 1519 _ 39129

40 2585.24 J 23484 - 62154 2658. 18 19535 57143

110 2585.43 I 13349 - 52015 80 2660.53 I 19256 - 56832

40 2586.35 I 3326 - 41979 80 2661.55 I 13349 - 50909

t>U 0 iU ZUUZ. 04-

}

3326 _ 40868
191A9 _ crAOA/; OU ZDDO.y4 14976 _ 52503

95 2587.77 I 2951 - 41583 160 2664.32 I 6219 _ 43741

390 2589.17 II 6147 - 44758 2664.34 II 17437 - 54959

170 2591.49 II 0 - 38576 260 2664.97 I 1670 - 39183

7A ZOVo.oV 90"=^! — dlAQQ 9/;At; 7QZDUO. 1 o J 6219 _ 43721

OU { lQft9A ^fi'^^nIVoZO OoOoU 7'^ Of-f-f. AQzuoo.4y TI
it 7421 44912

70 2596.67
I

15460 - 53959 210 2669.30 13349 50800

75 2597.73 I 17008 - 55492 40 2669.78 I 3326 - 40771

70 2598.42 I 17701 - 56175 810 2671.47 I 4830 - 42251

IIU
OCQQ nA
zoyo. /

4

IT11 Q7 1 1 /1 7 1 ono/ll — 4/1011 OU ZO / O.oV IT
11 18000 55392

lb o*;nA 1 7 1 ^7 A
1 / lU / — ooo40 OD 9A7A AOZO i 4.0V 22852 60229

370 2601.96 { 4830 - 43251 40 2675.13 J 13349 50719

75 2602.51 II 18000 - 56413 40 2675.40 I 15070 - 52436

130 2602.80 I 3326 - 41734 130 2675.87 I 1670 - 39030

(3 9Am n9 II11 ODU ZO ( / .ZO J 3326 40666
07A 9AAQ AQOfX /1'399Q lou a ZO 1 1 . ly II

1

1

4716 42049

150 2604.38 J 17107 - 55492 2677.91 17701 55033

170 2605.51 I 3326 - 41694 40 2678.53 I 19826 - 57149

680 2606.39 I 0 - 38356 400 2678.88 I 2951 - 40269

Id OAAA onZOUD.oy 17 1 n7 1 Qn 9Aftn n^ZOOU.UD
}

17008 54310

zouD.yo j QQOQ A'J^QC\OooO 4- / 1 OU 9 innZ lUU ZOO 1 .4-Z 2951 40234

320 2607.38 J 1670 - 40011 290 2683.35 I 12162 49418

370 2608.32 I 6219 - 44547 80 2687.37 I 18974 - 56175

50 2610.74 I 9528 - 47819 210 2691.09 I 4830 - 41979

1 OAloU Z61z. 19
}

iyo4o — o/yiy 4U 9AQ9 1AZOVZ. 10
.

}

18974 56108

970 1 9 AQzo lo.Uo ooZO — 410OO A^nODU 9AQC A7 3326 40411

480 2613.82 } 2951 - 41198 130 2697.51 I 2951 40011

230 2615.12 I 6219 - 44447 210 2697.71 II 1519 - 38576

70 2615.44 II 15147 - 53370 160 2698.84 I 4830 - 41872

160 2618.81
{

ooz6 — 414Vy OoU 9AQO ^0ZOVV. OV
!

6219 43251

210 Oil I A 1 OZ619. lo loU/U — oAzoo /inn4UU 97nn niZ /UU.U i 12162 49188

400 2620.25 { 2951 - 41104 40 2701.48 II 14857 51863

400 2622.21 I 15070 - 53194 160 2702.11 II 13434 — 50431

400 2625.22 I 4830 - 42911 210 2702.52 I 19535 - 56527

80 2626.24
J

14V /D — ooU4z oU 97nA n9Z /UD. UZ
i

3326 40269

210 2628.26 1670 - ,59707 A AA4UU 97nAZ /Uo.oo 13349 50285

160 d 2628 89 j 14976 - 53003 40 2707.03 J 23484 60414

2629.00 II 13412 - 51438 65 2707.88 I 19256 _ 56175

400 2632.48 I 12162 - 50137 40 2708.19 I 16431 - 53346

400 2632.70
J

9AC 1 A AA9/I A(\C\4UU 97nJl '^QZ ( UO. OV
!

15070 51979

810 2633. 13
!

1 ^ "7A Q A/i 0

1

A nn *-l4UU a 97nQ QnZ iUO. OU 1670 38576

290 2636.54 2951 - 40868 2708.93 I 4830 41734

400 d 2638.62 I 19256 - 57143 80 2709.58 II 14968 _ 51863

2638.75 I 15460 - 53346 40 2710.78 II 16235 - 53114

160 2643. 12
j

1 Q "770 I AAA /inn4UU 971 C rA
Z / lO. OU

j}

6219 43034

80 2644.60 AOIA /1/1A9A6ziy — 44UZU onOU 971ft ^^9Z / lO. oZ 14634 51438

210 2645.69 } 15070 - 52856 80 2717.53 I 14976 51763

650 2646.18 I 3326 - 41104 2717.61 I 15070 _ 51856

400 2646.73 I 4830 - 42601 80 2718.04 II 16590 53370

160 2647.09
J

oziv - 4jyoo 9 1 nnZ lUU 971fl 01Z / lo. VI
{

2951 39720

75 2647.74
!

OC9AA A9AA/izo/uy — ozyoo '^9nozu 9710Z 1 1 7 . JO 16431 53194

17008 - 54733 210 2719.86 I 2951 39707

160 2652.59 16431 - 54119 160 d 2722.67 14976 51694

40 2653.42 16553 - 54229 2722.81 15147 51863
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Tungsten— all observed Zine5— Continued

Intensity

and
Character

Wavplf*nffth

in A Spectrum
Energy levels

in cm~'

Intensity

and
Character

u/ fiv^l^n crt h
Spectrum

Energy levels

in cm"'

2600 2724.35 I 2951 - 39646 1600 2831.38 I 2951 - 38259
210 2724.62

I

6219 - 42911 810 2833.63 6219 - 41499
400 2725 03 3326 40011 210 9R'^'i 64^000. U4" 2951 38206

2725 06 J 1670 38356 80 9836 95 T
19648 54896

130 2727.95
T

6219 42866 110
T

1670 36904

80 2729.62 II 8833 - 45457 40 2837.77 I 18117 - 53345
80 2733.18 9528 - 46105 40 2838.89

1

15070 - 50285
40 2735 98 19256 55796 130 9R^0 '^4^00 7. 0^ 9528 44737
4.0 9738 00 16431 52943 4004.UU 9R41 ^7ZOt- 1 . 0 ( J 4830 40011
75 2740.79 II 23804 60279 40 9849 57

T
16431 51600

160 2743.43 I 13349 - 49789 80 2843.78 I

80 2744.34 19828 - 56256 160 2847.83 3326 - 38430
40 2746.21 15069 51473 RIO0 lU 9ft4ft 09ZOt-O. uz 2951 38053
80 2746.74

.
15460 51856 160 dlUU u 9R4Q 47 19828 54912

650 2748.84 J 4830 41198 9R49 56
.

13307 48390

160 2753.05 I 19535 - 55847 130 2850.81 I 15070 - 50138
80 2754.92

{

13349 - 49637 40 2852.91
}

16431 - 51473
40 2755.27 17107 53390 80 9853 50 15460 50495

2755.94 J T-OOU 41 104^ 1 lU^" 40^u £.000 . Ot" J ^^96OoZD ooOoO
40 9760 04 1 =i0701 JU / u 'il 9Q10 1Z7

1

ROou 98^^^^oo<j . 0J J 1 ^'^07loou (
4fl'? 1 0

40 d 2760.74 II 19277 - 55488 650 2856.03 I 1670 - 36674
2760.84 13307 - 49517 80 2857.14

{

14976 - 49966
97fil '^Q 111

1

8711 44912 160iUU ZOOO.U4
i

6219 41198
97fi9 ^^4 n ou 1 7U 1 ^oi ou ZOUO. U i 16701 u / u ^6'iRROUOOO

400 2764.27 II n ou 1 uo 1 "lOlOU 9R6'^ RQ^ouo. 07
T 1QR961 70ZU Ot- i 00

210 2768.98 I 1670 - 37774 650 2866.06 I 3326 - 38206
400 2769.74 4830 - 40924 40 2866.39

1

4830 - 39707
RIO 9770 Hfl^ I t u. oo 2951 39030 40T-U 9R70 01ZO i u. 7

1

13349 48171
910 977'< 70 10ft4R 00U7U 1 '^0lOU 9071 Of.zo 1 1 . ou J 4R^0 ^0646OyOH-O

810 2774.00 4fl'^0T-OOU 40RftRrUOUO 1 "^OlOU 9R7'i 91^0 < 0. ^ 1

T 19169 460^9l-U^OZ

810 2774.48 I 6219 - 42251 230 2878.72 I 3326 _ 38053
160 2776.50 II 14857 - 50863 610 2879. 1

1

2951 - 37674
40 9778 M II

1

1

16590 52567 610u lU 9R70 40zo I 7 . ^u 0 34719
IftO1 uu 977Q l'\ 1 /^4'^ 1 '^9'10^ 40^u 9RR0 6'?zoou. uo J 6910 40094
HO 97ftO 9ft£. I OU. ZO J 1 7OOO OOH-VZ QO7U 9RR4 IHZOOH". lo lV04o D4olU

160 2783.13 I 19535 - 55455 90 2887.66 I 13349 - 47969
40 2785.90

{

18974 - 54859 40 2893.12 17701 - 52256
910 97R7 QR^ 1 O 1 . 70 3326 39183 40^u 9ftQ4 96^07t. zu 13778 48319
1 ^0 0700 (\i£. 1 0 7 . U i

1 Qfi4R CIC^QO
J04.7Z 440 9RQ6 01ZO7U. u 1 1 67010 / U '161 00

40 97QQZ / O7. 00 J 'fooU 'fUODO 1 =;on1 ouu 9RQ6 44 90^ 1ZVO 1 0 / 400

340 2791.96 I 12162 _ 47969 50 2900.,52 I 13778 _ 48244
810 2792.70

{

2951 - 38748 50 2901.79 17701 - 52153
SO 4830 — 40583 50ou 9Q07 96^ 7U 1 . ^u 18117 — 52,503

40 97Q7 90 , 1 Q 770lo / i

0

/I Qc: 1

7

QO H7U U 9Q0R 97Z 7UO. z /
1 A/I 1 1 oUoUO

no 97QQ ni
I 1

1 Q 1 /I 7 9Q0R 40ZVUo. 4U lozoU OZOOO

400 2799.93 I 3326 _ 39030 90 2909.12 I 9528 _ 43893
160 d 2801.05 II 13434 - 49125 230 2910.48 3326 - 37674

/OU 1.1/
!

12162 - 47851 970Z /U 9Q 1 1 00ZV 1 1 .UU
}

0 - 34342
flO 9«n9 Q*^ 1 Q 770lo / /o QO 9Q1^ 19lo. IZ i4y /o 4yz / u
flOou OQAA 09 } OZ ly

A 1 Q 74 lo /z QO 9Q1 1: CQ
Z7

1

0 . oy 1 /UUo oizyo

130 2804.24 I 16431 _ 52081 50 2917.67 I 18974 _ 53238
80 2804.68

{

17701 - 53346 360 2918.25 6219 - 40476
1 in ZoUo.Oo 18117 - 53749 ^0 901 « f^lZV lo.Do II

it 11301 — 45554
OQAC noZoUo.VZ II 16235 c 1 o£ 051863 oOU OQOO inzVZo. lU

}

4830 39030
nnou 9on7 79ZoU / . ( z

1 no c /I19254 c /1 0 cn 9*^0ZoU OQOO CA one 1 0 / 146

65 2808.57 I 18280 _ 53875 230 2925.13 I 15460 _ 49637
40 2812.25 II 13434 - 48983 90 2926.99 17701 - 51856

ZO 10. lo 17701 53238 '^Oou 9097 Q*^ZVZ i

.

70
!

18974 53118
oU j 19535 55043 QO

}

3326 37466
olU zolo.UO 6219 41694 oU OQOQ A^f.ZVZo.OO 13349 47484

160 2822.57 II 13412 48831 80 2930.15 I 15070 49188
130 d 2827.15 19648 55009 690 2935.00 1670 35732

2827.29 15069 50429 50 2935.63 15460 49514
260 2829.82 13349 48676 95 2936.01 6219 40269
40 2830.29 12162 47484 50 2936.66 23046 57089
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Tungsten — all observed /inei — Continued

Intensity

and
Character

Wavelength
in A Spectrum

Energy levels

in cm

Intensity

and
Character

Wavelength
in A Spectrum

Energy levels

in cm"'

95 2937. 14
{

iyo2o - 33od3 260 3120.18 6219 38259
140 onon AC2939.05 ozl9 - 40234 160 3133.88 13778 45678
50 2941.25 13349 - 4/338 130 3141.42 12162 43985

2400 2944.40 I 2951 - 36904 65 3149^85 II 13173 44912
2400 2946.99 I 2951 - 36874 65 3152.95 I 16431 — 48138

4oU or> /I *7 OCX2947.39 4o3U 0 0*7 1 O— 3o /4o 65 3155.09 1 OOOA18280 A AA^/;49966
210 2952.29 11 14968 - 48831 95 3159.18 13778 45422
95 2954.90 18974 - 52806 290 3163.42 15070 46672
95 2960.15 I 13307 - 47079 130 3164.44 I 13349 44940

440 2964.52 I 2951 - 36674 130 3165.38 I 18117 - 49700

95 2966.58
J

1 / lu / - 50806 65 3167.58 27849 59410
2967.07

}

1 1 A"'
1 / lU 1

C AOAn 95 3170.21 OAC 12951 34486
50 2967.55 15460 - 49148 320 3176 60 j 1670 33141
80 2969.62 I 13778 - 47443 130 3179.06 I 17701 49148
150 2971.68 I 1670 - 35311 65 3180.74 I 13307 _ 44737

150 2972.92
J

12162 - 45790 190 3181.82 16431 47851

95 2976.80 13349 - 46932 130 3184.05 18117 49514
480 2977.11 19648 - 53228 130 3184.42 3326 34719

2977.21 3326 - 36904 65 3189.24 II 15147 46493
730 d 2979.71 I 19256 - 52806 390 3191.57 I 0 - 31323

2979.86 I 3326 - 36874
390 3198.84 I 4830 36082

150 2982.61
{

19256 - 52774 520 3207.25

j

2951 34122

95 2984. 14 6219 - 39720 140 3208 28 3326 34486
150 2990^51 I 4830 - 38259 1000 3215.56 I 6219 37309

50 2990.71 I 6219 - 39646 140 3221.21 I 18117 - 49152

400 2993.61 6219 - 39614 140 3221.91 3326 34354
240 2995.26 4830 - 38206 190 3232.49 6219 37146

190 2997.79 3326 - 36674 80 3?3? 6S 15460 46385

50 3000.24 I 19535 - 52856 140 3237.09 I 9528 4041

1

80 3001.98 I 13778 - 47079 140 3242.03 I 21449 _ 52285

50 3002.83 19826 - 53118 140 3252.29
}

23047 53786
190 3009.09 4830 - 38053 210 3254.36 15070 45789

360 3013.79 4830 - 38001 140 3259.43

j

18117 48788

3016.47 6219 - 39361 210 3259.66 4830 35499

770 3017.44 I 2951 - 36082 210 d 3266.62 I 21453 _ 52057

110 3024.50 II 11301 - 44355
3266.77 I 19535 - 50138

210 3024.93
{

1670 - 34719 150 3281.94 20064 50525

310 d 30?(S 67 19826 - 52856 150 3293.71 12162 42514

3026.79 I 13778 - 46806 730 3300^82 I 4830 351 17

160 3033.56 I 12162 - 45117 440 3311.38 I 2951 _ 33141

160 3034.19 I 19826 - 52774 75 3316.09 I 1670 31818

160 3039.31 75 3320.36
{

9528 39637

440 d 3041.73 15460 - 48326 440 3326 20 6219 36275

3041.86 I 440 3331.69 I 32958

270 3043.80 I 4830 - 37674 75 3345.09 I 29460 _ 59346

440 3046.44 I 1670 - 34486 75 3345.86 I 13349 43228

110 3048.66 18280 - 51072 150 3354.45
}

4830 — 34633

80 OU-+V.UU { 28392 - 61180 i <J 3363 34 6219 35943
o 1 no 1

U

3049.69 zvo 1 00 t ')Z 150 3371.04 I o^tou

55 3054.01 I 9528 - 42262 80 3371.35 I 1670 31323

110 3064.93 I 3326 - 35943 390 3373.75 I 3326 — 32958

180 3073.28
{

6219 - 38748 80 3388.82
{

21449 — 50949

110 23955 - 56439 fin 3391.09 15460 44940

lou d 3084.83 J 1 < iU ( 80 339 L 52 I 1 ou 1 u 44^47

3084.91 I 3326 - 35732 80 3398.09 I 19256 _ 48676

95 c 3089.06 I 23484 - 55847 80 h 3408.38 23047 — 52378

3089.18 14976 - 47338 150 3412.96 4830 34122

oUoV.O 1 } 2951 - 35311 150 3413 53 2951 32238

65 3090.58 19254 - 51600 150 3422.42 I 24763 C 0 A"7 1o3y /4

370 3093.50 J 4830 - 37146 150 3427.71 I 13349 42514

65 3105.88 I 19828 - 52015 230 3429.59
j

19535 48685

240 3107.23 3326 - 35499 240 3'143.00
}

12162 41198

240 3108.02 2951 - 35117 o44f3.f5o 15460 44447

65 3111.12 15460 - 47593 80 3463.25 2951 31818

230 3117.57 13307 - 45374 80 3468.40 13778 42601
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Tungsten— all observed /mes— Continued

Intensity
Wavelength

in A
SnpptriimUlll

Energy levels

in cm"'

Intensity
Wavelength

in A Opcc II Ulll
Energy levels

in cm"'

OA . 7A/U 07A7 QA0 / 1) / . 84 1 7Z00 40 ty\j

160 3477.94 J 1000 3768.45 J 10 i u 9ft 1 QQZOI77
80 3481.82 I 19256 _ 47969 120 3769.21 I 14976 41499

400 3495.24 I 19648 - 48251 120 3769.86 I 15460 - 41979
160 3508.73 I 3326 — 31818 70 3772.42 I 20983 - 47484

iOU
,

^ld^'<0 itoo 0770 710110.11 lo i to 4.A0AA4UZO7
80 3521.91 J 1 11d.Q dl 7^d. 75 3778.55 1 Q^^/lft

1 V04o 401U0
160 3526.85 I 13349 _ 41694 75 3778.69 I 18280 44737
160 3535.54 I 13307 - 41583 1000 3780.77 I 2951 - 29393
160 3537.45 I 15070 - 43331 50 3783.73 I 19256 - 45678

OOU 9ft lOQ 00 07QA 070 /OO.O / 1 1 UUO 4-041 i

80 3554.21
,

32958 170 3792.76 1 ^"14.0100^7 0 7 t\J 1

160 3568.04 I 15460 _ 43479 85 3794.34 I 15070 I 41417
240 3570.65 I 3326 - 31323 35 3796.28 I 19535 - 45869
80 3572.48 II 10593 - 38576 70 3801.51 I 13349 - 39646

lOU ^c^7tl 00 I 1 UUo dd.Q71 00 OQAl Qloou 1 . y

1

.

i 7ZDO 4000

1

80 3575.97
,

1 "^770 AMIA41/ 04 26 3804.07 J lyozo Af,-\ Az:401UO
80 3590.82 I 15070 42911 290 3809.22 I 2951 29196
80 3592.42 II 11301 - 39129 190 3810.38 I 18117 - 44353
240 3606.06 I 1670 - 29393 260 3810.79 I 13778 - 40011

OAoU oOU/.UO lyozo 4 /o41 0 c00 0 0 1 C 77oolb. / /
OCAQOZoVoo c 0 1 0 0ozloo

80 3613.79 II 14004 70 3816.39 { lyzoo 4o4oz
1900 3617.52 2951 30587 1400 3817.48 I 2951 29139
160 3622.34 I 19256 - 46855 35 3820.11 I 16431 - 42601
130 3627.24 I 13307 - 40868 35 3824.15 I 18974 - 45117

Q OA OA 0 1 A/1 1 A7n10 /U oQi A/:zy lyo AC OOO/l OAooz4.oy iyo4o A c;7AA4o /Vu

240 3641.41 II Q7 1 10/11 oOlOo 95 3826. 19 } lou /U /111 QQ41 lyu

80 3646.52 II 14634 42049 110 3829.13 I 1670 27778
80 3651.00 I 17008 - 44390 35 3834.04 I 19828 - 45902
80 3657.59 II 8833 - 36165 1100 3835.06 I 3326 - 29393

Vo 0000.00 1 AAO 1 4o / zl 0000 C 10000. ol Izloz OOOAAOOZUO
80 3667.71 { loll/ A CO "7 A4oo /4 90 3842.31 {

AO 1 AozlV 00000

80 3668.66 I 19256 46506 730 3846.22 I 1670 27662
95 3674.58 I 19648 - 46855 250 3847.49 I 0 - 25984
160 3675.55 I 12162 - 39361 27 3851.57 II 13173 - 39129

OA80 o679.o0 1 C ATA15070 /I no OA42239 1 CA 00c c c c0000.03 10770lo /To 0A7A739707
650 3682.08 J

£ 0 1 A6zl9 000 7A000 /O 150 3859.30 {
1 0 1 1

7

lol 1 /
A A AOA44UzO

400 3683.30 I 18280 45422 75 3861.07 I 14976 40868
3683.39 I 15460 - 42601 35 3861.24 I 12162 - 38053

160 3683.93 I 19535 - 46672 180 3864.34 I 3326 - 29196

OA80 OHO A0004.65 19254 46385 65 OOAA AA0000. Uo
{

13778 39637
570 3688.06 { 19648 46755 1800 3867.99 2951 28797
80 3699.41 I 19648 46672 250 3872.84 I 3326 29139

80 3702.31 I 14976 - 41979 110 3874.41 I 19648 - 45452

80 3703.38 I 29773 - 56768 75 3875.68 I 14976 - 40771

810 3707.92 2951 29913 730 3881.41 4830 30587
60 3714.23 { 17008 43924 35 3883.83 18280 44020
60 3714^84 I 23982 50894 35 3890.75 I 18280 43975
60 3715.03 I 20428 - 47338 110 3892.72 I 13349 - 39030
60 3716.08 II 15147 - 42049 140 h 3897.91 I 29773 - 55420

85 3717.08 17701 44596 0 cOD 0AA1 00ovUl.oo 18974 44596

100 3719.39 17107 43985 35 3903.98 29773 55381

85 3722^24 I 19648 46506 75 3905.97 I 19828 45422

85 3730.42 I 19826 _ 46625 75 3918.59 I 12162 — 37674
50 3736.22 II 18001 - 44758 35 3924.36 I 20428 - 45902

OA30 o7o9.48 18280 45015 0 c00 OAO/I Actoyz4.oy
}

18974 44447
120 3741.71 14976 41694 35 3926.03 15460 40924
75 3742^68 I zz4 ( / 4Vloo 65 3930.24 I lyozo A c OAO4oZ0o

70 3749.66 I 22852 49514 80 3930.47 I 14976 40411

35 3751.42 I 19254 45902 35 3930.96 I 18083 43515

35
O •? ^ f\€\
3757.08

j

6219 32828 1 CA150
{

13778 39183
oiu 4830 31433 18117 43515
680 3760.13 3326 29913 120 3936.97 18974 44367

26 3761.61 18974 45551 35 3937.61 19535 44924
70 3764.31 19828 46385 35 3939.43
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Tungsten— all observed /ines— Continued

Tn t Q 1 1

V

1 11 iciip 11 y

« and
Character

Wavelength c
jjj ^ bpectrum

Energy levels

in cm"'

1 nt^rtcitv111 ic 11 oiiy

and
Character

Wavelength r.

^ ^ spectrum
Energy levels

in cm"'

120 3947.98 I 19648 - 44971 55 4115.58 1 15070 - 39361

120 3952.52 I 14976 - 40269 150 4118.05 I 18974 - 43251
1 OA120 onco AA T 19256 - 44547 1 AA100 4118.19 I 13778 - 38053
160 3953.15 I ^01

1

1 100 4120.85 I 1 Q/i^inlo4oU oA7on

200 3955.30 I 19648 - 44924 55 4122.01 I 18974 - 43228

75 3958.87 I 13778 - 39030 55 4123.05 I 15460 - 39707

80 3962.32 I 17008 - 42239 100 4125.16 I 16431 - 40666
OA80 OC\£.A AA T 6219 - 31433 1 CA150 A 1 O^ OA T 19254 - 43479

160 3965.14 I
00/177 A 7AQQ4 /ooy 55 4132.20 I

130 3968.59 I 19256 - 44447 100 4133.48 I 19535 - 43721

80 3969.20 I 19828 - 45015 55 4136.35 I 18280 - 42450

150 h 3970.80 I 28797 - 53974 540 4137.46 I 3326 - 27488
OA80 0AT C /I "7 T 12162 - 37309 1 CA /I 1 9 O AO T 13307 - 37466

45 3975.90 I
171 rt7 A OOQ

1

90 4138.30 I
1 QQOQ

130 3979.29 I 13307 - 38430 55 4139.32 I 16431 - 40583

130 3980.64 I 19826 - 44940 110 4142.25 I 18117 - 42251

35 3982.87 I 18117 - 43217 140 4145.16 I 13349 - 37466
AA onoo A7 T 19254 - 44353 1 1 A

1 lU /I 1 /I c AC T 12162 - 36275

250 3983.29 I
1 AOO£ 44924 55 4149.44 I 19648 - 4.3741

80 3991.23 I 21449 - 46497 160 4154.66 I 19389 - 43452

75 3992.76 I 33291 - 58330 55 4160.03 I 20983 - 45015

45 3993.91 I 23047 - 48078 45 4160.34 I 22477 - 46506

45 3997.14 1 18974 - 43985 Art90 410O.65 1 18280 - 42262

45 3998.16 I Z1454 - 4o4oo 160 4170.53 I
1 QOQA A OOQl— 4ZZD1

75 3998.76 I 18974 - 43975 450 4171.17 I 4830 - 28797

80 h 4000.70 I 28797 - 53786 55 4180.23 I 19826 - 43741

80 4001.38 I 12162 - 37146 55 4183.66 I 18083 - 41979

75 4005.40 1 1670 - 26630 AA90 A 1 OO OO T4100.0Z 1 19826 - 43721

8600 4008.75 I 2951 - 27890 45 4186.00 I
1 77A

1

/I 1 CO 0— 41000

45 4010.38 I 23047 - 47975 45 4199.62 I 17107 - 40912

540 4015.22 I 19648 - 44547 55 4200.02 I 16431 - 40234

170 h 4016.52 I 27488 - 52378 90 4203.82 I 12162 - 35943

220 4019.23 1 3326 - 28199 1 iCA160 A^f\A Ar\ T 19256 - 43034

130 4022.12 I 19535 - 44390 220 4207.05 I 19648 AO A 1 1- 4o411

180 4028.79 I 9528 - 34342 110 4215.38 I 19535 - 43251

45 4035.36 I 15460 - 40234 55 4218.55 I 18280 - 41979

180 4036.86 I 19256 - 44020 250 4219.37 I 6219 - 29913

140 4039.85 I 18974 - 43721 110 /iOOO A.1 T4222.04 1 15070 - 38748

45 4040.59 I 19648 - 44390 55 4224.76 I
O 0AOA .1 7 C A 0- 4759o

45 4043.89 I 19254 - 43975 45 4226.34 I 19256 - 42911

140 h 4044.28 I 26230 - 50949 55 4226.92 I 18083 - 41734

910 4045.59 I 2951 - 27662 55 4233.00 I 18117 - 41734

90 4046.70 I 13349 - 38053 1 Crt150 y1 OO /I 0 /I I4zj4.o4 1 19256 - 42866

45 4047.94 I 1670 - 26367 290 4241.44 I 15460 - 39030

90 4053.93 I IdQVfi -It 7 1 U 39637 55 4243.63 I 18974 - 42532

45 4060.70 I 19828 - 44447 540 4244.36 I 6219 - 29773

180 4064.79 I 19256 - 43851 55 4249.45 I 13349 - 36874

150 4069.79 I 19826 - 44390 55 4258.52 1 17107 - 40583

i ov 4830 - 29393 290 4259.35 I 21449 - 44920

0*TV 4070 fil I 1 fi70 - 55 4259.93 I 17008 - 40476

100 4071.93 I 15460 - 40011 200 4260.29 I 18117 - 41583

80 4073.15 I 15070 - 39614 200 4263.30 I 23047 - 46497

5000 4074.36 I 2951 - 27488 55 4200.54 1 23930 - 47362

Lo\J d089 Q^> I 19256 - 43741 1400 4269.38 I 2951 - 26367

'rUOO.OO 1
9777Rz. t i to 110 4269.77 I 18280 - 41694

45 4088.77 I 19535 - 43985 55 4273.69 I 22477 - 45869

100 4095.69 I 17008 - 41417 220 4274.55 I 20064 - 43452

45 4097.66 I 18117 - 42514 160 /1 07C /I A I 18117 - 41499

oo AHQQ (\9 I 19535 - 43924 160 Mlb.l\ I 19535 - 42911

40 Aini 84. T4- 1 U 1 .oH- 1 1 10 4282.34 I 19256 - 42601

1000 4102.70 I 6219 - 30587 45 4284.96 I 19535 - 42866

55 4108.53 I 18117 - 42450 110 4286.01 I 13349 - 36674

150 4109.75 I 13349 - 37674 110 4294.10 I 13307 - 36588

55 4110.57 I 18280 - 42601 4100 4294.61 I 2951 - 26230

100 4111.82 I 1670 - 25984 2200 4302. 1 1 I 2951 - 26189
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Tungsten — all observed /iraes— Continued

Intensity

and
Character

Wavelength e
. i " spectrum
in A

Energy levels

in cm~'

Intensity

and
Character

Wavelength c
• i bpectrum
in A ^

Energy levels

in cm"'

160 4306.87 I 24763 _ 47975 150 4551.82 I 13349 _ 35311
110 4307.64 I 19826 _ 43034 35 4556.83 I 23930 _ 45869
55 4316.80 I 23455 - 46613 35 4558.94 I 18083 - 40011
55 4327.40 I 27849 — 50951 35 4559. 10 I 14976 - 36904
80 4330.66 I 75 4563.57 I 19828 41734

80 4330.97 I 19828 _ 42911 35 4565.30 I 14976 _ 36874
110 4332.13 I 14976 _ 38053 140 4570.64 I 23047 _ 44920
45 4345.83 I 18974 41979 35 4578.32 I 29460 51296
100 4347.00 I 109'^4 35 4579.69 I

aoooooZoZo O^-OD /

45 4347.50 I IVZot) A OOC 14zzol 65 4586.83 I
nc oo95z8 0 1 OO 061626

55 4348.11 I 20983 _ 43975 170 4588.73 I 26189 _ 47975
150 4355.17 I 12162 _ 35117 75 4592.39 I 19648 _ 41417
lUU ^oul.ol 1 6219 - 29139 c c00 /I coo (^7 T4oyz.o/ 1 13349 - 35117
150 4364.78 I 3326 - 26230 140 4599.94 I 24763 - 46497
100 d 4365.95 I

oo ono c 1 on 1 30 4600.41 I 18280 40011
4o0t).U/ 1

1 QQ7/1loV (4 /I 1 Q70
140 4609.89 I 15460 _ 37146

150 4372.52 I 3326 _ 26189 160 4613.30 I 6219 27890
200 4378.48 I 4830 - 27662 23 4614.83 I 19535 - 41198
180 4384.85 I 15460 - 38259 30 4620.52 I 19535 - 41171
55 4389.84 I 19828 42601 27 4623.64 I 16431 38053

80 4394.07 I 18117 40868 60 4634.79 I 16431 38001
100 4403^95 I 17008 39709 35 464L76 I 4830 26367
200 4408.28 I 26676 - 49355 100 4642.53 I 13778 - 35311
130 4412.19 I 3326 - 25984 35 4643.12 I 20983 - 42514
45 4415.08 I 18280 40924 35 4646.14 I 19254 40771

45 4418.44 I 20428 43054 130 4657.42 I 27890 49355
90 4420^46 I 19256 41872 640 4659^87 I 0 21454
80 4423.77 I 22853 - 45452 25 4661.24 I 22477 - 43924
45 4425.91 I 18280 - 40868 35 4661.98 I 15460 - 36904
160 4436.90 I 20983 43515 40 4668.46 I 15460 36874

45 4438 28 I 18974 41499 50 4676 62 I 19535 40912
75 4441.81 I 17107 39614 60 4677.69 I 19826 41198
90 4445.14 I 14976 - 37466 30 4679.04 I 18280 - 39646
90 4449.00 I 12162 34633 640 4680.51 I 4830 - 26189
45 4450.34 I 22477 44940 40 4683.54 I 19826 41171

35 4455.46 I 19256 41694 100 4693.72 I 26676 47975
35 4456^10 I 27849 50284 30 4698^62 I 19828 41104

45 4458.09 I 13307 - 35732 50 4700.42 I 6219 - 27488
35 4458.28 I 19828 - 42251 30 4702.47 I 18974 - 40234
140 4460.49 I 13778 — 36190 20 4706.16 I 16431 37674

75 23930 46328 25 4710.32 I 27849 49073
140 4466.34 I 13349 35732 25 471L17 I 19256 40476
140 4466.74 I 40 4712.49 I 14976 - 36190
45 4474.03 I 23982 - 46327 25 4716.86 I 17008 - 38203
45 4481.27 I 23982 — 46291 25 4718.62 I 23930 — 45117

U'tU 23965 25 4720.39 I 13307 34486
45 4489.01 I 9Q0) 9 1 oo 50 4725^12 I 19254 40411

45 4492.30 I 17107 _ 39361 80 4729.65 I 13349 _ 34486
75 4493.96 I 19254 - 41499 20 4745.59 I 18117 - 39183
80 4494.50 I 19256 — 41499 30 4752.20 I 18974 — 40011

45 4495.29 I 15070 37309 30 4752 58 I 13307 34342

30 4498^45 I 1flQ74 41198 20 4753.39 I 23982 45014
35 4504.13 I 24610 _ 46806 140 4757.54 I 2951 _ 23965

160 4504.84 I 12162 - 34354 25 4757.78 I 15070 - 36082
130 4512.88 I 18117 — 40269 20 4758.20 I 23930 — 44940

120 4513.25 I 35499 18 4767.78 I 29460 50429
35 4519!l5 I 23982 46104 35 4773.89 I 13778 34719
35 4529.74 I 22477 44547 16 4780.50 I 23455 44367

35 4530.45 I 12162 34229 25 4787.92 I 13349 34229
65 4534.68 I 19826 41872 20 4788.42 I 16431 37309

19828 41872 25 4797.55 I 19828 40666
65 4536.64 I 21856 43893 80 4799^91 I 19648 40476
35 4542.87 I 15460 37466 50 4807.38 I 12162 32958
150 4543.54 I 21449 43452 20 4816.10 I 19254 40011
150 4546.47 I 18280 40269 20 4816.84 I 28600 49355
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Tungsten— all observed /ines— Continued

Intensity

and
Character

Wavelength c
^ " bpectrum

Energy levels

in cm"'

Intensity

and
Character

Wavelength ^
jj,

bpectrum
Energy levels

in cm"'

25 4835.01 I 20428 - 41104 13 5368.68 I 28233 - 46855
790 4843.81 I 3326 - 23965 22 5374.14 I 20428 - 39030
40 4854.08 I 13349 - 33944 22 5388.00 I 19648 - 38203
25 4863.06 I 22477 - 43034 15 5397.95 I 19254 - 37774
ZD /1Q7Q no T 18083 - 38576 1

1

22477 - 40924

380 4886.90 I 6219 - 26676 7 5422.88 I 22477 - 40912
16 4888.37 I 13778 - 34229 7 5423.93 I 19828 - 38259
16 4890.27 I 16431 - 36874 55 5435.03 I 1670 - 20064
16 4890.87 I 20428 - 40868 11 5435.59 I 17107 - 35499
OU /1QQ0 AO T 22477 - 42911 ny 544U.U5 1 19826 - 38203

30 4902.32 I 19254 - 39646 22 5456.58 I 23930 - 42251
16 4902.95 I 19256 - 39646 7 5457.92 I 29853 - 48170

25 4910.74 I 19256 - 39614 11 5475.11 I 28199 - 46458
30 4916.18 I 14976 - 35311 40 5477.78 I 9528 - 27778

15460 - 35732 15 5480. Ul 1 31433 - 49656

35 4953.08 I 19828 - 40011 10 5487.77 I 4830 - 23047
40 4957.37 I 13778 - 33944 65 5492.31 I 29773 - 47975
15 4972.56 I 19256 - 39361 10 5496.23 I 22477 - 40666

55 4979.84 I 18280 - 38356 27 5500.49 I 19826 - 38001
0 - 20064 07Z

1

CCAQ AA 155U0.44 1 14976 - 33141

35 4983.53 I 19648 - 39709 10 5508.61 I 20428 - 38576
22 4984.70 I 18974 - 39030 220 5514.68 I 3326 - 21454
65 4986.92 I 15070 - 35117 9 5521.00 I 18083 - 36190
22 4989.08 I 23982 - 44021 15 5531.38 I 18117 - 36190
1 r
13 WV4.Uo 1 15

CCQ7 70 T 19256 - 37309

15 4995.29 I 228.53 - 42866 9 5539.48 I 20983 - 39030
15 5002.79 I 20428 - 40411 13 5568.09 I 34228 - 52183

330 5006.15 I 6219 - 26189 7 5576.32 I 20428 - 38356
220 5015.30 I 4830 - 24763 13 5604.31 I 31818 - 49656

55 3040. Jt) 1 13307 - 33141 V 5olO. 15 1 27213 - 45014

22 5052.23 I 20983 - 40771 9 5617.05 I 17701 - 35499
820 5053.28 I 1670 - 21454 5 5624.58 I 19535 - 37309

210 5054.60 I 1670 - 21449 9 5629.67 I 15070 - 32828

27 5055.52 I 22477 - 42251 11 5631.27 I 33370 - 51123

210 5069.12 I 3326 - 23047 27 5631.94 1 12162 - 29913

120 5071.74 I 29643 - 49354 5 5635.50 I 29853 - 47593

40 5110.36 I 15070 - 34633 8 5642.03 I 1670 - 19389

40 5124.23 1 14976 - 34486 4 5644.47 I 23982 - 41694

35 ,5130.11 I 23965 - 43452 65 5648.37 I 18974 - 36674
A A40 5138.40 I 28233 - 47689 oo C^^A A7 I5D0U.U/ 1 18280 - 35943

45 5145.77 I 20983 - 40411 35 5660.72 I 19648 - 37309

17 5153.,S6 I 22852 - 42251 8 5664.33 I 18083 - 35732

35 5183.97 I 18974 - 38259 8 5673.53 I 19254 - 36874

45 5192.71 I 14976 - 34229 27 5674.39 I 19256 - 36874

Zl 5195.63 1 25984 - 45225 1
C^i7C '37 150(5. o/ 1 18117 - 35732

45 5203.25 I 19535 - 38748 13 5676.60 I 12162 - 29773

55 5204.52 I 20428 - 39637 15 5676.90 I 17701 - 35311

55 5206.18 I 19828 - 39030 15 5697.79 I 13778 - 31323

45 5212.81 I 28797 - 47975 7 5723.05 I 25984 - 43452

770 5224.66 I 4830 - 23965 55
C7QC AO T5/05.UV 1 27488 - 44920

35 5233.52 I 19254 - 38356 5 5739.60 I 32238 - 49656

75 5242.98 I 16431 - 35499 7 5747.27 I 30683 - 48078

35 5254.54 I 15460 - 34486 13 5749.24 I 30587 - 47975

45 5255.40 I 22477 - 41499 5 5754.57 I 20983 - 38355

65 5259.34 I 27488 - 46497 1

1

C 7C/^ 1 A T5/50.10 1 15460 - 32828

13 5263.22 I 23455 - 42449 7 5759.65 I 29139 - 46497

45 5275.53 I 19256 - 38206 13 5793.06 I 27662 - 44920

27 5318.86 I 27662 - 46458 13 5796.49 I 17107 - 34354

27 5337.35 I 26189 - 44920 4 5799.51 I 13349 - 30587

45 5348.93 I 26230 - 44920 A C45 conA oc T5oU4.o5 1 26230 - 43452

35 5350.43 I 29393 - 48078 13 d 5806.05 I 18280 - 35499

22 5351.89 I 27778 - 46458 5806.24 I 28233 - 45452

22 5354.45 I 9528 - 28199 7 5822.60 I 22477 - 39646

13 5355.25 I 19535 - 38203 13 5833.61 I 22477 - 39614

13 5357.09 I 15460 - 34122 13 5838.97 I 17107 - 34229
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Tungsten— all observed Ziraes — Continued

Intensity

and
Character

Wavelength o
. X

" bpectrum
in A

Energy levels

in cm"'

Intensity

and
Character

Wavelength c
• 8 Spectrum
in A ^

Energy levels

in cm"'

17 5845.27 I 29393 - 46497 4 6994.06 I 19828 - 34122
28 5851.58 I 26367 - 43452 8 7017.88 I 28204 - 42449
1

1

rnc/: TDOOO.Ol 1 20983 38053 o 7AOO <CO 1 23982 38206
00 OoO'+.Oo 1 19828 36874 06 7Ano 00 ¥ 44547 'iRfi'? 1OOUO 1
1

1

1

1

00/4.

1

19256 36275 A U4 n 7 1 1 1 1 0 T
/1 1 1. lo 1 904.98 O't'tOU

9 5875.69 I 17107 - 34122 15 7140.52 I 13778 - 27778
13 5880.21 I 34122 - 51123 9 7162.64 I 18280 - 32238
1 0 oovl.ol 1 18974 35943 D n i 191.66 1 31323 45225
16 cnAi OA I 23982 40923

r
5 7198.62 1 1 7^0'T 14100 1** 1

19254 36190 1

1

70AA 1 A 1/zUU. lo 1 1 3778 97669

13 5928.58 I 22773 - 39636 5 7216.35 I 18974 - 32828
55 5947.57 I 13778 - 30587 4 7226.06 I 19535 - 33370

20983 37774 00
"700 T 1 0 T126 1. 12 1 37309 51123

17701 34486 c
0 TOT/l Al T 38259 52002

27213 43985 707Q 0/1 T
£ty L 7U

55 5965.86 I 18974 - 35732 15 7285.81 I 19648 - 33370
27 5972.51 I 3326 - 20064 15 7296.55 I 19256 - 32958
on C07Q Of. 1 28199 44920 0

0 70OQ T 27213 40911
OA20 CAOO 00 T

7 7385.08 I lozou 0 io lo

13 OUUV.Ul 1 lOUoo '^4.7 1

Q

4 745 1 . 39 I
9A7QQ oiJZUO

55 6012.78 I 19648 — 36275 3 7456.37 I 26861 _ 40269
40 6021.52 I 18117 - 34719 8 7483.35 I 20983 - 34342
OA20 ^AOO 00 I6028.32 1 29913 46497 7 7504.13 I 13307 — 26630
20 6043.31 I

^707^^ty lo 10
^ r" /\(\ f\f\ T
7509.00 1 1 VoZo 11 1/11

1 013 A /I A no I
1 RQ7d.107 / ^ •31:4.00 3 7520.66 I 1VOoO 09090OZoZO

13 6065.08 I 20983 — 37466 9 7537.45 I 18974 — 32238
22 6081.44 I 18280 - 34719 9 7550.48 I 18083 - 31323
13 6111.66 I 15460 31818 17 7569.92 I 18117 31323
13 £ 1 1 C c 0 T6115.52 i 0 lo^o 5 7582.88 I ZoZOo 41 4.1 74141 /

oo22 a 1 00 OC T6128.25 1
00000 3 7612.18 I Z04O0 OOOoo

13 6143.94 I 22477 — 38748 17 7614.15 I 19828 - 32958
20 6153.72 I 19254 - 35499 3 7631.29 I 27670 - 40770
OA20 6154.87 1 17701 33944 3 7654.81 I 13307 26367
20 6203.51 I lQft9H1 70Z0 13 7688.97 1 ^9H9flo^ozo
20 6254.28 I 000 / u 'tyooo 4 7701.01 I 1VZOD

27 6285.88 I 19828 - 35732 5 7761.16 I 13349 - 26230
45 6292.02 I 13307 - 29196 3 7776.73 I 24610 - 37466
OAZO 0 AO 0 1 I6303.21 1 19256 35117 1

1

18974 31818
1 0
13 6386.47 I ovooo 7

•7OAO f\C T7808.96 1
14Q7A
1 4-7 1 U 9777SZ M / 0

35 6404.21 1 OUOO t 2 7823.82 1 Z740U 4.99'^Q

40 6445.12 I 18974 _ 34486 4 7863.47 I 20428 — 33141

11 6508.05 I 13778 - 29139 2 7867.04 I 16431 - 29139
1 r
15

£ C 0 0 0 A 16532.39 1 20428 — 35732 4 lOOCi ACi T 14976 27662
13 6538. 1 1 I Ivozo 00 1 W r

5
nOO£. AO T

looK) I

13 6563.20 I iy2D4 0/1 A QA 9
"iCiAfx no I7940.92 1

1 177Q ZOaO /

20 6573.93 I 20983 _ 36190 3 7957.06 I 19254 _ 31818

11 6607.13 I 17107 - 32238 22 8017.19 I 18117 - 30587
1

1

6609.05 I 15460 - 30587 7 8054.89 I 13778 — 26189
17 6611.62 I

0 0 AC 0 A 0A70 22 8055.64 I o220f5

1

1

6621.74 I
1 A C 0 C 0 1 0 0OTOOZ 5 8060.38 1 loZoU oUoHo

13 6678.42 I 18974 _ 33944 13 8123.82 I 18280 _ 30587

15 6693.08 I 14976 29913 5 8143.19 I 23455 _ 35731

5 6746.56 I 23930 38748 3 8165.72 I 28233 40476
5 6764.45 I 4.94.4.0 5 8210.22 I 1 7^0U 31433
7 6805.31 I 19254 33944 4 8322.05 I 23930 35943

9 6814.92 I 22477 - 37146 10 8338.08 I 19828 - 31818
0 19828 - 34486 A QO4Q Q] I00^0.01 1 20983 - 32958
Q 31818 46458 7 oqcQ 70 I 23982 35943

0000. / 4- 1 19535 34122 00 0000 04 I0O0Z.V4 1 9528 21454
A OO/O.Ul 1 35117 49656 A4 04AO f,(\ IO4UZ.0U 1 19535 31433

13307 27778
4 0471; 14 T 18117 29913

5 6908.29 I 27 8585.11 I 22477 34122
9 6934.23 I 14976 29393

10 8594.42 I 18280 29913
8 6964.12 I 13307 27662

8 8613.27 I 19826 31433
13 6984.27 I 13349 27662

3 8614.50 I 19828 31433
8 6993.27 I 19826 34122

13 8865.53 I 18117 29393
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Uranium

U, Z = 92, M = 238.029, Ratio^ = 3.746
Lu

U I Normal state of valence electrons Sfedls^ ^L^ = 0. LP. = 48800 cm-i.

U II Normal state of valence electrons Spis^ ^1°
1/2
= 0. LP. = 96000 cm-i.

References

Wavelengths:
G. R. Harrison, Massachusetts Institute of Technology Wavelength Tables (John Wiley & Sons, New

York, 1939).

C. C. Kiess, C. J. Humphreys, and D. D. Laun, unpublished material (1946).

Spectrum Assignments:
C. C. Kiess, C. J. Humphreys, and D. D. Laun, unpublished material (1946).

Classification:

U I, C. C. Kiess, C. J. Humphreys, and D. D. Laun, J. Research NBS 37, 1 (1946) RP 1723.

U I and II, Z. Ben Osman, Thesis, Univ. of Paris (1966).

F. Guyon, Thesis, University of Paris-Sud, Orsay (1972).

D. W. Steinhaus, M. V. Philhps, J. B. Moody, L. J. Radziemski, K. J. Fisher, and D. R. Hahn,
Los Alamos Report LA 4944 (1972).

U II, J. C. van den Bosch, Physica 15, 503 (1949).

D. D. Laun, unpubhshed material (1969).

Strong lines ofuranium

Intensity

and
Character

Wavelength
in A Spectrum

Energy levels

in cm"'

Intensity

and
Character

Wavelength
in A Spectrum

Energy levels

in cm"'

4900 3859.58 II 289 26191 1100 3701.52 5527 32535
3200 3584.88 I 0 27887 1000 3881.46 4585 30342
2800 3670.07 II 915 28154 1000 4042.76 620 25349
2400 3854.66 II 4663 30599 1000 4241.67 4585 28154
2300 3566.60 I 620 28650 970 2865.68 0 34886

2200 3890.36 II 289 25986 970 3111.62 1749 33877
2200 4090.14 II 1749 26191 960 3659.16 620 27941
2000 3831.46 II 4663 30756 950 3748.68 5716 32384
2000 3932.03 II 289 25714 920

880
2832.06

4062.55
1900 3782.84 II 289 26717

0 24608

1900
1900

1600
1600
1600

3812.00
3865.92

3489.37

3514.61
4050.04

I

II

I

I

II

0

2295

0

0

0

26226
28154

28650
28444
24684

880
870

870

840

4153.97

2802.56

2821.12

3638.20

0

289

3801

24067

35960

31279

830 2793.94

1500 3871.04 I 0 25826
830 2943.901400 4171.59 II 1749 25714

0 242881300 2941.92 II 5527 39508 810 4116.10

1200 2889.63 II 289 34886 780 2906.80

1200 3550.82 II 0 28154 780

780

2908.28

3507.34 0 28504
1200 3561.80 I 0 28067
1200 3839.62 I 3801 29838 750 3826.51 289 26415

1200 3943.82 I 0 25349 730 3291.34

1200 3985.80 II 5260 30342 730 3390.39 620 30107

1100 3305.90 II 2294 32534 680 4341.69 II 289 23315
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Uranium— all observed lines

Intensity

and
Character

Wavelength
in A Spectrum

Energy levels

in cm '

Intensity

and
Character

Wavelength
in A Spectrum

Energy levels

in cm '

100 2419.57 II 0 - 41317 85 2623.54 II

50 2423.70 II 130 2624.92 II

65 2427.45 II 130 2625.26 II

50 2432.4 II 65 2625.86 TT
11

65 2448.93
TT
11

ocoo z6Zo.5U TT
11

65 2450.44 II 200 2628.93 II

60 2454.37 II 35 2629.15 II

35 2455.68 II 85 2631.26 II

50 2468.26 II 170 2632.66 II

85 2470.64 II 240 2632.98 II

40 2477.18 II 610 2635 53 II

50 2484.01 II 50 2636.25 II

20 2490.93 II 100 2637.70 II

27 2498.83 II 5526 - 45533 27 2638.6 II

170 2500.86 II 50 2639.01 II

20 2503.9 II 130 2639.84 II

85 2514.77 II 4420 - 44174 65 2639.89 II

85 2518.97 II 65 2641.55 II 5790 - 43635
40 2528.10 II 100 2641.93 II

50 2533.23 II 24 2643.24 II

50 2S34 95 II 24 2643 54 II

85 2537.30 II 130 2644.12 II

150 2538.43 II 40 2644.48 II

40 2538.73 II 470 2645.47 II 0 - 37789
40 2541.37 II 35 2647.02 II 914 - 38681

35 2544 36 II 24 2647 53 II

85 2549.30 II 4420 - 43635 65 2648.79 II

270 2556.19 II 0 - 39109 250 2649.07 II 289 - 38027

50 2559.49 II 200 2652.83 II

200 2562.94 II 100 2654.58 II

440 2565 41 II 0 - 38968 65 d 2656.46 II

30 2567.11 II 24 d 2657.86 II

85 2567.96 •

II 24 d 2658.36 II

85 2568.87 II 65 2659.02 II 0 - 37596

30 2568.98 II 5259 - 44174 85 2659.46 II

340 2569.71 II 0 - 38903 130 2660. 14 II

150 2570.67 II 65 2661.17 II

130 2577.32 II 170 2664.15 II

85 2579.16 II 100 2665.70 II

85 2579.44 II 100 2665.87 II 289 - 37789

85 2579.57 II 130 2666 54 II

40 2582^11 II 50 2668.02 II

40 2583.48 II 340 2669.17 II

130 2584.42 II 0 - 38681 130 2670.52 II

85 2584.90 II 50 2670.89 II

oo II
1

1

100 2672.21 II

100 d 2587.07 II 50 2672^69 II

50 2589.59 II 24 2673.58 II

340 2591.25 I! 130 2675.12 II

130 2592.57 II 130 2675.88 II 1749 - 39109

I "inItJKJ
II
1

1

220 2676.41 II 6283 - 43635

240 2597.69 II 35 2676^69 II

120 2598.86 II 24 2678.86 II

190 2601.54 II 35 d 2681.73 II

27 2603.55 II 470 2683.28 II 8276 - 45533

oo II
1

1

150 2684 04 n
130 2606.52 II 24 2684.29 II

130 2606.73 II 65 2685.61 II

130 2608.20 II 270 2685.98 II 1749 - 38968

65 2609.26 II 24 2689.13 II

H'i00 9f> 1 9 Aft II
11 130 2690.51 II

150 2613.95 II 320 269 L 04 II

50 2615.95 II 100 2691.80 II 8394 - 45533

100 2616.07 II 200 2692.36 II

65 2621.81 II 170 2693.77 II
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Uranium— all observed /ines— Continued

Intensity

and
Character

Wavelength
in A Spectrum

T? 11hnergy levels

in cm"'

Intensity

and
Character

Wavelength c
if, ^ spectrum

Energy levels

in cm"'

50 2694.22
TT
11 130 2758.50 11

200 2090.4y TT
11 150 0*7 r O f\£ TT2758.96 11

50 2695.91 II 130 2759.79 II

40 2696.30 II 35 2760.33 II

100 2697.40 II

270 zoyo.UD TT
11 2/ 0'7/^ 1 1 O TT

100
n^; no a c2698.45 TT

11 340
OTzr fi or TT
2762.85 11

24 2699.37 II 100 2764.25 II

65 2700.96 II 200 2765^40 II 0 - 36150
85 2701.55 II 190 2766.88 II

ib OTA/l OA2704.80 TT
11 390 2770.04 II

200 d 2705. 19 TT
11 95 d

m^rt 1 o TT
2772.18 II

27 2705.77 II 190 2772.59 II

370 2706.95 II 150 2773!61 II

27 2708.50 II 120 2774.74 II

dO d O'TAA AO2709.03 TT
11 120 2775.02 II

1 AA OTAA C 12709.51 TTU 4420 - 41317 85
c\^^f an TT
2775.22 II

65 2711.10 II 914 - 37789 85 2775.78 II

65 2711.76 II 85 d 2776.29 II

130 2712.06 II 75 2778.45 II 9553 - 45533

65 2713.91 II 170 2779.41 II

100 2714.58 II 190 2780.04 II 0 - 35960
100 2715.54 II 2295 - 39109 220 2780.77 II

85 2716.39 II 220 278 L 04 II

50 2717.56 II 190 2781.62 II

130 2719.33 II 120 2782.07 II

200 2723.03
TT
II 170 d 2783.29 II

35 2725.07 n 410 2784.45 II 0 - 35903
100 2725'52 II 170 2784^67 II

130 2725.94 II 2294 - 38968 75 2784.92 II 8276 - 44174

100 2727.34 II 60 2785.17 II

120 2728.55 IT
II 170 d 2787.33 II

120 2728.7 II 150 2788 13 II

50 2729.26 11 170 2790.66 II

170 2730.31 II 120 2791.07 II

100 2731.27
1 T
II 75 2791.26 11

r A J
50 d 2732.95 IT

II 830 2793.94 II

50 2733.77 II 190 2795 23 II

370 2733'97 II 290 2797. U II

120 2734.96 II 85 2797.30 II

85 2735.58 II 85 2797.77 II

85 d 2737.07 II 120 2799.12 II

100 2738. 13 II 870 2802 56 II 289 - 35960
50 2738.41 II 120 2803.83 II

100 2738.98 II 170 2805.24 II

170 2739.39 II 289 - 36783 630 2807.05 II 289 - 35903

65 2740.86 II 440 2808.98 II

oo 974.1 Aft TT
1

1

2809.95 II

130 2741.75 II 120 d 2810^35 II

85 d 2742.60 II 290 2811.38 II 1749 - 37308

100 2743.22 II 170
nm f\ A TT
2813.04 U

100 2743.66 II 120 2815.76 II

oo 074.4, 97 II 170 28 IS 98 II 289 - 35790

170 2744.40 II 60 2816.74 II

130 2746.16 II 1749 - 38152 630 2817.96 II

60 2746.3 II 120
no 1 o oo T

T

2818.98 11

50 2747.15 II 220
OOlOOj* T¥
2819.84 II

100 2747.36 II 190 2820.27 II

170 2748.45 II 870 2821.12 II

100 2749.96 II 390 2824.37 II 289 - 35685

50 2750.13 II
1 on 9fl9A Sif\ TTZoZ^-.OD 11470 2754.16 II

130 2755.13 II
1 on OQOc: oc ITZOZO.OO 11

AOU Ziol .DO II
11

220 2826.19 II

65 d 2757.92 II
95 2827.00 II

2758.18 II
680 2828.90 II
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Uranium— all observed /irees — Continued

Intensity

and
Character

Wavelength
in A spectrum

Energy levels

in cm

Intensity

and
Character

Wavelength c
in A spectrum

Energy levels

in cm"'

190 2829.37 II 490 2882.74 II

920 ZOOZ.UD II
11

OQQO QQ TTzooz.yo 11

99(1 2833.82 II 85 h 2883.75 II

95 2834.55 II 150 d 2884.92 II

150 2835.80 II 95 2885.19 II

360 2837.19 II 914 - 36150 95 2886.05 II

220 £,oo 1 .OO 11 I Oft AIVU a 9QQA AC. TTZOOO.'+O 11 OQO Q/lOO/1zijy — o4yz4
0<^yo 2837.73 II 460 2887.25 II

75 2838.62 II 915 - 36133 150 2887.59 II 9553 - 44174
460 2839.89 II 289 - 35491 95 2887.91 II

95 2840.47 II 410 2888.26 II 0 - 34612

190 d IT ion OQOQ J/t ITZooo. i'r 11

^^nouu 2842.09 II 1200 2889.63 II 289 - 34886

95 2842.24 II 150 d 2891.80 II

95 2842.48 II 95 2893.76 II

150 2844.99 II 320 2894.14 II

190 Zo4D.0U IT
11 dtfi4'lU ZoVt-.OI 11

1 "^n 2845.96 II 95 2894.84 II

95 2846.14 II 8510 - 43635 95 2894.89 II

95 2847.34 11 190 d 2895.54 II

50 2847.72 II 240 2896.68 II

60 OQ/iQ AC TTit OD OQOA OA TTZoVO.yt) 11

OOU 2849.48 II 150 2898.01 II

150 2849.7 II 150 2898.1 II

95 2849.98 II 95 2898.37 II

190 2850.49 II 95 2898.56 II

95 f)QCA QOZooU.o/ TTIt OQOQ 71 TTZoVo. / I 11 00O/1 QA7Q0ZZy4 — oO/oZ
1 on 2851.81 II 190 2901.22 II

150 2852.09 II 150 2902.41 11

190 2852.75 II 95 2902.81 11 0 - 34439

50 2852.94 II 95 2903.05 II

190 OQ C Q ^ Ozooo.'tz
TT
11 loU OQAQ ^C, TTZyUo.OO 11

1 on 2853.57 II 1749 - 36782 120 2904.02 II

95 2854.92 II 150 2904.41 II

150 2855.96 I 0 - 35004 240 2904.51 II 289 - 34708

95 2857.47 II 780 2906.80 II

290 OQCQ nr,zooo.yu TT
11

I OA onn^ oi TTzyuo.yi 11

1 on 2859.74 II 780 2908.28 II

390 2860.47 II 0 - 34949 190 2908.41 II

170 2860.80 II 190 2909.25 II

170 2861.13 II 170 2910.82 II

120 ZOOZ.41 II
11

o^ 001 1 E^tr ITzyii.oo 11

nc95 2862.62 II 4585 - 39508 150 2912.58 II 289 - 34612

75 2862.80 11 95 2912.75 II

95 2863.44 II 150 2913.44 II

95 2863.54 II 320 2914.25 II 289 - 34593

150 2864. 10
I T

11 360 Z914.63 11

150 2864.28 II 95 2914.84 11

290 2865.14 II 220 d 2915.54 II

970 2865.68 II 0 - 34886 220 2916.46 II

150 2866.16 II 95 2918.37 11

95 2867.80 11 95 on 1 O T

T

zyio.oo 11

190 2868 19 II 170 2918.97 II 5260 - 39508

190 d 2869 37 II 440 d 2921.68 II

340 2870.97 II 2921.72 II

95 2873.00 II 95 2922.06 II

220 OOT/I AOz874.0o I 1
11

ocy5 OOOQ 17 TTzyzo. 1 / 11
A 0/11 OQ

220 2875.20 II 914 - 35685 270 2923.50 II

190 d 2876.43 II 170 2924.58 II

95 2877.05 II 95 2925.22 II

50 2877.83 II 270 2925.57 II

95 2878.87 II 170 2925.98 II

240 d 2879.59 II 95 2926.13 I 0 - 34164
190 2880.59 II 95 2926.39 II

95 2882.34 II 220 2926.59 II
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Uranium — all observed lines— Continued

Intensity

and
Character

Wavelength
in A Spectrum

Energy levels

in cm '

Intensity

and
Character

Wavelength o
t oDectrum

Energy levels

in cm"'

320 2927.38 II 289 - 34439 530 2984.61 II

490 2928.60 II 95 2985.08 II

170 2929.12 II 170 d 2985.80 II

220 2929.64 II 170 2987.80 II 289 - 33749
170 2929.78 II 95 2987.95 II

190 2930.43 II 290 2988 42 II

120 2930.59 II 0 - 34112 240 2988.71 II

580 2931.41 I 290 2989.88 II

220 2931.89 II 95 2990.21 II

120 2932.18 II 410 2992.72 II

440 2932.61 II 170 2993.70 II

340 2933.86 II 120 2994^45 II

170 2935.62 II 120 2996. 10 II

270 2936.45 II 120 2996.39 II

95 2936.78
IT
11 1749 - 35790 120 2998.36 I 0 - 33341

120 2937.35 II 914 - 34949 170 2999.03 II

220 2939.04 II 170 2999.22 II

120 2939.49 II 9626 - 43635 170 3000.09 II

95 2940.04 II 120 3001.21 II

530 d 2940.37 11 120 3002.64 II

220 2941.34 II 240 ^00'^ 07 TI0\J\JtJ.\J 1 11

1300 294L92 II 5527 - 39508 290 3003.32 II

220 2942.12 II 120 3003.85 II

270 2942.85 II 915 - 34886 240 3004. 15 II

120 2943.18 II 220 3005. 10 II

120 2943.40 II 190 ^005 52 IT

830 2943^90 II 360 3007.91 II 5667 - 38903
170 2944.19 II 290 3009.42 II

220 2945.89 II 1749 - 35685 120 3010.37 II

270 2947.43 II 170 3010.75 II

340 2948.09 II 289 - 34199 120 3011.48 I

95 2948.44 II 95 3012^45 II 289 - 33475
290 2948.94 II 170 3012.71 II

220 2949.61 II 240 3013.37 II 4420 - 37596
95 2949.97 I 170 3013.44 II

120 2951.93 I 620 - 34486 120 3014 88 II

220 29,S4!39 11 2295 - 36133 120 3015.68 II

390 2954.77 II 95 3016.05 II

240 2955.65 II 289 - 34112 290 3016.96 II 1749 - 34885
580 2956.06 II 170 3017.35 II

170 2956.78 II 150 3018 10 II

170 d 2957^74 II 120 3018.59 II

120 2958.10 II 120 3020.24 II

240 29.59.85 II 120 3020.57 II

240 d 2962.78 II 1749 - 35491 120 3020.92 II

94.(1 [I 320 3091 99 IT

460 2965.03 II 630 3022.21 II 1749 - 34827
170 2966.12 II 170 3024.38 II

240 2966.66 II 914 - 34612 320 3024.51 II

580 2967.94 II 289 - 33972 190 3026. 15 II

170 II Q14 - 14S93 120 3026 43 II

120 2970.48 II 190 3026.70 II

580 2971.06 II 240 3027.66 I 620 - 33640

240 2973.08 II 320 3028.19 II

290 2973.26 II 220 3029.13 II

240 2975.22 II 120 3029.42 II

170 2975^64 II 120 3030^83 II

290 2975.88 II 630 3031.99 II

410 2976.35 II 289 - 33877 490 3033. 19 II 1749 - 34708

290 2977.27 II 220 3035.51 II

9Q7fi Id H
1

1

3035 96 TI 1749 - 34678

120 2980.28 II 190 3036.45 II

120 2980.69 II 120 3036.61 II

120 2981.04 II 190 3038.05 II 0 - 32906

320 2982.74 II 190 3039.14 II 4663 - 37558
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Uranium— all observed Zine5— Continued

Intensity
Wavelength

in A
Energy levels

in cm"'

Intensity

snd
\~* iiai aV^I-^l

Wavelength
in A ^JJCCll UIll

Energy levels

in cm"'

Z4U ouov.zo TT
11 ozoy ooioz •^1 1 1 A9oil l.OZ TT

11 1 7AQ ^^Q77

95 3039.93 II 240 3112.25 II 289 - 32410

120 3040.46 II 914 - 33794 170 d 3114.54 I 0 - 32098
120 3041.25 II 3114.59 II 2294 - 34392

95 3041.86 II 150 3115.93 II

yo ITIX Ql 1 0 OA IT
11

95 3042.73 II 530 3119.35 II 5260 - 37308
190 3043.79 II 1749 - 34593 150 3120.87 II

490 3044.16 II 120 3121.09 II

95 3045.46 II 150 3121.33 II 0 - 32028

1 CtCi 0U4-0.4-0
II
11 OftQ _ 'X'l^C\AZOV 00 1U4' 1 on IT

11

190 3046.57 II 680 3124.90 II 914 - 32906

190 3046.84 II 150 3126.17 II

240 3047.57 II 170 3126.70 II 4663 - 36637

290 3048.64 I 620 - 33412 190 3129.73 II 5526 - 37469

11
Ol 5A 79 IT

11

580 3050.20 II 0 - 32775 190 3131.99 II

240 3051.14 II 95 3133.42 II 2295 - 34199

240 3052.91 II 95 3133.63 II

120 3054.73 II 150 3133.92 II

240 OAC C CA3055.59 II IdU Q 1 OA IT11
AOOO 0O1COo2oo — cSoloz

190 3056.72 II 120 3138.51 II

630 3057.91 II 120 3138.83 II

120 3060.06 II 530 3139.60 II 5716 - 37558

460 3061.62 II 1749 - 34402 150 3141.95 II 2294 - 34112

oaO oUo2.o4 TI
11

/I 1 A IT
11

95 3063.88 II 2295 - 34924 490 3145.56 II 5527 - 37308

95 3064.18 II 5526 - 38152 190 3146.26 II

120 3066.87 II 150 3146.75 II

270 3068.65 II 270 3147.09 I 620 - 32386

95 OATO 0/1o0/2.o4
TT
11 loU Q 1 4 Q r/:ol4o.o0 II11 n 0 1 7C1

85 3072.45 II 680 3149.21 II

580 3072.78 II 95 3150.36 II

190 3073.50 II 150 h 3151.08 II 1749 - 33475

270 3075.04 II 150 3152.31 II

1 OA 0AT C AC TT
11

OCIA yllAl"?oolU - 4101/ 0 1 CO 19olOo. IZ
TT
11

120 3077.33 II 95 3155.26 II

270 3079.95 II 150 3155.41 II 4663 - 36346

290 3080.74 II 2294 - 34745 270 3155.86 II 2294 - 33972

170 3081.19 II 190 3156.07 II

0'7A270 0 A o o noiOoz.Oz
IT
11 loU 0 1 c 7 /I c TT

11

190 3083.61 II 190 3157.86 II

120 3084.24 II 2295 - 34708 150 3159.82 II

190 d 3086.73 II 190 3160.77 II

120 3087.11 II 2294 - 34678 95 3163.73 II

240 3088.99 II 1749 - 34112 AC95 0 1 c 003165.28 IT
11

190 ^090 '^6 II 220 3165.50 II 2294 - 33876

95 3090.55 II 220 3167.10 II

120 3091.25 II 150 3170.86 II

580 3093.01 II 150 3171.37 II 5260 - 36782

120 3094.83 I f
11 9o 0170 71 IT

11

290 II 1749 - 34049 150 3175.36 11

190 3095.23 II 2295 - 34593 340 3176.21 II 1749 - 33224

320 3095.75 II 340 3177.33 II 9553 - 41017

120 3096.88 II 220 3179.04 II 289 - 31736

320 3098.01
T I
11

OOA2ZU 0 1 70 00 TT
11

580 3102.39 II 220 3180.20 II

150 3102^61 II 75 3182.55 II

85 3102.90 II 75 3182.83 II 289 - 31698

120 3103.77 II 5259 - 37469 120 3185.14 II

460 3104. 16
r r
II

OTAZ /U 0 1 QC 71oloo. / 1
II
11

1 7/lQ 00 1 OA

1 'kC\iOU aini; ino luo. lu If
1

1

9904. - ^4.4Qn 220 3188 ^4 n 1749 - 33104

120 3105.65 II 150 3189.02 II

95 3110.52 11 75 3189.42 II

150 3110.83 II 150 3190.70 II

345



Uranium— all observed /ines— Continued

Intensity

and
\j ndrdCLer

wavelength
in A Spectrum

Energy levels

in cm~'

Intensity

and
Character

Wavelength
in A Spectrum

Energy levels

in cm"'

75 0 1 HA OA3190.89 TT
11 75 3332.42 0/91 — Q C70A

75 3191.76
TT
11 150 3336.68 99Q/I oZZoo

220 3193.23 II 390 3337.79 9QO

120 3196.74 II 150 3338^48 n 915 - 30860
240 3200.14 II 440 3341.66 11 2295 - 32211

6W QOA/; AT TT
11 01 d. — OZUVD 290 3342.68 1/49 — olOOO

150 3206.23 TT
11 004- lo 150 3344.87

75 3211.77 II 95 3345 56 u — 90QQ 129ool
75 3213.09 II 8394 - 39508 150 3345.89 I 620 - 30499
75 3214.70 I 0 - 31098 270 3354.50 II 2294 - 32096

220 O O 1 O 0/13218.34 TT
11 75 3355.11 II Zoy — OWoO

150 3219. 17
TT
11 270 3357.93 OVVO 1

240 3224.26 II 150 3360 00
'1

u — 0Q7CQZy ioo

240 3226.17 II 914 - 31902 150 3361.73 II 2294 - 32032
730 3229.50 II 150 3367.56 I

680 3232. 16
T T
11 9QOZoV Q 1 9 1

0

o IZ IV 120 3367.90 II
A
0 — 29000

150 3233.34 TT
11 220 3368.83

^1
75 3235.23 11 75 3368 98 A0 - OA£ 1 029673
75 3238.46 II 914 - 31784 120 3370.13 II 5260 - 34924
75 3240.35 II 290 3371.29 n

220 3241.99 II 914 - 31751 220 3372.01 II 289 - 29936
440 3244. 17 II 220 3375.78
150 3244.79 II 2295 - 0 Q 1 A/i331114 120 3376 55oo i \J .OO II

OOA /I2294 - O 1 AAO31902
220 3246^11 II 150 3377.39 II

220 3246.39 II 289 - 31084 75 3378.20 I 4453 - 34046

75 3247.49 II 150 3380.70 II

95 3248.07 11 150 3381.95
95 3249.14 II 75 3382 6800\J£^ . \J\J |{ vlo - 0 Ayi A30469
150 3250.28 11 220 3384.45 11 289 - 29828
150 3253.75 II 5716 - 36441 220 3386. 13 II 914 - 30438

220 3254.84 II 730 3390.39 I 620 - 30107
75 3257.26 II

Au - oOOVl 120 3390.97
j}

0 OAA3800 - 0 Q OOO

290 3261.72 II 1749 - O O OAO32398 75 3392.99 4585 - 0 /I A/1 A34049
120 3263.12 I 0 - 30637 290 d 3393.91 II 2294 - 31751
340 3265.81 II 914 - 31526 340 3394.78 II 5260 - 34708

75 3269.78 II 289 - 30863 290 3395.32 II 1749 - 31 193

440 3270. 12 II
OOA289 - 30860 290 d 3395.52

jj

0 - OA/t A O29442
75 3271.45 II 5401 - 35960 3395 58 2294 - 31736
75 3279^55 I 75 3397.19 I 4275 - 33703

150 3280.00 II 914 - 31393 150 3398.26 II 5259 - 34678

150 3282.48 II 0 - 30455 75 3399.01 I

190 3283. 10 II 914 - 31364 290 3401.01
|{

289 - 29683
290 3285.22 II 1749 - 32179 150 3401.21

220 3287'45 II 75 3401 '87 II 4585 - 33972
440 3288.21 II 289 - 30691 290 3403.55 II

730 3291.34 II 95 3405.72 I 3800 - 33154
75 3293.56 I 0 - 30353 220 3406.28 915 - 30264

IT
1

1

1 ou u 3407 87O^U t .O i 3800 - 33136
95 3297.89 II 3407.97 II 1749 - 31083

270 3299.06 II 290 3411.53 I

220 3299.70 11 290 3412. 10 II

290 3303.60 II 289 - 30550 150 3412.36
}{1 1 nn on II

1

1

2294 - 32534 3413.81 5259 - 34544

75 3307.55 II 75 3414.32 I 4453 - 33733
75 3310.50 II 75 3416.12 II

290 3311.72 11 75 3418.39 I 620 - 29866

290 3313.94 II 289 - 30455 220 3421.69
{|

8379 - 37596

I o ^^ Ifl 7Q II
1

1

4585 - 34708 75 3422.35 5401 - 34612

150 3319.21 I OOOO — Q 0QQ7 220 3423^05 II

150 3319.32 11 580 3424.56 II 1749 - 30942

220 3322. 12 II 4585 - 34678 1.50 3424.81 II

75 3322.46 II 170 3426.39
'1

3320.66 IT
11 0 - 30061 ou o^oK). 10 3868 - 33013

150 3327.50 II 914 - 30958 75 3430.48 II

290 3329.92 II 2294 - 32316 150 3431.14 4276 - 33412

346



Uranium— all observed lines— Continued

Intensity

and
Character

Wavelength
in A Spectrum

Energy levels

in cm"'

Intensity

and
Character

W avelengtn
in A Spectrum

Energy levels

in cm"'

150 3431.54 II 5791 - 34924 320 3508.85 II 1749 - 30240
75 3433.71 II 390 3509.67 II 0 - 28484

I
1 7645 36758 Z4U 0 C 1 1 A A00 1 1 . 44 1 0 28470

IT
11 1749 30860 loU QC1 1 CO00 1 1.00 II11 289 28758

1 on I
1 0 29107 1 QAloU OCIQ 07 II11

150 3435.20 I 3800 - 32902 320 3513.68 I 620 - 29072
580 3435.49 I 0 - 29099 1600 3514.61 I 0 - 28444
1 CA OA QA 7Q 11 4706 33794 1 OA12U 0 C 1 C Oyl3515.24

XT
11 4420 32860

/«>
OA on QOo4o 1 .yo II11 1 CAI5U 0 C 1 £ 03516.3 IT

11

iou I
1

1 cn15U QC1A QC 1
1 OOUO 32294

270 3442.95 I 0 - 29036 150 3517.05 II 6283 - 34708
75 3447.32 II 390 3519.96 II 914 - 29316

1 ^rtioU Q/IAfi 7Q I
1 0 28987 1 OA QCOA 70o520. /y IT

11 6283 34678
OAC\ OlO'tol.Z 1

TT
11

1 OA120 0 CO 1 AOo521.4o
TT
11

oou 04'DO.O 1
TI
11 8521 37469 1 COloO QCOO CQ0522.0O 1

1

150 3453.78 II 5667 - 34612 150 3522.67 I 3800 - 32180
320 3454.23 II 75 3523.35 II

OAA II
11 1749 30678 0/1

0

240 QCOQ C7o52o.5/ II
11

50AozU Q/1 C 7 ACo4o / .Ud II
11 ooouo O/l A240 0 CO C 1/13525. 14

TT
11

90A 04-0 /. /

1

II
11 O^^O 7

O/l A240 0 COC £iC3525.65
T
1

AU ZoODO

240 3458.17 I 3800 _ 32709 75 3525.73 II 9241 - 37596
75 3458.68 II 240 3526.60 II 289 - 28636
OOU 0 A cn no T

1 0 28894 240 0 c 00 z:

A

3528.69
TT
11

o40Z.2

1

1
1 n Zoo i 0 lb

0 C 0A T73529.77
TT
11

Au 9fl^99ZoOZZ
400 T

1 ozu 904.04,Z74-OH* 390 0 C 0 1 113531.11
TT
11 1 7d.Q OUUO

1

630 3466.30 I 0 - 28840 240 3531.64 I 620 - 28927
150 3469.49 I 3800 - 32615 630 3533.57 II 915 - 29207
1 OAXzU Q /I ^A TO3469. 78 1 0 28811 320 0 r 0 /I o 03534.33

T
1 0 28286

ovU 0 ;1 TO CI0472.51
¥ ¥
11 75 3535.84

T
1

90004.ZOOV4-
1 CA o4 (2.50 If

11 0 1 UOT"
-7C75 0 C 0 T A/13537.06 1

1

320 3473.43 I 3868 - 32650 240 3537.28 I 0 - 28262
150 3474.54 II 150 3537.44 II 8521 - 36782
tou Q /I 7/1 AAo4 /4.yy II

11 914 29683 1 OA120 QCOO 003538.23 1
1 620 28875

15U 0476.44 1

1

11 240 1 C 0 A £.C3539.65 T
1 oouu ^9nd.4.O^U'TT-

75 0 All C A3477.50 1

1

11 530 3540.46 IT
11 D / 10 oovoo

270 3477.84 II 75 3541.89 II

120 3479.16 I 320 3542.57 I 4276 - 32496
OOU Q A OA 0/^ 1

1 5762 34486 0 /I A240 OC A 0 1 II
11 5260 33475

ooU 0 ^ OO /I A0482.49 T I
11 1 74Q OUH-OO 120 0 c A 0 no3543.73 1

1 I ozu OOOOIJ
1 OA120 O A n/i OA3486.30

I T

11 150 3544.21 f T
11 ^>9H^OZoO 24.4.00

150 3488.82 II 150 3544.99
1600 3489.37 I 0 - 28650 240 3545.44 I 4275 - 32472
OOA 0 ;1 OA C 7o4oy.5

/

I T
11 5791 — 34439 O/IA240 0 C /t C ^70545.0/ 1

1 4453 32648
OAA 0 A AA O /I3490.24

T T
11 Q 1 4V 14

one C7 O/I A240 OC A£. 1 Q3546. 13 1
1 0/U Zool 1

1 OA
120 3491.34

I T

11 240 3546.68 I f
11 1 7A0 ZWOO

390 3493.33 II 5259 _ 33877 390 3547.19 II 1749 _ 29932
340 3493.99 I 620 - 29233 150 3548.62 I 4275 - 32447
320 3494.84 11 320 3549.20 I

75 3495.60 II 150 3550. 17
T
1

Q QAO 1ooVZ 1

75 O ^ AC T C3495.75 r I
11 1 7/1

Q

1 / 4V Q AO/I 7oUo4 /
1 OAA1200 0 C CA 003550.82

TT
11

A 9Q 1Zolo4

530 3496.42 II 1749 _ 30342 150 3551.04 II 289 _ 28441

150 3497.26 I 3800 - 32386 320 3552.17 II 2294 - 30438
150 3497.62 II 150 3552.67 II

240 3499.33 11
OOAC22v5 0AO^ 0oUoOo 75 3552.95 I

A ACl445o •JO COAo25yo
630 3500.07 I

A0 00c A 02o50o 150 3553.44 r
1

OOAAooOO •} 1 OQ/1olVo4

75 3500.33 II 680 3555.32 I 0 — 28119
75 3501.00 I 4453 - 33008 390 3557.84 I 0 - 28099

240 d 3502.24 I 3868 32413 150 3560.31 I 5991 34070
3502.24 II 4585 33130 150 3560.44 II 1749 29828

320 3504.00 I 3800 32331 320 3561.41 I 3800 31871

150 3504.93 I 0 28523 1200 3561.80 I 0 28067
320 3505.07 II 5259 33781 390 3563.66 I 0 28053
150 3505.45 II 4585 33104 120 3564.18 I 620 28669

240 3507.05 I 620 29126 240 3564.59 II

780 3507.34 I 0 28504 150 3564.88 II 9553 37596
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Uranium— all observed /inei — Continued

Intensity

and
Character

Wavelength
in A Spectrum

Energy levels

in cm"'

Intensity

and
Character

Wavelength
in A Spectrum

Energy levels

in cm"'

150 3565.05 I 4276 - 32318 120 3625 98 n
2300 3566.60 I 620 - 28650 75 3628.38 II 289 - 27841
150 3568.82 II 460 3630.73 II

530 3569.06
TT
11 75 3632.95 II

75 3570.65
TT
11 190 3633.29 II

75 3570.93 II 4420 - 32416 120 3634.56 I 3868 - 31374
150 3571.16 I 620 - 28614 150 3635.30 I 3801 — 31301
120 3571.56 II 5790 - 33781 150 3635.40 II 0 - 27499
150 3571.69 II 4420 32410 120 3637.51 I 5991 — 33474
190 3574.11 I t uuo o^y to 840 3638.20 I ooUl

320 3574.76 I 0 - 27966 120 3638.65 I 8118 - 35593
240 3576.22 II 310 3640.76 II

150 3577.08 II 240 3640.95 II 1749 - 29207
360 3577.92 I 0 27941 160 3642.44 I 4275 — 31722
240 3578.33 I

nu 420 3644.24 I
OOflC 0ZoUDo

630 3578.72 II 50 3644.85 II

190 3580.25 I 620 _ 28543 310 3645.03 II 914 — 28341
360 3581.84 II 5716 - 33627 170 d 3649.51 II 0 - 27393

290 3582.02 II 3649.58 I 5762 — 33154
190 3582.62 I ozloU 660 3651.53 I

QQAAdoUU Q 1 1 7Q

3200 3584 88 I 0 _ 27887 490 36S2 07 I 4275 _ 31649
240 3585.84 I 620 _ 28499 140 3653.21 I 3801 _ 31166
120 d 3587.78 I 4453 - 32318 140 3654.89 I 3868 - 31221

3587.84 II 120 3657.32 II

240 3589.66 I
OQA 7A 170 3659.01 II 4 /UO oon9QoZUZtf

240 3589.79 I 3800 31649 960 3659 16 I 620 _ 27941
290 3590.32 II 5260 _ 33104 170 3659.59 I 620 27938
320 3590.50 II 915 - 28758 160 3662.33 II 4663 - 31961

150 3591.56 II 4420 — 32255 170 d 3666.10 II

390 3591.74 I DZU Zo4d4 3666.21 II
Q c 70A

120 3592.97 I 620 _ 28444 100 3667.13 I 0 _ 27261
240 3593.20 I 4276 _ 32098 100 3667.98 II

460 3593.52 II 120 3669. 18 I 5762 _ 33008
120 3593.68 I 5762 33^18(1 2800 3670.07 II 915 28154
290 3594.95 11 1 /4V one c "7

240 3670.53 I
7A/1 C o4ool

150 d 3596.76 II 190 3672.58 II

3S96 88ijtj Kju II 170 3673 06I \J t \J\J I

1lou 11
1 on 3673.39 IT

11

150 3600.29 I 620 — 28387 190 d 3674.13 I 620 — 27829

75 3601.19 I
Olioolio 0 coin 190 d 3674.99 II

I

3675.08 II DZDV uZ4'OZ
150 3602 48 3801 _ 31552
150 3603.36 I 0 _ 27744 260 3676.56 II 6283 _ 33475

120 3603.74 I 4276 - 32017 260 3677.39 I 3801 - 30986

460 3605.28 I 0 - 27729 190 3677.67 II

120 3605.48 II 1749 29477 380 3678.75 II

ouv II 4663 32384 240 3679 38 I 620 _ 27791

150 3608.96 II 280 3679.81 II

240 3609.68 II 240 3680.88 I 4275 - 31435

150 3610.49 II 6283 - 33972 230 3682.04 II 5259 - 32410

150 3610.69 I 4453 32141 140 3682.46 I 0
07 1 /I O27148

75 3611.24 II 2294 29978 180 3683.59 II

75 361 L40 I 0 27682 180 3684.62 I 13567 _ 40700

190 3612.67 II 915 28587 150 3685.78 I 620 _ 27744

150 3615.54 I Q 27650 540 3691.92 II 4706 31784

320 3616.33 I 3801 31445 330 3693.70 II 7=^4.7

OK} iU . 1 U II 289 - 27930 190 3697.13 I 3800 - 30841
7'i
1 o QfilA QQOU 1 U . O 7 1 220 3697.93 11 8755 - 35790

75 3617.49 I 7103 34739 O I VU, JO 11 915 - 27930

75 3617.62 1 3800 31435 I lUU OIVl.OZ.
TT
11 5527 32535

150 3618.49 II z30
T
1 4276 31276

75 3619.13 II

07AQ 07 T
1 620 27616

0 27616
230 'xic\A. no T

1 7326 34315
320 3620.08 I 180 3705.04 II

75 3622.04 I 0 27600
110 3705.98 II

320 3622.70 I 4275 31871 230 d 3707.29 I 3800 30767
390 3623.06 II 915 28508 3707.39 I
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Uranium— all observed /mes — Continued

Intensity

cind

Character

Wavelength
in A Spectrum

Energy levels

in cm"'

Intensity

and
Character

Wavelength
in A Spectrum

Energy levels

in cm"'

1 iU TT11 ^787 9^^ II 5259 31656

110 3707.95 I 3868 - 30829 190 3788.16 5991 32381

110 3709.87 I 5762 - 32709 120 3790.22 II 5790 - 32166
350 d 3713.56 I 0 - 26921 120 3790.33 II 914 - 27290

3713.65 II 5259 - 32179 120 3792.41 I 4275 30636

570 3793. 10 J. 4585 _ 30942

230 3714.76 II 2295 - 29207 380 3793.28 I 6249 32604
230 3715.47 I 4275 - 31182 380 3793.57 II 914 - 27267

110 3716.14 I 3800 - 30702 220 3795.13 II 2294 - 28636

300 3717.42 II 240 3796.20 I 3868 30203

3718.11 II 1749 - 28636
,T

4663 30996
160 3718^61 II 5526 - 32410 240 3796.84 11 6445 32775

110 3719.29 I 620 - 27499 190 3797.77 I 11308 - 37631
230 h 3720.39 I 3800 - 30672 240 3798.84 I 11308 - 37624
230 3722.68 I 7191 - 34046 240 3799.20 II 8394 34708

Tin ^794 ")% T
1 940 ^7QQ S'^

TT

350 d 3724.99 II 1749 - 28587 240 3801.15 I 620 26921
3725.07 II 240 3802.27 II 2294 - 28587

120 3725.65 II 120 3803.35 II 0 - 26285
350 3729.82 II 5526 - 32330 380 3808.93 I 6249 32496

1 onIZU II
11 oo\)

„
5716 31961

95 3731.45 I 0 - 26792 95 3810.10 I 3868 30107
230 d 3731.58 II 1900 3812.00 I 0 _ 26226

3731.77 I 7645 - 34434 120 3812.58 I

230 3732.26 I 3801 - 30587 380 3813.79 II 2295 28508

'ii'i') f,')o t OZ .oz IT1

1

914 - 27697 OQiA 07 J, 915 27126
350 3733.07 II 120 3816.61 II

230 3733.58 I 6249 - 33025 120 3817.16 II 2294 — 28484
230 3737.25 II 160 3818.06 I 5762 - 31945
600 3738.05 II 5791 - 32535 120 3818.48 II 1749 27930

1 on O ( ^Z.oo T
1 7005 - 33719 1 9niZU Q010 -Jf. J,

300 3744.24 II 120 3819.25 I 4276 30451

680 3746.41 II 5527 - 32211 120 3821.22 II

350 3747.12 II 8521 - 35201 240 3821.95 I 3801 - 29958
950 3748.68 II 5716 - 32384 120 3822.35 I 10347 — 36501

'>.i'\'\ ifi I
1 5762 - 32412 1 90 QQOO CA JJ 4706 30859

240 3751.72 I 620 - 27267 750 3826.51 II 289 26415

350 3752.66 II 5526 - 32166 240 3829.03 II 915 — 27023
190 3754.31 II 0 - 26628 190 3829.39 II 4585 - 30691

350 3755.48 II 5790 - 32410 120 3829.79 I 0 — 26104

O i 00. OO II
11

900 1 Af,0001.4-0
„

tuuo OVJ i ou

240 3756.92 II 1 'lift 240 3831.86 I 1 o •JKJOXJD

490 3758.36 I 4276 - 30876 200 3833.02 II

350 3759.23 II 240 3835.14 II

120 37,59.88 II 120 3835.22 I 0 - 26066

o /OU.OO If11 n — ZDOO

I

onn uZUU n oooou
160 3761.96 II 120 3837.26 J

160 3762.11 II 1749 - 28322 200 3838.15 II 2294 28341
330 3763.27 I 7006 - 33571 1200 3839.62 I 3801 - 29838
490 3764.57 II 120 3842.99 II

z /u
I
1 n —u ZOOOU 1 on inAA (\(\oo4''f.UU JJ

430 3766.89 I 120 3844.23 JJ

240 3768.80 II 5790 - 32316 120 h 3845.12 II 5526 _ 31526
330 3769.54 II 380 3845.32 II

190 3772.82 II 8347 - 34845 120 3846.24 I 7005 - 32997

077'3 AA I
i DZ4V oZ i 4Z OO^O. oo J 1Qf\ 1ooUl 0O7Q

1

Zy ly 1

240 3775.99 II 200 3847.84 J
7no 1
/ UZ 1 OOUUZ

300 3776.48 I 4275 - 30747 490 d 3848.62 II 5259 31235
120 3779.05 II 3848.72 II

380 3780.72 II 915 - 27357 120 3849.71 II 8522 34490

1 on Q7Q1 7C I
1 7645 - 34080 onnZUU IRAQ Qc: JJ 0 25968

1900 3782.84 II 289 - 26717 120 3851.72 J 7021 32976
430 3783^84 II 5791 - 32211 620 3854.22 0 25938
120 3786.57 II 8521 - 34923 2400 3854.66 4663 30599
240 3786.84 I 6249 - 32648 4900 3859.58 289 26191

349



Uranium— all observed /jnes — Continued

and
Character

Wavelength
in A Spectrum

Energy levels

in cm"'

Intensity

and
Character

Wavelength
in A Spectrum

Energy levels

in cm"'

490 3861.16 I 2000 3932.03 II 289 — 25714
120 3863.09 I 3868 29747 120 3933.03 II 5259 30678
240 0004.aU 11 4585 30455 490 3935.38 TT

11 2294 27697
240 3864.48 II 4663 30533 330 3940.49 II 7 i**

1900 3865.92 II 2295 — 28154 190 3942.55 II 8755 _ 34112

380 3866.80 II 240 3942.84 I 5762 31117

240 3867.17 I 7021 32872 1200 3943.82 I 0 25349
1 OA120 Q O^O /I O TT

11 4421 30264 O/l Az4U OA/1 A 100944. lo
TT
11 4585 29932

240 3870.02 II OUU 1 o i^yy 300 3948.45 I Q zoo 1 7

1500 3871.04 I 0 _ 25826 95 3951.48 I 4453 _ 29753

95 3871.88 II 8347 34167 95 3951.55 II

620 3874.04 II 289 26094 300 3953.58 II 2294 27581
00 lb. 16 1 0 25792 540 3954.62 TT

11 5716 30996
120 3876.59 II R755O 1 oo O'TOt'T 3954.67 II 004- i OOUZ 1

620 3878.09 II 240 3955.38 I 7103 32378

240 3879.5;^ I 4453 — 30222 120 3959.20 I 7005 — 32255
240 3879. 7i I 7021 — 32788 190 3962.79 II 4706 — 29934

1 (\C\t\luuu oool .40
TT
11 4585 — 30342 OCAOOU 3964. 22 T

1 6249 — 31467
490 3882.0.'^ II 1749 — 27499 240 3964.67 II 7166 - 32382
240 3883 1- II 160 3964.96 II 0 _ 25213

380 3883.33 II 240 3966.40 II 2295 - 27499
240 3884.68 II 8755 — 34490 600 3966.52 11 289 — 25492
180 3887.45 I 7021 32737 120 3967.47 I 620 — 25818
180 3887.70 II 120 3969.02 II

2200 3890.36 II 289 25986 120 d 3974.90 I 7645 32796

11

3974.98 II
120 3891.68 8510 - 34199
240 3891.80 1 7021 — 32708 190 3978.80 II

240 3892.41 f I
11 8755 34439 120 h 3980.80

T
1 5762 30876

620 3892.68 11 ozou 230 3983.91 11

490 3894.12 I 0 25672 95 3984. 18 I

200 3895.27 II 4421 - 30086 1200 3985.80 II 5260 - 30342
490 3896.78 II 4585 - 30240 80 3988.64 II

240 3897.06 11 6283 — 31936 190 0988.89 TT
11 2295 — 27357

190 3897.26 I 460 3990.42 II via zoyoo
120 3897.71 II 5667 31316 380 3992.54 n 5716 30756

190 3899.10 II 4421 - 30061 120 3994.29 II 289 - 25317

240 3899.27 I 4275 - 29914 230 3994.98 II

240 3899.48 I f
II 4663 — 30301 190 3995.97 T T

11

620 3899.78 II 900 07QQA 120 3997.09 I ooVk) Z.001 1

410 3909 56 II 289 25906 350 3998.24 II

460 3904.30 II 8347 - 33953 120 3999.18 I 3801 - 28799

240 3904.56 II 5260 - 30863 120 d 4001.28 I 7021 - 32005
120 3904.85

1 T

11 1749 - 27351 1 OAIzO /lAAO 0/14UUz.o4
ITU 4706 - 29684

380 3906 46 I 3868 29459 120 4003.20 II
OOA/1 070ii 7Z/ZO/

120 3908 32 I 4453 30032 350 4004.06 II 1749 26717

120 3908.47 II 8394 - 33972 430 4005.21 I 620 - 25580

120 3909.06 II 5790 - 31364 190 4005.70 I 620 - 25577

240 3910.89 I 7021 - 32583 120 4009. 17 II 6283 - 31219

330 391 1.67 II 4420 29978 110 4011.45 II
C /I A 15401 0 AO O 030323

190 3914.20 II 80 4014. 16 II 8755 33660

190 3914.27 II 570 4017.72 II 5716 - 30599

380 3915.88 II 300 4018.99 II 289 - 25164

120 3916.53 I 7021 - 32546 80 4026.02 II 2295 — 27126

07 1 1

I
1 81 19 33640 160 403 1.31 II

A 1 /I914 O C 7 1 025713
1 90 1 7 ft9 II 160 4033.43 II 4421 29207

80 3918.06 II 4421 - 29936 190 4033.73 II 7598 - 32382

190 3921.55 II 0 - 25492 220 4034.50 I 4453 - 29233

120 3923.05 II 8394 - 33877 70 4039.75 T
1 7645 - 32392

1 on QQ9J 07 ri 4585 30061 150 4039 80 I

JQ9/; 99 1 0 25463 1000 4042.76 I 620 25349

330 3926.73 I 7021 32480 520 4044.42 II 5259 29978

240 3927.76 II 6283 31736 410 4047.62 I 620 25319

120 3928.83 I 0 25445 1600 4050.04 II 0 24684

160 3930.43 11 540 4051.91 II 5260 29932

430 3930.98 II 289 25720 180 4053.03 II 1749 26415
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Uranium— all observed lines— Continued

Intensity

and
Character

Wavelength
in A Spectrum

Energy levels

in cm"'

Intensity

and
Character

Wavelength ^
2 oDCctrum

in A
Energy levels

in cm"'

300 4054.31 II 6283 - 30942 180 4197.52 II 8394 - 32211

430 4058.19 II 289 - 24923 140 4198.22 I 620 - 24433
80 4060.10 II 55 4200. 10 11 6283 - 30086
80 4061.35 I 620 - 25235 95 4201.13 I 7645 - 31442
110 4061.74 II 7598 - 32211 180 4204.37 II 0 - 23778

880 4062.55 II 0 - 24608 80 4210.45 II 1749 - 25492

110 4064.16 I 5991 - 30589 240 4211.66 II 4585 - 28322
110 4066.80 II 8521 - 33104 140 4212.26 II 4421 - 28154
520 4067.76 II 6283 - 30860 140 4213.87 I 11308 - 35032
410 4071.11 II 80 4214.28 I 7645 - 31367

300 4074.49 II 1749 - 26285 80 4214.42 II 289 - 24010
330 4076.69 II 914 - 25437 70 4219.97 I 4275 - 27965

220 4077.79 I 7021 - 31537 350 4222.36 I 3801 - 27478

330 4080.61 II 70 4227.33 II 6283 - 29932
190 h 4084.93 II 5791 - 30264 80 4228.76 II 4706 - 28347

270 4088.25 II 0 - 24453 220 4231.67 I 7646 - 31270

2200 4090.14 II 1749 - 26191 70 4232.04 II 289 - 23912

220 4091.52 II 160 4236.04 I 620 - 24220

110 4091.64 I 0 - 24433 55 4240.59 II

80 4094.62 II 11544 - 35960 1000 4241.67 II 4585 - 28154

80 4094.89 II 8276 - 32690 520 4244.37 II 0 - 23554
220 4095.75 II 6283 - 30691 260 4246.26 I 0 - 23544
220 4096.35 I 7021 - 31426 160 4252.43 II 4420 - 27930
460 4098.03 II 289 - 24684 55 4266.32 I 0 - 23433

200 4101.91 I 8118 - 32490 140 4267.30 II 915 - 24342

190 4103.12 I 7326 — 31690 55 4267.94 I 6249 - 29672
380 4106.28 I 80 4268.85 II 2294 - 25713
200 4106.93 II 0 - 24342 160 4269.61 II 1749 - 25164
70 4108.36 I 0 - 24334 80 4273.98 II 915 - 24306
110 4113.11 II 0 - 24306 80 4276.47 II 5259 - 28636

810 4116.10 II 0 - 24288 200 4282.03 II 289 - 9^6'?6

55 4116.88 I 3868 - 28151 160 4282.45 II 4585 - 27930
410 4124.73 II 1749 - 25986 200 4287.87 II 0 - 23315
410 4128.34 II 4420 - 28636 200 4288.84 I 6249 - 29559
140 4132.02 I 4275 - 28470 150 4297.11 II 289 - 23554

140 4133.20 II
90070

i O 120 4301.47 II 0 - 23241

200 4133.50 I 0 - 24186 35 4306.73 I

95 4135.76 II 6283 - 30455 27 4306.82 I 0 - 23212
140 4136.81 II 4421 - 28587 55 4310.39 II 6283 - 29477

95 4138.66 II 9626 - 33781 150 4313.13 I 3801 - 26979

190 4139.14 II n —u 120 4313.88 II 1 7d.Q —

460 4141.23 II 8394 - 32535 40 4319.78 II 2294 - 25437
70 4141.86 I 620 - 24757 70 4325.90 II 5526 - 28636

150 4144.70 II 2295 - 26415 120 4335.73 I 0 - 23058

55 4145.39 II 680 4341.69 II 289 - 23315

55 4146.61 I / O^O 150 4347.19 II V ID

880 4153.97 I 0 - 24067 140 4354.55 I 3800 - 26758
270 4155.41 II 6283 - 30342 430 h 4355.75 I 620 - 23572

380 4156.66 I 620 - 24671 430 4362.05 I 0 - 22919
70 4160.95 I 0 - 24026 190 4362.26 II 0 - 22917

240 4162.43 I ooUl 97Q1 QZ /o lo 70 4362.93 II 97/lQQ

350 4163.68 II 0 - 24010 95 4371.76 I 8119 - 30986

70 4164.79 II 289 - 24293 160 4372.57 II 915 - 23778

270 4165.68 II 289 - 24288 70 4372.76 I 0 - 22862
70 4166.64 I 620 - 24613 110 4373.41 II 1749 - 24608

160 4169.06 I
Q 1 1 Q 55 4383.27 I OoUl ZODUo

1400 4171.59 II ] 749 _ 25714 330 4393.60 I 0 - 22754
140 4172.97 II 6283 - 30240 70 d 4402.30 II 9075 - 31784

220 4174.19 II 5527 - 29477 4402.44 II 8510 - 31219
140 4179.00 II 4585 - 28508 140 4415.24 II 0 - 22642

80 h 4184.89 II 8521 - 32410 70 4426 68 II 4706 - 27290
190 4186.96 I 4276 - 28153 70 4426.94 I 0 - 22583
190 4188.07 II 289 - 24160 110 4427.65 II 289 - 22868
300 4189.28 II 289 - 24153 70 4433.89 II 8394 - 30942

55 4191.94 I 0 - 23849 110 4434.53 II 1749 - 24293

351
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Uranium— all observed lines— Continued

Intensity

and
1 n n C't

Wavelengtn
in A Spectrum

I? 11hnergy levels

in cm"'

Intensity

and
1^ na rn f*t

Wavelength
in A Spectrum

C 11hnergy levels

in cm"'

40 4440. /4 T 3801 - 26313 OO AOQt^ OO 1111 5527 - 25986
150 /I /I AO AT

11 915 - 23315 AA A OAA OA 1111 915 - 21320
70 4465.13 II 2295 - 24684 45 4910.35 I 6249 - 26608

55 4469.32 I 0 - 22368 70 4913.16 II 2295 - 22642

600 4472.34 II 289 - 22642 40 4924.64 II 5667 - 25968

AA77 71 11
11 915 - 23241 T

1 4276 - 24560

1 10 AACif\ OA 1111 1749 - 24010 OO
2.6

/1A0 0 A/;4yoo.00 T
1 3801 - 24067

70 4510.32 II 0 - 22165 28 4933.66 II 4421 - 24684

240 4515.28 II 289 - 22430 28 4950.17 II 5791 - 25986
70 4516.73 I 620 - 22754 40 4955.78 I 7646 - 27818

1 AA 4ooo. IV TT
11 1749 - 23778 /1QA7 QQ T

1 3801 - 23927
AOA TT

11 915 - 22917 4U /1079 in'ty / z. lu TT
11 915 - 21021

150 4545.58 II 2295 - 24288 40 4986.90 II 915 - 20962

45 4551.98 I 620 - 22583 110 5008.22 II 1749 - 21711

40 4553.86 II 915 - 22868 23 5011.42 I 620 - 20569

OA /I tree 1 A TT
11 8394 - 30342 1 (U ouz / . OO T

1 0 - 19885
r eOO 4o6o.yo T

1 13127 — 9QZO ^C\An A 1
/ . 4

1

TT
11 2295 - 22101

95 4567.69 II 1 74Q — 35 5063.77 I 3801 - 23544

140 4569.91 II 289 - 22165 23 5077.82 II 289 - 19977

40 4570.99 II 6283 - 28154 35 5085.86 II 915 - 20572

160 4573.69
TT
11 990=; _ 94.1 "^"^ oi CAOO OA 1

1 fl — 1 0648

55 4576.64
T
1

TA70 C 1 1 T OCoil / .25 11
11 2294 - 21831

55 4584.85 II 1 7dQ — 18 5137.05 II 6445 - 25906

55 4601.13 II 915 - 22642 23 5145.08 II 6283 - 25714

140 4603.66 II 2295 - 24010 28 5154.04 II 2294 - 21691

55 4605. 15
TT
11 =^701 —D / 7 1 97dOQ OA80 C 1 AA O 05160.00 11

11 - 25164

40 A CAA o^;4609.86 11
11 9fiQ — r rOD C 1 A/1 1/15io4. 14 1

1 8119 - 27478

40 4611.44 II —0£. i U 55 5184.59 II 5402 - 24684

300 4620.23 I 6249 - 27887 45 5204.32 II 6283 - 25492

40 4622.43 II 5260 - 26887 23 5225.12 II 5790 - 24923

240 4627.08
TT
11 'tOOO 9A1 01 1 olo COOO A 15zoo.0l IT11 Q'^'i37000 - 98636

210 4631 .62 1
1 u 1 olo CO/IT 01^5z4 / .o5 IT11 5402 - 24453

60 4641.66 II 900*^1 45 5247.75 II 4585 - 936^6

220 4646.60 II 915 - 22430 45 5257.04 II 5667 - 24684

50 4663.75 I 620 - 22056 16 5272.00 I 7646 - 26608

140 4666.86
TT
11 91711 OO

2,6
C07Q IQoZ /o. lo

TT
11 5402 - 24342

100 4671.41
TT
11

TA/O ozoU.oo T
1 0 - 18933

170 4689.07 II 0 — 91 i9n 18 5288.40 II 5402 - 24306

45 4700.98 II 289 - 21555 40 5308.54 I 3801 - 22633

50 4702.05 II 4706 - 25968 21 5310.04 II 0 - 18827

100 4702.52 II
9QC CA .1

A

40 coil OOOO 1 l.oo TT
11 4421 - 23241

45 4715.68 I lUZUo 1 clo CO 1 O TO5olz. 16
TT
11 O / 7 1 - 24608

160 4722.73 II 1 7/1

0

9on 1 7 18 5315.27 I 7646 - 26454

120 4731.60 II 4585 - 25714 21 5319.38 I 10081 - 28874

35 4743.53 I 6249 - 27324 16 5321.60 II 5667 - 24453

100 4755.73 II u — 35 COOT TA TT11 uzoo — 9^047ZOU'* i

150 4756.80 I
£OA620 — z loo / 40 COOA OA5329.26 T

1 nw lo i 07

oo 4768 661 \J\J . \J\J I
<;oAOM — Zl OOD 21 5349.92 II dd9n ZO V\J I

75 II 0 - 20962 18 5362.40 II

100 4172.70 II 2295 - 23241 18 5363.82 II 5667 - 24306

35 4778.10 I
^ f\o Ai 0 1 OTAolz (0

OO
2>i

COAO /I 05oOo.4o TT
11 yyj I o £. I U7 i

50 4779.63 II 914 — o 1 oo 1 11
C OT 0 AC5o /0.45

TT
11 1 7dO

oo 4780. 19 I
1 AAO 1lOOol — 0 AAA/1 11 5382.94 I - 1Q1Q9

35 4785.91 I 3868 - 24757 11 5385.54 I 13127 - 31690

45 4790.06 I 7645 - 28516 55 5386.19 II 15392 - 33953

35 4810.90 I 3801 - 24581 1 o -J18 d COOA OO5ooy.oo T
1

— 9QQQ'^ZooVO

50 4819.54 II 4421 - 25164 o cOO C/1AA AA5400. yo 11 xuzoo ZO/70

50 4842.48 I
AOA 1 izoo 5400.94 II - 23912

75 4847.65 II 70 99017 23 5403.20 II 5790 - 24293

85 4858.08 II 4585 - 25164 23 5405.98 II 8394 - 26887

75 4859.68 II 0 - 20572 14 C /I 1 A OA5410.24 T
1 4276 - 22754

100 4861.02 II 5402 - 25968 1

1

C/19^ OC6^26. 60 I
1 5762 - 24195

Q COO 4ot)o.o0
1
1 3801 - 24334 OO 5444.48 II 5791 - 24153

45 4883.78 II 2294 - 22764 18 5449.86 II 4420 - 22764

45 4885.15 I 0 - 20464 5449.93 II
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Uranium— all observed Zines— Continued

Intensity

and
Character

Wavelength
in A Spectrum

Energy levels

in cm"'

Intensity

and
Character

Wavelength
in A Spectrum

Energy levels

in cm"'

18 5459.27 1 ozu loVoo 11 5705.66 T
1 1 HQ 1 Q Z0O4I

35 5465.68 II yozo 9701 7 21 5706.99 II OAOAyozo 971 AQZ / i40

80 5475.72 II 9241 - 27499 11 5709.49 I 7103 24613

70 5480.27 II 12513 - 30756 21 5716.87 I 4453 - 21941

70 5481.21 II 6445 - 24684 11 5722.23 I 13535 - 31005

45
TT
11 ooOZ /

A A 0 (ZO.OO
TT
11 990AQZZoOo

\\ 5484.55 II 1 7/1 o 1 0077lyv (

(

23 5733.21 II HZ (0 9(^71 AZo / 1*

35 5487.00 II 5791 - 24010 23 5736.38 I 7006 24433

28 5488.91 I 23 5737.27 I

35 5491.22 II 8510 - 26716 21 5748.10 II 0 - 17392

160 5492.97
TT
11

A
u — 1 QonnloZUU ii

C 7/i 0 A Ao74o.44
TT
11

28 5494.66 II A/I on zzo 10 21 5750.54 I ooOO

35 5496.43 I 4276 - 22464 23 5758.14 I 0 17362

16 5500.69 I 620 - 18794 11 5758.35 I 4276 - 21637

16 5501.49 II 9553 - 27725 9 5761.88 I 16244 - 33595

40 5504. 13 TT
11 044o — 11 n 5/60.00 1

7Q0A/OZD 9/1A71Z40 / 1

35 5510.41 I 13127 - 0 1 07A31270 5763.63 I
7 1 AQ
/ lUO Z444y

45 5511.49 I 620 - 18759 11 h 5765.41 I 8118 25458

16 5513.39 I 7326 - 25458 11 5767.43 I 5991 - 23325

70 5527.83 II 12513 - 30599 11 5771.05 I 6249 - 23572

16 5531.26 I 7864 - 25938 11 5776.87
TT
II

16 SS'^S 78 II 2294 - 20353 11 3111.11 I 12362 29665

23 5538.53 II 9075 - 27126 70 5780.59 I 6249 23544

28 5544.81 II 4585 - 22615 23 5788.59 II 6283 - 23554

16 5548.05 II 12513 - 30533 5788.59 II 4420 - 21691

28 5551.42 II 6445 - 24453 23 5791.74 II 9626 26887

18 5552 60 II 6283 - 24288 11 5796.51 I
1 7AA 117091 0 /1 0 0 0343oo

16 h 3535.11 II 70 5798^54 II 5401 22642

23 5557.87 I 620 - 18607 40 5802.11 I 8119 - 25349

70 5564.17 I 3801 - 21768 11 5805.20 I 5991 - 23212

40 5570.66 II 9553 - 27499 21 5811.27 TT
11

0 C 1 A8510 0 c 7 1 /izo / 14

14 5573 07 I 10347 - 28286 11 5813.83 I
C AA

1

0991 0 9 10 7zolo/

11 5573.59 I 6249 - 24186 9 5814.41 I 3868 21062

21 5580.81 II 5402 - 23315 11 5816.79 I 10288 - 27475

28 5581.23 II 914 - 18827 9 5819.01 I 7006 - 24186

45 5581.61 II 289 - 18200 18
com An5827.99 IT

11
A 7A^4 /U6 0 1 0^ A

1

1

5587. 17 II 8521 - 26415 18 5832.37 II
AOOO 07A0 0Z /UZo

28 5597.37 II 6445 - 24306 45 5836.03 I 10347 27478

23 5602.90 II 6445 - 24288 55 5837.70 II 4585 - 21711

14 5603.97 II 5401 - 23241 11 5839.04 II 7166 - 24287

14 5608.86 I 15720 - 33544 18 5841.82 T T
11

007A8379 25492
5fiin HQ I 6249 - 24067 23 5843.29 11 6445 23554

14 5616.58 I 8119 - 25918 11 5843.82 II

55 5620.78 I 620 - 18406 35 5845.25 II 289 - 17392

28 5621.51 I 3801 - 21585 11 5852.01 I 4453 - 21536

14 5628.02 II 5791 - 23554 28 5853.91 II 1749 18827
1 A 1 1

1

UOU y . \.\J II

14 5632.47 I 1 nn^io — ^ 1 0 1

0

7 5863.41 I

28 5634.38 I 7646 - 25389 35 5870.93 II 5402 _ 22430

9 5636.78 I 7005 - 24741 11 5886.93 II 8510 - 25492

14 h 5638.00 II 23 5895.32
T T
11 6283 23241

^Adn 'inOOfU.oU Ii 5762 - 23486 21 5898 78 I 6249 23197

9 5644.21 II 1 7 30341 23 5902.50 I 3868 20805

9 5648.38 I 10557 - 28256 230 5915.40 I 0 — 16900

23 5653.77 II 2294 - 19977 23 h 5925.47 I 7646 - 24517

23 5654.39 II 4421 - 22101 21 5929.33 T
1 3801 20662

1 o I 3868 - 21536 16 5932.44 II 5791 22642

14 h 5664.86 II ODD /
- ZOO lo 16 5933.82 I ozu 1 7AAQ

1 / 400

28 5669.42 I 620 - 18254 10 5934.46 II 8510 25356

9 5674.88 II 9882 - 27499 10 5942.77 I 5762 22584

14 5680.37 I 6249 - 23849 14 5948.57
T
1 7646 24452

1 o DOOi.iO 11 9553 - 27143 91 coco AC070Z.UO TT11 6445 23241

14 5685.19 I 4453 - 22038 21 5956.86 I 3868 20651

40 5691.40 II 6445 - 24010 55 5971.50 I 620 17362

23 5704.07 II 8379 - 25906 100 5976.32 I 3801 20529
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Uranium— all observed /iraes— Continued

Intensity

and
Wavelength

in A Spectrum
Lnergy levels

in cm"'

Intensity

and
\j iidi dcier

Wavelength
in A Spectrum

Energy levels

in cm"'

O O DVOD. lU OOUO ZUDOV oo2a AOAO HA6392.74 T
1

Au 1 CAO 0loooo
oyy ( . J

1

AA90 6395.42 T
1

A
u 1 CAOOloooz

16 5997.96 } A97A 18 6397.14 I
7AAA/uuo OOAO 0zzooo

23 5999.41 I 3801 - 20464 8 6400.36 II 5402 21021
21 6000.19 I 11308 - 27969 9 6411.59 I 7326 - 22919

Ann/1 0*1 TT 11 ^A^A on TT
11 04UZ

t^C\[\Q 0*7

}

— zooyz 8 6430.93 T
1 ovy 1

91 CQA

21 6010.86 1 C\1A 7 5 6448.04 II

21 6014.07 I 14845 - 31468 110 6449.17 I 620 16122
10 6016.73 I 5762 - 22378 35 6465.00 I 7326 - 22790

oo uUl / .oV
TT
11 Ha i UO 9 1 'i9nZlozU r

a £.A nc\ c c04 /U.Ob
TT
11 1 f\'7Af\lU (4U 9A1 Q 1

OUl / .O /
— 99ft^9ZZoOZ r

0
"70

D4o 1 . ( Z
T
1 0 ( OZ Z 1 loO

16 6019.19 J ^H;oo 9 1 nA9 5 6485.38 II

23 6028.13 I 3868 - 20452 9 6488.35 I 13535 28943
7 6035.54 I 7191 - 23755 5 6495.23 II 4585 - 19977

0 1/

1

uUoy.ou Rl 1 Q Z4-0 / 1 10 OOUo.Oz
T
1 4z /O 1 QA/1

Q

iy04(5
A
y AAcn /I oOUoU.lo ooOo OAQAn r

0 OOUO. 32
TT
11

9 6050.67 {
7Q0A — Zoo4y 16 6518.94 I oz4y 0 1 CO czlooo

55 6051.74 II 914 - 17434 5 6520.98 I 8133 23464
16 6056.80 I 0 - 16506 7 6526.08 I 7645 - 22964

16 6057.07 6249 - 22754 5 6527.04 T
1 5762 21079

18 6059.73 I T
11 0067 no 1 c- 22165 5 6534.60 TT

11
1 0^ C A18654 0 0AC 033953

18 6062.30 4276 - 20766 11 6535.46 II 914 1621

1

45 6067.23 II 914 - 17392 7 6536.58 II 5667 20962
90 6077.29 I 620 - 17070 9 6542.98 I 10347 - 25626

28 6087.34
T T
11 6445 - 22868 7 6549.88 TT

11 7166 00 /I OA22429
16 6089. 19 Q OA 13801 OAO 1 A- 2U219 3 6552.75 1

700/;/32o 00 c 0022oo3
18 6101.77 } 6249 - zltii 14 6555.01 I

00^03oOo 1 A 1 1 Aly 1 ly

9 6110.91 II 2294 - 18654 7 6557.58 II 10740 25986
16 6127.77 I 8119 - 24433 3 6582.78 I 7864 - 23051

28 6129.72
j

620 - 16930 7
^ C 0*7 OO6587. 83 IT

11
c c 0/;OOZO OA7AO2U/U2

Z 1 0 132.01 1 1 QAO
1 IjUo OT*^AA 0 ACAA ACooyu.uo IT

11
C A AOo4Uz OAC 70zUo / z

9 6138.54 {
1 A^O C - ZDV /

1

3 6601.39 I /040 007OAzz /yu

9 6152.25 I 4275 - 20525 1 6602.68 I

8 6164.50 I 7326 - 23544 3 6603.34 II 2294 - 17434

16 6164.77 'j 6 t^e^fxi AOOOU3.yo 1
1

7 0 OA/32d 00/1 A/1zz4d4
40 ^ 1 "7 1 O C6171.85 7646 - 23844 lo rf^AOA COOOZU.OZ I

1
£OA02U 1 c 70

1

10/21

35 6175.38 } 4276 - zU4o4 16 6621.77 II
OOA/1zzy4 1 /oyz

8 6181.37 II 8510 - 24684 7 6622.82 II 7547 22642

16 6215.37 I 3801 - 19885 7 6625.29 I 5762 - 20852

16 6234.30
J

4276 OAO 1 O- zUjIz 4 6628.65 1
1 1 A77
1 10 / /

0A7 C 0ZD /oo

16 6246.53 5762 - 21766 3 Ct^AC\ CAoo4(J.oU
IT
11

AC C 09553 0 /I AO24608

16 6254.22 6445 - 22430 5 6647.79 I
OOAA 1 00 OAloooy

14 6268.66 I 8119 - 24067 5 6656.81 I 620 15638

11 6279.64 II 5791 - 21711 3 6671.21 II

28 6280.20 II 5402 - 21320 9 6676.92 IT
11

1 Oii C A18654 0 0/; 0733627

7 6291.48 3 6681. 15
I

T

11

14
'}

8133 - 24022 12 6683.38 I 3801 18759

21 6293.32 I 620 - 16506 3 6691.21 I 10686 25627

18 6298.53 I 4275 - 20148 3 6700.83 I

14 6322.37 II 0 - 15812 4 6701.68
TT
11

A£AAyoyo O/I <;AO240UO

9 6330.77 914 - 16706 5 6707.59 IT
11 5667 20571

7 (JO iJU . OO {} 8510 - 24287 5 6710.57 II
m Ay 14 1 c 0 1 0loo 12

1 6346.27 II - 21154 8 6717.45 II 7547 22429

28 6359.28 I 0 - 15721 5 6720.76 II 6445 - 21320

55 6372.43 I 3801 - 19489 5
£,n^£, OA6726.89

TT
11 8379 0 0 0/1

1

23241

6 6372.97
.}

5762 - 21448 3 £.101 A/^0/2 / .yo 1 5762 20621

1

J

6374.78 10285 - 25967 9 6736.80 I
A 1 /I 00A14o3y

6 6375^98 II
AU loOiy 3 6742.47 II oozu 903'i^

28 6378.52 II 289 - 15962 4 6754.93 I 8119 22919

23 6379.64 II 3 6768.64 I
1 7864 22634

8 6383.59 I 4453 - 20114
/I

4 Clll AO0 / / 1 . Do IT11 914 15679
1

1

OooO.o'* 5667 - 21320 t;

o 6776.89 II 10740 25492

23 6389.77 5991 - 21637 3 6780.62 I 8118 22862

6 6391.32 8510 - 24152 3 6782.70 I 3868 18607
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Uranium— all observed /j'nes— Continued

Intensity

and
Wavelength

in A
^ T% *i 1*1 1m Energy levels

in cm"'

Intensity

and
Wavelength

in A opectruni
Energy levels

in cm"'

0 /OZ.OD 4453 19192 A
4 7653.62 oo i o 9 1 0,10

13 6790.30 7646 ??'^68 4 7668.73 II lOO^ 1

3 6796.43 II 6445 21154 4 7669.69 II 9882 _ 22917
3 d 6808.76 II 7 7748.19 I 16040 - 28943
1 6812.98 I 4453 — 19127 7 7754.18 I 7326 — 20219

6 a OolJ. /O 11677 26349 7 '7'7cn on
1

7fi4f> ^U0^7
6813.81 1 ^f\'^'^L lUOO 11 7761.84 7nnA

i uuo 1VooO
7 6818.29 I 3868 18531 14 7784.13 I 620 _ 13463

23 6820.76 I 4276 - 18933 7 h 7802.40 II 10740 - 23553
8 6824.45 I 7103 — 21753 7 7816.32 I 13128 — 25918

nnyo OOZD. VO 0 3
7000 AO7832.02

4 6832.71 } 2 7835.71 { O 77 1

7 6846.25 I 6249 20852 9 7837.71 II 9075 21831
16 h 6869.07 I 19761 - 34315 9 7844.71 I 16040 - 28784
35 6876.75 II 8379 - 22917 14 7868.75 I 3801 - 16506

00 000 / . /4 O 1 1 7
1 A14 lone 0£7875.36 1 loUo 94flft9Z4UUZ

5 6902.55 10 ( DV 50 7881.94 DZ^V loVOO
5 6915.31 I 5762 I 20219 9 7900.43 I 4276 16930

11 6917.05 I 3801 - 18254 6 7904.28 I 8119 - 20766
11 6948.58 II 16211 - 30599 6 h 7907.96 I 7006 - 19648

r
5 6987.72 11 9 7918.80

I

/I 07A

5 7015.70 Q 1 1 Q 6 7959.96 7Q0A 1 OQQ CIVooo
14 7020.71 II 10444 24684 14 7963.96 I 10081 22634
5 7030.69 I 620 - 14839 18 7970.46 I 8119 - 20662

11 7033.84 I 10347 - 24560 3 7974.66 I 7103 - 19640

5 7073.61 TI
11 +000 1 Q7QA 9 7975.08

I

1 1 mo
1 loUo

23 7074.78 i 0 lo'+UO 3 7975.47 loVoa
11 7082.11 II 5401 19517 9 7976.88 II 5667 18200
27 7101.61 I 4453 - 18531 6 7991.30 I 6249 - 18759
30 7128.89 I 620 - 14644 9 7998.60 I 13128 - 25627

r u
5 h 7130.05

{

1 07QQly /oo 3 8012.96 /I yt CQ4400 IDVOU
16 7147.87 1 AO /I 7 5 8019.38 7AA/: 1 Q/1 79iy4 /z

9 7164.87 I 4453 18406 9 8034.79 I 10347 22790
5 7172.10 I 14845 - 28784 3 8040.10 II

9 7183.47 II 2294 - 16211 6 8055.61 I 8119 - 20529

9 7194.63 iUOoo 0/1 C O 1 9 8065.47
{

luuoy 00/1 ^ /IZz4o4
5 7196.66 J

1 AAO 1lUUol 3 8065.84 0 OAAooUU 1 /; 1 ACloiyo

5 7205.42 I 10686 24560 9 8074.03 II 6445 18827
7 7210.28 I 6249 - 20114 9 8097.62 I 8118 - 20464
7 7218.04 11 5667 - 19517 5 8126.23 I 10081 - 22383

16 7254.44
!

7645 O 1 /I 0£21426 6 8137.21

{

1 AO /I T10347 oo<: 0 o

5 7371.95 5991 19552 6 8153.71 13128 25389
14 7379^63 II 10740 24287 16 8174^30 I 4276 16506

5 7390.99 I 10208 - 23734 6 8175.84 I 16040 - 28268
5 7392.11 I 13127 - 26652 9 8188.20 II 6445 - 18654

14 7396.98 4453 17969 6 8210.27 II 10740 22917
5 7416.57 { 10081 23560 (SV 8?30 83 5762 17908

23 7425^50 I 0 13463 3 8240.51 I 5762 17894
11 7454.03 II 10740 - 24152 18 8262.05 I 8119 - 20219
5 7510.08 II 8379 - 21691 4 8307.56 II 1749 - 13783

5 7517.39
{

16040 OA O O

A

29339 7 8310.69
{

11457 23486
9 7528.70 19103 32381 16 8318 34 4275 16294

45 7533^91 I 3801 17070 6 8329.74 I 7645 19647
11 75,50.23 I 10685 _ 23926 16 8337.50 II 5401 17392
7 7580.91 II 7166 - 20353 11 8346.74 I 5991 17969

o
0 7587.55 11 6 8357.07 3868 15831
5 7590 52 5762 1 OAO 0

18 8381 86 j 7006 1 ono o18933
5 7595.04 I I (\fSKf\lUOOO 7 8387.19 I H-z 1 0 1D170
4 7600.27 I 16040 29194 11 8389. 16 I 5991 17908
9 7609.16 I 7326 20464 7 8396.76 I

16 7619.34
J

7646 20766 4 8402.58
{7 QAA 1 on 7646 19489

11 7631.72 3801 16900 35 8445.35 3801 15638
7 7634.74 7326 20420 18 8450.02 3801 15632

14 7639.54 4276 17362 7 8496.09 8119 19885
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Uranium— all observed /mes— Continued

Intensity

and
Character

vJ fivplf*ti o'thTV dVCiCllglll

in A Spectrum
Energy levels

in cm"'

Intensity

and
Character

^^avelength
in A Spectrum

Energy levels

in cm"'

7 8504.53

1

11457 - 23212 9 8641.12 I 16040 - 27609

11

4

7

7

8540.19

8542.32

8557.32

8567.71

I

5762 - 17468

10254 - 21958

10686 - 22368

I'loa — loizz

7

23

5
18

8659.57
8691 98

8702.08
8710.77

II

I

10208 - 21753
0-11 509

2294 - 13783
5991 - 17468

16 8570.51 I 8119 - 19783
18 8753.68 I 10347 - 21768

7 8574.59 J 6249 - 17908 30 8757.77
T

620 - 12035
75 8607.96 0 - 11614 8 8787^37 II 4585 - 15962
4 8618.96 II 914 - 12513 9 8816.56 7191 - 18530
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Vanadium

V, Z = 23, M= 50.941, Ratio = 0.8016

V I Normal state of valence electrons Sd^^s^ *Fi 1/2 = 0. I.P. = 54361 cm"i.

V II Normal state of valence electrons Sd'^^Do= 0. LP. = 118200 cm-i.

References

Wavelengths:
G. R. Harrison, Massachusetts Institute of Technology Wavelength Tables (John Wiley & Sons,

New York, 1939).

Supplemented above 6700 A by the following:

W. F. Meggers and C. C. Kiess, Sci. Papers BS 16, 51 (1920).

W. F. Meggers and H. N. Russell, J. Research NBS 17, 125 (1936) RP 906.

Classification:

V I W. F. Meggers and H. N. Russell, J. Research NBS 17, 125 (1936) RP 906.

C. E. Moore, Phys. Rev. 55 , 710 (1939).

V II, W. F. Meggers and C. E. Moore, J. Research NBS 25, 83 (1940) RP 1317.

Strong lines of vanadium

Intensity

and
Character

Wavelength
in A Spectrum

Energy levels

in cm"'

Intensity

and
Character

Wavelength
in A Spectrum

Energy levels

in cm"'

12000 4379.24 2425 25254 3000 3855.84 553 26480

8900 4111.78 2425 26738 2800 4099.80 2220 26605
7000 4384.72 2311 25112

265065300 3183.98 323 31722 2800 4105.17 2153

0 31398 2800 4407.64 2311 24993

2600 3110.71 II 2809 34947
4800 4389.97 2220 24993 2600 3840.75 323 26353
4600 4408.51 2153 24830 2400 2908.82 II 3163 37531

2112 24789

4300 4115.18 2311 26605 2400 2924.02 II 3163 37352
3800 3093.11 II 3163 35483 2400 3066.38 553 33155

3800 3185.40 553 31937
2400 3902.25 553 26172

3800 3703.58 2425 29418 2300 4109.79 2112 26438

3600 4395.23 2153 24899 2300 4134.49 2425 26605

3600 4408.20 2220 24899 2300 4406.64 2425 25112
3200 3183.41 137 31541

2100 2092.44 553 48329

3100 4128.07 2220 26438 2000 3118.38 II 2687 34746

3100 , 4132.02 2311 26506 2000 4123.57 2153 26397

3000 3102.30 II 2968 35193 2000 4460.29 2425 24839
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Vanadium— all observed lines

Intensity

and
Wavelength

in A Spectrum
t-nergy levels

in cm"'

Intensity

and
iidi ddcl

TY/ 1 »1_Wavelength
in A Spectrum

T? 11tnergy levels

in cm"'
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/I AAA 1lUUU 1
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}
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Q O QOZO /I A 1 OA4U1Z0 DOU 07AA OAz iUu.y4 Q QOooy — 0 70 C O
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410 2526.22 {

ceo55o 40126 170 2711.74 {{
OOAoo9 - 0 70AC

210 2527.90 II 12706 52253 60 2713.05 II 107 - 36955
120 2528.47 II 12545 - 52083 120 2714.20 II 209 - 37041

150 O C O O OAz5z8.84 II 12622 52154 A/1 Ao4U OTIC /^Oz / 1 o . OV
^1

1 A7107 - OA A 1 Aooy ly

240 2530. 18 553 40064 150 moo r^iz7zz.56
j|

10893 - 47612

30 2534.52 II 1 1296 50739 30 2723.22 OAAz09 - OAA 1 A36919
60 2545.98 0 39267 240 2728.64 II 36 - 36674
60 2548.69 II 11515 - 50739 180 2731.35 I 11101 - 47702

1 1 A
1 10 O C 1 A O Oz,i4y.zo

T I
11 1 1908 51123 Af\ 070Q OAz /oo.VU 107 - 36674

120 2552.65 137 39300 1 AA 07Q A 71z /oy. / 1

}}

0 - 36489

90 2552.96 II 13609 52767 90 2742.41 OAo6 - OA /I OA36489

40 2553.67 II 11515 50662 30 2742.67 II 3163 - 39613

55 2554.86 I 137 - 39267 60 2747.48 II 19113 - 55499

40 2558.90
j

323 39391 1 /IA14U 97'^'J /1AZ/00.4U
!}

19192 - 55499

210 2562. 13 323 39342 AAOU 07AA 1 0Z /OU. Iz 13512 - 49731

75 h 2564.23 } 15265 54251 90 2760.70 {{
1 A 1 AO19192 - C C /I AOo540o

110 2564.82 I OZO ovouu 140 2765.67 II
i97nA _
1 Z iw fOOOO

40 2568.39 I 60 2766.46 II 13595 - 49731

230 2574.02
J

553 39391 OCoo 07A0 CAz /oo.oo 12622 - 48731
45 o c T7 on/577.Z9

}

553 39342 /I ^ 077O AOZ / /O.OO
,}

11101 - 47143
on 9^90 9Q 8716 46868 90 2774.28 12545 - 48580

140 2630.67 II 14656 52658 45 2774.72 19113 - 55142

40 2640.69 9825 47683 45 2775.76 19192 - 55207
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Vanadium— all observed /mci— Continued

Intensity

and
Character

Wavelength
in A Spectrum

Energy levels

in cm"'

Intensity

and
Character

Wavelength
in A Spectrum

Energy levels

in cm"'

2777.73 II 13742 49731 oou 9Q14. Q'?Z7 14*. 70 T
1 323 34620

55 2783.78 I 13811 49723 I 16729 51026
26 2785.54 I 14515 - 50404 60 2915.33 I 137 - 34429
55 2785.69 I 13802 - 49689 45 h 2916.02 I 10893 - 45176
70 2797.02 II 16341 52083 120 2917.37 II 2687 — 36955

I o 2797.80 II 16422 _ 52154 60 2917.93 I 11101 45361

85 2798.76 II 16533 52253 210 2919.99 II 2968 37205
90 2799.45 II 13491 - 49202 380 2920.38 II 2687 _ 36919

90 2802.80 II 13543 - 49211 710 2923.62 I 553 - 34747
120 2803.47 II 13609 49269 2400 2924.02 II 3163 37352

ou II 18294 53927 1700 2924.64 II 2968 37151

90 2810.16 II 18294 53869 60 2926^26 I 323 34487

90 2810.27 II 18354 — 53927 55 2930.13 II 14462 — 48580
60 2817.50 II 18269 - 53751 710 2930.81 II 2809 - 36919
60 2836.52 II 13609 — 48853 70 2932.32 II 20623 — 54716
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11 zuuo OUU i 4
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30 2849.05 II 13491 _ 48580 2942.35 I 0 I 33976
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T
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Vanadium— all observed Zines— Continued

Intensity

and
Character

Wavelength
in A Spectrum

Energy levels

in cm"'

Intensity

and
Character

Wavelength
in A Spectrum

Energy levels

in cm"'

45 3050.40 I 11101 - 43874 55 3250.78 II 23391 - 54144
170 3050.89 I 0 - 32768 40 3251.87 1 II 20343 - 51086
70 3052.19 I 137 - 32891 140 3254.77 II 16340 - 47056
IAD ^05"? 39 II 14556 - 47297 I 8716 39423

3n'i3 fis I 0 - 32738 i4n 3963 94 I 0 30636

70 3053.89 II 16533 - 49269 1100 3267.70 II 8640 - 39234
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Vanadium— all observed /irees— Continued

Intensity

and
Character

Wavelength
in A Spectrum

Energy levels

in cm"'

Intensity

and
Character

Wavelength
in A Spectrum

Energy levels

in cm"'

45 3637.76 J 570 3799.91 J 2153 - 28462
110 3639.02 I 14549 - 42021 570 3803.47 I 2311 - 28596

55 3643.86 I 14515 - 41950 85 d -3803.78 10893 - 37175
110 Oi:.A A "7 10044. / 1

}

11101 38530 3803.90 323 26605

yo oo4o.y 1 4'OOt' I
ion o / oDZ

90 3656.71 I 16573 - 43912 300 3807.50 J 2112 - 28369

250 3663.59 I 16361 - 43649 520 3808.52 I 0 - 26249

75 3665.14 I 16729 - 44005 230 3809.60 2220 - 28462

250 iobl .Ti 16450 43707 1000 0 O 1 O Ad3813.49 137 26353

110 3669.41 XT
11 4- t UUO 0 0 1 C CI 9119Zl iZ 9R^ 1 d.

170 3671.20 J 10893 - 38124 140 d 3817.84 I 553 - 26738

95 3672.40 I 16917 - 44140 3817.98 I 11101 - 37285

280 3673.40 I 16573 - 43788 1300 3818.24 I 0 - 26183

280 3675.70
}

2220 29418 230 3819.96 2425 — 28596
170 3676.68 1 1 Loo A A 101 Q OO 1 /I A3821.49 91zloo 9QQ 1 AZOO 14

300 3680.11 J 16729 _ 43894 570 3822.01 J 323 _ 26480
570 3683.13 I 2153 29296 450 3822.89 I 2311 _ 28462
190 3686.26 I 11101 - 38221 300 3823.21 I 2220 - 28369

470 3687.47 16917 - 44028 • 65 3823.99
{

8476 — 34620
1300 3688.07 z31

1

on/i 1 ozy4i8 A C45 3826.77 OA 1 Q8413 o A con34537

1000 3690.28 ] 2112 29203 1700 3828.56 J 137 26249
1500 3692.22 I 2220 _ 29296 45 3830.27 I

450 3695.34 I 17136 - 44190 28 3832.84 I 13802 - 39884
1000 3695.86

J

2153 - 29203 280 3834.22
{

13811 — 39884
3800 0 TA O CO3703.58 OCIA 1 Ozy4io 7C10 3835.56 OA 1 Qo41o 0 A All044/ (

1800 3704.70 J 2311 _ 29296 75 3836.05 J 8476 _ 34537
570 3705.04 I 2220 _ 29203 160 3839.00 I 8579 _ 34620
95 3706.04 I 15104 - 42079 110 3839.38 I 14549 - 40587
130

O TAO 1 03708.72 15265 - 42221 75
no A f\ 1 A
3840. 14

}
10893 - 36926

40 3713.96 553 27471 570
n A ,4 A A A
3840.44 8716 34747

320 3715.47 II 12706 _ 39613 2600 3840.75 J 323 _ 26353
45 3718.91 110 3841.89 I 323 _ 26345
45 3722.00 I 15001 - 41861 380 3844.44 I 0 - 26004
45 3722.20 18198 - 45057 320 3847.33 I 137 - 26122

250 3727.34 II 13609 40430 1 10 3849.32

45 3728.34 II 20242 470,56 75 3851.17 J 8579 _ 34537
55 3729.04 14949 41758 40 3852.10 I 8476 _ 34429

280 3732.76 II 12622 - 39404 1200 3855.37 I 0 - 25931

150 3734.43 I 15078 - 41848 3000 3855.84 ^ 553 - 26480
45 3737.99 14910 41655 65 3858.68 I 8579 34487

85 3738.76 J 15270 42010 75 3859.34 J 8716 34620
40 3740.24 I 15270 41999 150 3862.22 I 137 26022
95 3741.50 I 18438 - 45158 130 3863.87 I 10893 - 36766

230 3745.80 II 12545 - 39234 1300 3864.86
}

137 - 26004
40 3747.98 I 15572 42246 230

O AZ' T Z A
3867.60 323 26172

210 3750 87 [I 13543 40196 40 3870.58
I 15771 41.599

40 3751.78 8579 35225 170 3871.08 I 11101 36926
40 3753.27 I 13802 _ 40437 65 3873.64 I 10893 - 36701

40 3755.70 18302 - 44921 1500
1 AT r AO
3875.08

j

323 - 26122
40 3759.32 I 20830 47423 420 OAT/" AA

3875.90 137 25931

45 3761.44
I 15270 41848 570 3876.09 J 553 26345

85 3763.14 I 15572 42138 130 3878.71 II 14656 40430
40 3769.07 I 13802 - 40326 40 3883.89 I 15689 - 41429
210 3770.97 II 13491 - 40002 90 3886.59 I 11101 - 36823
40 3774.11 I 13811 40300 700

AO TO
3890. 18 323 26022

40 3775.19 J 15270 41752 90 h 3891.12 J

40 3775.72 I 18680 45158 460 3892.86 I 323 26004
40 3776.16 I 15771 - 42246 90 3894.04 I 18174 - 43847

270 3778.68 I 2311 28768 90 3896. 16 I 8716 34375
45 3779.65 I 10893 37343 90 3897.08 18259 43912

40 3781.39 J 15572 42010 280 h 3898.02 J 18680 44327
65 3787.14 I 15104 41501 140 3899.13 11 14556 40196

520 3790.32 2220 28596 140 h 3900. 18 18372 44005

95 3793.61 0 26353 140 h 3901.15 18513 44140
1100 3794.96 2425 28768 2400 3902.25 553 26172
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Vanadium— all observed /me5— Continued

Intensity

and
Character

Wavelength
in A Spectrum

I? 11Lnergy levels

in cm"'

Intensity

and
Character

Wavelength c
jj, ^ bpectrum

t-nergy levels

in cm"'

50 0AA9 0£aVUO.ZO
TT
11 1 1 ons — 0 i OZ I 230 4104.40 1 1 7949 —

X t Z4-Z 41 ^QQ

50 0AA,1 A "7 14^1'i — 4m 1

Q

^ui ly 260 A 1 f\A no T4104.78 1
lt;771 _ 4ni 9fi

100 3906.75 R=i7Q —00 ( 7 04- 100 2800 4105.17 I ZlOo ZODUO
700 3909.89 I 553 - 26122 65 4107.49 I 9637 - 33976
100 3910.79 I 8413 - 33976 120 4108.22 I 17055 - 41389

—04' lO OoVD 1

OOAA A 1 An "70 T4iuy. /y 1 9119 — 9f\d.^ftZOH-Oo
CA50 om n OA 00 i y — "XA 1 OQ 8900 4111.78 I ZO /oo

140 3914.33 II 120 4112.33 I
1 71 Q9

100 3916.41 II 11515 - 37041 230 4113.52 I 9825 - 34128
100 3920.49 I 8476 - 33976 65 4114.53 I 15665 - 39962

1 AA100 onoi AA

}

o'l- /O — ooVO ( 4300 /I 1 1 C 1 0 T4115.18 1
9^1 1 zuouo

OOA OAOO A 0 00 /V O4UD0 1 OAA1800 A 1 ^ An T4110.4/ 1 9990 —ZZZ\J 9ftc:0AZUOl/O

240 3924.66 { IDUOO 180 4118.18 I
1 ^10 A. — A(\(\(\C\^UUUU

150 3925.24 I 19026 - 44495 180 4118.64 I 8716 - 32989

200 3927.93 I 15001 - 40452 230 4119.46 I 8579 - 32847

0£A260 OAQA AO

}

1 1 1 n 1 1 OA180 A 1 OA C /I T41Z0.54 1 04- / 0 oz ( 00
1 CA150 OAO 1 0/13931.34 1 A C\A C\ — A AQ70 180 /I 1 0 0 1 A T41z3.19 1

1 C£QQlOOoV OWOo
260 3934.01 } 0 / lo - 1/11 00 2000 4123.57 I

91 c^Q zooy /

150 3935.14 I 14910 - 40315 120 4124.07 I 9825 - 34066

100 3936.28 I 8579 - 33976 3100 4128.07 I 2220 - 26438

50 3937.53 1 C f\£. 015063 - /I A/1 C 0 120 4128.86 1 loooo — 0AQ7Qoyo < 0

50 3938.20
}

19078 - 44463 3100 4132.02 1
00 1 1Zol 1

— ZOOUO

50 3939 33 15001 - /I AO "7A40379 2300 4134.49 I
0/1 OC^Z4Z0 — ZOOUo

40 3941.25 I 14949 - 40315 65 4136.11 I 15078 - 39249

90 3942.01 I 11101 - 36461 65 4139.26 I 15270 - 39423

150 3943.66 8716 - 34066 45 4150.67 I

100 3950.23 45 4152.66 I

140 3951.97 1 1 AAOiiyuo - 0 "TOAC1 /zUb 150 4159.69 I
9711zol 1

— z0o4o

90 3963'63 I 65 4171.30 I 15270 - 39237

50 3968.09 II 11296 - 36489 100 4174.01 I 13802 - 37753

100 3973.64 I' 11515 - 36674 230 4179.42 1
O/I 0 c242o — Zdo40

50 3979. 14 20768 - 45892 150 A 1 00 CA T4182.59 1
000A2Z2U — OA 100ZolZZ

50 3979.42 19023 - 44146 180 4189.84 I
00112oi 1

— OA 170201 (Z

50 3980^52 I 180 4191.56 I 2153 - 26004

50 3984.34 I 14910 - 40001 65 4197.60 I 15265 - 39081

90 3984.60 14949 - 40039 65 4198.61 I
0011Zol 1

— OA TOOzo izz

90 3988.83 15001 - 40064 50 A OAA 1 A T4200.19 1
OOOAZ2ZU - OAAOOzouzz

3990.57 { 14949 - 40001 230 4209.86 I
O/i OCZ42o — OA 1 70Zol (Z

260 3992.80 ( 15001 - 40038 65 4218.71 I 2425 - 26122

50 3997.12 11908 - 36919 65 4224.14 I 15724 - 39391

430 3998.73 I 15063 - 40064 120 4226.62 1 1 .looy - OAO /I 0oyo4Z

170 4005.71 14656 - 39613 50 4227.74 1 13811 - on ACQ
3 /4oo

4023. 17 15270 - 401 19 50 4229.69 I 1 .0000 — OOOAAoyouu

120 4023.39 11 14556 - 39404 360 4232.46 I 15771 - 39391

120 4031.83 I 19078 - 43874 180 4232.95 I 15724 - 39342

150 4035.63 14462 - 39234 180 4234.00 1
1 C £OA 0 AOAAoyouu

120 4042.64 15270 - 40000 50 4234.52 1 0 - 00 AAAZoouy

ou } 137 - 24830 120 4235.76 I 15665 - 39267

360 4050.96 I 17189 - 41861 50 4240.36 I 15724 - 39300

360 4051.35 I 17242 - 41918 100 4257.37 I 15001 - 38483

50 4053.26 I 15270 - 39935 120 /I OC A 0 1 I4259.31 1
1 0 "7

137 - 00AAA23609

280 4057.07 17117 - 41758 120 4262.16 I 14949 - 38405

loV 411^7 R9'tuo / . oz { 15689 - 40326 50 h 4265.17 I

230 4063.93 I 41655 560 4268.64 I 15063 - 38483

230 4071.54 I 15572 - 40126 50 4269.76 I 14910 - 38324

65 4082.93 I 9,545 - 34030 50 A OTA 00 T4270.32 I 14549 - ovyoo

1100 4090.58 8716 - 33155 460 /I OT 1 C C T4271.55 1 15001 - oo405
4001 04. { 9545 - 33976 460 4276.96 I

1 /I A/1 Ai4y4y - 00 00OOZ4

180 4092.41 I yoj (
— o4Ut)D 45 4282.91 I 1

-
i ouuo

1800 4092.69 I 2311 - 26738 430 4284.06 I 14910 - 38246

120 4093.50 I 9545 - 33967 50 4286.42 1 15001 - 38324

65 4094.28
j

17242 - 41660 45 /1 00*7 0 1 1428 /.ol 1

yi Anc in4uyo.4y 8579 - 32989 40 4291.30 I 14949 - 38246

2800 4099.80 2220 - 26605 330 4291.82 I 17242 - 40536

590 4102.16 8476 - 32847 220 4296.11 I 17182 - 40452
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Vanadium— all observed lines — Continued

Intensity

and
Character

Wavelength c
ij, ^ Spectrum

Energy levels

in cm ~'

Intensity

and
Character

Wavelength 0

in A Spectrum
Energy levels

in cm"'

170 4297.68 I 17117 40379 2000 4460.29 I 2425 24839
1 7ft 1 IOoi>

y1 AO 1 C 7"^ AAAft QQ I 19026 41437
170 4306.21 I 137 23353 610 4462.36 I 15001 37404
140 4307.18 I 0 - 23211 40 4464.27 I 19145 - 41539
170 4309.80 I 323 - 23520 40 4464.75 I 15724 - 38116

40 4313.89 I
1 /1Q/10 40 4465.50 I

1 C C "70
155/z 0 /960

0 .23088 1 9ft 14910 37285
510 4332.82 I 137 23211 40 4468.76 I 15104 37475
40 4334.09 I 9825 - 32891 380 4469.71 I 14949 _ 37316
760 4341.01 I 323 - 23353 120 4474.04 I 15771 - 38116

50 4342.83 I
1 C 1 t\A 0 O 1 o>i 200 4474.71 I

1 r 0^ c15265 37606
43S9 87 I ooo 91^ dd7^ 8Q I 1 /I A/1 A14949 3 /zoo

130 4354.98 I 15265 38221 75 4480.04 I 15001 37316
150 4355.94 I 137 - 23088 380 4488.89 I 14910 - 37181
50 4363.52 I 2220 - 25131 75 4490.80 I 14949 - 37211

50 4364.22 I
1 *7AC C17055 39962 100 4496.06 I 15724 37960

4'lfifi ft4 T 323 23211 14949 37181
50 4368.60 I 17117 40001 40 4497.40 I 21646 43875
140 d 4373.23 I 21603 — 44463 120 4501.95 I 11101 _ 33307
75 4373.83 I 17182 - 40039 75 4514.19 I 15689 - 37835

100 4375.30 I 21646 44495 140 4524.22 I 15265 37362
1 9ftftft 2425 25254 dft AC.')^ Ifi I 15665 37757

100 4380.55 I 1 794.9 40 4527.99 I

7000 4384.72 I 2311 25112 40 4529.30 I 15270 _ 37343
4800 4389.97 I 2220 - 24993 75 4529.59 I 15104 _ 37175

90 4392.07 I 2153 24915 40 4530.79 I

AO I 15078 37835 d.ft d^^'l 09 14-000. VZ 1

45 4393.84 I 84.7(SOt I \J 31229 40 4537.66 I 14'i4Q ouoou
3600 4395.23 I 2153 _ 24899 40 4540.01 I 15265 _ 37285
1400 4400.58 I 2112 _ 24830 360 4545.39 I 15771 - 37765

75 4403.67 I 15063 37765 100 4549.65 I

on hy\j 11 8579 31268 ZD ACLCl OA I 14515 36478
2300 4406.64 I 2425 251 12 90 4553.05 I 19023 40981
2800 4407.64 I 2311 — 24993 280 4560.71 I 15724 _ 37644
3600 4408.20 I 2220 - 24899 65 4570.42 I 15771 - 37644

4600 4408.51 I 2153 24830 200 4571.78 I 15689 37556
2112 24789 "^ift0 lU 4^77 17 IrO i i . 1 / 1 0 21841

140 4412.14 I 2112 24771 140 4578.73 I 15665 37499
45 4415.06 I 15001 _ 37644 30 4,579.19 I 15724 — 37556

640 4416.47 I 2153 - 24789 640 4580.40 I 137 - 21964

120 4419.94 I 2220 — 24839 50 4583.78 I 15689 — 37499
2220 24830 H^ft tOoO.oO 1 323 22121

90 4423.21 I R71ftO ( 1 u ^1 ^ifl 170 4591.22 I 1 7 1to 4fl09ft

30 4423.91 I 20813 43411 1300 4594.11 I 553 _ 22314
45 4424.56 I 11101 - 33695 100 4606.15 I 137 — 21841

90 4425.71 I 14910 37499 30 4609.65 I 11101 — 32788
40U 2311 24899 £.0 1 lA 140 1 1 . < 4 1 15665 37343
120 4427.31 I 230 4619.77 I ^9^0^0 9 1 0A4Z JVOt
310 4428.52 I 2153 I 24728 65 4624.41 I 8476 I 30095
230 4429.80 I 2425 _ 24993 50 4626.48 I 8413 _ 30022

30 4430.50 I 15270 — 37835 100 4635.18 I 553 — 22121
Qft ,1 1 1A AH I'+4.)'4'.OU 1 15572 38116 Oj '+04U.U/ 1 8476 30022

430 4436.14 I 9119 65 4640.74 I 00 I y ^ft 1 9

1

ou 1 z 1

640 4437.84 I 2311 24839 130 4646.40 I 8579 30095
830 4441.68 I 2220 _ 24728 30 4648.89 1 19189 _ 40694

90 4443.34 I 21646 — 44146 30 4666. 14 I 15270 - 36695
Mft 2153 24648 1 fX\ 4A7ft 40 Ito /U. 4-7 1 8716 30121
65 4449.57 I 10893 33360 24 4684.45 I 15270 36612
65 4450.90 I 19078 41539 35 4686.92 I 15078 36408

610 4452.01 I 15063 37518 55 4706.16 I 15572 36815

25 4452.70 I 14910 37362 80 4706.57 I 17242 38483
40 h 4456.50 I 80 4710.56 I 17182 38405
410 4457.48 I 2220 24648 65 4714.12 I 17117 38324
120 4457.76 I 15104 37530 35 4715.89 I 19026 40225

1000 4459.76 I 2311 24728 55 4717.69 I 17055 38246
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Vanadium— all observed /irees— Continued

Intensity

and
Character

Wavelength c
. s Spectrum
in A

Energy levels

in cm"'

Intensity

and
Character

Wavelength c
• ! " bpectrum

Energy levels

in cm"'

40 4721.51 I 15724 - 36898 40 5385.14 I 21033 - 39597
40 4722.86 I 15771 - 36938 14 5388.30 I 20688 - 39241
40 4729.53 I 15270 - 36408 11 5397.87 I 20606 - 39127
Z /

y1 7 0 A T4/oU.oo 1 15689 36823 1 finlUU o4Ul.yo 1 19023 37530
A'7A0 AO T4(4z.0o 1 18805 39884 14U

C/i 1 cr OA To41o.zO 1 0 t uuu

24 4746.63 I 16361 - 37423 28 5418.09 I 19023 - 37475
40 4748.52 I 16450 - 37503 50 5424.08 I 19026 - 37458
45 4750.98 I 16573 - 37615 40 5434.18 I 19078 - 37475

4/01.50 1 15572 36612 11 5437.66 I 19145 37530
^77'iftO t 1 OO 17 5458.12 I lonoA1 7UZ0 0 1 0^0

65 4757.48 I 16361 - 37375 13 5471.33
55 4766.63 I 16450 - 37423 25 5487.22 I 14549 - 32768
130 4776.36 I 16573 - 37503 85 5487.92 I 19145 - 37362

4/ 10. dZ I 19189 40119 oc25
r A OA (\A T5489.94 1 14515 32725

111) 4 ( OO . 3 1 1 16729 37615 OO28 5504.87 I 1 ^Rn9looUZ oivoz

130 4796.92 I 16917 - 37758 70 5507.75 I 19023 37175
19 4799.77 I 0 - 20828 14 5511.18 I 19145 37285

130 4807.53 I 17136 - 37931 23 5545.93 I 8579 - 26605
130 Aoon AC I48z7.45 1 323 — 21033 70 5547.07 I 8716 — 26738
150 A OO 1 /i A 14831.64 1

OAQ9Q 35 5558.75 I
1 QQAOlooUz Q 1 7Qz:ol /OD

120 4832.43 I 0 _ 20688 28 5561.66 I 13811 _ 31786
19 4833.02 I 13802 — 34487 140 5584.50 I 8579 _ 26480
19 4848.81 I 21603 - 42221 23 5586.00 I 15001 - 32898

320 4851.48 i 0 20606 100
r r'AO An T
5592.42 I 8476 — 26353

35 4862.61 I ZUooU A 1 ^QQ 28 5601.38 I
1 QA7Q 1A09Aooyzo

480 4864.74 I 137 — 20688 70 5604.94 I 8413 _ 26249
21 4871.26 I 17242 - 37765 13 5624.20 I 18805 _ 36580

620 4875.48 I 323 - 20828 200 5624.60 I 8579 - 26353
55 4880.56 1 9637 30121 70 5624.89 1 8476 26249

740 4881.56 I ooo 55 5626.01 I
9A 1 tJI

27 4891.60 I 400 5627.64 I 8716 — 26480
21 4894.21 I 17055 - 37481 13 5632.46 I 553 - 18302

55 4900.62 I 17117 - 37517 10 5633.90 I 19078 - 36823

95 d 4904.29 I 9637 — 30022 13 5635.51 I 19026 — 36766
4904.34 I

1 79/1 9
1 / Z'+Z o iOZO 85 5646. 1 1 I

QA lf\o4 (

0

9A

1

ZD loo

85 4925.65 I 9825 _ 30121 110 5657.44 I 8579 _ 26249
35 4932.03 I 9825 — 30095 110 5668.36 I 8716 _ 26353
23 4966.12 I 23935 - 44066 310 5670.85 I 8716 - 26345

70 5002.33 1 19023 — 39009 OA20 CaOO OO ¥5683.22 1

85 5014.62 I
QQAQ 1 1200 5698.52 I

9A1 99ZD IZZ

28 5051.63 I 21646 _ 41437 920 5703.56 I 8476 _ 26004

35 ,5064.12 1 570 5706.98 I 8413 _ 25931
35 5105.14 I 11 5708.95 I 19189 - 36701

1 10 5128.53 I 18438 — 37931 11 n c 7 1 /; o 1 15716.21 1

1 10 5138.42 I
1 0 1AO oi loo 70 5725.64 I ooooy

25 5139.53 I 19078 _ 38530 850 5727.03 I 8716 _ 26172

70 5148'72 I 18198 _ 37615 170 5727.66 I 8476 _ 25931

40 5159.35 I 18126 - 37503 230 5731.25 I 8579 - 26022

23 5169.94 I 18086 - 37423 40 5734.01 I 19026 — 36461

70 5176.77 I 230 C707 f\£L T5737.06 1
QC70o5/y Z0UU4

20 5192.01 I 18120 _ 37375 110 5743.45 I 8716 _ 26122

110 5192.99 I 18680 _ 37931 17 5747.70 I 19145 _ 36539

23 5193.62 I 18174 - 37423 40 5748.87 I 15270 - 32660

110 5194.83 I 18259 - 37503 17 5752.74 I 15078 - 32456

55 5195.36 I 18372 37615 17 5761.41 I
0 C 7Ao5 /y z5yoi

20 5206.61 I 18174 37375 70 5772.42 I 15572 _ 32891

40 5216.59 I 18259 _ 37423 35 5776.64 I 8716 _ 26022

35 5225.77 I 18372 - 37503 11 5782.61 I 8716 - 26004

35 5233.75 I 18513 37615 11
fTOI TA T
5783.50 I 21841 39127

110 5234.07 I 19023 38124 40 h 5784.38 I 22314 39597

20 5240.20 I 18680 37758 55 h 5786. 16 I 21964 39241

110 5240^87 I 19145 38221 23 5788.56 I 15078 32349

17 5260.98 I 18438 37441 35 h 5807. 14 I 24899 42114

40 5353.41 I 19078 37753 23 5817.06 I 15270 32456

35 5383.43 I 20828 39399 35 h 5817.53 I 24993 42177
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Vanadium— all observed /irees — Continued

Intensity

and
Character

Wavelength o
! " spectrum

in A
Energy levels

in cm"'

Intensity

and
Character

Wavelength
in A Spectrum

Energy levels

in cm"'

55 h 5830.72 I 25112 - 42257 11 6565.88 J 9545 _ 24771
85 h 5846.30 I 25254 - 42353 50 6605.97 I 9637 — 24771

11 5850.32 I 15572 - 32660 15 6607.83 I 10892 - 26022
40 5924.0/ 1 15063 31937 10 6623.54

J

15771 — 30864
28

cmo Ai T59/8.91 I iouu 1 ^1 799 ou o6z4.o5 /49IO

20 5980.78 I 9637 - 26353 13 6633.26 I 11101 - 26172

28 6002.31 I 9825 26480 13 6643.79 I 15724 _ 30771
55 6002.63 I 8476 - 25131 8 6693.66 I 21603 - 36539
28 6016.12 I 21603 — 38221 8 6708.07

J

9825 - 24728
20 £AOC A 1 T6025.41 1 14949 olo41 00 c 6753.00 0 /lo OQ C OA

450 6039.73 I 8579 _ 25131 10 6760.12 J

100 6058.14 I 8413 _ 24915 50 c 6766.49 I 8579 _ 23353
20 6067.26 I 21646 - 38124 40 6784.98 I 8476 - 23211

4oU £.(\0 ^ A A TOO0I.44 1 8476 — 24915 15 6786.32
loUO £AAA 00 T 0 / 10 zolol ZD 6812.40 8413 23088

28 6106.98 I 11101 _ 27471 9 c 6829.94 J 8716 23353
280 6111.67 I 8413 _ 24771 15 6832.44 I 8579 23211
600 6119.52 I 8579 - 24915 12 6839.58 I 19023 - 33640
20 6128.34 I 8476 - 24789 12 6841.90 I 8476 - 23088

no A280 6135.38 I
0 An £.8476 24771 10 c 6870.88 I 19145 33695

180 6150.15 I 2425 _ 18680 8 6871.56 J 15572 30121
85 6170.36 I 2311 _ 18513 7 6894.00 I 19026 33528
23 6189.35 I 2220 - 18372 12 6974.50 I 19026 - 33360

450 6199.19 I 2311 - 18438 21 7026.07 I 19078 - 33307
1 0 AlaO 6213.87 I 2425 18513 7 7063.69 I 11101 25254

450 6216.37 I 2220 18302 11 h 7092.08 J

28 h 6218.31 I 23520 _ 39597 6 7102.58 I 17242 31318
130 6224.50 I 2311 - 18372 24 7148.15 I

430 6230.74 1 2153 - 18198 7 7151.36 I 20768 - 34747
100 6233.20 I 2220 18259 7 7182.08 I 18805 32725

55 6240.13 I 2153 18174 14 7264.29 J 20768 34530
170 6242.81 1 2112 18126 8 7321.44 I 17117 30771
710 6243.10 I 2425 - 18438 40 7338.92 I 17242 - 30864
280 6251.82 I 2311 - 18302 35 7356.54 I 17182 - 30771
85 6256.90 I 2220 18198 11 7358.66 I 20789 34375

85 6258.57 I 2112 18086 24 7361.39 J 17054 30636
55 6261.22 I 2153 18120 12 7362.49 I 19189 32768
85 6266.32 I 2220 - 18174 24 7363.16 I 17117 - 30694
130 6268.82 1 2425 - 18372 9 7385.95 I 19189 - 32725
170 6274.65 I 2153 18086 6 h 7393.49

17 h 6282.33 I 17242 33155 12 h 7485.90 J 20813 34168
200 6285.16 I 2220 18126 12 h 7488.08 I 15270 28621
200 6292.83 I 2311 _ 18198 12 h 7492.44

170 6296.49 I 2425 - 18302 12 h 7578.75 I 24915 - 38106
28 h 6311.50 I 26738 — 42578 9 h 7591.24 I 24771 — 37940

14 6324.66 I 17182 32989 14 7596.92
I

19189 32349
70 6326^84 I 15063 30864 1

9

u
II 7598.28 I 1 OOUJ

55 6339.09 I 15001 _ 30771 24 7624.81 I 25131 _ 38242
50 6349.48 I 14949 - 30694 5 7701.37 I 18805 - 31786
14 6355.58 I 17117 — 32847 8 7704.81 I 25131 — 38106

50 6357.30 I 14910 30636 8 h 7851. 18

25 6358.82 I 17242 32964 14 bl 7865.51 VO
35 6361.27 I 17182 _ 32898 12 7896.40
23 6379.36 I 17117 - 32788 14 h 7898.81
14 6393.28 I 17055 — 32692 24 7937.92 I 24728 — 37322

35 6430.47 I 15771 31318 29 c 8027.39 I 91 n^'?

23 6431.63 I 15724 31268 14 8028.13 I

14 6433.18 I 15689 31229 14 h 8035.38
11 6435.16 I 15665 31200 14 h 8045.71
70 6452.34 I 9637 25131 12 8051.89

11 6488.05 I 19078 34487 14 8093 48 8476 20828
55 6504.17 I 9545 24915 8 8102.44 I

110 6531.43 I 9825 25131 12 8108.59 25112 37441
28 6543.51 I 9637 24915 9 h 8109.07 24899 37227
17 6558.02 I 11101 26345 120 cw 8116.80 8716 21033
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Vanadium — all observed /irees— Continued

Intensity

and
Character

VU qvoIati rrtriw avciciliiHl c
in A spectrum

Energy levels

in cm"'

Intensity

and
Character

Wavelength
in A Spectrum

energy levels

in cm"'

11 n Ql 7Q T z4ooU - 371 17 5 h oooA onOZ80.39 25931 - 38004
9Q fildd. "^0 TO 1^4-. 07 1 ZrUUOO 8282.37 26172 - 38242
9 24899 - 37158

70 c 8161.07 I 8579 - 20828 8 8324.42 I 25931 - 37940

14 8171.35 I 24993 - 37227 14 h 8331.23 I 26004 - 38004

7 8180 91 T 20768 - 32989
14 8342.03

8402.81

I 26122 - 38106

35 8186.71 I 8476 - 20688
7 I

26480 - 3824224 8187.33 I 25112 - 37322
12 8499.52 I

29 8198.87 I 8413 - 20606 6 8534.49 J 21646 - 33360
35 8203.07 I 25254 - 37441

6 bl 8624.86 vo
24 8241.61 I 8476 - 20606 60 c 8919.85 9824 - 21033

29 c 8253.51 I 8716 - 20828 29 c 8932.93 9637 - 20828

29 8255.88 I 8579 - 20688 12 8971.62 9545 - 20688
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Ytterbium

Yb, Z = 70, M= 173.0, Ratio—= 2.723
Cu

Yb I Normal state of valence electrons 6s2^So= 0. LP. = 50441 cm"^
Yb II Normal state of valence electrons 65^81/2 = 0. LP. = 98150 cm"*.

Yb III Normal state of valence electrons 4/i* ^So = 0. LP. = 201900 cm-i.

References

Wavelengths:
W. F. Meggers and C. H. Corliss, J. Res. Nat. Bur. Stand. (U.S.), 70A (Phys. and Chem.), No. 1, 63-106

(Jan.-Feb. 1966).

Classification and Spectrum Assignments:

Yb I, W. F. Meggers, unpublished material (1965).

Yb II, W. F. Meggers, J. Res. Nat. Bur. Stand. (U.S.), 71A (Phys. and Chem.), No. 6, 396-544 (Nov.-Dec.
1967).

Yb III, B. W. Bryant, J. Opt. See. Am. 55, 771 (1965).

Strong lines of ytterbium

Intensity

and
Character

Wavelength
in A Spectrum

Energy levels

in cm"'

Intensity

and
Character

Wavelength
in A Spectrum

Energy levels

in cm"'

32000 3694.19 II 0 - 27062 990 2653.75 II 21418 - 59090

32000 3987.99 I 0 - 25068 930 3990.88 I 19710 - 44760
18000 3289.37 II 0 - 30392 920 3031.11 II 0 - 32982
3600 2891.38 II 0 - 34575 850 2185.71 II 0 - 45737
3000 2126.74 II 0 - 47006

750 7699.48 I 19710 - 32695

2500 2116.67 II 0 - 47229
4935.50 I 19710 - 39966

2400 3464.37 I 0 - 28857 710

2400 5556.47 I 0 - 17992 690 6799.60 I 17992 - 32695

2000 2970.56 II 0 - 33654 640 4576.21 I 17992 - 39838

1300 2750.48 II 21418 - 57765 640 2224.46 II 0 - 44941

559-795 0 - 75 - 25 (Ptr. 1)

I

367



Ytterbium— all observed lines

Intensity

Hnd
Character

Wavelength
in A opccii Ulll

Energy levels

in cm~'

Intensity

and
Character

Wavelength
in A Spectrum

Energy levels

in cm"'

2500 2116.67 II 0 - 47229 21 2734.09 II 34390 - 70954'
3000 2126.74 II 0 - 47006 55 2741.71 II 33494 - 69957
370 2161.60 II 55 2747.58 II 32371 - 68756
OCA I loo. /

1

IT 0 - 45737 18 2748.04 TT
11 34575 - 70954

640 2224.46 II n — 230 2748.66 II Q 1 CAQoloOo

140 2320.81 II 0 - 43075 1300 2750.48 II 21418 - 57765
50 2362.89 II 21418 - 63727 85 2751.45 II 30224 - 66558
170 2390.74 II 21418 - 63234 21 2759.00 II 37516 - 73751

1 Q OQftQ AO TT
11 0 - 41688 /; c65 2760.78 TT

11 35059 - 71270
28 2421.35 II

19571 _
/ OOOO 65 2761.37 II 71 999

25 2447.26 II 28758 - 69608 35 2764.41 II 35059 - 71222
28 2460.25 II 30224 - 70858 85 2771.32 II 34785 - 70858

460 2464.50 I 0 - 40564 170 2776.28 II 34785 - 70794
1 A TT

11 30563 - 70794 1 AAlUU
0*70/1
2 /o4.06

TT
11 33494 - 69395

70 2502.02 II 91 Al ft — f>i 'i.ii. 18 2787.96 II OOUoZ

28 2505.48 II 31568 - 71469 45 2793.28 II 33654 - 69444
11 2508.07 II 24332 - 64191 25 2794.44 II 35019 - 70794

140 2512.06 II 21418 - 61215 21 2795.07 II 37516 - 73283
1 o18

TT
11 33052 - 72780 1 o

18
O'TAC OA2795.29 TT

11 32371 - 68135
50 2522.44 II

O 1 /I 1 ozl41o - A 1 AC 1 35 2797.80 II
A AA 1 n40V 1 / - /o64y

65 2537.65 II 30563 - 69957 100 2798.21 II 30224 - 65951
270 2538.67 II 0 - 39379 45 2799.38 II 22960 - 58672
14 2550.06 II 22960 - 62163 50 2800.00 II 33052 - 68756
70 O C C O 1 c TT

11 30224 - 69395 35 OOAA (\C2800.06 TT
11 28758 - 64461

55 2552.70 II OlDOZ — /U /V4 14 2810.72 II
10071iLi I 1 — o/yjy

21 2565.57 II 34785 - 73751 65 2814.53 II 30563 - 66082
28 2571.36 II 31980 - 70858 28 2816.32 II 33052 - 68549
13 2573.15 II 32371 - 71222 140 2821.15 II 31980 - 67416
1 o18 o c A<; 125V6. 16 IT

11 34784 - 73291 1 AA100 OOO/I AT2824.97
TT
11 30563 - 65951

28 2596.32 II olooz - "7A 1 0^/Uloo 190 2830.99 II
0 AC/i 0 - 0OO(0

21 2615.26 II 30224 - 68450 18 2832.20 II 28758 - 64056
100 2617.01 II 21418 - 59619 28 2834.97 II 37516 - 72780

55 2634.31 II 22960 - 60910 14 2842.59 II 32982 - 68150

45 2639.45 TT
11 31568 - 69444 O 0A 1_z30 h OO/l "7 1 O2847. 18

TT
11 27062 - 62174

85 2641.89 11
O 1 /I 1 ozl41o - c nocnay/by 100 2848.44 II

0 9ACO — 0oi4y

80 2642.56 III 34656 - 72487 21 2849.34 II 44498 - 79583

110 2644.31 II 33052 - 70858 360 2851.13 II 26759 - 61822

28 2646.44 II 33494 - 71270 55 2851.86 II 33494 - 68549

28 2647.46 1 f
11 35019 - 72780 O 1zl OOC 9 A 1200J.41

TT
11 46170 - 81205

28 2648.80 II
0 0 AC O /0/V4 18 2853.68 II

0 /I C 7 Co4o /o — DVOUO

50 2649.79 11 33494 - 71222 55 2854. 14 II 35832 - 70858

28 2650.73 11 30224 - 67939 45 2854.49 II 40036 - 75058

990 2653.75 11 21418 - 59090 45 2858.33 II 30224 - 65200

35 2656. 12
r r
11 28758 - 66396 A C45 OOCO A£^2000.40 IT

11 32982 - 67955

21 2659.27 II 28758 - 66351 100 2859.39 II
0 C O 0 o35832 7A7A/1- 70794

200 2665.04 II 31568 - 69080 430 2859.80 II 21418 - 56376

85 2666.13 III 34991 - 72486 55 2860.39 II 38342 - 73291

85 2666.99 III 34656 - 72140 140 2861.21 II 31632 - 66571

55 2668.75 II 33494 - 70954 100
OOil 1 0/12861.34 TT

11 35019 - 69957

390 2671.96 I 0 - 37415 200 2867.06 II
0AOO /IoU224 ^ CAAO

390 2672.66 11 21418 - 58823 25 2870.06 II 42915 - 77747

21 2680.40 11 26759 - 64056 45 2873.49 I

14 2683.42 11 44438 - 81693 28 2885.97 II 33494 - 68135

70 2684.75 II 32371 - 69608 70
ooo/; 0£2886.26 TT

11 30563 - 65200

25 2687.98 n 30224 - 67416 200 2888.04 II
0/:L7CA20 /oy - 01o/4

28 2695.43 11 31632 - 68720 3600 2891.38 II 0 - 34575

14 2696.62 11 32371 - 69444 45 2893.62 II 35059 - 69608

18 2700.80 11 44497 - 81512 28 2896.90 II 46170 - 80679

21 2708.84 11 33052 - 69957 oc85 OOAA nc\2oVV. /U Tl
11 28758 - 63234

27 10.54 II 31568 - 68450 18 2902.41 II 33494 - 67939

25 2711.78 II 21418 - 58284 21 2902.92 II 38342 - 72780

55 2712.66 II 30563 - 67416 21 2906.88 II 37078 - 71469

170 2718.35 II 31980 - 68756 28 2908.33 II 30224 - 64598

21 2722.20 II 34390 - 71114 35 2909. 19 II 33052 - 67416

110 2732.74 II 31568 - 68150 55 2909.48 II 30563 - 64923
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Ytterbium— all observed /iraes— Continued

Intensity

and
Character

Wavelength
in A Spectrum

Energy 1

in cm
evels
-1

Intensity

and
Character

Wavelength
in A Spectrum

Energy
in cm

evels
-1

85 2911.52 II 35059 - 69395 55 3116.70 II 31980 - 64056
18 2912.86 II 31568 - 65888 190 3117.81 II 26759 - 58823

170 2914.21 II 35832 - 70136 50 3136.76 II 33052 - 64923
1 >i n14U

TT
11 26759 OlUol OQA IT

11 28758 AAC OA6OO06
1 Q TT

11 39379 / OODO QAOU 1/11 70 IT
11 34575 AAOAAOOoVO

280 2919.35 II 31632 - 65876 80 3145.06 II 34785 - 66571

55 2921.12 II 32982 - 67205 28 3145.54 II 30392 - 62174
45 2924.24 II 32371 - 66558 28 3153.18 II 33494 - 65200
ocio ono7 QCzyz /.oo

TT
11 37078 7 1 000

1 izzz OA 0 1 c 0 00oioo.oo TT
11 40917 70A 1 C72615

Q COO zyo4.ot)
T
1 27315 A^ QQ/i0 liio4 CAOU 0 1 C C 1 0oloo. lo TT

11 32371 A/1 AC A64056

55 2935.11 II 34390 - 68450 28 3162.29 I

21 2937.19 II 37078 - 71114 70 3163.80 II 33494 - 65093
45 2939.53 II 31568 - 65577 50 3165.21 II 35832 - 67416
A C4o nQAfX CO TT

11
1 OAIzU 0 1 AO AA3169.06 TT

11 33052 A /I coo64598
0O/19 r\A TT

11 32371 1Ouool 1 OA 0 1 OA 00
11 33494 A/1 000

140 2945.91 II 34785 - 68720 390 3192.88 II 30563 - 61874
45 2946.30 II 40036 - 73967 70 3198.65 II 31980 - 63234
18 2946.76 II 43956 - 77882 240 3201.16 II 31632 - 62861
OQ OQCA QQzyou.oo TT

11 35059 OAoU 00 1 7 1

0

ozl /. 10 TT
11 32982 A /I AC A64056

'to
OQCC QO TT

11
^AC OA CAoU 0010 00oZlo.oZ TT

11 ooui 7
AAAOO66082

18 2957.63 II 28757 - 62559 50 3225.88 II 30224 - 61215
65 2962.52 II 34390 - 68135 45 3239.20 II 32371 - 63234
21 2963.26 II 35019 - 68756 35 3239.58 I 30524 - 61384

On/IQ Ai^ TT
11

0 c35 00 /I A AA3z46.06 TT
11

zVol. lb TT
11

A OA/1 AOOV44 130 OOA 1 CI3z61.51 TT
11 ouooo A 1 0 1 C61215

2000 2970.56 II 0 - 33654 18000 3289.37 II 0 - 30392
45 2982.49 II 33052 - 66571 130 3305.25 I

21 2982.66 II 32371 - 65888 140 3305.73 II 31632 - 61874
oozo onoo

zyfSo. /U
TT
11 33052 66000 CA50 0 0 1 C T A3315. 10 TT

11
OAOO AA IT

11
OAoO 0 0 1 A A 13319.41 1

1

90 2985.08 II 35059 - 68549 50 3333.06 II 33654 - 63648
35 2985.88 II 32982 - 66463 240 3337.17 II

45 2990.37 II 35019 - 68450 280 d 3342.93 II

65 onm OT2991.87 T T
11 32982 66396 3343.07 TT

11 35019 64923
oo Z993.94 TT

11 ODyJoy 68450 80 3346.50

170 2994.80 II 30563 - 63944 50 3347.54 II 35059 - 64923
28 2995.86 II 32982 - 66351 35 3351.09 II 44438 - 74270
70 3000.46 II 42915 - 76233 50 3351.26
oc 9AAO A 1 IT

11 41679 7/1070 1 AAlUU 0 0 C 0 /I AoooZ. 4y TT
11

310 3005.77 T T
II '?lfi^9O 1 uo^ ^: /I 00

1

64891 100 3362.44 TT
11

100 3009.39 II 31980 - 65200 50 3363.64 II

65 3010.62 II 32371 - 65577 240 3375.48 II 26759 _ 56376
55 3014.43 II 30563 - 63727 50 3376.62 II

lou QA 1 "7 Crf;
1 / . .10

T T
11 35019 AO 1 /I A00 14V OQZO 0000 CAoooZ.04

160 0 AOil T30z6.67 T IU oaUOZ 66OOZ 1 Al\140 0007 CA3387.50 T
1

920 3031.11 II 0 _ 32982 50 3390.25 II

55 3034.64 II 31980 — 64923 28 3390.42 II

25 3037.99 II 32982 - 65888 50 3391.10 II 37078 - 66558
55 3039.67 1 T

11 35832 — 68720 rA L50 h
OOCiA A A3394.44 T T

11 32371 — 61822
OAoO 0 A/1 o c3042.65 1

1

11
£A 0 c 166351 CA50 0 /I A 1 A 13401.01 T T

11 59619

21 3044.00 II 30392 - 63234 35 3404. 10 II 35832 _ 65200
45 3046.48 11 34390 — 67205 50 3412.45 I

35 3047.05 II 33654 - 66463 140 3418.39 I 28184 - 57429
45 3063. 12 11 30224 — 62861 360 3426.04 T

1

O 1Zl 3063.67 T T
11

OA 7Qc: 67416 OA80 0 /I 00 /I A3428.46 T T
11 04/00 63944

110 3065.04 II 28758 — 61374 240 3431.11 I

18 3076.01 II 26759 — 59259 45 3434.61 II 22960 52067
100 3089.10 II 28758 - 61120 50 3438.71 II 34575 63648
70 3093.87 II 31632 63944 100 3438.85 II 31980 61051
28 3100.74 I 35 3443.59

45 3101.36 II 33654 65888 35 3446.89 II 32371 61374
28 3102.07 II 32371 64598 85 3452.40 I 58732
55 3107.76 II 34390 66558 500 3454.08 II 26759 55702
170 3107.90 II 40036 72202 190 d 3458.29 II 40036 68944
85 3115.34 II 32371 64461 3458.39 I
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Ytterbium— all observed ^mes— Continued

Intensity

and
Character

TV a V ViiC^ llgLll

in A Spectrum
in cm^'

Intensity

and
Character

w dvcicngiii

in A Spectrum
Energy levels

in cm"'

360 3460 27 I 17992 - 46883 60 h 4393.69 I 25068 47822
35 3462.34 II 60 h 4430.21 I 24489 47055

2400 3464.37 I 0 - 28857 440 4439.19 I 17288 39809
500 3476.30 II 0 - 28758 85 h 4482.42 I 24752 - 47055
500 3478.84 II 30224 - 58961 85 4515.16 II 26759 - 48900

50 3482.56 II 35 4553 58 II 30563 _ 52517
85 3485 76 II 32371 - 61051 85 h 4.563 Q5T'OUO • 70 I 19710 41615
85 3488.43 II 640 4576.21 I 17992 _ 39838
100 hw 3495.90 II 64598 - 93194 200 4582.36 I 17992 - 39809
85 3507.83 II 37078 - 65577 70 4589.21 I 25271 - 47055

50 3517.00 I 19710 - 48136 140 4590 83i!\J 7\/. \j\J I 25859 _ 47636
230 3520.29 II 30563 - 58961 40 4598 36T(_j yKJt ^j\J II 31980 _ 53721

50 3545.72 II 43075 - 71270 35 4683.81 II 32371 _ 53715
100 3549.82 II 33052 - 61215 40 4684.27 I 27446 - 48788
35 3559.03 I 17992 - 46082 190 4726.08 II 26759 - 47912

200 3560 33 II 21418 - 49498 170 h 4781.87 I

170 3560 70 n 34785 - 62861 170 4786 61 II 31632 52517
50 h 3563.94 II 31568 - 59619 35 4816.43 I

85 3570.57 II 33052 - 61051 40 4820.24 II 28758 _ 49498
50 3572.50 II 34575 - 62559 35 4836.96 II 33052 - 53721

1111 4(1 I1 24489 45155
^60o\j\j ^SRS 4.7 II 21418 - 49301 17 4851. 15 II 24333 44941
130 3606.48 II 33494 - 61215 40 h 4894.60 I

50 3610.23 II 31568 - 59259 27 4912.36 I 19710 - 40062
70 3611.30 11 37516 - 65200 710 4935.50 I 19710 - 39966

OU 1 7 . OU II 28758 - 56376 24 4937.22 II 37516 57765
110 ^634 5? 140 4966.90 I 19710 39838
240 3637.76 II 21418 - 48900 24 5009.52 II 32982 52938
70 3648.15 I 27314 - 54718 17 5067.30 II 34575 - 54304

90 3655.73 I 17992 - 45339 30 5067.80 I 28184 - 47911

94.(1 OUU7 . U 7 n1

1

27062 - 54304 70 OUU 7 . 1 T" I 27314 47036

50 ^670 6Q II 38342 - 65577 220 5074.34 I 24752 44453

140 3675.08 II 30^63 - 57765 50 5076.74 I 25068 44760

50 3690..56 II 34785 - 61874 20 5135.98 II 33052 - 52517

32000 3694.19 II 0 - 27062 14 5147.02 II 38342 - 57765

70
1 \j

Q^lQtl AftOU 70. uu n1

1

35832 - 62861 20 5184. 15 11 33654 52938
7(1 I 25859 - 52874 60 5196 08 I 27314 46554

50 3710.34 II 28758 - 55702 85 5211.60 I 25271 44453

60 3724.21 II 31980 - 58823 35 5240.51 II 30224 - 49301

180 3734.69 I 17992 - 44760 100 5244.11 I 24752 - 43816

DDU Q77n in 11 179ftft1 1 ^00 - 43805 40 5257.49 II 34390 53405
R(1 3774, 11 150 h 5277.04 I 24489 43434

60 h 3791.74 I 1 70Q9 - 44357 35 5279^53 II 34785 53721

170 3839.91 I 23188 - 49223 17 5300.94 II 37516 _ 56376

340 3872.85 I 17992 - 43805 170 5335.15 II 30563 - 49301

ovut^ .0.1
I
1

1 07 1 n 5345 66OOt'O . UU II 35019 53721

oU II
11

^^044 OOt'iJ. 00 II 4001810 oy\i 1 y

140 3911.27 I
— ^^9074 60 5347.22 II 53715

32000 3987.99 I 0 - 25068 30 h 5351.29 I 24752 _ 43434

930 3990.88 I 19710 - 44760 150 5352.95 II 30224 - 48900

^n 1
1

9*^ 1 »ftloo 'fo loo 5358 64 II 35059 53715
7ft I

1
1 07 1 ftIV/ l\l AA'^fln4''+ooU ^(1 OOUO. UU I 9'?i8a 41897

85 4077.28 II
^8149ooo^Z OZoO 1 17 5389.84 II 34390 52938

440 4089.68 I 1 7QQ9 'rZtoU 14 5432.71 II 47680 66082

120 h 4119.25 II 40 5449.27 II 35059 - 53405

(

U

II
1 i

14 7QQ ooVOJ IdI'T 5478 50Ot" t 0 . OU II 400 ^ft "18984

4- i U /1 1 10 n? 11
1071ft 'fooUo 60 5481.92 I 24489 42726

1 on A. 1 7 J. ^f^ 11
1 7009 4- 1 70 7 40 5505 49 I 24489 42648

340 4180.81 11 30392 - 54304 17 5524.54 I 27314 _ 45410

150 d 4218.56 11 37516 - 61215 85 h 5539.05 I

4218.69 I 24752 - 48449
94on 5556 47 I 0 17992

49*^1 07 I
1 17992 - 41615 35 5562 09 I 24752 42726

70 4277.74 I 24489 - 47859 20 5568. 1

1

I 25859 43814

120 4305.97 1 25270 - 48487 20 5586.36 I 24752 42648

70 4316.95 II 30563 - 53721 40 5588.45 II 35832 53721
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Ytterbium— all observed /iraes — Continued

Tn t^n Qitv1 11 ICIIS 11 y

and
Character

Wavelength
in A Spectrum

Energy levels

in cm"'

1 n tf^ n citVXII IC: llol L Y

and
Character

Wavelength
in A Spectrum

Energy levels

in cm"'

60 5651.98 II 30224 - 47912 35 h 6417.91 27678 - 43255
7 5686.53 II 41678 59259 20 6432.73 II 32371 47912

220 5719.99 I 27678 - 45155 17 h 6463.15 II 46354 - 61822
10

10 h

5749.91

5755.89

II

I

49009
25068 _

66396
42436 340

20
6489.06
6643.55

I

I

17288
27678

-
-

32695
42726

27 5771.66 II 31980 - 49301 180 6667.82 25068 — 40062

10 5803.44 I 28184 45410 15 6678.17 27678 42648
10 5819.41 II 46548 - 63727 25 6727.61 II 33052 - 47912

35

35

5833.99

5837.14

II

II 32371 _ 49498 25

690
6768.70
6799.60

I

I

25068
17992

—
—

39838
32695

27 5854.51 I 25859 — 42935 18 6934.05 II 33494 — 47912

8 5897.21 II 48923 65876 20 6999.88 II 35019 49301

20 5908.36 II 31980 - 48900 10 7043.78 II 47680 - 61873

17

40

5989.33
5991.51

I

II

23188
35832

39880
52517 9 h

8 h

7244.41

7305.22

I

I

24752
24489

-
—

38552
38174

10 6052.88 II 32982 49498 10 h 7313.05

j

24752 38422

10 6054.57 I 30524 47036 16 h 7350.04 24489 38091

60 6152.57 II 33052 49301 25 7448.28 24752 38174

30
60

6246.97
6274.78

II

II

33494
31980

49498
47912 30 h

750
7527.46

7699.48

I 25271
19710

38552
32695

14 6308.15 II 33052 48900 7 7895.08 24752 37415

35 h 6400.35 I 27678 43298 70 h 8922.56 II 44498 55702
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Yttrium

Y, Z = 39, M = 88.9059, Ratio = 1.399
Cu

Y I Normal state of valence electrons 55^4^20 11/2 = 0. I. P. = 52000 cm-i.

Y II Normal state of valence electrons 55^ 'So = 0. LP. = 99000 cm"'.

Y III Normal state of valence electrons 4rf 2D11/2 = 0. LP. = 165000 cm"'.

References

Wavelengths:
A. Gatterer and J. Junkes, Spektren der Seltenen Erden (Specola Vaticana, Vatican, 1945), below 7350 A.

G. R. Harrison, Massachusetts Institute of Technology Wavelength Tables (John Wiley & Sons, New York,

1939), above 7350 A.

Classification:

Y I, Y II, and Y ill, W. F. Meggers and H. N. RusseU, J. Research NBS 2 , 733 (1929) RP 55.

YO, W. F. Meggers and J. A. Wheeler, J. Research NBS 6, 239 (1931) RP 273.

Strong lines ofyttrium

Intensity

and
Character

Wavelength
in A Spectrum

Energy levels

in cm"'

Intensity

and
Character

Wavelength
in A Spectrum

Energy levels

in cm"'

13000 3710.30 II 1450 - 28394 6200 3601.92 840 - 28595
12000 4374.94 II 3296 - 26147 4700 3327.89 3296 - 33337
10000 3600.73 II 1450 - 29214
10000 3774.33 II 1045 - 27532 4400 3950.36 840 - 26147

9900 4102.38 I 530 - 24900 4300 3620.94 530 - 28140

9400

8900
8000

4077.38

4128.31

4177.54

I

I

II

0 -

530 -

3296 -

24519

24747
27227

4000 3832.88 1450 - 27532

3900

3900

3216.69

3549.01

1045 -

1045 -
32124

29214

7800 3611.05 II 1045 - 28730 3600 3982.60 1045 - 26147
7800 3633.12 II 0 - 27517 3300 3584.52 840 - 28730

7500 4142.85 I 0 - 24131 3000 3664.61 1450 - 28730

7400 3788.70 II 840 - 27227 2800 3592.92 0 - 27824

6200 3242.28 II 1450 - 32284 2800 4309.63 II 1450 - 24647

372



Yttrium— all observed lines

Intensity

and
Character

Wavelength
in A Spectrum

Energy levels

in cm"'

Intensity

and
Character

Wavelength
m A Spectrum

Energy levels

in cm"'

350 2243.06 II 0 - 44568 60 3128.77 II 27227 — 59179
50 2354.20 I 530 - 42995 80 3129.93 II 27532 - 59472

OAA200 2oO/.2o TIT111 725 42955 AC95 3135. 17
TT
11 1450 33337

on30
OQ7Q QQ 1 1 A

1 lu
TT
11 ZOOV^-

50 2ooa.24 OOA22U 0 1 7A A 13179.41
TT
11 OZZo4'

25 2413.93 II 23776 - 65189 70 3191.31 I 11360 - 42686

240 2414.68 III 0 - 41401 2300 3195.62 II 840 - 32124
560 O/iOO OA2422.20 XT

11 3296 44568 2200 OOAA m3200.27 TT
11 1045 — 32284

60 2460.61
TT
11 UOZ (

D

OOAA2200 TT
11 ft/in OZU'ty

25 OA(\f\ /I O24'VU.12
T
1

0AAA3900 OO 1 ^ an3216.69
TT
11 oZ iZ4

12 2540.28 6200 3242.28 II 1450 - 32284
14 2547.57 310 3280.91 II 14098 - 44568
1 A10 2550. 1

/

1 A19 O 0AO A 1 TT
11 28730 58947

OA20 o/; o 1 i^c2681.65
T
1

nu ^797Q 4700 3327.89 TT
11 OZVO oooo I

£A60 2oy4.2

1

c c55 0 O /I A 0 O3340.38
T
1 lOUOO

26 2695.39 I 530 _ 37620 160 3362.00 II 14833 _ 44568
95 2723.00 I 530 - 37244 85 3388.59 I 15246 - 44748
22 OTOn AO

1 0 — 36618 A C45 oom f\A339/. 04
T
1 16234 45664

22 2734.85 11 2404/ a 1 OAA012UU 85 3412.47 T
1 lo/ 12 A CAAO4oUUo

70 2742.53 1 I)
Q/^/l C

O

oo4o2 200 O A ACi OO3448.82 TT
11

Qon^ij2yt)
OOOQ/1

140 2760.10 I 530 _ 36751 70 3450.95 I 16234 45204
30 2785.21 II 23776 - 59670 110 3467.88 II 3296 - 32124

12 2785.59
T T
11 24647 - 60535 170 3485.73

T
1 17116 — 45796

12 2791.20 1
A Q C O 1 "7

000 1 / 1700 O A C\C AA3496.09 TT
11

A
u

30 OOAA 1 1
2800. 1

1

I I
11

O 9 /I yl C cm /I
"7

80 3521.53 T
1

1 /lO/lO

26 2813.64 I 530 _ 36061 45 3546.01 II

390 2817.01 III 7466 - 42955 3900 3549.01 II 1045 - 29214

18 2818.86 I 10529 - 45994 130 3551.80 T
1 14949 - 43096

45 2822.56 I 10529 45948 540 3552.69 T
1 0 OO 1 /I A

22 2825.37 II 29214 64597 170 3558.76 T
1

1 C 0/115246

45 2826.38 II 23776 59147 190 3571.43 I 15712 43704
70 2854.43 II 24647 - 59670 260 3576.05 I 16234 - 44190

26 2856.30 II 23776 - 58776 3300 3584.52
TT
11 840 - 28730

11 2857.87 300 3587.75
T
1

95 2886.48 I 1 1360 45994 100 3589.69
T
1 15246 A 0 AA^43096

18 2897.69 II 24647 59147 2800 3592.92 I 0 _ 27824

14 2898.82 II 23776 - 58262 10000 3600.73 II 1450 - 29214

160 2919.05 I 0 - 34248 6200 3601.92
T T
11 840 - 28595

18 h 2930.03 II 27532 61650 7800 361 1.05
T T
11

1 A.1 C1045
00*70A28/30

280 h 2945.94 III 7466 41401 4300 3620.94 I 530 28140

390 2948.40 I 0 33907 1900 3628.71 II 1045 28595

350 2964.96 I 530 - 34248 7800 3633.12 II 0 - 27517

18 2973.91 II 24647 - 58262 3000 3664.61 TT
11 1450 - 28730

480 2974.59 I 0 33608 45 3668.49 T T
11 28394 55645

30 2980.55 II 28394 61934 170 3692.53 I 17116 44190

750 2984.26 I 530 34030 13000 3710.30 II 1450 28394

70 2995.26 I 530 — 33907 60 3718.12 I 16817 - 43704

140 2996.94 I 0 - 33358 60 3738.61 I 16597 - 43338

70 3005.26 I 0 33265 1200 3747.55 II 840 27517

55 3018.95 I 10529 43644 50 3749.89
T
1 16436 43096

130 3021.73 I 530 33614 10000 3774.33 II 1045 27532

90 3022.28 I 530 - 33608 1400 3776.56 II 1045 - 27517

26 3026.49 II 26147 - 59179 50 3782.30 II 29214 - 55645

30 3036.59 11 28730 61650 7400 3788.70 II 840 27227

45 3044.84 I 1300 3818.35
TT
II 1045 mil

190 3045.37 I 530 33358 4000 3832.88 II 1450 27532

22 3047.11 I 70 3847.87 II

60 3055.22 II 29214 61934 80 3876.82

60 3086.85 II 26147 58533 480 3878.28 II 1450 11111

55 h 3091.70 I 30 3887.77 I 11360 37074

22 3093.76 II 32284 64597 60 h 3904.59 I

95 3095.88 II 1045 33337 50 h 3918.25 I 10937 36452

45 3111.81 I 10529 42656 60 h 3930. 1

1

I

55 3112.04 II 0 32124 240 3930.66 II 3296 28730

22 3114.28 I 4400 3950.36 II 840 26147
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Yttrium— all observed /ines— Continued

Intensity

and
Character

Wavelength
in A Spectrum

Energy levels

in cm"'

Intensity

and
Character

Wavelength
in A Spectrum

Energy levels

in cm"'

150 3951.60 II 3296 - 28595 40 h 4522.05 I 16436 - 38544
60 h 3955.09 890 4527.25 11532 — 33614

3600 3982.60 II 1U4d 26147 440 4527 80 } 11278 33358
40 3987.50 11360 36431 100 4544.32 J 15477 37476

940 4039.83 J 0 24747 100 4559.37 J 15222 37148

2400 4047.64 I 0 - 24699 30 4564.39 I

9400 4077.38
}

0 - 24519 60 h 4573.56 16817 — 38675
90 h 4081.22 18499 4Z99o 35 4581.32 15327 37148

2000 4083.71 J 0 24481 30 4581.77
T

15329 37148
9900 4102.38 J 530 _ 24900 130 4596.55 J 17116 38866

60 h 4106.39 I 18512 - 42858 95 4604.80 I 15329 - 37040
on80 ,1 1 1 A O 141 10.81 15246 — 39565 40 4613.00

}

15477 — 37148
320 4124.92 II oZ90 I looZ 2000 4643.70 0 21529

8900 4128.31 530 24747 200 h 4658.32 J 16159 37620
7500 4142.85 J 0 24131 70 4658.89 J

100 h 4157.63 I 15712 - 39758 85 4667.47 I 15994 - 37413
2400 4167.52

}

530 - 24519 60 4670.82
2000 4174.14 530 24481 2000 4674.84 530 21915
8000 4177.54 11 3296 27227 60 4678 35

t
19148 40517

120 4199.28 II 840 24647 260 4682 32 II 3296 24647

380 4204.70 II 0 - 23776 85 4689.77 I 16159 - 37476
80 4213.02 16234 - 39964 180 4696.81 15994 - 37279
40 4213.54 14949 38675 35 4708 85 15222 36452
160 4217.80 J 10529 34231 60 4725.85 J 15994 37148
280 h 4220.63 J 14949 38636 170 4728.53 J 10529 31672

80 4224.25 I 60 h 4732.37 I 15327 - 36452
600 4235.73 II 1045 - 24647 85 4741.40

{

16159 - 37244
2200 4235.94 530 24131 160 4752.79 15327 36361

300 4251.20
I

15246 38762 410 4760.98 J 530 21529

360 h 4302 30S\j\J^ • \J\J 15712 38949 17 4780.18 J 15222 36136

2800 4309.63 II 1450 - 24647 120 4781.04 I 11278 - 32188

50 4316.30 11360 - 34521 160 4786.58 11 8328 - 29214

110 4^30 78 10529 33613 170 4786.89 15477 36361

o\j 4337.29 15712 38762 180 4799.30
I

1 1079 31909

4344.65
<

1 utou 50 4804.31
I

15327 36136

440 h 4348.79 I 16234 - 39223 70 4804.81 15329 - 36136

60 4352.33
{

11278 - 34248 85 bl 4817.38 YO
60 4352.70 16597 39565 140 bl 4818 20 YO

( . ( v> 16817 39758 140 4819.64 10937 31680
noo d'^'^R 7^rOOO. 1 O II 23776 120 4822. 13 15329 36061

120 4366.03 I 11360 - 34257 190 4823.31 II 8003 - 28730

12000 4374.94 II 3296 - 26147 60 4839. 15

{

15477 - 36136

150 h 4375.61 17116 39964 770 4839.87 11532 32188

OKI 4379.33 1 1 U i 7 007U 1 550 4845 68 1 1278 31909
4,QQi; 4.0'*ooJ . to 1 1 ouu 410 4852 69 1 1079 31680

100 4387.74 I 120 4854.25 I 15222 - 35817

30 4394-01 11278 - 34030 890 4854.87 II 8003 - 28595
16817 39565 50 4856 70 15477 36061

1 fton 1 HAt^
1 U4D 9'?77A 330 4859.84 ^1 '^Oft<J 1 o\jo

oy\j 11
1

1

04w Z044-0 50 4879.65 15329 35817

80 4437.34 I 11079 - 33608 1900 4883.69 II 8743 - 29214

100 4443.66 11532 - 34030 50 4886.28 16159 - 36618

loy) /I 1,1A AO 11360 33842 40 4886 65 15994 36452
A.X(\^ 974-4-OD.Z 1

Q5 4893.44
.

1 1 070 0 loUo
j.j.7q on
'+4- 1 a-o? j 1 100 4900. 12 11 ft'<9ftoozo

170 4475.72 I 11278 - 33614 100 4906.11 I 11532 - 31909

180 4476.96
j

11278 - 33608 45 4909.00 16066 - 36431

iOU A All A.^'^4- / 1 .4-.)
!

10937 33265 150 4921.87 11360 31672

i lU 11079 33358 00 49'^0 9^ 16146 36420
j 10937 33215 40^0 66 1

30 4491.75 I 11532 33789 120 4974.30 I 18499 38597

25 4492.42 11360 33613 120 4982. 13 II 8328 28394

500 4505.95 11079 33265 100 5006.97 18512 38479

50 4513.58 15327 37476 75 5070.21 19148 38866

80 4514.01 15329 37476 75 5072.19
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Yttrium— all observed Zines— Continued

Intensity

and
Character

Wavelength
in A

Spectrum
Energy levels

in cm"'

Intensity

and
Character

Wavelength
in A Spectrum

r* 11Lnergy levels

in cm

1100 5087.42 II 8743 28394 21 5832.27 I 17116 - 34257
30 5088.18 I 19028 - 38675 9 b 5838.07 YO

210 5119.11 II 8003 - 27532 15 5858.83 YO
450 5123.21 II 8003 27517 15 5871.83 1 16817 - 33842
180 5135.20 18499 37967 24 5876. 14 YO

120 5196.43 II 14098 _ 33337 24 5879.96 I 16146 - 33148

960 5200.41 II 8003 - 27227 24 b 5893.94 YO
1500 5205.72 II 8328 - 27532 35 5902.96 I 16817 - 33753
180 5240.81 18512 37588 24 b 5912.19 YO
60 5289.82 II 8328 27227 24 b 5931.10 YO

45 5320.78 II 8743 27532 90 bl 5939.08 YO
75 5380.62 I 15327 - 33907 45 5945.72 I 16597 - 33412

220 5402.78 II 14833 - 33337 24 5950.02 I 16436 - 33238
24 5417.03 16066 34521 75 b 5956.41 YO
90 5424.37 15477 33907 1300 bl 5972.04 YO

190 5438.24 I 15864 34248 50 5981.86 I 16436 - 33148
710 5466.46 I 11532 - 29820 1000 bl 5987.64 YO
100 5468.47 I 15327 - 33608 740 bl 6003.60 YO
90 5473.39 II 14018 32284 120 6004.65
90 5480.74 II 13883 32124 120 6009. 19 I 17116 - 33753

60 5493.17 I 14949 33148 620 bl 6019.87 YO
35 5495.59 I 16066 - 34257 120 6023.41 I 0 - 16597

240 5497.41 II 14098 - 32284 500 bl 6036.60 YO
300 5503.45 I 15864 34030 420 bl 6053.81 YO
250 5509.90 II 8003 26147 130 bl 6072.78 YO

60 5513.64 I 15477 33608 50 6088.00 I 16817 - 33238
120 5521.63 I 15327 - 33432 210 bl 6089.35 YO

5521.70 II 14018 - 32124 160 bl 6096.78 YO
24 5526.76 I 16159 — 34248 130 bl 6107.82 YO
740 5527.54 I 11278 — 29364 130 bl 6114.73 YO

5541.63 I 15712 33753 75 bl 6127.38 YO
120 5544.61 I 15327 — 33358 1400 bl 6132.06 YO

II 14018 - 32049 120 6135.04 I 17116 - 33412

90 5546.02 II 14098 — 32124 150 6138.43 I 530 - 16817

75 5556.43 I 15246 - 33238 1 100 bl 6148.36 YO

\J\J 5567.75 I 15477 33432 120 6151.72 YO
180 5577.42 I 15864 _ 33789 820 bl 6165.08 YO
24 5581.08 I 15994 - 33907 560 bl 6182.23 YO

620 5581.87 I 11079 — 28989 1200 6191.73 I 0 - 16146

21 5590.96 I 15477 — 33358 590 bl 6199.82 YO
91 5594.12 I 450 bl 6217.96 YO
120 5606.33 I 11532 _ 29364 300 6222.59 I 0 - 16066

15 5623.91 I 16066 - 33842 270 bl 6236.72 YO
560 5630.13 I 10937 - 28694 45 6251.05 I

24 5632.25 I 15864 - 33614 120 bl 6275.01 YO

Zl 5632.89 I ID lOV OoVU S 60 b 6295.46 YO
120 5644.69 I 11278 28989 24 b 6316.20 YO
120 5648.47 I 15712 - 33412 24 b 6338.10 YO
740 5662.94 II 15683 - 33337 15 b 6359.48 YO
90 5675.27 I 11079 - 28694 15 6369.87 YO
1 nlo 5693.63 I ^di '\f, 75 6402.01 I 530 - 16146

160 5706.73 I 16234 33753 1000 6435.00 I 530 - 16066

24 5720.61 I 16436 - 33912 24 6437.18 I 18499 - 34030

75 5728.89 II 14833 - 32284 18 h 6501.23 YO
150 bl 5730.12 YO 18 h 6518.33 YO
01 5732.09 I

1 API 7 18 h 6535.84 YO
90 5743.85 I 17116 34521 90 6538.60 I 18499 - 33789
18 bl 5746.93 YO 12 h 6553.84 YO
24 bl 5764.22 YO 70 6557.39 I 0 - 15246

75 5765.64 I 16817 34156 12 h 6572.58

35 5773.95 J 16597 33912 35 6576.85 I 19238 - 34438
100 5781.69 14833 32124 23 6584.87 I 530 - 15712

15 bl 5800.00 YO 95 6613.75 II 14098 - 29214

15 bl 5818.58 YO 14 6622.49 I 18512 - 33608
30 5821.87 I 16066 33238 19 h 6636.49 I 28989 - 44053
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Yttrium— all observed /iraes— Continued

Intensity

and
Wavelength

in A Spectrum
Energy levels

Intensity

and
Wavelength

in A
Snpftrii in

Energy levels

Character
in cm"' in cm

40 ooou.oi
J

19406 - 34438 10 h 7195.93 36361 50254
9 1 6664.40 I 44-000 35 7264.17 II 14833 28595

lou 6687.58 I 0 - 14949 9 h 7293.08 I
1 t:7i 9 29420

14 h 6691.83 I 29820 - 44760
0 ViV n

7 6694.75 I 18499 - 33432
Tl11 13883 27517o 7009 OA

16 h 6699.26 ' 50 7346.46 16234 29843
7n/U 6700.71 I

1 QC^l 9Xooiz 11 h 7398.77 I 15477 28989
35 6713.20 I 21529 - 36420 29 7450.30 II 27517
40 6735.99 I 19406 - 34248

1 7 lAQA QQ 19028 32366190 6793.71 I 530 - 15246
}

I n 71
/ DoO. /

1

{70 h 6795.41 II 14018 - 28730 35 7563.13 19148 32366
1 9 un 6803.15 I OOo4Z 8 h 7617.72 I

21 6815.16 I 19238 - 33907 19 h 7622.94 I
1 Q07A 32091

14 6832.49 II

I

14098 - 28730
( OOZ.oV 19028 3209145 6845.24 19148 - 33753

7

}

J

18976 31978
14 6858.24 II 14018 - 28595 8 h 7698.00 I

29 6887.22 I 21915 - 36431 19 7719.89 I 19028 - 31978
21 6896.00 II 14098 - 28595 19 7724.08 I

^Q^ AQ 32091

9 6908.26 I 14949 - 29420 77QQ /I 9 16436 2927214 6933.52 I 530 - 14949
1 Qlo

Jo 77QA "iO 16597 29420
24 h 6950.31 I 19028 - 33412 6 7802.52 1 15327 28140
lU 6951.68 II

ono 1 A— Z'^Al'i 17 7812.16 I 16817 29614
lO 6958.04 I 15246 - 29614 29 7855.52 I

1711/;171 lo 29843
24
13 h

6979.88
7008.97

I

1

14949
19148

- 29272
- 33412

1 in 7QQ1 on
i 00 1 . vu II

11 14833 27517

lu n 7QQO 'i'i

!
17116 29614

10 7009.93 I 18976 - 33238 9 8329.61 I 32188 44190
19 h 7035.18 I 19028 - 33238 24 8344.43 I 16159 28140
29 7052.94 I 15246 - 29420 8 h 8365.64 I 24481 36431

13 h 7054.28 I 18976 - 33148
1 7 c+ou. ou

.
15994 27824

9 7075.13 15712 - 29843
8 h 8528.94 24699 36420

11 7127.92 15246 - 29272 95 8800.62 0 11360

35 7191.66 15712 - 29614 19 h 8835.85 II 14833 26147
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Zinc

Zn, Z = 30, M = 65.4, Ratio 7;^ = 1.029
Cu

Zn I Normal state of valence electrons Stf'Hs^ ^So = 0. LP. = 75768 cm~i.

Zn II Normal state of valence electrons Zd^Hs 2S1/2 = 0. LP. = 144893 cm-i.

References

Wavelengths:
G. R. Harrison, Massachusetts Institute of Technology Wavelength Tables (John Wiley & Sons, New York,

1939).

Classification:

Zn I, C. W. Hetzler, R. W. Boreman, and K. Burns, Phys. Rev. 48, 656 (1935).

Zn 11, W. C. Martin and V. Kaufman, J. Res. Nat. Bur. Stand. (U.S.), 74A (Phys. and Chem.), No. 1, 11-22

(Jan.-Feb. 1970).

Zinc— all observed lines

Intensity

and
Character

Wavelength
in A Spectrum

Energy levels

in cm"'

Intensity

and
Character

Wavelength r.

bpectrum
Energy levels

in cm"'

3000 2025.48 II 0 - 49355 200 3282.33 I 32311 - 62769

10000 - 2062.00 II 0 - 48481 900 3302.59 I 32501 - 62772

10000
-

2138.56 0 - 46745 280 3302.94 I 32501 - 62769

35 h 2756.45 32311 - 68579 1400 3345.02 I 32890 - 62777

60 d 2770.86 32501 - 68581 300 3345.57 I 32890 - 62772

2770.98 32501 - 68579
60 3345.93 I 32890 - 62769

90 d 2800.87 32890 - 68583 400 4680. 14 I 32311 - 53672

2801.06 32890 - 68581 1000 4722.16 I 32501 - 53672

100 h 3072.06 32890 - 65432 1400 4810.53 I 32890 - 53672

260 3075.90 0 - 32502 120 hi 6362.35 I 46745 - 62458
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Zirconium

Zr, Z= 40, M=91.22, Ratio ^=1.435

Zr I, Normal state of valence electrons 4c?25s^^F2 = 0. LP. = 56077 cm"*.
Zr II, Normal state of valence electrons 4^255 ^Fi 1/2 = 0. LP. = 113175 cm"'.

References
Wavelengths:

G. R. Harrison, Massachusetts Institute of Technology Wavelength Tables (John Wiley & Sons, New York,
1939).

Classification:

Zr I, C. C. Kiess and H. K. Kiess, J. Research NBS 6, 621 (1931) RP 296.

Zrll, C. C. Kiess and H. K. Kiess, J. Research NBS 5, 1205 (1930) RP 255.

Molecular Spectra:

ZrO, C. C. Kiess, Sci. Papers BS 22 , 47 (1927).

Strong lines of zirconium

Intensity

and
Wavelength c

^ Spectrum
Energy levels

-1

Intensity

and
Wavelength

in A Spectrum
Energy levels

in cm~'
Character

in cm
Character

5700 3391.98 II 1323 30796 1800 2678.63 11 1323 - 38644

4700 3438.23 II 763 29840 1800 3547.68 I 570 - 28750

4100 3496.21 II 315 28909
II 289093500 3601.19 I 1241 29002 1800 3551.95 763 -

2900 3863.87 I 570 26444 1600 2568.87 II 1323 - 40239

1500 3885.42 I 0 - 25730
2900 3890.32 I 1241 26938 1500 4064. 16 I 5249 - 29847
2300 4687.80 I 5889 27215 1400 2734.86 II 315 - 36869
2200 3835.96 I 0 26062

2100 2571.39 II 763 39640 1400 4739.48 I 5249 - 26343

2100 3556.60 II 3758 31866 1300 2722.61 II 1323 - 38041

2100
2000

3572.47 II

3519.60 I

0

0

27984
28404

1300

1300

3279.26

3481.15

II

II

763 -

6468 -
31249

35186

2000 3891.38 I 1241 26931 1300 3576.85 II 3300 - 31249

2000 4072.70 I 5541 30087 1300 3836.76 II 4506 - 30562
2000 4081.22 I 5889 30385

1200 3479.39 II 5753 - 34485

2000 4227.76 I 5889 29535 1200 3929.53 I 570 - 26012

2000 4239.31 I 5541 29123 1200 4149.20 II 6468 - 30562

1900 4710.08 I 5541 26766 1200 4241.69 I 5249 - 28818
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Zirconium— all observed lines

Intensity

and
Character

w avcicngth

in A Spectrum
Energy levels

in cm"'

Intensity

and
Character

Wavelength
in A Spectrum

Energy levels

in cm"'

60 2374.42 I 0 - 42103 12 2759.48 I 1241 - 37469

60 2384.17 I 70 2761.91 II 0 - 36197
ZOotJ.Ui T

1 570 42434 Z /Oo.Uo 4376 - 40558
ZoOV.Z i

T
1 zuu a 97AQ 7^Z /Oo. i O TT

11 iOZO 0 / 4*OU
T
1 1241 42799 97Afi QCZ i Oo.OO TT

11 OUOU7

60 2419.41 11 4248 - 45568 170 d 2774.04 I 570 - 36608

150 2449.85 II 4248 - 45055 2774.16 II 6468 - 42504
OlZl

Tt
11 4506 45186 oU Z /OO.OO

}

5102 - 40974
Z^-iJ i .ZV TI

11 8153 48345 9nnzuu z /yu. 14
TI
11 7838 47882 1 90 97Q9 C\A 0

180 2532.46 II 763 - 40239 90 2793.39 I

90 2539.65 I 570 - 39934 30 2795.13
J

570 - 36336
OOA 9CA9 in TT

11 315 39640 lOU z i vo.yu
;}

5724 - 41468
A 9ccn ci I

X 1 1 n 97QQ 1 ^Z lyy. 10 <J 1 OO - dMfifl4" i^UO
OOA
/

ZDOU. /**
IT
11 on 9RC\f\ 7ftZOUO. ( o ^lOU 070U4

45 2556.43 I 1241 - 40346 35 2808.16 II 315 - 35915

60 2567.45 I 1241 - 40178 180 2810.91
If

6112 - 41677
D lU 9CA7 A/1Zoo / .04' IT11 0 38934 A9nozu 9Q1/1 QA

Zoi'+.yu 0 - 35515

loou OCrfiO 07ZODo.o/ IT
11

1 Q oolo2o 4UZoV OVU OQl Q 7/1Zoio. /4 770A
1 too A 0 OAO- 4oZU2

OC71 onZo /l.oV IT
11 (Do QQiC/l Aoyo4u 7A OO 1 A C£.Zoiy.oo C 1 AO51UZ ^ AC CO— 4U55o

75 2583.40 II 4506 _ 43202 55 2821.56 I 570 - 36001
130 2589.07 II 4248 - 42861 530 2825.56 7513 - 42894
oo zooV.oo T

1 570 — 39174 OA 0007 CAZoZ / .dU
^f

6112 - 41468
40 zouy .4o

T
1

C7n QQQQO 9Q97 CAZoZ / .o4 — oooy /

1 CA OAQA nizoou.y

i

TT
11 4'OUO ou OQOO QlZozy.oi QA7A/1— oy/u^

80 2635.42 I 1241 _ 39174 110 2833.91 II 7513 - 42789
210 2639.09 II 763 - 38644 80 2834.40 i| 6468 - 41738
7A OA/1 9 /I A TT

11 315 — 38134 o5 OQOA ACiZoot).4V
}

5102 - 40346
rr
OD 0A,1 7 70Z04 / . /o

T
1 0 /U

•300 07OOOZi 7 1 A 0Q07 00Zoo / .ZO
1

C7A5 /U 0 C QAA— o5oU0
1 1 A zooO.oo IT

11
7AQ OQ/1 QO c r

00 OQOQ AOzooo.Uz Aliooi iz /I 1 0 0 7— 41oo(

70 2658.69 I 4186 _ 41788 120 2839.34 II 6468 - 41677
180 2667.80 II 315 - 37788 130 2843.52

II

7736 - 42894
r r
DO

TT
11 5753 - 43202 oou ^QA A COZo44.5o

11
8058 - 43202

TT
11

77 Q/L
/ (36 45 loo O 1 A21U OO/I O 1 AZo4o. IV

*l

C 7C 05 /5o /I AOC 0- 40o5o
1 on120 o/:7A A£^ZO70.96

TT
11 4248 41677 OCA350 OOd O COzo4o.5z 1241 - 36336

1800 2678.63 II 1323 _ 38644 350 2851.97 II 7736 - 42789
35 2681.76 II 763 - 38041 70 2854.43

II

7838 - 42861
AA90 ZOO /. /o

T
1 1241 - 38436 07Z /

OOCA AAZo50.U0 5724 - 40727

90 z69z.60 f T
11

OACO 45 loo AC95 OOAA OC2ooU.o5
}

C 7A5 (U
0 C C 1 c- 05515

22 2692.92 T
1

A0 0 7 1 oo r r
55 OOA C 1 A2o65. 10 'I

OOAC2oy5 0 7 700- 0 I loo

160 2693.53 II 315 _ 37430 90 2865.60 II 3758 - 38644
180 2694.06 II 5753 - 42861 340 2869.81

II

8058 - 42894
TA70 0£.f\C A 1Zoyo.4^ IT

11 4248 - 41337 oco5 0Q70 COZo /Z.5o
^}

8058 - 42861
A C95 Zovy.ou

TT
11 315 37346 /I OA4yu 0Q7C OQZo (5.VO

1

1241 - 36001

750 2700. 13
T T
11 763 37788 AA 0077 CC 3300 - 38041

90 2706.17 I 0 36942 35 2880.83 I 5102 - 39804
70 2709.33 I 570 - 37469 35 2882.09 II 4248 - 38934

280 2711.51 II 0 - 36869 55 OOOO OA2883.80
}|

7838 - 42504
140 2712.42 T T

11 315 37171 AA90 OOOO A/I2o8o.04
}|

6112 - 40727
140 07 1 A Oil2714.26 TT

11 4506 41337 45 OOOA A 02ooy.4o II 2572 - 37171

12 2717.48 I 4186 _ 40974 120 2892.26 I 1241 - 35806
1300 2722.61 II 1323 - 38041 90 2898.71 II 3300 - 37788
140 2725.47 I 1241 - 37921 60 OAAi ^;o2901.62 i| 13428 - 47882

800 2726.49 II 763 37430 55 OAA 1 OO2901.82
II

2895 - 37346
60 2727.02

T
1 570 37230 1 AAlou OAAC OO2V05.2O II 6468 - 40878

490 2732.72 II 763 37346 70 2907.38 II 6468 - 40853

1400 2734.86 II 315 — 36869 90 2910.25 II 8153 - 42504
35 2737.89

T

1
OAA300 OA 1 C AA2915.99 II 3758 - 38041

70 2740.35 11 3758 40239 27 2916.25 I 570 - 34851

110 2740.51 II 4248 40727 110 2916.64 II 2895 - 37171

140 2741.55 II 1323 37788 270 2918.24 n 8153 - 42410
1100 2742.56 II 0 36452 70 2923.85 570 - 34762
660 2745.86 II 763 37171 45 2924.64 14163 - 48345

660 2752.21 II 315 36639 320 2926.99 14190 - 48345
530 2758.81 II 0 36237 160 2934.61 2572 - 36639
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Zirconium — all observed Zirees— Continued

Intensity
Wavelength

in A
Energy levels

in cm"'

Intensity

Bnd
Wavelength

in A opectrum
Energy levels

in cm"'

1 AfllOU XT o t o^u "ionoZU 0 1 C"? OOolo/.oZ T
1 'to /o

90 2945.46 11 71'ifit 1 ou &.\f\ll4- lU M I oiuz oO /OU
320 2948.94 II 7838 41738 540 3164.31 II 5753 37346
210 2951.48 II 3300 - 37171 150 3165.45 II 8058 - 39640
95 2952.24 II 1323 - 35186 880 3165.97 II 1323 - 32899

^yoo. to IT
11 ^ 1 oo^ loU o 1 z: /: OAoloo.zo TT

11 ^fln4iooU^-l

320 2960.87 I Q 190 3178.09 II 77QA
/ /oO OQIQOov lyz

320 2962.68 II 2895 _ 36639 190 3181.58 II 7513 38934
320 2968.96 II 3758 - 37430 150 3181.92 II 5753 - 37171
120 2969.19 I 570 — 34240 880 3182.86 II 4506 - 35915

TT
11 ouzo 1 o4U Q 1 Al 01olVl.zl T

1
nu

130 2976.61 II 8153 ^ 1 i OO 210 3191.90 II f\i.f\9.utuo ^77ftftOil OO
320 2978.05 II 3300 _ 36869 75 3197.04 I 4186 I 35456
230 2979.18 II 2895 - 36452 25 3204.35 II 7736 - 38934
160 2981.02 II 4506 - 38041 95 3204.90 I 5102 - 36295

Qonozu OOQC on T
i oo^XS 1

OOl O AloZlZ.Ul T
1

Ql (iQC

25 2987.80 II 45 3212.58 I
QA99rtOOZzU

50 2991.41 II 0 33419 75 3212.85 II 5753 36869
320 3003.74 II 4506 - 37788 760 3214.19 II 763 - 31866
100 3005.37 I 4186 - 37450 110 3222.47 II 14163 - 45186

1 AlOU OAAC CAoOOo.oO T
1

OAC ToOo /
A 1 0 OA41320 200 OOOO Ol3228.81 TT

11
A/1/^O 0 T/l 0A0 /4oU

820 3011.75 I
CTA 00/04 630 3231.69 II

QICOlD 0 1 9/1 O

100 3013.32 II
A CA£ 37682 630 3234.12 I

1 0/1 1lz41 0 O 1 COozloz
65 3014.44 I 0 - 33164 110 3236.58 II 14299 - 45186
160 3019.84 II 315 - 33419 760 3241.05 II 315 - 31160

OOU QAOA A"? TT
11

A OAO o /o40 Q OA320 OOCA OA3250.39 T
1

CTA 0 1 00*7oloz /

CAA 3AOO A/1 TT
11 /OOO 4 A0C34Uooo OOCA AH3250.46 TT

11 1 A OQO 4dUoO
880 3029.52 I 1241 34240 200 3254.28 I 16978 47698
180 3030.92 II 0 - 32984 200 3260.11 I 4186 - 34851
350 d 3036.39 II 4506 - 37430 40 3264.81 II 7513 - 38134

3036.50 II 4248 - 37171
1 AA 6Zb\).oo 1

A 1 0£.4186 0 A T^O34762
30 3043.25 I

C '7Ab /u 0 0 A OA 150 3271.13 II
/I 0/1 o4Z4o 0 /I 0 1 A

100 3045.83 I
A 1 0£4186 37008 540 3272.22 II

A0 0 AC C 1oOool
70 3049.33 I 4186 _ 36971 1000 3273.05 11 1323 _ 31866

690 3054.84 II 8153 - 40878 1300 3279.26 11 763 - 31249

•7A oOdT.Zz If
11 8153 40853 Q OA JozU d OOOO "70 T

1 •
1 0/1 11/41 0 1 £AC316V5

1 AA100 OA£A 1 13060. 1

1

TT
11 315 32984 OOOO OO3282.83

TT
11

1/170 014 /OO /I C 1 OA4d1o0
90 3061.35 II 763 33419 880 3284.71 II 0 30435
70 3063.57 I 4376 - 37008 140 3285.88 II 8058 - 38483
100 3064.63 II 4248 - 36869 150 3288.80 II 763 - 31160

50 3065.21 IT
11 0 32615

II 7736 - 38134

110 3085.34 I 570 32972 75 3296.40 II 7736 38063
55 3090.44 I 5102 37450 75 3302.67 II 9969 40239
110 3094.80 I 4186 _ 36489 II 17614 - 47882
250 3095.07 II 315 - 32615 540 3305.15 II 315 - 30562

1 10 3095.82 I 4197 36489 880 3306.28
T T
11 315 30551

280 3099.23 11 0 32257 40 3309 89 11 7838 38041

690 3106!58 II ouoo 40 3311.34 11 5724 35915

110 3108.37 I 4376 — 36538 150 3313.70 II 7513 - 37682
210 3110.88 II 763 - 32899 210 3314.50 II 5753 - 35915

350 3120.74 I 4186 36220 75 3318.51
T T
11 6112 36237

70 1 9'i IQ II 4248 36237 150 3319 02 II 315 30435

320 3125.92 II 0 31981 380 3322.99 II 6112 36197

500 3129.18 II 4248 _ 36197 40 3326.41 I 4186 — 34240
500 3129.76 II 315 - 32257 380 3326.80 II 12360 - 42410

140 3131.11 1
1 4197 36125 OCAo8U 0 0 0/1 oc0004.Z0 If

11 8058 38041

350 3132.07 I 4376 36295 210 3334.62 II 4506 34485

110 3133^23 I
1 no o /UUo 190 3338.41 II t I OO O 1 OOZ

350 3133.48 II 7736 39640 760 3340.56 II 1323 31249

180 3136.96 I 5102 36971 380 3344.79 II 8153 38041

690 3138.68 II 763 32615 130 3353.66 T
1 1241 31050

o 1 oV.oU I
1 5102 36942 IfiO •^354 3Q II 6112 35915

180 3148.82 I 4376 36125 760 3356.09 II 763 30551

290 3155.67 II 7513 39192 540 3357.26 II 0 29778

150 3157.00 II 4248 35915 180 3359.96 II 11984 41738
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Zirconium— all observed lines— Continued

Intensity

and
Character

u/ 3 V p> 1 n D't h

in ^ Spectrum
Energy levels

in cm"'

Intensity

and
Character

W dVCl^lIglll
Spectrum

Energy levels

in cm"'

150 3360.46 I 5102 - 34851 130 3485.32 II 7513 - 36197

95 3362.68 II 8058 — 37788 45 3495.37

J

11956 - 40558
3363 82 n 30A 1 co/oio 4100 3496.21 315 - 28909

1 'ift 3367 82 2572 32257 190 3499.58
TT

3300 - 31866

zo OOUO.Ut" I 0 29677 130 3Sni 3"^OOU 1 •00
T

570 - 29123

40 3369.26 II 9969 - 39640 80 3501.49 I 8057 - 36608

150 3370.59 I 5102 - 34762 350 3505.48 12360 - 40878
inn QQTO AOOO i O.'tZ 11 8153 37788 890 3=^0^ ft7 1323 - 29840

OOv OO ( 4-. / O Tl 8058 37682 an ^infi n^ T,
9969 - 38483

1 in111/ OO 1 U.Z i
TT11 7736 37346 T-O 3^07 fi7

TT
7736 - 36237

150 3377.46 II 3300 - 32899 1000 3509.32 I 570 - 29058
55 3378.30 II 7838 - 37430 200 3510.46 4506 - 32984
JO OO ly.yA T 17556 47135 9ftnn Q R 1 Q AftoDi 7.OU 0 - 28404

3^ft7 87OOO i . O f TTIX 7838 37346 1 '^filoU OCOA 07ooZU.O / 40UU ^98000Z07 7

760 OOOO. ou TT 0 29505 Adft 11 980 "i — ^ 1 9d00 XZ47

5700 3391.98 II 1323 - 30796 90 3530.22 I 5102 - 33420
570 3393.12 II 315 - 29778 70 3530.85 14190 - 42504
1 AO 33Qfi 33OO 7U . OO TT11 7736 37171 0000. ZZ. 1241 - 29535
dn ITXi 1 '?d9Q d98fil 9 1 ft oOoO. iO

j|

OUo / oOooO
4n 007 1 .7^ T

1 1 8977 4 1 U70 1 1 ft 980 _zovo ^1 1 Aft0 i IDU

380 3399.35 II 2572 - 31981 45 3539.01 II 13429 - 41677
150 3402.87 II 12360 - 41738 630 3542.62 I{ 14190 - 42410
iQn XAm Aft04U0 . uo IT

li 8058 37430 1 ftftft ^c:A7 Aft 570 - 28750
34.04, S'^Ot-Ut- . OO TT11 980=1^070 O^^O I

1 ^ft oo4V. 0

1

ji

}

OO/iO - ^81 ^d00X04
3/inR 08 TTXX 78^81 000 ^71 710 / X J X Z lU OCAQ 7

A

OUO 1

3AO90

40 3408.78 630 3550.46 I 0 - 28157
760 3410.25 II 3300 - 32615 1800 3551.95

II

763 - 28909
dn h ^dl 1 7Q X 17833 47135 1 ^ft ^RRA ft7

II

9553 - 37682
oou ^dldo4 14*. DO I1 ^7n0 / U 9 1 ftftZ lUU ^i^i^A AftoooD.OU 0 / 00 1 QAA0 loDO

TT 81 ^130 100 0 i 4'oU 1 cift ^Rc:p OA 1 c;i ft9D lUZ 10900 IVZ

75 3419.11 II 1323 - 30562 1100 3566.10 I 1241 - 29275
110 3419.66 I 4186 - 33420 90 3568.14 I| 6468 - 34485
1 AftlOU 11 315 29505 91ftZ iU oOOo.oo

j|

5102 - 33114
Z3 O4-Z0. y.) I1

379300 / ZoU 9 1 ftftZ iUU Q C 70 A 700 I Z..^ I

II

0u — 97QQ/1z /yo4

0D OA ICS 9Q I
1

3A3QC: 91ftZ lU
QCTQ AO00 / o.Uo 0^70ZO (Z — 3ncQ 1oUoo 1

1000 3430.53 II 3758 - 32899 1100 3575.79 I 570 - 28528
110 3431.57 II 7736 - 36869 1300 3576.85 I| 3300 - 31249
1 ilft o'foz.^ 1

TT
11 7513 36639 1 QftloU 00 ( / . 00

.|
8057 - 36001

1 lU o4oo.y 1
IT
11

QftCLQOUDO ^71 7 1 1 c:n 00 /o.Zo 07/1 7V /4o q7AQ90 / OoZ
ooU o4o / . 14

IT
11 0 I Z4- •^/IQ 1ft QQftOoU 0000. ZV Au — 97Q7A

4700 3438.23 II 763 _ 29840 440 3587.98 II 2572 - 30435
180 3440.45 I 0 - 29058 180 3588.32

'1
3300 - 31160

1 9n ^dd3 '^1 TT1

1

7838 — 36869 7ft ocoi 79oOV 1 . /

Z

1

570 - 28404
1 on 3ddA Alv>440.0 1 T1

A 1 QA 3 3 1 no00 lyz 'to n oDVo. lo 1 7AAA
1 /uou - /I /1 00 044ooZ

Ann 3/1/17 3A
O't'l / .00 I

1
Au oonnnzoyyy Oft ocoQ on 1 ,1 73 314/00 - /I 0 C A/14zoU4

200 3455.91 I 4186 _ 33114 3500 3601.19 I 1241 - 29002
110 3457.18 I 4197 - 33114 160 3607.38

{}

9969 - 37682
A ^ n 0 A^n CA If

11 4506 - 33419 oyu JA 1 1 QO

II

14060 - 41738
zUU 0 ,1 r Q QO

11
7 7 3 A
/ lib 3 AA 3 Aooooy 1 1 ftft

1 lUU Of. 10 inoOlo. lU
^1

3 1 colo - 07AO /i27984
1 AftlOU O4-0 1 . UV T

1
OAC 7oUo /

3 AA/1 0ooy4z 1 Aft 'x«^'x 7ft A 1 OA4186 - 0 1 0 C 131851

820 3463.02 II 11984 _ 40853 1100 3614.77 II 2895 - 30551
95 3465.63 I 1241 - 30087 1100 3623.86

1

570 - 28157
3 1 AA nylo4Dy .y4 IT11 8058 - 36869 1 Qft QAQn AOoOoU.UZ

}}
2895 - 30435

600 3 /I 7 1 1 A04 / 1 . jy T
1 0 28801 1 An Oi^O 0 ACi0000. 4y

'1
14163 - 41677

3/170 OA0'+ /z.yu 1
1

A 1 OA4 loo 3 0A70ozy /z Q9ftoZU Of.OA 1 C
o0o4. lo 1 0 /1

1

lz41 - 007 C A28750

130 3478.30 II 763 _ 29505 180 3636.45 II 3758 - 31249
65 3478.50 II 9743 - 38483 30 3638.72 4376 - 31851

3 y1 70 7A I
1 4376 33114 3noU 3A'^t: CA0000. 00 7838 - 35186

1 OA 3 /I 7A AO04 /y.uz 11 4248 32984 OAnZOU 3AA 1 onOOOI.ZU 570 - 27876
1 OAA 3/17A 3Ao4/V.oy TI

11 5753 34485 yo 3AAO 1 AoOOz. 14 I 13429 - 40727

150 3480.41 II 7513 36237 1100 3663.65 I 1241 - 28528
1300 3481.15 II 6468 35186 160 3668.45 3300 - 30551
190 3482.81 I 570 29275 390 3671.27 5753 - 32984
190 3483.01 I 8057 36760 800 3674.72 2572 - 29778
760 3483.54 II 6112 34810 140 3678.90 14163 - 41337
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Zirconium— all observed Zines — Continued

Intensity

and
Character

Wavelength
in A Spectrum

Energy levels

in cm"'

Intensity

and
Character

Wavelength
m A Spectrum

Energy levels

in cm"'

55 3680.37 I 1/41 - 28404 490 3966.66 1241 26444
TI11

0 "7 C O3758 - 30796 wu OQAQ OAoyoo.zu 1241 26434
960 3698.17 II 8153 - 35186 40 3972.30 I 15720 40888
90 3706.63 I 1241 - 28212 110 3973.39 I 12761 _ 37921
720 3709.26 II 6468 - 33419 660 3973.50 I 570 - 25730

190 3714.13 I
1 0/1 11/41 — 90 1 C*?/olo / 200 3975.29

{

12773 37921
^714. 7RO 1 i**. to II 4248 - 31160 00 OQ77 OA 5249 30385

65 3718.84 II 2895 - 29778 160 3977.48 I 8057 33192
270 3731.26 II 14060 - 40853 40 3978.25 I

50 3737.39 I 5102 - 31851 100 3978.74 I 12342 - 37469

50 3738.11 II 4bUo - 31/49 200 h 3981.60 11017 36125
II 141VU - A r\0'70Wo lo 16978 42087

80 3750.64 II 4506 - 31160 100 3982.16 I 10885 35990
880 3751.60 II 7838 - 34485 160 3984.75 I 4186 _ 29275
50 3754.79 I 14349 - 40974 65 3986.80 I 570 - 25646

95 3757.79 II 14733 - 41337 100 3988.68
}

5023 30087
o tv^.oy 1 0 - 26557 1 0 300Q 90 570 25630

480 3766.72 I 12342 - 38882 160 3989.50 I 15120 40178
340 3766.82 II 3300 - 29840 770 3991.13 II 6112 _ 31160
24 3767.88 II 5724 - 32257 770 3998.97 II 4506 - 29505

720 3780.54 I 0 - 26444 40 4001.09 1241 26227
11 6468 - 32899 10 4UU/.00 4871 29847

95 3786.61 140 4003. 10 I 1 1017 \j\jyy\j

560 3791.40 I 570 - 26938 75 4004.40 I 12503 _ 37469
90 3792.40 I 570 - 26931 75 h 4004.87 I 16978 - 41941

130 3796.48 II 8153 - 34485 200 4007.60 14989 — 39934
3QnQ 90 zuu 4-11 IZ. ZD 15720 40637

210 3817.58 II 494.8 - 160 4016.98 I 1 9 4.9

560 3822.41 I 0 - 26154 120 4018.38 II 7736 _ 32615
I 5541 - 31695 400 4023.98 5541 - 30385

55 3827.27 II 120 4024.44 II 8058 — 32899
zzuu 1 0 - 26062 77/1 'i-Uz^. VZ 5249 30087
1300 3836.76 II 990 4027.20 I "1091 90847

160 3838.28 II 4506 - 30551 240 4028.95 I 4186 _ 28999
550 3843.02 II 2895 - 28909 400 4029.68 II 5753 — 30562

550 3847.01 I 570 - 26557 490 4030.04 4871 — 29677

OOU QQ/1Q 91^ I
1 0 - 25972 4U FI

11 6468 31249

110 3855.43 II 400 4035.89 1 94.1 9601

9

2900 3863.87 I 570 - 26444 40 4040.24 II 7513 32257

770 3864.34 I 1241 - 27111 100 4041.64 15201 - 39937

990 3877.60 I 8057 - 33839 240 4042.22
{

11258 — 35990
3070 AC. T

1 570 - 26343 A 1 nOIK) 4186 28910
1500 3885.42 I 0 — /O t OU 490 4044.56 I 4.S71 / 7000

2900 3890.32 I 1241 - 26938 400 4045.61 II 5724 _ 30435

2000 3891.38 I 1241 - 26931 610 4048.67 II 6468 _ 31160

100 h 3892.03 I 15201 - 40888 200 4050.33 II 5753 — 30435

75 h
o or> o OA3893.84 1 12761 - 38436 9AA/OU /I ACA AO

{

4376 — 29058

160 3896.53 I o /U — 9^997/O// t 120 4054.43 1 9A11/41 /OoVo

I 17143 - 42799 770 4055.03 I 5023 I 29677

75 3897.66 I 14697 - 40346 600 4055.71 I 12773 _ 37422

400 3900.52 I 0 - 25630 330 4061.53
}

4186 — 28801

40 3914.34 11 19515 - 45055 4Ud4. Id 5249 29847

310 3915.94 II
/I 9 1 Q 9Q77Q/y / lo 75 4068.72 j lUooO OO^OO

160 3916.64 I 1241 - 26766 2000 4072.70 I 5541 30087

610 3921.79 I 570 - 26062 310 4074.93 I 4376 _ 28910

75 h 3926.78 I 15720 - 41179 200 4076.53
{

4186 - 28710

1200 39/9.53 I
1 570 - 26012 9/1

A

/4U /1A7Q Q 14U/O.01 4197 28710

200 39.34. 12 II 2572 - 27984 2000 4081.22 J 5889 30385

200 3934.79 II 5753 - 31160 65 4082.30 I 1241 25730

65 3936 06 II 6468 - 31866 120 4083.08 I 11641 36125

100 3941.62 I 8057 - 33420 160 4084.30 I 14697 39174

40 3951.33 I 11641 - 36942 160 4085.66 12761 37230

40 3956.79 75 4087.69 12773 37230

940 3958.22 II 4248 - 29505 160 4090.51 II 6112 30551

75 h 3963.80 I 16317 - 41538 160 4090.79 12503 36942
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Zirconium— all observed lines— Continued

Intensity

and
Character

Wavelength
in A Spectrum

Energy levels

in cm~'

Intensity

and
Character

TV/ 1 . 1

Waveleneth
in A Spectrum

Energy levels

in cm"'

55 4093.16 I 4376 - 28801 110 4291.35 I 4186 - 27482

120 4094.27 12342 - 36760 550 4294.79 5541 - 28818

65 4096.63 11 4506 - 28909 40 4296. 74 II 14163 - 37430

110 4099.31
}

n — O^QQQ 310 4302.89 OOoV 9Q1

160 4107.50 00Z70 190 4304.68

200 4108.40 I 4376 - 28710 40 4309.82 I 4376 - 27573

110 4119.83 I 12342 - 36608 75 4317.31 II 5753 - 28909
400 4121.46 4376 - 28633 75 4319.05 1241 - 24388

75 h 4127.96 d.1 Rf> — 75 4321.17 1 9/11 Z4-0 / 0

ZO 110 4324.03 o t 4-07

75 4134.31 I 12761 - 36942 180 4325.44 I 5889 - 29002

160 4135.68 I 5102 - 29275 40 4329.56 I 570 - 23661

40 4140.01 14123 - 38271 40 4333.26 II 19433 - 42504

65 4147.37 ooouo 550 4341.13
{

1 1 — O4Z0 /

1200 4149.20
f I
11 ouooz 40 4343.04 u ZOUIV

160 4150.97 II 6468 - 30551 65 4346.52 I 14123 - 37123

200 4152.64 I 11017 - 35091 35 4347.22 I 570 - 23567

75 4153.75 12773 - 36841 1000
A ft Ai (\r\
4347.89 8057 - 31050

290 4156.24 II 5/z4 - on"?"?© 35 4348.93 I
C C /I 10041 — oocooZODZO

400 4161.21 II o/oo - ZV / to 65 4358.74 I 4 loo — OT 1 OOz / izz

400 4166.36 I 5541 - 29535 290 4359.74 II 9969 - 32899
75 4169.36 I 14349 - 38327 310 4360.81 I 4186 - 27111

120 4171.48 10885 - 34851 350 4366.45 I 11017 - 33912
75 4179.81 II

10/1 on 130 4370.95 II ozolo
200 4183.32 c 1 noolUz - oonnn 35 4373.07 I

coon oo'Tcnzo/oU

100 4186.69 II 14163 - 38041 240 4379.78 II 12360 - 35186
660 4187.56 I 11641 - 35515 35 4394.50 I 570 - 23320
120 4191.79 I 11956 - 35806 130 4394.94 I 10885 - 33632
40 4192.10 I 12761 - 36608 100 4395.21 I

/I 0 T/;4376 - OT 1 OO

40 4194.01 I 12761 - 36597 90 4400.24 c oon zo609

400 4194.76 I 11258 - 35091 65 4402.95 I 4197 - 26902
75 4196.13 I 12773 - 36597 65 4403.34 II 9553 - 32257

610 4199.09 I 5102 - 28910 190 4413.04 I 11258 - 33912
610 4201.46 I 5023 - 28818 35 4414.14 I

1 O/l 1lz41 - o ooon23889

610 4208.98 II 5753 - 29505 65 4414.54 II 9969 - 32615

75 4211.34 I 14697 - 38436 240 4420.46 I 11017 - 33632
200 4211.88 11 4248 - 27984 120 4427.24 I 18739 - 41320

75 4212.62 I 10885 - 34617 55 4429.11 I 5102 - 27673
400 4213.86 I 4871 - 28595 160 4431.49 I

1 noo c10885 - 33445

120 4218.45 I 5102 - 28801 90 4438.05 I 4376 - 26902

40 4220.65 I 5023 - 28710 75 4440.46 II 9743 - 32257
65 4225.46 I 12342 - 36001 140 4443.00 II 11984 - 34485

2000 4227.76 5889 - 29535 28 4444.33 I 11956 - 34451

40 4231.63 'I 14163 - o T ^ ri o
37788 28 4448.95 I 5102 - 27573

160 4234.63 I 5102 - 28710 90 4450.28 I 10885 - 33350

200 4236.06 I 11017 - 34617 55 4455.43 I 14791 - 37230
65 4236.55 I 0 - 23597 55 4456.30 I 14989 - 37422
100 4237.43 I 11258 - 34851 110 4457.43 I 11017 - 33445

2000 4239.31 I 5541 - 29123 II 9553 - 31981

770 4240.34 I 4871 - 28447 28 4460.34 I 5102 - 27515

770 4241.20 I 5023 - 28595 90 4461.22 II 8153 - 30562

1200 4241.69 I 5249 - 28818 110 4466.91 I 5102 - 27482
75 4253.57 1 11258 - 34762 28 4468.22 I 11258 - 33632

75 4256.44 I 4186 - 27673 45 4468.79 I 4186 - 26557
180 4258.04 II 4506 - 27984 110 4470.31 I 12342 - 34706

75 4261.21 I 5541 - 29002 190 4470.56 I 12773 - 35135

75 4261.42 I 12761 - 36220 35 4480.77 I 14697 - 37008
310 4268.02 I 5023 - 28447 45 4482.50 I 15120 - 37422

75 4273.52 II 6112 - 29506 28 4491.56 I 4186 - 26444
90 4274.77 I 4186 - 27573 55 4494.42 II 19433 - 41677

120 4276.72 4197 - 27573 28 4494.94 J 14989 - 37230
75 4282.03 17833 - 41179 200 4496.97 II 5753 - 27984

550 4282.20 5249 - 28595 550 4507.12 4376 - 26557
40 4286.51 7838 - 31160 28 4523.13 17753 - 39855
110 4291.20 4376 - 27673 610 4535.75 4186 - 26227
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Zirconium— all observed Zines— Continued

Intensity

and
Character

Wavelength
in A Spectrum

Energy levels

in cm"'

Intensity

and
Character

Wavelength
in A Spectrum

Energy levels

in cm"'

75 4539.98 5102 27122 35 4793.28 14349 - 35206
A e\i\490 4542 22 5102 27111 90 4,70/1 Qf. 12342 - 33192
200 4553.01 I 4197 26154 260 4805.87 I — 9fi^d^zoo^-o
45 4553.97 II 19515 _ 41468 35 4806.68 I 12761 - 33559

200 4555.13 I 12503 - 34451 140 4809.47 I 12773 - 33559

140 4555.52 12760 34706 190 4815.04 5249 - 26012
45 4SS8 04 11258 33192 von ^•olO.Oo J 4871 - 25630

I 12773 — 34706 280 4824.29 J 5249 - 25972
22 4562.12 I 190 4828.04 I 5023 - 25730
45 4565.47 I 12342 - 34240 110 4838.78 I 12503 - 33164

20 4574.50 II 19614 41468 60 4838.98 I 12761 - 33420
490 4575.52 I 0 21849 19 4841.45 I 5249 - 25898
40 4576.20 I 11641 33487 19 4846.35 J OIUZ — 91^7^0zo ( ou
100 4582.29 I 14791 _ 36608 210 4851.36 I 5023 - 25630
75 4584.24 I 11956 - 33764 160 4866.06 I 5889 - 26434

20 4590.16
I 17556 - 38101

11641 — 33420
140 4S90 SS 4376 26154 1 10 dftfil 9d.T-OO 1 . Z4' 5249 - 25730
350 4602.57 I OUOH-

1

110 4883.60 I D041 9Am 9

140 4604.42 I 4186 I 25898 45 4893. 12 I 12761 - 33192
22 4609.15 I 12761 _ 34451 20 4905.08 I 5249 - 25630

22 4609.29 5249 — 26938 30 4930.87 15201 - 35476
22 4fin0 4871 26557 / 0 'irVoO.04' 14784 - 35047
99 4610.11 I / O 9An^A9ZOUDZ 50 4948.76 J

A 1lloO — z4ooo
22 bl 4619.85 ZrO 30 4962.30 I 14989 - 35135
210 4626.41 I 14989 _ 36597 35 4963.72 I 15720 - 35861

22 4627.72 11956 - 33559 22 4987.82
}

16317 - 36360
40 4fi9Q 07 TT 20080 41677 1 00 4W4. /o 15120 - 35135

4633.98 o l\J
991 A A 85 4996.33 I loZUl — ooZlU

23 4634.64 I 5541 27111 30 5011.46 J 17060 - 37008
23 bl 4637.78 ZrO 250 5046.58 I 12342 - 32152

70 4640.13
{

14791 - 36336 85 5060.39
}

15720 - 35476
210 4'04-4'. OO 14697 — 36220 oou RO^d Ql 11956 - 31695

I
1 1 A/i 1
1 lO'tl Q1 1 A/lOo 104 110 5065.22 J lo iOV QQ/1 7A— oo4(0

35 4654.38 I 12761 34240 100 5070.26 J 14989 - 34706
95 4657.64 J 11956 33420 75 5073.98 I 4186 - 23889

35 46.59.49

{

5102 - 26557 470 5078.25 11641 - 31327
70 i.f\f\i Id 5023 — 26444 oo ^Oft^ 9^\ 14791 - 34451

ZoU 4683.42 J
1 OQ/I 0lzo4z ooooo 50 5112.27 II lo4zo •3 ono/1— oZyo4

70 4684.25 [ 5102 26444 140 5115.24 16317 - 35861
23 4685.19 II 19515 40853 50 5120.42 I 15932 - 35456

23 4686.57
}

11641 - 32972 85 5133.40
{

4186 - 23661
2300 5889 - 27215 ouu 0 iOO. 'fO 12761 - 32152
CIA510 4688.45 J 1/41 one £.AZZ064 200 5158.00 I 16978 - 0606O
23 4691.73 J 5249 26557 35 5158.67 I 12773 - 32152
23 4695.04 J 17143 38436 75 5160.99 J 11956 - 31327

45 h 4700.11 85 5165.96
{

12342 - 31695
A K\C\ 1 O 4376 - 25646 1 / oi io.yy

{

4186 - 23489
110 4707.79 } 1 1956 33192 100 5183.70 5102 - 24388

1900 4710.08 J 5541 26766 30 5187.03 J 15932 - 35206
160 4711.92 J 12342 33559 100 5191.60 II 14163 - 33419

70 4713.43
j

14791 - 36001 100 5201.15
{

4376 - 23597

120 AIM o 4871 - 26062 OO ozuy.ou 12503 - 31695
210 4719.12 j 14989 36173 85 5224.93 J 4186 0 0 0OA- zo3z0

23 4731.14 J 5023 26154 30 5243.47 J 17060 - 36125
300 4732.33 J 5102 26227 120 5277.41 I 4376 - 23320

35 4734.36
{

18739 - 39855 75 5280,05 12761 - 31695

1400 /I 7 on 1Q4 .40 5249 - 26343 ou £^90^ Q9 8057 - 26938
35 4742.94 12342 33420 120 5296.79 I 8057 - 26931

40 4751.91 [ 5023 26062 60 5301.97 J 17753 - 36608

60 4753.05 J 15120 36153 110 5311.40 I 4197 - 23019

190 4762.78 I 14791 35782 25 5321.26 I 5102 - 23889
870 4772.31 5023 25972 22 5330.84 570 - 19324

210 4784.92 5541 26434 12 5338.43 4871 - 23597

160 4788.67 5889 26766 30 5350.09 II 14299 - 32984

40 4789.11 5023 25898 30 5350.35 II 14733 - 33419
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Zirconium— all observed lines— Continued

inicnaiiy

and
Character

Wavelength
in A Spectrum

Energy levels

in cm"'

Intensity

and
Character

Wavelength
in A Spectrum

Energy levels

in cm"'

25 5350.90 I 18739 — 37422 85 6032.61 I 11956 — 28528
25 5351.92 I 170 6045.85 I 14791 — 31327
75 53oz.5o 4376 23019 100 6049.24

I

19834 36360
12 5363.35 Z0007 140 6062.84 1 iUDU

17 5369.39 J 4871 _ 23489 50 6120.83 J 4186 I 20519

20 5382.37 I 5023 23597 170 6121.91 I 8057 — 24388

270 5385.14
{

4186 — 22751 85 6124.84 I 4197 — 20519
OA DOOO.OO

{

5102 23661 ^OA
biJ. /.44 1241 17556

17 5391.18 ZoDO / 340 6134.55 Q 1 A9Q7

17 5395.88 J 17833 _ 36360 100 6140.46 J 4186 20467

25 5405.13 I 5102 — 23597 440 6143.20 I 570 — 16844
85 5407.62 I 5889 24376 30 6155.61 I 12761 — 29002
17 5413.93 5541 24006 10 0157.71 19626 35861
20 5421.86 {

1 7/199 oooO 1 25 6160.20 1 977Q

15 5426.36 J 16787 _ 35210 35 6189.40 J 19324 I 35476

25 5428.42 I 17060 - 35476 60 6192.96 I 4376 - 20519
25 5437.76

{

1241 - 19626 85 6213.05 I 4376 - 20467
4871 — 23246 1 AAlUU OZ14.09 17753 — 33839

35 5448.57 } 5541 o 0 oon 170 bl 6226.51 Zr 0
10 5474.92 J 16787 35047 100 6257.26 12773 28750

10 5477.40 I 4871 - 23122 50 b 6261.05 ZrO
35 5478.33 I 17753 - 36001 35 6267.06 11956 - 27908
35 5480.83

}

5249 - 23489 AC LI45 bl
zr OAA n A
6292.84 Zr O

10 5481.16 120 6299.66 1 O 0 /I o12o42 OOO 1 ozozlz
30 5486.09 J 5023 23246 15 6304.34

I 4376 20234

140 5502.12 1 8057 - 26227 300 6313.02 1 12773 - 28609
25 5507.87 I 17060 - 35210 30 6314.71 I 8057 - 23889
OA30 5517. 1

1

5541 - 23661 50 6321.35
{

12342 - 28157
10 5518.05 C OOA O/l AA/;24UUO 22 6340.36 12/01 oo coozo5zo
75 5528.41 J 18277 36360 50 bl 6345.10 Zr 0

20 5532.30 1 5249 - 23320 75 6345.22 I 12773 - 28528
45 5537.46 I 17422 - 35476 75 bl 6378.56 ZrO
C A50 5545.32 17833 — 35861 o c35 £ y1AT AA6407.00 1241 - 16844
22 bl 5551.75 Zr 0 50 b 6412.39 Zr 0
25 bl 5553. 17 Zr 0 12 6426.17 22144 37701

12 5612.11 I 0 - 17814 35 6434.33 I 22564 - 38101
120 5620.14 I 4186 - 21974 60 6445.74 I 8057 - 23567
0 c35 c o 0 CO5623.53 4197 - 21974 <1A20 645 1 .62 5023 - 20519
25 bl 5629.02 ZrO 20 6457.63 {

11/1/11
1 1641 O 7 1 O O27122

25 bl 5629.58 Zr 0 1 10 6470.21
I

12761 28212

160 5664.51 I 5102 - 22751 60 bl 6473.79 ZrO
20 5666.28 17833 - 35476 11 6484.35 I 5102 - 20519
120 5680.90 4376 - 21974 1 1 A

1 10
A or\ HA6489.64 12503 - 27908

15 5685.42 { 18277 35861 22 6493.10 { 12761 28157
30 5708.89 J 0 17512 50 6503.26 J 12503 27876

75 bl 5718.21 ZrO 50 6506.36 1 5102 - 20467
120 5735.70 I 0 - 17430 50 bl 6508.15 ZrO
35 bl 5748. 17 Zr 0 30 bl 6542.90 Zr 0
17 bl 5778.57 Zr 0 35 6550.54 1 1641 26902

160 5797.74 570 17814 30 6569.43 J 5249 20467

30 5847.32 I 17143 - 34240 20 6576.56 I 0 - 15201

50 5868.27 I 1241 - 18277 30 b 6578.06 ZrO
110 5869.50

j

15120 - 32152 50 6591.99
j

11956 - 27122
340 Sfi79 80 1241 18244 10 6596.71 1 1956 27111
85 588S 62

I 570 17556 10 6598.84
I

570 15720

50 5901.09 I 570 - 17512 50 6603.27 1 12342 - 27482
30 bl 5908.61 ZrO 15 6620.56 18739 - 33839
140 5925. 13

!

5102 - 21974 1

1

6678.01 11 19515 - 34485
100 5935 20 0 16844 22 6688 18\J\J\JKJ m LKJ 4376 19324
110 S95S 35 0 16787 11 6702. 12

I
11641 26557

30 bl 5977.80 ZrO 17 6709.61 I 4197 19097
100 5984.23 I 14989 31695 27 6717.88 I 11017 25898
17 5995.37 5889 22564 40 6752.73 8057 22862
50 6001.05 12342 29002 75 6762.38 0 14784
30 6025.36 1241 17833 85 6769. 16 12342 27111
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Zirconium — all observed /ines— Continued

Intensity

and
Character

Wavelength
in A Spectrum

Energy levels

in cm"'

Intensity

and
Character

Wavelength r.
• I kJ Lie V> 11 Ulllm A *^

Energy levels

in cm"'

27 6772.89 I 10885 25646 8 h 7417.89 I 14123 27600
15 6787.15 II 20080 34810 10 7422.75 I 12503 25972
35 6790.85 12761 27482 10 7433. 10 I 14123 27573
0o U ( 7U . uo 14o4y 29058 1 in1 lU / 4-oy .oO 1 4376 17814

45 6828.78 I 11258 25898 18 7467.57 I 12342 25730

45 6832.89 I
C "7A 1 C OA 115/01 16 7479.58 I 14791 28157

7 6833.67 I 11017 25646 9 7502.92 I 14349 27673
13 6845.33

}

1 AOOC O C /I AA 9 7506.51 I

17 fifid.fi ^4UOt'U. 5023 19626 1^ n 7"^! ^ 1C\ TlOlo.ly} 1 15700 29002
100 6846.97 I 11956 26557 12 7517.95 I 17753 31050

27 6849.26 I 12342 26938 9 h 7521.03 I 15457 28750
13 6852.56 I

1 O Q O12342 26931 20 h 7540.62 I 15146 28404
9 6854.63

{

5249 1 AO 0 A19834 20 7544.59 I 12761 26012
A** fifi=;7 on 14697 29275 90zy / OO 1 . 'to i 12773 26012
6 6883.23 I 5102 19626 7 h 7553.00 I 4186 17422

120 6888.29 I 11641 26154 40 7554.70 I 4197 17430
29 6900.59 I 11956 26444 25 7558.45 I 12503 25730
20 6904.36

!
1241 15720 12 7560.09 I 14349 27573

9Q 11017 25490 7 /oOU.ol 1 14989 28212
20 6916.87 I 4871 19324 12 7562.12 I 5023 18244

6 6922.23 I 12773 27215 80 7607.15 I 5102 18244
16 6932.38 I 11641 26062 8 7610.83 I 4376 17512
29 6948.46

{

11258 25646 14 7612.08 I 14349 27482
1 U700

.

5249 19626 9r»zu 7fi91 17 T
/OZ 1.1/ 1 11258 24376

60 6966.44 I 12761 271 1

1

5 7621.61 I 14791 27908

10 6975.91 I 1 1641 25972 29 7658.60 I 4376 17430
150 6990.84 I 5023 19324 18 7690.83 I 14123 27122

80 6994.32
}

5541 19834 14 7704.27 I 14697 27673
1 n 1 1956 26227 inlU 77nfi A9 T 12761 25730

100 7027.40 4871 19097 6 7722.48 I 22145 35091

25 7057.36 I 12773 26938 9 7723.95 I 4871 17814
14 7057.96 I 8 7765.70 I 4186 17060

140 7087.30
}

4871 18976 10 7766.55 I 11017 23889

ZD 12342 26444 0 7Qnn lA T
I OUU. / 4- 1 21801 34617

35 7094.46 I 12 7816.32 I 5023 17814

50 7095.59 I 11641 25730 110 7819.35 I 14697 27482
540 7097.70 I 5541 19626 35 7822.94 I 14123 26902

280 7102.91
}

5249 19324 40 7826.72 I 14349 27122
1 1C\ 1M\'X 79

/ 1 Uo . /

Z

5023 19097 onyu 7fidQ TiO^-V.OO 1 5541 18277

140 7111.68 35 7869.99 I 5541 18244

40 7112.82 I 1 1 956 — 26012 14 7876.25 I 22398 35091

18 7113.52 I 12503 — 26557 16 . 7882.18 I 4376 17060

12 7132.95
}

11956 25972 10 7897.98 I 4186 16844
QO / 1 OO. Zo 12761 26766 lO /7U0.4'0 1 4871 17512

16 7140.74 I
1 9 1A9 6 7924.20 I ZZ It'O ^d7fi904- / OZ

12 7144.47 I 12773 - 26766 20 7940.47 I 4197 — 16787

590 7169.09 I 5889 - 19834 160 7944.61 I 5249 — 17833

50 7201.62 I 15120 - 29002 80 7956.66 I 5249 — 17814
TOCO 17 11956 25730 QAoU 70c:q qq I/VoV.Vo 1 4871 17430

35 7264.76 j
1 .IQfiO Zo / .jU 20 7963.63 I 9fiQft9

8 7284.69 I 12.503 - 26227 160 8005.27 I 5023 — 17512

20 7306.21 I 12761 - 26444 7 8015.26 I 11017 — 23489

6 h 7307.32 I 4 h 8040.10 I 14123 26557

23 Toil O
1 1 .02 12761 — 26434 ZD oU'+O.UD 1 14697 27122

35 7313.72 {
1 01 19
i Zo4Z 9^^n 1

9

ZOU iZ 16 8053.06 I 14fi07 9711

1

90 7318.08 I 12773 - 26434 20 8055.29 I 4376 — 16787

10 7327.82 I 20 8055.76 I 5102 — 17512

50 7335.97
{

4186 - 17814 60 8058.08 I 5023 — 17430

aU (o4J.yo 14791 — 28404 OUOo.'JV I 5023 17422

20 7373.50 { 12503 26062 790 8070.08 I
1 0077loz / /

8 7374.80 I 12342 25898 10 8114.28 I 5102 17422

25 7383.63 I 14989 28528 20 8120.17 I 18739 31050

8 h 7399.30 I 390 8132.99 I 5541 17833

14 7400.90 12503 26012 20 8152.58 I 5249 17512

10 7411.39 15120 28609 12 8188.77 I 14349 26557
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Zirconium — all observed lines— Continued

Intensity

and
Character

Wavelength c
. ! " Spectrum
in A

Energy levels

in cm"'

Intensity

and
Character

Wavelength c
• i Spectrum
in A

Energy levels

in cm"'

40 8194.73 I 10885 23085 40 8498.44 I 5023 - 16787

60 8201.73 I 4871 17060 o 8"^! 7ft I 5102 - 16844
OQA 5249 - 17422 5 8515.06 I 17060 - 28801
9nzu 17143 - 29275

898^ 81 T 11017 23085 8 8568.54 I oooy

7 8571.05 I 19^49 -
7 8299.81 I 12342 _ 24388

18 8584.21 I
1 r 1 Ortloizu — 0/;7^AZO/OO

140 8305.90 I 5023 — 17060 7 QCQ7 OA 1OD0/.04 1 zooy /

7

7

8309.50 I

8320.16 I

14123 - 26154
1 lOoO

5 8610.24 I 11956 - 23567

14 8332.44 I 5 8641.01 I

50 8370.23 I 5889 17833 10 8734.86 I 14989 - 26434

120 8389.41 I 4871 16787 12 8749.48 I 4871 - 16297

70 8414.00 I 5541 17422 o 0/OZ.Vo 1

50 8453.17 I 11258 23085 in 070^ OQ ToiOD.ZO 1 11641 - 23019

6 O A C7 A O To4o/.48 1 5023 16844
16 8804.98 I 14989 - 26343

50 8464.65 I 5249 17060 70 8836.09 I 15120 - 26434

9 8495.98 I 17143 28910 60 8899.52 I 12773 - 24006
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