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Oscillator Strengths for Ultraviolet Lines of Fe
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Felative intensiies 2nd lr:illator steangths for 2000 ulraviolet lines of Fe | from severnl invesligs-

tioms between 2080 and 4150

have been entically discussed and adjuated 10 a oniform abgolute scale.

Nzw yalues for many lines not meanured heretofnre are reported.
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1. Introduction

During the past 3) years, oumerows investigations
of intensities and escillator strengths in the ultra-
violet part of the iron spectrum have been carried
out. The great variety of forms in which they are
reported makes compatisons difficult and obscures
systematic etrors which could otherwise he discov-
ered and perhaps corrected. Furthermore, the
fragmentary nature of these reports often leaves
serivus gaps in our knowledge of the line strength
characteristics of the spectrum. Collection of these
published reports into a single compilation not anly
permits the diseovery of errors but discloses the need
for certain additional work to be done. In 1964
Corliss and Warner made agch a compilation for Fe 1
in the region 3100 to 9000 A and supplied many new
measurements in the region 4000 to 9900 A. This
provides nearly complete information for Fel in the
regions of interest to astrophysicists who obtain their
dats throygh the atmosphere but there remain many
lacunae in the aliraviolet of the specirum that
is of special interest to OoratoTy Speciroscopisis
and space astrophysicists,

It is the purpose of this paper to extend that work
an far as possible into the uliraviclet. To tha end
we have assembled such published uliraviolet data
as were overlooked in our previous compilation or
have since appeared, adjusted them to the same
abgolute scale and supplemented them with new
values for many lines not previously measured.

There are in general three different methods which
have bedn used to measure intensities and oscillator
strengths in spectra such as Fel. The three methods
find their optimum utility in the meassrement of lines
of different intensity ranges and of different degrees
of excitation. The hook method, which ia supposed
ta provide the most accurate measurements, is lim-
ited wo the strong lines of the spectrum. Becanse of
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the nature of the measorement to be made, the
method of wotal absorption s less precise and con-
sequently may be lezs accurate than the hook method,
but it does permit the measurement of fainter lines.
However, both of these methods, because they de-
pend on furnace excitation do not produce lines whose
lower levels are far above the ground state of the
aiom. To obaerve these linez emjssion methods
are generally used. In emission methods, precise
measurements of intensities can osually be made
but the population distribution amongst the energy
levels of the atoms cannot slways be accurately
specified. This is in contrast to the first two methods
in which thermal equilibrium is assured by furnace
excitation.

Work on the ultraviolet spectrum of Fer which
has already been published includes all of the stronger
lines. These have been measured by all three of
the methods mentioned above. To supplement this
work and i0 complere the description of the intensity
structure of Fel the faint lines in the uliraviolet
must be measured. We have done this by means
of obzervations in emission, using arcs and sparks
which reveal the Faintest lines,

2. Published Data

The previously published data un the uliraviolet
part of the first spectrum of iron, Fe 1, discussed in
thic section, is summatrized in table 1. A number of
measurements made prioy to 1962, thoese of King and
King [1938]; Carter [1949]; Mitrofanova [1932); Aarts,
Harting, and Bakker [1954); Allen and Asaad [19%7];
and Hefferlin [1959], have been dizcussed by Corliss
and Warner [1994] and are not further dizcuzsed here.
The eatly work of van Milaan [1926] reports measure-
ments of 6% lines in & 1.5 A iron are and 61 of them in
a spark. Comparison with other measurements shows
that the lines of the stronger half of the group have
been weakened by seif-absorption, consequently
we have not nsed van Milaan’s data.
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Tance 1. Pubfished dara on intensitios and

oxcifintar strepgths in the altrapioler part of

Fe 1 discotsed in this paper

Keference Duie (Wavelengil | e, of | Muwmk MeLhod Cunntity] Temperiure | ReE.
mmge lmner |imcladed repont nymbeal
A K
vanm Miksan 1026 | 35803800 B.........._.fuER intenmilr |
Sobanles 1943 | 25—l 15 15 |am P 5
Sobeler 13 | 2I2-3T2Y 3z 3F |jarc g’ .| 55
Calinchalk 18 1=]..-... ..... |calc. [ I
Cronvwhine 1054 | 3414 1060 1000 M“hd YT TN I ) | A
vatbwde

Corlies and Bozman 1962 | 20843100 il | 215 |are Low g SO0 ;|
Baoreayq, Sopriey, snd Friah 196 | SaT-4l 117 117 |aru e x' 2500 MEF
Margoahes and Scribner 1963 | 2912414 104 5 |are ﬂ" 510 L
Coellns and Warmar 1904 | A100—413% L o Lokl i | CW
Penkin 1564 | 2037427 S 55 |hook {.m w2500 | PP
Yahers, Mikomovi, snd Sarcsey | 1904 | 5T TB-30G0 51 57 |abmpl. o 1T | ¥N5
Yaliers nwd Simrisey 1864 | 2VH-3930 b B9 [hook Ing xf i 13 ¥5
King. Do, amd Coclim 1965 | 2502=-32401 Lo 290 |absorpt. g xt 1600-3000 | KOC

2.1. Calovlated Yolues

Two papers have been published dealing with ex-
tensive theoretical caleulations of line strengths in
Fe1. The first was by Gottschalk [19%48] whe com-
puted line strengths in intermediate coupling for the
A Ps — 3T'PHp and 34FHs — 34 FAp transi-
tions. To test these values we have plotied log SfA
from Gottachalk versus log gf from Corliss and Bozman
[1962] in figure £ The figure shows that calculations
for the ‘P parent are unreliable but that, except for
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FicURE 1. Compuriten of log af-vafues from Costwchalk [1965]

with those from Corliss and Borman {1962,

‘Fel.

lines for which log gf = — L0, the calculations for the
‘F parenat are in agreement with the measured values.
According to Gottschall, the disapreement in the
case of the P parent is caused by the fact thac the
L and the § of tﬁ:r‘P core are pot good quanturm num-
bers. The lack of agreement for faint linesz (in the
case of the F parent) seems to be typical of calculated
values. Since only 57 of his lines are of use 1o us
and since these have all been measured many times
by others, we have omitted them from our 1abulation.
It should be noted, however, by those interested in
theoretical calculation of line strengths that the method
used by Gottachalk has led in certain cases to remark-
ably accurate valnes.

Recently Shore [1965] has investigated simple LS.
coupling line and multiplet strengiths in Fel and
compared them with observed values. He found that
the standard deviation within a multiplet was 30 per-
cent or less (i.e., within the experimental error) for
about half the muliiplets. The fluctuations among
muitiplets in transition arrays were considerabiy
larger, sometimes amounting ‘to several orders of
magnitude. Many of the observed Fei lines are
intersystem transitions which are not predicted in
this scheme,

In view of the evident uncemainties in caleulated
line strengths for Fel, it seems that at present we are
forced to rely almost entirely ‘on measured values.
Further investigation by theoreticians of calculations
by the method of intermediate coupling would appear
to be very much worthwhile, however.

2.2, Russion Mamsumernanis

Over the pasi 30 years, since the introduction of the
hook method into the physical laboratories at the
University of Leningrad by Rozhdestvenskii, Bussian
physicists have conducted an outstanding sustained
effort in the measurement of oscillator sirengths.
A number of their papers have been concerned with
In 1964 Prokofiev, Nikonova, Gruzdev, and
Frish published a review of the subject entitled
“Oscillator Strengths in the Spectrum Fer” In
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TABLE 2. Russian measurcmenis of ltog e for ultravioler lines of
Fe 1 —Continued
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it they review critically 18 papers on the subject and
tabulate mean values of log gf for 1167 Jines of Fer
reported in those papers.

There are five Russian papers that report original
ohservations in the ultraviolet region of Fel; they are
discussed individuaily below. Because none of them
reporl very extensive measurements we have tabulated
them separately in table 2. The mean value of log &f
far each line is given in column B of table 2 and
entered into table 3, the complete tabuelation, in columa
10 headed K. The number of ohservations in tahle 2
is listed in column 10 of table 3 as a superscript follow-
ing the B value. Ail values are normalized to the
scale of Corliss and Bozman.

. Sobalev [1942]

Sobolev published two sets of measurements made
using & 3A d-c arc beiween copper elecitodes contain-
ing 0.3 percent iron and 0.3 percent tin. From inten-
sity ratios of tin lines he determined & temperature of
5300 *K. Since the two sets overlap, we have listed
them in columns 2 and 3 of table 2 under the headings
33 and S5. Sobolev's values compare well with mher
reliable measurements. In discussing the discrepan-
cies between his own measurements and those of
King and King, he states, “It appears that the condi-
tions under which the measurements of King were
made were not conditions of thermal equilibrium for
the excited levels.” Since that time, numerous inves-
tigators, e.g. Crosswhite [1958]; Prekofiev, Nikonova,
Gruzdev, and Frish [1964]; or Margoshes and Scribner
[1963], have shaown that the diacrepancy is due to
scattered light in the short wavelength end of the
Kings' spectra, which made their values too small near
3000 A, The disagreement is shown in figure 3 of
Margoshes and Scribner’s paper.

k. Parchavaky ond Penkin [1954], Penkism [1944]

Parchevaky and Penkin [1954] poblished relative
oscillator strengths for 56 lines of Fe 1 which they had
measured by the hook method at the University of
Leningrad. With reference te the accuracy of the
hook method, the aothors state that the quantity Nf
can be determined with an error of from 3 to 20 per-
cent, depending on the distance between the peaks of
the hooks, and that the error in the quantity ¥ depends
on the uncertaioty in the temperature in the Boltzmann
formula and in this case can be as much az 15 percent.
This would imply that the madmum error was not
greater than 35 percent.

In 1964 Penkin published a review and summary of
hiz past work. In the case of ivon, substantial changes
were made in many of the f-values. Some of the
values were changed by factors as large as five. The
valee for 3B872.503 was not changed and iz abouot 3
times 4= large as the six other values for that line in
table 3. For conversion to the CB scale 3,70 was
subtracted from the new values. The new valees are
compared with those of Corliss and Bozman in figure 2
and the converted values are listed in column 4 of
table 2.
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FiGure 2. Comparison of some Rassiqh meqauremends of log gf-
values with those fFom Corlisy and Bozmar [19%63] in the wave-
Bergth range 2700 b0 4500 A,

¢. Morosova, Startsey, ond Frinh [1962]

Using & free burning are in air, Morosova, Startsev,
and Frish have measured oscillator stiengths for Fer,
117 of which are for lines below 4150 A. By stodying
the self-absorption in the arc, they found that they
could measure the intensities of linea arising from the
low levels that lie above the &*F level if they used ano
iron anode, a copper cathode and a current of 1.2 A,
By comparison of their intensities with those of Cross-
white [1950], they determined & temperature of 4500 *K
for their arc. They cartied out their photographic
photometry with a tungsten lamp, the crater of a carbon
arc, and the calibrated continuum from a Krypton
lamp. A plot of the ratic of their values to those of
Corliss and Bozman, in figure 2, shiows that their values
are too small in the region [rom 3100 ro J700 A, An
appropriate correction taken from figure 2 was applied
and their values tabulated ip table 2 under the heading
MSF.

d. Valiers, Nikonava, and Stavksr [1984]

Measuring the equivalent widths of lines absorhed
by iron vapor in a furnace, Walters, Nikonova, and
Startzey determined oscillator jtrengths for 28 lines
in the region 2750 to 3150 A and 28 lines in the region
3450 to 3950 A. They taok special precautions to
flter aut scattered light from longer wavelengths in
their spectrograph.  Nevertheless, a plot of the ratic
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*of their values to those of Corliss and Bozman in figure
2 ahows that the values for their short wavelength group
are too small, as would be the case if extraneous radia-
tioh were superimposed on the absorption lines. From
this plot their values have been corrected and adjusted
10 the CB scale. The corrected values are entered
in table 2 under the heading YNS.

& Voliery ond Startuy [19464]

Yalters and Startsev determined oscillator strengths
for 89 lines of Fe 1 with lower levels a%F and 20 from
the ancmalous dispersion of iron vapor in a furnace.
The results cover the same wavelength range as the
abaorption results of Yalters, Nikonova, and Startser,
but a plot of the ratio of their values to those of Corliss
and Bozman in Agure 2 does not show any dependence
on wavelength. This resslt would be expected be.
cause of the nature of the anomalous dispersion method
and indeed was also noted in the case of Penkin's
resulta. Valters and Startsev’s values have been
adjusted to the scale of Corliss and Bozman by sub-
tracting 3.20 and then entered into table 2 under the
heading V5.

Figure 2 showa how systematic errors of measnre-
ment can seriously override random errors in oscillator
atrength work.

2.3. Data of Crasswhite

For mare than 20 vears a program of intensity meas-
urements in atomic and molecular spectra has been
conducted at The Johns Hopkins University spec-
troscopy laboratory by the late Prof. G. H. Dieke.
Many of the measurements, particularly those in the
spectrum of iron, were made by Dr. H, M. Crosswhite.
In 1950 Crosswhite published the results of his inten-
sity measurements in a 2.2 A jron arc. These meas-
uremetts, which inclode 1064 lines in the region from
3247 to 5659 A, have been reduced 1o oscillator
strengths by Corliss and Warner {1964}

In 1958 Crosswhite published a monogragh on Fel
which included not only his measurements in the 2.2 A
arc but also measuremenis made inal Aarcandina
holiow cathode. Some of these measurements have
also been published in the American Inatitute of Phys-
ics Handbook, pp. 789 through 7-102. The observa-
tions from the 3 A arc are not as numerous as those
from the other sourees, nor are they any more accurate,
so we have not attempted to derive ascillator strengths
from them.

With the hollow cathode, however, he has measured
more tham 1000 lines in the region from 3200 10 4150 A,
ahout 400 betwesn 2450 and 3200 A and about 700 lines
between 3150 and B(HK) Above 3150 A Croaswhite
made his sensitivity calibralion with a standard tung-
sten ribbon-filament lamp calibrated at the Natjonal
Bureau of Standards; between 2700 and 3100 A he
made an indirect calibratipn {rom a stody of seli-
ahsorption and below 270 A he extrapolated. A plot
of the ratic of the hollow cathode intensities to those
from Meggers, Cortliss, and Scribner [1961] shows that,
with the exception of a discontinuity at 3730} A, th
ratio is constam from 3200 o 8400 A. Below 3200

the ratic becomea very irmegular and the scatter in-
creases. The discontinuwity at 3730 A amoonts to 0.35
in the log, which is the same as that found by Corliss
and Warner in Crosswhite’s 2.2 A are data. | Figure 3
shows the plot in the region 3000 1o 4250 A for Lines
whose upper levels lie between 46 and 53 kK (kilo-
kaysers). Comparison with the similar plots for the
hook method data, which should be free of wavelength
dependent errors, indicates that the discontinnity must
lie in Crosswhite’s intensities. We corrected the
discontinuity before further discussion of the data.

Crozsswhite's ron: hollow cathode tube was hlled
with neon to a pressure of 3.5 mm Hg and operated at
9% mA. The strong lines were measzured photoelec-
tricaliy. **The much larger group of weaker lines is
more conveniently measured phetographically. Al-
though the imensity range encountered with the photo-
eleciric measurements was almast  10000:1, the
photographic one is much less and can be encompassed
by the use of a few neutral screens, with reference
being made to the photoelectric values for purposes of
plate calibration and standardization.” Crosswhite
[1958] goes on to say, *In spite of difhculties it appears
that, at least within a given multiplet, transition proba-
bility determinationz are posgible. Comparison be-
tween different moltiplets is more tumbersome than
in an equilibrivm c¢ase, but not impossible. It cer-
tainly seema worthwhile to make some effort to utilize
the great stability of the intensities which are reprodne-
ible to better than 1 percent for a particular experi-
mental arrangement.”

It does indeed seem worth an effort to derive oacil-
lator strengths from Crosswhire's measurements of
hollow cathode intensities. To carry out this redue-
tion, it is fArst necessary to determine the relative
occupation numbers of the upper energy level of each
meastured transition. In an equilibium source these
numbers are determined by measuring the tempera-
ture of the source and calculating the occupation num-
bers with Boltzmann's exponential law, At pressures
as low as 3.5 mm Hg it is generally thought that a
source is no longer in LTE and that the population
distribution can no longer be deseribed aa simply
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FicurRE 3. Comparison of the iidensily measerenents of Cross.
white [1950] ir the holfow cotkode with thoae of Megzers, Corliss,
and Scrifner [1961] in & copper arc for fines of Fe T whoae Hpﬁ:i
fevalx fie between 46 and 33 kK; wavelengih range 3000 1o 4508 A,
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exponential. To rest this assumption we caleulated
the relative occupation number of each upper level for
a selected group of lines in Crosswhite's hollow cathod
list. Theee are the lines betweer 3200 and 9000
for which transition probabilities are listed in Corliss
and Bozman., To calculate the refative occupation
nutnbers of the upper levels of the iron atoms in Cross-
white’s hollow cathode we recall that

I= hpNﬂAnm, O that I}l.erm -~ Nl
1]y

I Na

gm"ftu - E:. I
Boltzmann's exponential law states that
Na_ Mo sur
& &
where the aubscript 0 refers to the ground state. Now

il we plot log Iafgd (or ita reciprocal) versus E, the
value of the vpper energy level, we will aee graphically
the popalation distribution amongst the levels of the
atom. In fignre 4 we have pktt.ed log g4/ for eve

line between 3200 and Y0 A which appears in ha:[:
Corlisz and Bozman {frem which the valwes of g4 are
taken} and Crosswhite’s hollow cathode list {from
which the values of I are taken). In most cases each
point represents the mean value for 2 o 4 lines.
Figure 4 represents the population distribution amongst
encrgy levels of iron atoms in Crosswhite’s hollow
cathode for every upper level lisied in Cotlisz and
Bozman. The dasltecP line representa an equilibrium
distribution at a temperature of 4560 °K. The depar-
tures of the individual points from an equilibrium line
seem to support an abandonment of the notion of LTE
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FicupE 4. Fopwlotion distribution {reciprocal) amongst energy
trvels of éron otoms in Crosswhite's [1958] Rollow cothode for
every upper level lsted in Corlizs and Borman [1962]

for the most aceurate reduction of Crosswhite’s hollow
cathode intensity measurements to pscillator strengths.

The data shown in figure 4 permit determination
of oceupation numbers for the iron atoms in the hollow
cathode for anly ahout 50 upper energy levels. To
obtain & more complete specification of the paspulation
distribution, we repeated the process using the opscil-
lator strengths for 2000 lines of FeI given by Corliss
and Warner. This allowed ws w Elnd occupation
numbers for 323 levels with an average number of
determinationa pey level of about 4 With the value
of Nig for each of these levels known, we calculated
log gf from each value of hollow cathode intensity
using the formula log gf=log fnc+3 log A—log Nig
—15.82, where the value of the pumencal coostant
depends on the scale of . This determination makes
no assumption about the population distribution among
the upper levela of the iron atoms in the hollow cathode
discharge. The values derived are entered in cofumn
9 of the table 3 under the heading HC.

Inspection of table 3 reveals that a number of values
of lag gf derived from the hollow cathode intensitics
are in rather wide disagreement with the gther tabu-
lated values, We used the values of log I: from table
XIH of Crosswhite [1958] to derive the values of log g
Comparison of these dog I: values with these given in
the Americar Institute of Physica Handbook and with
the photoelectric traces of hollow cathode spectra
reproduced in both publications indicates that a num-
ber of these discrepant values are certainly due 1o
misprints. For this reason, discrepant hollow cathode
valves have been freely ighored in arriving at the
“hest™ values given in table 3.

2.4, Data of Corliss and Bozmon

In 1963 Corliss and Bozman published NBS Meono-
graph 53, "Experimemal Transition Probabilities for
Spectral Lines of Seventy Elements,” which is derjved
from the inmensity measurements of Meggers, Corliss,
and Scribner [1961]. They reported 663 oscillat
strengihs for Fe 1 of which about 450 Lie below 4150 A.
For a number of reazons their scale is suitable 1o use
in a compilation such as ours. The number of values
reported is so large that there are numerous lines
in common with every published list. This simplifies
the problem of pulting all measurements onta a com-
mon scale. Their zbsolule scale has heen shown by
Allen and Corliss [1963] to be reasonably accurate for
all the neutral atoms in the iron group. They con-
cluded that the CB scale may be high by 0.05 in log
&f. on the average. We discuss the accuracy of the
CE absolute scale for Fel in particular in section 5 of
this paper. The temperature of their light source
waz determined with an accuracy of =2 percenl.
The precision of 1heir measurements, while not high,
is accurately known and compares well with that of
most other published sets of data for Fer. The com-
parisons shown in figure 2 indicate that the intensity
scale of Meggers, Corlize, and Scribner is correctly
calibrated us a function of wavelength from 2700 to
4500 A, '
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FIGURE 5. Rotio of the glosleer of Corliss and Bozmen [1962] o
those pf Penkin ard Siovenas [J{QM] taermadized Lo anily above
2450 .f} betuwen 2150 and IWM A,

However, the intensity scale of Meggers, Corliss,
and Scribner _js subject to a serious systematic ertor
below 2508t A, where it becomes progressively too
small. The origin of this error lies in the notorious
lack of any reliable energy calibration procedure for
short wavelengths. Soon after the publcation of
MBS Monograph 53, Penkin and Slavenas [1963]
published ozcillator strengths {or lines of tin and lead
which extended down to 2170 A.  They used the haok
method, which does not require an intensity calibra-
tion of any sort. A plot of the ratio of their values 10
those of Corliss and Bgzman {normalized e unity
between 2450 and 3000 A) iz shown in Agure 5. The
figrnre shows that the ratio is constant between 2450 and
3000 Af but that the CB scale declines by a faclor of 30
between 2450 and 2150 i This correction has been
applied to the CB values reported in column 8 of
table 3.

There are some independent data below 25300 A
that support the correction derived from the work of
Fenkin and Slavenas. The relative oscillalor
strengths for Coir calculated by Gruzdev [1962]
with the method of intermediate coupling give rise to
a correction curve in substantial agreement with that
of hgure 5. We have, however, preferted to base our
calibration on experimental values. Measurement of
intensities of Sni1 lines in chemiluminescent Aames
led Gilbert [1963] to the conclusion that the values of
Meggers, Corlias, and Scribner [1%6]] decreased by
a tactor of 50 between 2500 and 2100 This agreea
with ouy adopted correction.

2.5, Doha of Margoshes and Seriboer

Margoshes and Scrbner [1963] determined relative
oscillator strengths for 105 lines of Fe 1 between 2900
and 4150 A using a gas stabilized are (a form of plasma
jet) as an emission source.  All of these lines had been
measured previously. but by other methods. Figore 5

in their paper shows the ratio of their gfvalues to those
of Corliss and Bozman. There appears to be a slight
trend of the ratio with wavelength which hardly ex-
ceeds the uncertainty of the measurements and we
have made no correction. The abzolute valie of
their scale has been altered by adding 0.23 to their
values of log gf, thereby putting their measurements
onto the common scale of table 3.  Their values are
Listed in column 12 under M5,

2.58. Data of Corlisz and Wamer

In 1964 Corliss and Warner published a compilation
of oacillator strengths for Fel that emphasized the
vizible and infrared repions of the spectrum. In
addition to their own measurements in the visible and
infrared, they included all data published prior W
1963, with the exception of Soholev [1943] and Parchey-
sky and Penkin [1954] which were not available to
them, and the hollow cathode data of Crosswhite
[1958]) (v. sec. 2.3). These data included King and -
King [1938], Carter [1949], Crosswhite [1950], Allen
and Asaad [1957), and Corliss and Bozman [1962]
longward of 3100 4. The valnes of Mitrofanova [1952];
Aarts, Harting, and Bakker [1954]; and Hefferlin [1959]
were discuszed but not incorporated into their “hest™
value.

The “best™ value of Corliss and Warner is entered
in column & under CW. As in the tabulation of the
Russians’ measurements, a superseript following the
value indicates the number of entries contributing to
their “best” value and is used as a weighting factar in
arriving at the “best” value in column 13. The CW
values include and supersede those of Corliss and Boz-
man at wavelengthe above 3100 A. Since the CW
values end ar 3100 &, the CB values are 1abulated in
the same column at shorier wavelengths.

2.7. Duta of King, Olsen, and Corlias

In 1965 King, Olsen, and Corliss published oseillator
strengths for 300 Fe1 lines between 2500 and 3200 A.
They were calculated from the equivalent widths of
lines absorbed from the continuum of a high pressure
XNenon lamp when its radiation was passed through jron
vapor in a graphite-tube electric furnace, Scattered
Light was controlled with a Corex red-purple filter.
To avoid the flat portion of the corve-af-growth in the
reduction of the data, only the faintest lines in each
cxposure were measured. Since the lines obzerved
cover a very large range of intensities, a great many
spectrograms would be required to put all of the lines
on the same scale of intensity. Although 86 separate
exposures were made, it was neveriheless necessary
to tie some of them together with supplementary data.
For thiz purpose the oacillator sirengths of Corliss and
Bozgman were wsed. This procedure should not intro-
duce any wavelengih dependent error or energy level
dependent error, even if such an error were present
in the CB daa. The only errar which could be intro-
duced from the supplementary data wounld be an
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intensity dependemt error. Such an error is most

unlikely,

In figure 6 is plotted the ratio of oscillator strengths
from KOC to those from CB as a function of opper
energy level in kilokaysers. With the exception of two
points at about 60 kK, there is only & very slight
dependence of ratic on upper energy level. Quali-
tatively, this dependence is in the sense that the KOO
temperature scale is slighily smaller than the CB scale
which is in accord with results found earlier by Corliss
[1962). The same ratie is plotted as a function of
wavetength in figure 7. The ratio seems to be inde-
pendent of wavelength, with the possible exception of
the region from 3100 to 3200 A.
iﬂparture of the two high level lines at 2542 and 2543

from the general trend of the plots is unexplained.
The values from this paper are entered in column 11 of
« table 3 under KOC.
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Ficuee &,  Raotie of gl-values from King, Olsen, and Corless [1965]
to those from Corliss and Bozman [1Hi?] a1 a funetion of apper
energy level.
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Figurg 7. Ratio of gl-values from King, Oisen, and Corliss [1965]
to those from Corlisa ard Bozman [1962] &1 2 funciion of wave-
tengeh; ZHNP eo 3200 A.
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The remarkable

3. New Observations

2.1. Data of Wormer Frem ULD

In the region from 2500 to 4150 A, pew observations
have been made at the University of Lendon Observa-
tory using both free-burning arcs and sparks. A d+
arc was maintained between two 5 mm diam iron rods.
These electrodes were obtained from Messrs.
Johnson Matthey and Co. and contain only one or two
parts per million of spectroscopically conspicuous
impurities. A current of 1 A was drawn from a con-
stant-current source, Such a small current, although
necessitating longer exposure times than is usual,
has the advantage of conaiderably reducing the amount
of self absorption in sirong lines.

The spark mource, operated at 10,000 ¥, was pro-
duced between pure iron electrodes in an argon atmos-
phere at normal preszsure. The average current was
1.3 A, which caused the electrodes to glow white hat
as in a normal arc. This resolied in a very stable,
nonwandering spark. The argon atmosphere re-
moved troublesome O, M, Of, and N emissions
that occur in a spark in air. A few ArI and Aru
lines are observed. The argon atmosphere also
reduced the self-absorption in strong lines to almost
negligible amounts. A disadvantage of the apark was
that exposure times wp to 73 hr were necessary to
tecotd the spectral region below 3000 Also, in
this region Fell lines interfered with many neuwtral
lines.

The light from the sources was imaged by means of
two quartz lenses omto the grating of the stigmatic
Ebert spectrograph in the laboratory of the University
of London Observatory. This spectrograph of 3.4 m
incal length, has a I5MH) lines per inch grating giving
a dispersion of 4.0 Afmm ip the first order. A total
wavelength region of 2400 A can be recorded in one
exposure. klford HP3 plates were used throughout
the present investigation. These were bmshed
continmously during development.

On all plates a spectrum of the iron arc through
a calibrated step wedge {placed at the spectrograph
slit}) was obtained. All are and spark specira were
traced with the recording microphotometer at the
Royal Greenwich Observatory. From the step wedge
spectra, photographic calibration curves were drawn
for each plate. Line and continuum readings from
the charta were converied into intensities with the aid
of these characteriatic curves, The continuom in-
tensity was subtracted from the apparent line intensity
to_give the true line intensity.

In general at least three independent intensity meas-
urements were made on each line. Owver maost of the
intensity range the plate-to-plate interagreement of
line intensides when placed on a oniform scale, was
~ 0,03 dex. (= 7%). In the arc spectra all strong lines
were rejected to avoid effects of self-reversal.

Our intensity measurements in a range of 200 A
near 3100 A were compared with the Fe 1 fvalues given
by Corlissa and Wamner in the manner deseribed hy
Corliss and Warner and the excitation temperatures




far the two scurces derived. For the 7 A d¢c arc a
value of 4630+ 70 °K was found. In fgure B we show
the graph from which the excitation temperaiure of the
spark was determined. It can be seen that for upper
energy levels where E < 48 kK the population of levela
in our spark source is clesely Boltzmannian. The
derived temperature is 6170+ 30 °K. The departure
from linearity in figure 8 for E = 48 kK is a reflection
of the normalization funection applied to the Corliss
and Warner f-values, and will be discussed later,

With the above determined excitation temperatures
we can calcolate from the CB (and CWiFe 1 f-valoes, a
theoretical line intensity for all lines in common with
the present work {with E < 48 kK):

6255
Tl':l:

log frph’=log gfcs—

where E iz in kK. We then plot log foght—1log Iy as a
function of &. This gives the wavelength calibration
for the plate {i.e., determines the combined effects of
plate sensitivity and spectrograph transmission) and
at the same time takes care of the A? factor. Using
this graph we correct all intensities measured in the
present work and obtain values of log Iz A? on an arbi-
trary scale. Relative gf values for all ines were then
calculated From

log gfvei = log Jy b+ ﬁf,EE.

ax
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Ficure 8 Log ratio of intensity A% to gheafue of Corlizs and
Farner [14] for Fel lires in the iren spark plotted versas upper
energy level.

These relative values were corrected for departure
from a Boltzmann distcbution and adjusted to the
absolzte scale by plotting this log gfi — log £fck o cw
versus £ for lines in common with CB or CW and
applying the indicated correction to every line. The
values are listed in columns & and 7 of table 3.

3.2. Dota of Corliss From NBS

In the region below 2500 A a new zet of observations
has been made at the National Bureau of Standards
and is reported in column 1 of table 3. Since this
region is densely populated with lines of the first and
second spectrum of iron, obaervations were made in the
third order of a 30004 lines per inch grating mounted
in parallel light. The second order was eliminated
with a chlorine filter. A step sector wheel with sector
openings in the ratio of two was mounted at the slit
and reduced the intensity by that ratio in eight suc-
cessive steps along the length of the slit image. An
achromatic lens at the st formed an image of the light
source on the grating and permitted uniform illumina-
tien of the alit {in the absence of the sector wheel).

The light source was a 1 A are between a 732 in.
diam rod of commereially pure jiron as the lower anode
and a pointed 3/8 in. graphite uwpper cathode. Ex-
posure times were aboot an hour on Kodak 103a.)
plates. Three sets of plates were measured.

The intensities were estimated by visual interpola-
tion between steps in the sectored spectrograms.
With these intensities and gf-values from Corliss and
Bozman for the range 2450 to 2540 A, a plot of log
e veraus upper energy level was prepared. From
this plot prefiminary values of log gf for all the meas-
ured lines were calculated. Finafly, a correctjon to
be applied to all of these valies below 2450 A was
prepared by plotting the ratio of these preliminary
values 1o the corrected CB values from column 8
of table 3. After correction, the new values were
entered in column 6 of table 3. Fo make certain that
the rew values were not affected by self-ahsorption,
the ratio of the new values to those in column B were
ﬁmmd versus the corresponding intemsity from

eggera, Corliss, and Scribner for lines betwesn 2450
and 2540 A horizontal plot showed that at 1 A
these lines were not self.absorbed.

4, Results

The resulis of the compilations and measurements

' discussed in sections 2 and 3 are presented in table 3.

The wavelengths are laken in order of preference
from Edlén [1955]; from Russell and Moore [1944);
from Kieas, Rubin, and Moore [1961]; or, in a few
cases, are calculated from the term combinations.
The classifications are taken from the same papers
and the numerical values of the energy levels are
given to the nearest kayser in columns 2 and 3, The
lower excitalion potential in electron volts has been
calculated by muliiplying the lower energy ievel in
column 2 by 0.K)12398 and the result, rounded off
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to two decimal places, is entered in column 4. The
multiplet numbers in column 5 are those assigned by
Moore [1945, 1952] in her Multiplet Tables.

The recommended or “beat”™ value of log gf given
in column 13 is, in general, the unweighted mean of
the individual values of log gf in the previous seven
columns, However the C.‘%‘ and R values have heen
weighted according to the nomber of contribuoting
values in Corliss and Warner or in table 2 and the
weighting number is indicated as a superseript. Ina
few cases, where there was pood reason, individual
values were given a weight of zero. If the maximum
and minimum values for any line differ by more than
4, no best valoe is recommended unless there 15 a
value obvigusly discrepant.

Log &f» and log g4/ have heen computed from the
best value and are given in the last two columns.
Log gfh is useful in dealing with curvez of growth
in absgrption spectra and stellar spectra and log g4/A
in determining temperatures from intensity measure-
ments in emission spectra. It should be noted
also that the line strength, S, is equal to gfFAf304, or
log S=log gf»— 2.48.

5. Discussion of the Absolute Scale

In this sechon we discusz the various attempts to
make absclute determinationa of oseillator sirengths
for lines of FeI and try to decide if a scale more ac-
curate than that used in this paper can be recom-
mended.

A number of determinations of the oscillator strength
of the resocnance line of Fe1 at 3719.937 A by various
atomic heam experiments have been reported over
the past 15 years. They are listed below, with the
value of log gf.

Kopfermann and Wessel [1931]......... —0.41
Ziotk [1957.c..c. e oeoes s —0.38
Bell, Davis, King, and Routly [1958]... —0.54
Ottinger and Ziock [1961]............... 50

The mean vatue here is — 0,46, which is 0.14 less than
the value reported for that line in our table,

In 1942, R. B. King made absolute determinations
of the oscillator sirengths of 22 lines of Fe il hetween
3700 and 3900 A by measurdng the total ahsorption
in a furnace. Bell, Davis, King, and BRoutly [1958]
revised those values on the basis of new vapor pressure
data. The revised values for these 12 lines are on a
scale of log gf which is 0.25 less than that of sur table.

In their work on the abundances of the elements in
the solar atmcsphers, Goldberg, Miiller, and Aller
[1960] caleulated absoluie valoes of log gf fur Fel
lines of the 3d'ds— 3d°dp transition array from the
Feum rule, assuming fr=1.0 The array has 45 lines
in the range 3585 to 4150 A. This £=zum scale is 0.06
ess than the scale of our rable.

With a somewhat different formulation of the fisum
rule, assuming fr=10.7, Allen [1960) adjusted a large
number of relative oscillator strengths for Fe1 e an

sbzolute seale, A comparison of that scale with the
scale of Codiss and Bozman made by Allen and Cor-
liss [1%63] leads to the conclusion that Allen’s Fsum
scale is 0.20 leas than aur present scale.

In an interesting experiment reported to the Aero-
nautical Systems Division, AFSC in 19%5, Karstensen
and Richter of the University of Kiel measured the
lifetimes of the 2F; and 221} levels in Fe1. They also
caleulated them from the oseillator strengths of
Corlisz and Warner [1964] which are reported on the
present scale. The lifetimes in nanoseconds are
quoted below from their report.

Pt =D,
Karstensen and Richter......... 200 70 10025
Corliss and Warner............... 240120 B +40

There does nat appear to be any significant difference
between the two sets of determinations,

Paul [.. Byard [1966] of the (thio State University
Department of Astronomy has been making oscillator
strength measurements in Fe 1 using o luminous shock
tube, Preliminary results obtained for a group of
lines in the red part of the spectrum show agreement
with the values of Corliss and Bozman within the ex-
perimental uncertainties.

From a discussion sech as this we cannot hope to
arrive at an exact correction to be applited to our scale.
It is obvious that the absolute scale is still somewhat
uncertain. The mean correction obtained from the
six determinations mentioned above js —0.31 with a
standard deviation of this mean amopunting to 0.4,
At the present time therefore, it would seem that the
scale used in this paper is high by about 0.1 in log gf.
In order to keep the scale in this paper uniform with
that of our previows work in the visible and infrared
paris of the spectrum, we bave not applied the cor-
rection here. Furithermore, there iz Little doubt that
this figure is subject to some change as more data
on the absolute scale of oacillator strengths for Fel
iz accumulated.

6. Conclusion

In this paper numerous escillalor strength measure-
ments, both new and old, for 2000 lines of Fe [ have
been assembled, adjusted to the same scale, and best
valuea for most of the lines suggested. The scale on
which they are presenled is the same as that nsed by
Corliss and Bozman [1962] for Fe 1 and by Corliss and
Warner [1964]. The values in this paper supersede
the values helow 4151 A in Corliss and Warner [1964]
and, together with the remaining 1349 lines in that
paper, provide a total of 3349 lines of Fel for which
more or less accuraie values of oscillator strengths
are known., These are more than three-quarters of
the clascified lines of Fel which have been observed
in the laboratory.

The accuracy of the hest values of log gf in table 3,
taken as relative values, will vary greatly from line to
line, depending on the number and origin of the obser-
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valions contriboting to it.  The standard deviation of
the new observations should be about the same as
those of Corliss and Warner [1964] which were stated
to be abour 0.13. Graphical representation of the
overall scatter encountered in the construction of
curves of growth with those values are given by Bell
and Rodgers [1965]) for stellar atmospheres and for
the solar atmosphere by Goldberg, Kopp, and Dupree
[1964): by Warner [1264); and by Aller, O'Mara, and
Little [1%64].

The absolate scale on which these values is reported
appears to be about 25 percent higher than the best
absolute scale for Fe [ that can be established at pres-
ent. The uncertainty in the best absolute scale, on
the basis of the consistency amongst the various sets
of determinations considered,_ahove seems ta be about
11 percent (standard deviation of the mean for six
seis). Therefore, for wark requiring the best present
estimate of the absolute scale, we suggest subtracting
0.10 from our reported values of log gff Improved
knowledge of this correction can be expected in the
near future.

Warner thanks the Astronomer Royal for the use
of 1the recording microphotometer at the Royal Green-
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Bowell and K. ). H. Phillips for carrying out some of
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Grant from the Depariment of Sciemific and Industrial
Research. We also thank Ruth Peterson for her
conscientious work in making the tablez and puoiting
them on punched cards, and W, R. Bozman wha wrote

a program for computing several quantities in the
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TABLE 3. —hciflarer Strengehy for tvaovieder {nes of Fe

Wave- Low

Ie"ﬁth Enargy Levels g, p- Mule. Are Spk CE HC FiM KD M5 Best Lo
A K Yalts Ma. Log #f Lug iy gAf
R4 112 G—47067 000 Y 33 l.ig 1.16 448 7403
2157795 dlé=46745 008 LV M (.0 0.0 4.13 6721
2164550 TS —46889 002 UV M 056 056 380 618
2166, 709 46137 000 LY 21 1.12 118 1.E5 4.4% 697
2171.298 T -d6745 009 UY 24 0.25 025 350 LKL
2178080 4l6-46314 005 UV 1) 0.7 082 0,30 4,14 6]
278120 T —46501 D0 UY 22 045 D45 3. 5.2
2186443 41646137 0058 LUV 2 .56 (.56 390 636
21E6.893 FEE=4650] D1 vy 22 —.02 =02 332 5TE
2187195 T —apd ) 00 UV 2 056 056 390 636
21%] B3 T —dell4 e UV 2] 0.5 D45 049 323 620
2i%h0d3 BER —dnd b0 (L) Ly 21 043 045 044 378 6.4
2200370 or—46410 002 UV 2| 0.3 .34 158 6.4
2200.723 EEE 45314 all uv 2l 0.3 0.3] 365 6,11
J248 858 951381 088 LMY M —0.50 —{1.50 285 527
2250791 O—444i5 000 UV M5 -0 —0M 256 4.9%
2158511 O=dd2dd 000 LUV I5 =1} =040 295 5.36
264,389 6928 51077 086 UV TI -1 -1l 34 5.65
il ] g6 —4551 008 LV e —0.7% -0 57 487
26,903 TT2R=31828 0% UY 70 =161 =06l 2.75 5.5
2267 085 4l6=44512 005 UV 1T =65 - 1165 n i
2267465 ER2E_51017T OB UV TR —008 —0OR 328 568
2265 098 Td—44761 Q00 LUV 16 078 —0.78 258 499
227863 0=44013 000 OUY¥Y 15 =19 -] 19 207 4,57
2271.781 TIFFT—5138L 091 Uy 7 —{.35 —{.35 RX1]] 540
prerdin d15—44d1s 205 UV 16 =062 =062 274 513
1L R1G TITF=51361 &9 Uy 7l ~0.36 —0.35 100 530
2775.189 BRE 44827 0]l Uy lé —108 —1.08 228 4.67
2276026 0-ad923 00 UV 14 ={.3] =031 104 544
2271098 TTZR=51630 Q96 UV T —0.59 —0.59 277 5.18
HIIEN TH-5161% D% UV T —0.59 =134 277 56
22 W =44551 008 UV 18 ={.4] -4l 295 534
2280222 ToR6—-51B2E 009 UV A —028 — L3 IR 547
2283, M BT =dd7al 002 UY 16 =09 =004 ¥ 4,75
283,656 BEE —4466d QLI Uy 1s —0.97 —N97 239 478
228 086 4l6=dd4l8d 005 UV 14 —0.35 —0.36 300 539
2287250 T —44411 00 UV 14 —0.26 -6 3 549
e 0N BI55=31828 10 LIy ) =141 —0.41 205 531
2290, 56 TORE—51630 0% UY 71 —03s —[.35 301 539
200,122 TTE-5136L 0% UV T =026 =026 3.10 548
22 525 416 —4d023 Q05 UV 13 -0 ={.7] 2465 5403
2194 406 ERE =44450  0,]1 uv 14 —.58 —{158 178 516
2000 28 BRE 44411 011 Uy 14 — 1. =100 2.36 4.74
12T TE% AM6=-43023 005 UV 14 ={.14 =24 —{25 in 549
2708.170 0—43500 000 UV 14 —0.16 —0.16 . 558
1298657 EBE=44378 0,11 Uy I5 —1.30 —1.30 106 & da
2309 221 T4 —4difd 00 LIV 4 —0.55 =05 2.80 5.8
2305140 Td=d4i66 008 UV I35 =058 —0.58 278 58
230] K85 OB —4441] 012 UV 14 —0.82 —082 154 4.0k
23 422 OTH—443Td 012 UV )5 —0.77 =077 1.5 497
2300 582 BHE —44285 011 LIV 15 —D58 =058 268 5.06
2305000 BEE =214 (.01 Uy 4 - (138 ' —D49 287 5.2
213,105 T4 43523 a0 UV 14 —0.32 —0.32 3 54|
13334 416 —43500 008 UV 14 —0.31 =031 306 542
2341 575 4l6 =430 005 Uy I3 — 142 — 142 1.95 4.3)
2350408 042533 00 UV I -1.69 - .69 .68 4,02
235537 416—428360 DO UV 1L —1.33 . —1.33 it} 4.34
2356, 190 THT—49805 0.921 —0X) —0.x T L |
239457 BE —4307% 011 Ly 1 -1.36 =1.36 01 4.4
371431 T4 —42360 DO UV L —-{.97 —97 141 473
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Wave-

|EI.'If|h

FCYEFFL
2374519
181 B35
2230973
2408 D45

2411558
MXEID
poEERIL
H3B.183
2439630

2939743
2440. 106
2442 f67
2443 273
45213

4771
2450439
245].384
53477
2453 508

2457 508
2458 b
2462182
2462 648
2963 128

Hes %0
2967113
2468 330
2470261
2472343

T AN
273,156
MTa %15
2476 654
2476 861

2479 481
Po s N
2483272
2083531
2484 186

2a%4 530
2485 583
2486 372
2486 690
2487 O6d

2487370
HIRR 144
2458 942
2489.75]
HEen?

90 fed5
2491 15
2491 9E3
92 640
2491 %

2454 252
2495 ¥59
Mo6531
X133
2501 695

Encrgy Levels

416 —42531
978 — 43079
BEE — 42860
B —4255%
7728 —49203

928 — AEIEI
BI55 —4198
RI55 —49243
6918 —4 T30
976 =595

1535 — B3 GG
ISTEE — G738
1962 1 — 0549
6928 —47835
6928 —47812

0 —4{842
12561 — 53358
124964 — 517449

THT—4B123
1962 1 —H0366

6928 — 47506
GUIE -4 7500
41641018
— 405594
TR —48305

TITT 4793
TIIG —48239
628 —4742)
THT—4TRM
OF2E 47303

416 =084l
0 —d{M22
TR —48123
TOR6 —4815]
R155 —48515

TORE — 48305
Tt —41018
0—40257
ToR6 452139
I -41131

Y76 =52213
TITT 47550
O —d207
TTI% =733
BIS5 —a835]

T4 — 089S
416 —45%4
. 0641 —60B07
STH—41131
BI55 —48305

04 — 40847
A8% 41018
W] —6075E
TR 418
TRE—47RI12

H928 —4T008
GU2Y — 62
THT —474X)

0=39970
628 ~J6EED

TABLE ). —Osctffarur Siremeidts fur Uliravieder Lines of Fe1—Continued

Low

ep.
Yilts

0.05
0.12
o1l
0.0%
056

OEO0 ME— S S

SSOS SSOSD SOoons mSo: oo
$R3I5 FERFRZ KEEER L2Z2g2 RF

CLCfE CCoCooE CoCeCS CSoESC o

Mulr.

&

[l ol e
el wE 7
B et -
[ P —

cco
-
RER

T
5N

e TREDRD TooiZl

o ShghoOh
WA ki m

=

W el LS S S
L= -

Bled

o {{E{{ A L

SQCeE SCCoCoC CoCcoo CoeC

Lh Lhhiha R LR QR -

Are Spk cB Ko Besl
—0.63 —{.83
- 1.06 - 1.06
—0.B8 —0.BE
- (.36 —0.86
- L& =13
=111 — 111
— 140 - 1.4
—0.TE —078
=052 —0.5x
—.84 —D0.BS

089 .50 0,70

0.4% 0.7 0.42

036 .66 0.6l
~ 037 =23 —0.35
— L9 —1.09
= 1.08 -1 = L6
—n34 —0 B4
- 103 - 103
—0.2] —024 —0.22
— (14 —0.40

0,30 0.30
- 1.3 -[.3%
—-0.72 —0.72
—026 —i).25
=053 -0,53

19 .19
- 148 =48

0.20 0.4
-3 —4 )

0.00 0.0G .03
- {06 o4 (04
—{.98 -9

0.3 K] (.28
~{),38 =038
—1.37 —1.37
—0.27 —{15 —021

0.00 014 Q07

045 0.49

—I8 —Q0IB
=032 .11 08
-0.12 =092
-0 —.4
—1.00 —1.00

=015 =0, 18 =i, 6
-0 —0.03 —0.02
=128 — 133 - 1.3
0.51 051

006 006
0.7 0.41 024
—025 —D025
0,38 038

0.l 02 0.2
=002 =002
— D& — 106
~0.55 —0.3%
—1.D& — 106
=055 =055
Q17 0.08 0.12
-0 -0l —002 —0.D6
=066 =057 =058 -0.58 =050
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Log
Log pix  gAfA
115 507
132 4,64
25 4,81
2.52 433
I.54 18
L 4.5
1.9% 4.
2.61 4.B0
187 T4
1533 4.E)
400 5,36
ik 608
4,00 6,27
30 31
2.30 4,57
2,33 4,40
255 4. 82
2.3 5453
117 541
294 £35
360 5.95
pLi(]) 417
2.67 493
113 539
21,86 512
158 S84
1.:M 517
3.9 585
2.69 4.95
342 5.67
3.43 5.68
2.41 4.66
a7 5492
341 5.2
242 41X
318 543
3an b |
3.89 6,13
3.x2 LR )
345 569
248 an
766 AW
240 .64
1M 548
1,38 5462
200 4
LR | G6.l%
EX 5
364 55
LI 5.1a
178 601
162 585
138 5.6§
2.3 457
285 508
2 4,57
285 5%
3,52 5,75
3 .57
280 KR F)



TaoLE 3. —'o_ﬁ-f:.-r.—;w Streapthy for Dteavider Lines of Fe i =Continued

Wave-
length Enargy Levels I::-;r Mult. Arc Spk CB HC RiMN) KO M5 Besi Log
K Vaits MNo. Log &f Log gfa  gAfh
2503491 2087560807 259 LUVied =15 —L15 325 548
23 101 20 —60564 256 —1.X =-1.Xl 2.0 443
2504835 ITHT=578 .M -2 =20 1.34 36T
2505004 20641 —60549 256 LI VI3 —0.5 —054 2,56 o
2506568 HMTS-ODTSE 259 UWViIel -0 =024 16 i
2HTAEM TTR—4T 0% UV 9 o4 —007 005 004 =013 10 a2
2508751  TURG=47E34 0¥ UV eI -0 —i.02 —1.05 .35 4.58
2508945 TORG—4TEIl D99 UV 5 —201 —im 130 3a2
2300.380  1TTIV=5ThRS 220 - |48 —1.4B 1.92 4,15
2510835 41640231 DOS UV 7 «[kLib 0.0 oAl 027 0.4 344 566
2512266 G92E—4672] OB UV 55 —0n8 —0D.6E 292 4.4
2512361 41640207 D08 UY B —L 14 — 110 —1.16 —1.14 2.26 348
IS R4E 12561 —52297 156 UVIM  —1f -1.I5 225 447
2516.249 T =417 9 UV 57 =148 —98 —D98 242 464
2806572 TIZR 47453 0% LUV 6l —0.9% - 113 - 1.4 . 4.5%
2517658 E6-4TERI 099 UV 59 008 —-023 008 -2 -2 328 350
- 258,13 T —4d0s o UV 7 —008 00 =007 =18 =08 332 554
2518824 2E75-60554 259 =43 —0.49 291 11
2519.630 EIS54TR11 01 UV 5 —03] —-001 —024 =027 ~021] e 54|
252 8Hy  TIT-4TT 0% UV SR =084 -0.84 156 473
4%k BT-=47008 0% UV S =073 =075 265 487
2572 850 D-39%62 00 UV 7 0.56 044 050 390 [ A rd
25241 E—40dd9l 01 UV 7 007 =023 =0H =020 3.0 542
2527 436 416=3970 00 UV 7 .15 0.37 0.1B 0.23 163 585
252010 20641 —600T2 256 LTVIGZ —25 ~.25 EN L 537
2529136 T =40231 008 UV 7 {06 0.1 —023 —0.13 —LipR 132 5
2529837 BEE—40405F 01 UV 7 —.47 -(.7] -(5% 28] sm
2530654 =027 008 UV ¥ -1.2% =109 —1.52 —1.30 2.4 4,31
2511510 ZDET5--0D0365 259 UVIe2 -0 032
2512 876 TI25—47197 0% LUV 5% —1.2¢ -i.32 - .26 14 435
2535128 TE6—47420 059 UV 6d —1.4 —1.62
2535600 S1g—404DF 012 UV 7 —013  —0ig —0n0e =033 ~L1% i 542
2537460 11976=513T4 148 U VI =049 =042 —045 —45 205 5.6
2539158 T —46745% 091 UV 5% —0.78 7% —037 —77 28 .84
2539578 W4T 0% UV i LT - 140 -1.39 1.51 K
2540971 BRE —40231 &1 UV 7 —027 002 —0.12 3.2 549
25200 2i03e—6D3eS 2461 UUV]e2 1.9 107 057 2
2543900 HETS-60172 239 U V16 021 059 026 1.94
2544 Th6 MM 59927 258 UIVIAZ 076 050 063 414 h24
2545980 -390 908 UV 7 =011 =005 - 008 333 5.53
2549614 416=-39626 005 UV 7 ~-03 =g =028 313 532
2550812 ToRG—ATITT 099 UV 55 —1.28 —L2% 213 4,32
2553 6l BEA—a0052 Q01 UV 8§ — 158 -1.72 — 165 1.76 195
2552832 TIZR—46882 09 LUV 53 =107 =116 =112 2.2 4,48
25518 DT —n2081 284 —093 —{.53 248 467
2535 648 Biss—47272 101 UV 5B —1.58 — LB —1.69 1.72 3ol
2556.30d 1256151068 156 UWVIE =05 —018 =028 —{3% m Ll
2536862 G6OZE - 45027 OB UV 52 —1.02 —-1.03 =102 2.3 4.5%
55T26R  119T6—5I068 148 UVIDL 1.4} —-167 —i54 187 4.06
2560558 BIS5=47197 1401 UV 36 =1.11 =LAk -1.3 2.2 4,40
61262 TRE—-4T0T7 09 UV 58 -1 -1.63 —15] 1.90 409
1561.8% BIS5—4Ty77 1Dl UV 5 —1.X —1.31 =1.26 .15 4.3
256220 BISS—4TITZ 10 LUV 55 (A% =107 —09%8 243 d.i2
2563. 800 TTB-4672] 03 UV 535 =1.12 =-1.19 1.62 381
2564 561 §155—4713 1401 UV 58 — 119 -1.11 —1.4) 21 440
I567R60 1797 _S6RY 222 L YIW =072 —0.72 209 4 ER
2568 B62  ToBe—dnS0z 09 UV S 106 -1.17 -1.12 21y 447
256%.595 2B —45833 D86 LY 52 =105 —1.15 —149 232 4.50
69742 TORO—46BE9 09 [V 55 09 =111 — 105 236 454
257157 12561 =51436 156 UUVHDG -1.83 -1.53 1.5% EN
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Wave-
length Energ}' Levels
A
72T 1296 —SIR2G
5Ta692  6U2B—45726
7206 T9R6 46745
2580066 B1S5—46002
2530231 12561 --51305
15R0454 7936 —46727
580,561 12999 51708
T580.939 155 —46889
2iB4 337 6928 —45608
25B6. 557 217168366
2502285 21999 60564
2593500 19351 —5TR9T
2594150 TITT 45914
2593422 B155— 46673
2598855 12969 - 51436
5995n5 7371 —45813
2605658 GIIE - 45295
HO6RZ8 AT —45TN
2600220 21249 —60564
2610.750 T4 — IE9G
2612773 416 —IRGTE
514455 T72R—45965
618019 TrB-45914
1618711 Q-—238175
1623 367 B85 — 28996
2623532 7728 —45833
2627.230 TITT —45128
2629519 Y78 — 38996
1612238 7986 — 45965
2632.50% M —3H6TR
2635810  TUE6-45914
/36410 TITI 45095
26dl 68T 73TV =45201
2641993 R155-— 45063
2645 423 885 - 38678
2647 559 416—38175
2648164 11976 —4%9727
2648 548 24336 62081
2651 R 172845428
2655140 11976 — 49628
2656145 19390 —57028
2656793 11976 — 49604
2660396 ToB6—45563
2661196 7986 —45552
2662 057 TT28 —45282
2 400 TR 45221
2666813 6928 —d44415
2666266 - 11976 —42451
1667.914 d - 38175
2669492 19621 - 57070
2673214 B155—45552
267,063 GI1E - 44244
2680454 T9B6—45282
2680910 12561 —49851
16RY SRE L9562 — RGR43
2684 857 T9RO — 4522 1
2489213 TATT 44551
Q830 12561 —49727
2650 065 0-37183
2692.250

die-sTo O -EE -0

1 1976 —49109

TaBLE 3. —Oxeilfaror Strenpthis for Cireavioted Liney of Fr = Continued

L ow

ep. Muli. Arc Spk CB HC RiN}  KOC M5 Best Log
Yolis Mo, Log & Log gfh  gAfk
161 UV =75 —~{1.9% -{.B5 256 4.74
0Bé 0OV 52 =02 —023 023 ={.15 {22 N ) iz
0.9 UV 55 -2 —idl -1.3] 21m0 428
101 UV 54 —-151 -i.62 — 1.5 1.85 403
L56 —{97 —Q97 244 4,62
| uUv s — 1.8 - 1.69 - 1.75 | 56 s
1.61 —087 -.97 244 4.42
I UV 3 166 — 166 1.75 39
0Bs v 52 .08 17 0.1 028 AL 157 575
88 UMY =065 — D65 276 494
273 =63 ={1.63 278 405
240 UVidh ~025 023 o.lé —ll )] 547
o921 UV 52 —0B4 — LOb -9t 249 4.56
L1 Uy 54 - 175 eyl =200 1.41 358
161 UVID — 1325 —-1.25 216 433
021 U¥ 52 0.27 -0.03 0.1 kR ]| S48
08 11UV 51 —RTE =089 =037 —0N%1 ={1 56 1.56 4,72
0% UV 52 —0a0l 0.2l 0.10 3% 568
M —{.55 —0.55 2R7 5402
0 LUV & 0 =19 —~1.10 203 139 35
o Uy 6 =172 — .57 - LB 1.62 iT?
0% UV 5 —lDe - 1.0 —108 234 449
0% LUV R 022 03 =0l —0.18 ~{ Xk 3z 535
0o UV 6 -1.71 — .76 ~1.724 .68 183
1l U¥ & = .34 —184 1.58 173
0% UV a2 =009 Q22 002 0402 Q.00 342 557
0al Uy 5l — &9 — 168 1.73 188
2 UV & -1.58 —1.43 -8 =209 1.33 3.47
0490 OV 52 033 ~0LX7 —{.36 —0.32 g 524
0@ UV & =136 =16 —1.78 =1.70 1.712 3.B6
09 UV sz =016 002 —0 06 -7 135 549
491 UV 5t =101 -2 —1.12 2.3 .44
0%1 UY¥Y 50 —0% 061 049 =081 —D6% 21 493
Lol Uy 52 =01 . =00 002 - 1 547
01l UV & =19 -1.14 —205 137 311
0 LUV 4 - 157 —1.465 —~1.54 =172 1.7 384
148 UV o —1.68 — 168 1.74 188
3.02 =07 -7l 17 484
0% UY 31 =1.D8 -1.15 =112 230 443
148  L1W100 — 164 w200 —142 160 37
240 UVIG 016 .33 0.23 038 0.25 347 580
148 UV 9% 0 —{.58 —0 846 256 4,59
09 UV 51 =118 —-1.41 =130 212 4,25
0o UV D -1.74 —1.74 1.60 3.8l
9% UV H 070 068 =077 —0.75 —0.72 i) | 453
49 UV H —57 =102 —0.94 249 4.4l
45 UV HE -Dis —D3s —0.34 -0.35 308 520
148 LUFVIOE —i —05 =039 —0.3%9 I 5.16
Q0 UvY s =207 —233 —3120 1.3 3,358
243 UVIsE —0L 1 049 000 34 5.54
i1 UV =108 —1.22 -1.16 227 4,38
086 UV 47 —014 023 =011 =D =14 3.9 540
09 UV =07 -0 —092 -8 242 473
1. UV —1.75 -1.90 - 1R2 1.41 72
242 UVI4S =015 iYL a2 345 556
00 LY 30 —1.78 - 197 —1.97 146 157
091 UV 48 =029 —0.24 —{.18 —024 319 5.30
1.5 LUV 99 —036 W =072 =49 234 i
000 UY 4 -0l —215 —2103 1.40 350
148 LUV 98 —L14 =136 —1.25 2.18 424
341



TABLE 3. —Oseifluror Strengths for Dltraviodet Lines of Fe1—Continued

Wave- Low

length  Energy Levels g.p, Mult. Arc Spk CB HT RN} KOO MS Best Log
K YVaolis MNo. Log pf Log gfa  pA/A
2692 558 BISS=45282 101 UV 30 —0.84 —139 N E 1.54 364
26504 2372 41637521 00fF OV 4 —2.85 —3.01 =3 0942 2.52
2684536 19351 =56452 240 OUYIM 42 a.01 029" 0.1l 354 504
2695036 U2 —44023 QBSs DV 47 —1.35 —1.35 208 418
95662 1975756843 245 UVI4S oin 0.19 0,10 53 583
206784 19351 —S6dE 40 VIS b.29 0.69 0.4% 192 62
2UT0Z2 12561 —4962E 156 VIR —046 -1, 5% =52 291 5401
2600 108 TITT—d4d1s 091 UV 43 =049 =043 —D0.55 — 49 294 504
ZHS0E X064 =-F7ed] 256 U WIG! 067 —04l = {67 2.76 486
TN 453 1996356383 x40 UVIS ={1.47 008 Q08 35 Set
206012 1930056334 240 LIVIS4 043 030 .40 9.29 038 3.81 581
JI6ERY TR -Adbnd 056 LIV 4% —004 —012 —008 35 545
70T 4S50 2064 57565 256 —0.40 =040 303 5.13
ITOREM 20641 5750 256 LIVIEI 042 .37 0.51 a6 048 i 01
AT00 237460677 295 U YISO 087 05 4.5 §.40
2700089 19562 -56452 242 UV —032 -1, 18 =025 N 528
L 2710543 12969 —49E51 161 UV I0D —028 01 —dd =031 —0.34 .00 5.18
X711 555 T3 —adddd a9l UV 47 - =45 —044 —i44 199 508
2714062 HETS=5TIRe 259 LT VI&] -3 024 =30 ing 522
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192 485
3.1 516
1.72 166
242 4.55
208 4.0
i 535
144 4.37
A9 4.42
i 5.
2.72 4.6%
1.26 3.1a
.50 4.51
792 .84
Z.08 4,00
211 415
194 586



Wave-

Iergp.h
A

2994428
2004 505
2995 838
2096, 386
2099 512

3000453
3000549
3001563
3003032
3004.1 19

a6
3005302
3006 308
or47
I007.283

I008. 140
A0 .04
009,571
ol 482
011 883

4175
015803
016186
N7 629
018.134

018945
015290
020,492
020,640
021 074

A024.034
025283
3025 638
a2 B4d
3026954

2029215
3030, 149
3030605
3031.213
3031 638

3033, 101
034510
37 590
037,781
A3e.322

N 428
a1 639
3041 .40
2022
3042667

M 07y
J5.504
5930
37,050
307 606

F53.065
3053440
H55.264
3)56.250
357447

Energy Levels
K

A6 33802
7R = 34263
24335 37700
19552 = 52916
GI2E — 257

11976 - 45295
TO4 — 34017
24236 = 57641
TTIR—41018
19621 = 52809

12561 45833
19390 — 52655
20611 — 53897
11976~ 45221

TOd4 — 33947

E88 — 3122
19300 — 5261 3
TITT
2139 5346
20038 =53230

TI28 40895
19621 — 51769
™6 41131
BEE - 24017
1939 — 52514

T8 — 40842
19788 — 528940
T4 = 23802
0-—330%
416-33507

BEB — 33547
TITT —d0d 22
19390 - 52431
78— 29017
TRE6— 41018

12561 — 45563
19621 —52613
18378 — 51267
T97EE — 52763
BI155 —41131

19552 . 52512
12565 — 45914
BES — 23800
ToRG — 40893
19621 — 32514

T3V — 40257
12561 —45428
TR — 40594
© RIS —4101%
TORG — 40842

T37T 40207
19788 — 52613
19621 — 52431
ZXTRA — 56593

M4 — 23507

19552 — 52297
B155 — 4085
12561 —45282
21039 = 53749
G528 — Y626

TaBLe 3. —rucillutor Strengihs for Dltravicter Lines of Fr1— Continued

Low
ep.
Yalis

007
0.12
3.02
242
085

243

091
156

101
0.9

a9

243
295
0%

242
1.01
156
241
Q86

Mult.
Ma.

b
H
360
148
30

56
q
506
n
19%

57
199

55
11

2

198

30

16

U vi3s

|
198

ek LHEER mEwnw

28

Arc Spk CB HC RiMN} KOC M5 Best
Log f

=034 =042 —~0.38 —022 035

=023 —023

—130 =1.30

=000 001 =04 —0.03 —0.11

0.0 015 —010# one  —00G

—02%  -03% 039 -0

—035 043 - 287 =025 =036

~0.85% —{.B5

-5  —0al =35 =049 -{1.54

~0.56 —0.5%

—1.87 — 1.B7

—038 —DIB —0.2%

—1.20 — .20

=0I7 =032 =D55 —R.35

1.2 148 =10 =141 =123 =13

—050  —0S5D ~5Hr 058 =048 =051

~ 03 04 —i).13 —pa7

-0 -2l —0® -0 16 05

0.5 054 043 0.63 .54

-0.42 —09

1% —-1.54 —1.73 — 169

—020 -0l —0.74 —0.1%

-0 =069 =078 =158 =068

=113 ~Ll& —Lg 12 -l =147

—D&3 —.8

=025 =037 —03' —033 —032 —030

—0.23 ~ .23
=71 —1.14

—0.13 —(13

-9 032 =0 =019

—l4 —105 —Lit —Lié6 —0%Mm —ie

— 167 - 168 -1.63

0.63 092 084 0.80

—050 —048 —058 051 =04 —057

=042 =035 —04F  —D.54 —0.45

—105 =102 - .28 ~1.12

0.7t 0.78 087 .50 0.82

—137 - 137

057 072 085 a.71 0.72

—047 —0M —051F —4d —05t —0H

=73 =045 - 0.6%

—1.30 —1.30

050 = a5 =03 =043

- L.56& — 1.8l — 158

—B77 Q238 77

050 0564 046 —aE 06 D72 D43

—L26 -0 —.52 —.33

=05 =057 —05E )49 -0.52

—068 082 077 7% 0%t 077

=021 =053 =034 =5 =056 =063 =048

—i12 —129 — 120

=088 =051 =1, 70

—076 —05%2 —0.6d

=032 017 —2d

=031 -0.8% —0.35 —022 =033

005 000 006

=147 - 1457

13 —03 029 —0.2%

=072 =072

0.2 0.05 0.l a7 024 0.14

347

Log
Log gfx,  gAfM
3.1 504
3125 516
218 4.9
338 526
142 15
EN 507
112 5.03
263 4.54
2594 4,835
252 4. 83
1.ai 352
31X 50
228 4,19
EN k! 5ia
218 4.9
2907 4 58
141 LR
R 524
4,02 503
.56 4.47
1.79 3.7
130 )|
1.BD 4.71
2131 421
2465 455
3.18 508
35 %
31.1% 525
3.29 509
219 429
1.30 11
4.28 4.8
291 48]
303 493
2.6 4,26
4.30 6.2
2.11 401
4,20 6,10
3.02 492
2.7 4,689
218 4,08
ER) 495
1.8 3T
2T 4.61
2E3 4,75
315 504
.95 4.84
771 440
300 439
28 4,17
178 457
.84 471
1 sn
LI5 504
354 L]
1.E1 370
324 502
LT 485
3463 5351



Wave-

1¢|1Aglh Encrgy Levels
K

57802
3059087
3060, 545
060,945
062 AT

30a3. 149
063 9335
3066483
1067 246
067 952

3068.175
3073 244
3073952
7L.187
5

H7RO1a
. HTRAle
3081.278
3081.832
3152

3083743
METAN
3050 209
e85
32718

3093 B0
MM EH)
M3 2
096,044
A0SR 192

008 0655
3095897
072 570
3100.305
3100.667

3100.B38
3107004
102544
3M0G.760
3107.978

3109050
EINNE..
ILIZOM
3113392
314054

1115656
115,562
M1525)
3114.634
16584

HI17.640
1119.4%
20220
320,435
3121760

inan
3123545
3244099
J25652
3128501

T8 —40423
41613096
24119 —56783
12561 —45221
2374 6423

17553 — 50187
19552 52181
21999 — 54500

T3T7 3570
21716~ 54301

13569 — 43552
24575 51104
21716 =54257
319 — 36850

TIE - 4231

TTIE — N7
20038 = 52512
24335 — 35783
11976— 44415
L9788 - 52211

TIBG— A0S
26140~ 54520
13249 — 54600

#1555 —40491

TT28 — 40052

12969 —45282
21999 54301
2i716 30014
21999 — 54289
21716 — 53983

17927 — 30180
R155 — 0
FITT =39608
ToB6 — 40231
TR — 3991

159390 — 31630
21998 - 54237

b — M7
19552 — 51762
21716 53882

19913 — 52067
[ — X265
2784 — 55007
21249 — 51357
12561 — 44664

24772 56859
24139 56425
19757 - 51837

15540211
26140 58213

ToR4 — 40052
19621 — 51668
2249 34780
19788 — 51826
LHI2T — 49551

19562 51570
21990 — 54005
200 — 52020

7986 - Y9970
12561 —44512

TasLe 3. —decillaior Strengths for Ultraviole! Lines of Fe 1— Continued

Low
e
Volts

Mulz.
™a.

a
e
437
55
456

12
147
i
28
35

35
549
3
457

28

)
136
457
L1
197

2B
313
p.]
ol
55
3i5a
314

313

EE RRRRE

L]

16%
455
i
456
16%
578a

194

194
e

165
54

Arg Spk CB HC fiN)  KOC ME Best
Log af
-1.97 —1.92
—043 056 =044 =037 =04
=43 =038 —040
08 —Ll06 —1.23 — .05
—050 =%
—1.ES ~1.85
—049 —0723 =L
={.11 =13 194 — 12
000 011 —{0.05 930 400
—038 015 ={.26
—0.}B D48 —028 —4031
—1.17 -7
=48 —0.4%
—0.49 —0.49
=016 0405 -80S =02> 0 =00s =015
—-1.25  —1.27 —1.54 —1.3%
=12 oy 008
— 1.3 —1.34
~1.82 — .82
=090 =090
~h§ =4 027 =02 025 =029 40
4G — {49
—{.53 —0.53
=327 =038 =034 =04 =041 =052 =040
18 —1%% — 1590
=076 =0 =12

—0.63 —0.65
—~53 -5
- L1 -1.10
019 0.1s 0.15 0.16
=137 =137
0 D02 0.0 -0 —0.4
=027 —0.27
=019 016 025 —01% 025 =039 024
—0.17 —0]1 -0 -0 022 —02% 02
—0.3E8 —0.3E8
—0.88 —0D.8B
=210 =210
—1.32 —-132
~0.73 —0.71
—I136 —1.36
.79 —0.79
—iG 032 0.14
—0.41 —04l
=255 -2.55
—1.18 —1.18
=147 - 147
—096 =095
-5 —{.88 ~07r 17 —0.82
-4 —i.24
—~198 —2.3% =2.18
1.2 007 =09 006
—0.83 —.83
0.12 | —irid 000
-1.19 -1.1%
—~.R8 — 188
-1.2 -122
— 128 -128
—052 =70 65 - Loy =08 —i76
- 147 =147

348

Log
Log afa  gASfA
1.57 145
305 493
305 497
244 432
2.50 438
64 152
113 5400
337 524
149 5.3%
325 510
3.18 505
232 4.19
340 4 BR
3400 4 87
3\ 52
2.0 A%
3.54 541
215 4 02
157 154
259 4 .46
127 514
1.00 4,87
256 482
100 495
L.50 345
284 4. 70
2.86 472
2.39 415
3465 551
2.12 158
345 531
.2 08
3.25 511
3 2 .1
3.11 497
2461 4.47
1.9 124
2.17 4,01
276 4562
213 199
2,70 455
363 548
108 4
0.94 279
Z3 4.16
202 1R7
2.53 438
2.67 451
225 4.10
1.31 115
343 5.40
2.66 451
3.40 534
.30 415
261 446
7 4.2
v | 406
27 4.58
.03 387



Wiavce-

Iﬂfth Enaergy Levels
K

IN29.0TE
129325
132514
Nual2
3135590

5135 863
139 641
4o
1142 453
hazian

343243
3143 090
3l4d 488
Jla4.924
3145057

Jl46.475
Jar.re
3148.178
3148408
EIELEL b

150K
3151353
15] 867
3153200
1154 505

U35
1155293
I TN
136,275
3156464

JI5T.40
5880
J158.590
3159248
3159437

3160200
3160.344
J1650.65%
351173
3161558

3161949
3162235
3164 308
365,006
3165860

3166435
316659
3166.981
3167907
11568 R5R

AT 355
3171663
M72067
17252
MT3 A

173,663
Nra 2
275447
E L]
3176366

ITST 51705
11976 —43923
25900 57814

TR =326
21999 53882

G788 — 51 668
19351 - 51192
26140 - 57974
1975751570
18378 = 30187

U=31805
2NN — 5769
19913 — 51705
19621 — 51490%
24 19— 55506

19562 — 51335
24359 = 56098
22249 — 54003
1962] — 51374
23T - 55526

26479 58213
21999 53712

dA16-32134
19157 — 51462
1953 — 16

20020 — 51705
19621 — 513
19390 - 51069
26140 — 57814
211955791

19562 — 51229
19913 = 31570
23784 — 55430
21039 — 52683
11299 53892

2634) — 57974
19300 — %1023
19562 = 51192
12561 —44184
19788 — 51408

1933 — 50968
1957 =51¥R
197157 — 51151
19562 —51149
19757 — 51335

20641 —352213
17127 — 9208

» 24339 55500

26140 — 57698
19913 51461

11976 — 43500
2002)— 51340
17727 =445
12249 53763

(B35 59748

17727 49227
26479 - 5TF7
1935 — 50433
23270 — 54748
21039 — 52512

TaBLE 3. —Caiflarer Sirgenpeshes for Ultravinalet Linkex af Fe 1 —Continued

242

MulL.
Mo,

161
52
578
25

]
15%
57
164
144

T
578
151
195
455

160
455

194
453

STa
3
2
151
151

161
93
1923
578
a4

160
164

452
259

1925

195

Arc Spk CWIN) HC RiMNy  KOC M5 Best
Log ef
=072 —()312
—07%% —14 —-1.34
008 —D.10 —H
— 145 =-1.18 —1.I2
—0.92 - 92
=97 —) %7
—Da0 047 =60t =078
09 =007 006
04 025 —3.30 =17
=04 =020 —0.48 —026
—247 -3.20 —3.2
047 0.19 03]
-0l 037 —0.28
- 1.46 — 145
-2 I3 =021
— 1150 - 1.50
=08 =02 =030 —0.35
—1.22 -1.21
—465 —03% —DEY =35
-1.44 —149
=013 =024 LT el —0.12
0.4l D45 0.4
-21%] —2140
023 —DDo 010 —LI8 002
—0.7 —ape —0.24
—1.26 —L.26
~03 Q.50 =046 — L35
—1.15 —1.35
Q.30 0.05 LU 025
—id =032 4 — Q.48
036 006 0,35 0.06 .21
0. =01 0.26' —0.17 006
—0.89 - (3%
-1 .43 — 143
—1.38 -1.38
o000 —0D8 ={104
—037 —022 ={.5
0.45 0,14 (.3 028t 0,16 (29
—0%4 105 -9 —141
-1.25 —1.25
016 013 i3 =013 007
=044 ~DB3 —1L54
—08F -6l =-0.73
—0.24 =D43 =33IN —D4T —L3
—081 Qg —0.0a =02 ={.14
0.28 0.21 022 01s .22
=001 —
—1.51 =1.51
007 0 i3
—0.42 =021 -{1.32
~ L0 —DB6S D0 ={1.56
—059 —0.59
=061 =058 =050 -5
—127 - 1.27
=055 —0.55
=057 =059 =041 —0.52
—1.45 —145
a4 13 L 0xn .25 0,32
—&E7 —0.87
—045 031 (4 =040

349

Lo ufa
278

349
238
2.58

P Sl SRR R Sl b
Hil2ks SOERGE NENRE wihpan

[o¥ ]
k™

Log
gAMK

d4 57

54
4.2
441

436
455
5
5.16
5

13
566
5 0%
1x7
N 4

183
495
4,11
4.78
384

2
576
42
5.25

BOAAY Wilegtabe A&nlofadk e
% 2Bk BEikky RhEig B



Wave-

lenth  Energy Levels
A K

378015
TR S
MTRT
T4
g0

80,75
38 522
g e
382,060
3182980

3183 582
Ag412
1154622
1184 83
hgiaTi

ne0z6
. 1188 567
ISR BT
190,020
110651

g6
3191116
1191 660
9417
1. 790

hes2x?
3193303
402
3196.147
3196930

3197.521
3198 266
399,530
00475
IZ0Q7ES

1202 562
1205 400
X7 089
1207 549
IXR AT

Ll )
3210230
210,830
21 48T
211683

211802
1211.9%%
32id0dd
31439
321446214

3215.940
3217.380
3219581
3210.506
3221931

I
am
1221480
AT B
1225789

1935] — SOR0OK
2433055191
19521 — 51069
12965 —44411
1975751192

=210
20875 - 522}
2433653784
19562 — 500510
17727 —49135

19621 = 514023
26875 — SEXT2
19757 51145

416 =11805
21245 54612

21999 53158
19381 — M
2002051310
NETS —52213
24575 — 55907

24575 — 55906
20641 = 51963

031323
17927 — 49243
20020 -5133]

0—31307
1961351219
19913 — 31208
22846 - 54125
19562 — 5833

27560 — SEB2S
21035 — 52297
19362 — J0ROR
19913 =51149

04— 11537

245755319
2002051208
19351 —50523
22E3B — 54005
27666 — 56825

7560 —SET710
19562 — 504
19913 -5 1048
AN —51149
2GATS —SR002

17927 — 42031
19351 = 50475
19757 — 30862

T — 31805
18378 — 4077

19913 = 3909
1915] -5
19757 — 50808
19562 — 30611
20X — 51048

19351 — 50378
1 1976 — 42992
20028 —5nd )

%6 — 18996
19351 — 50042

TakLE 3. = Oxeitlaror Steangtha for Uitraviolod Lines of Fe 1= Continued

Low

ep.
Volts

240
oz
243
141

SHRN W
BhHEN B&nd

Mult,
M.

156

192a
155
333
159

159
25y

258

100
155

158
155
LEES
i35

FiLl
156
155

547
155
15%
Til
71l
159
156
T
158
156
143

156
157

15%
156

1 56
51

2
i53

Arc S5pk CW{N) HC RiH) KOC M5 Best
Log kf
9.32 o0l gap 016 004G & 18
=042 =024 -{.33
048 =035 =121 —0a2
—1.14 —1.14
7 0.7# 0.4t 054 0.68
=2 =219 —248 —2.24
~ {306 .06 000
—.13 =050 =32
—0322 042 —03z
-{25 =25 -0.25
122 —1.22
{72 =72
04 -—0.52 040 —D47
-8 —~199 —|ER —2 X 25 —2.00
—0.45 =095
=061 =43
002 -0l =={i.36 =2l
029 [104.] .M 012
=0} =080 =08 =45
0,23 007 =015
—D.28 .12 =08
-0 —0.72
18 =199 -8 =23 29 =200
—0.5%6 =09
058 043 S48 035 0.6
14 -5 =19 B =174 =173
047 047
021 —028 =007 =02 =021
0,13 DO ¢ el [ 0.1E
L4 077 10F Lol 034 0.93
-43 —0.42
- 113 —1403
D54 029 460 057 .57
.73 0.52 0.8 0.7 41 065
—2.59 =189 -2 -2.81
=00% =001 =002 008 —005
069 042 0ER 1330 06}
-5} =05 079 —0.60
=145 - .60 —1.52
032 o017 060 0.8
—0.04 027 0,50 1.14
0.30 043 G4 0.25% 025
0.59 036 0,542 048 33 135]
0.0 0.3 —-D0.22 =03
09 037 1403 .90
—00 =02
073 0N =017 o472
1.02 0.5 1.05% 1.13 1.05 103
-8 =177 18" —-1.79 —1.82
-1.38 —138
059 (.45 1A 056 064 055
Al 022 0.37¢ 042 Q.36
075 059 063 068 04 068
057 f1.4d 0.3 0,45 0.96
=058 —{].98
105 052 1.0 i 108 1.06
—1.E9 - .5
—097 038 =057
-1.1% —L19
.79 1.7 1.2F 1.27 1.6 1.22

330



TaaLe 3, —Oyeiliaror Streapthis for Litrevioder Lidcs of Fer— Continued

Wave- Low

J.ad

e
=3

L¥REs 2

]ﬂjflh Encrgy Levels ep. Mult. Arc Spk Wit H{ RIN) KO M5 Besl
K Vaolts Na. Log zf

3220714 T4 31686 0.09 g =3.13 —144 =313 023
27063 20020-5099 248 1% 043 ~{3 Q7 —-0.37 1.4
227798 19562 3050 142 157 020 060 074 425
N3 FIEIB-5IR0H 283 7Y 019 —02a 0.19 170
3228254 19913 -50880 247 157 023 012 —{.03 all 362
RS N0—50% 248 157 —DJE D32 —0.34 —0.2% i
3229112 =37 02 £§F -I1X =23 —-1.23 2128 .23
3N 55 DR46 33RO 1¥3 133 =063 =032 —[L58 253
JE2G9  ET5 53526 308 544 028 037 032 1.53
INZI0 193 =50861 247 158 0.x7 0.00 =0.08 0.06 3.57
FZ30963 1975730699 245 157 .47 o2 04T 029 0.38 389
INSTe  119T6=-42912 144 50 -1.57 =157 1.94
33255 2103951959 246] 258 —1.466 — 66 1 &%
3233051 Jel06-37028 1M L 1] D58 cal 093! 004 (.86 437
1233967 19562 -50475 242 158 04T .27 D4F Q.40 oAl LR
1234514 416=31323 D45 8 =208 -2E = =D =112 139
32352 1999 _3Ig09 273 ELLY - 93 - 1.3 1 58
1235592 2T16—FM613 Qo9 me - L1l —1.36 —1.24 127
IITEIT  FZBIM-S3T734 LAD ~-1.17 -1.37 .14
336223 41631307 Q.05 7 =138 =13 19 -1 —1.B8 1.63
37234 METI-51756 159 256 -1.54 =154 1.97
FRINY M5TF-S3Me 308 545 - L.52 —L52 199
238,538 MMV =55376 LM a7 —~1.36 — 1.3 215
32300029  1B3TB—49243 1.2B 142 - 1L.09 —-1.32 — L.20 231
3943 19562 30413 242 157 074 053 0IF 0.EQ 07 428
1240013 24575 530 105 5 =133 - .33 218
230,122 197570611 245 I8 —128 —-1.48 233
1241502 BIFS 33995 1.01 21 =ile =10 =3.26 025
322268 TS 51708 2159 255 — 1.3 ' —1.5] — L350 201
3243108 197EA-S0614  24% %2 —0% —1.03 — 098 253
3243 006 2ORTSATHOR 333 TID —0.11 0.00 0.5 — L2 149
3244190 19562 -50378 242 156 0.0 047 1315 i1 0Tl 432
3246005 BEE 31686 O] ) =10 =206 =206 =213 -108 143
3246482 2087551668 159 M 03 -0 —056 —0.3% 112
1246962 17727 -48516 2.4 @5 =015 =047 =067 ={.1] 340
IMZVE 19913 5069 247 157 =017 =0i8 =0 —0.1% 333
3248 19757 5050 145 157 043 014 4 =024 07 3
3245037 952G 27 L1 —1.39 —1.39 1.12
FMG19 doed] =540 156 21 -0 03 -—0AE D056 —0.54 297
340504 12561 —43326 136 5 -2152 -2.52 0%
3250004 23052 -53808 1.6 79 =085 0.21 —048 2.86
3250625  17T350—4B308  2.1B o5 —04] 045 DWW 059 =046 105
3X.238  ITRIT—4B4TE 220 o3 -0 k15 008 068 —I5 3136
3252916 20641 =-51314 1356 252 =031 =013 =03l =037 {3 4
325360 2622534951 3.8 GE ] 0.10 0.34 b —uay 213 kX"
1253834 20641 -51365 256 250 —[L35 =A% .66
R RS -51Th2 261 257 —062 033 0.8 —{.5] 3100
I3 26351 =570M 3N 620 067 0.90 .3 .83 0.8 431
25LTRY 21TI6-52431 249 08 - {192 -~ 1.14 =103 148
1257244 411954811 299 451 —035 015 —{25 3.26
AX5T 594 ITES0—4E219 2R 20 -0 —E LIy 036 ={LI6 335
R 19I5 A5 157 -0 D033 03P —034 —0.3] 321
1260261 20641 =531305 1256 B =055 =026 —{.64 — D048 1m
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Wave-

Iength  Energy Levels

TGE 234
89235
3268 416
169,554
o

271 487
27163
372 500
2T
Iraxn

3274453
FIT5.685
3275 848
6471
1278741

T390
. 280,261
1280, 753
1281324
3282.720

328280
3283430
32R4.589
3285200
3286022

JI8H.444
286,754
RTA7
PN |
J288.967

3280.442
3290714
3290990
320202
292,591

03142
3296 457
1796506
3258133
3298517

0%
3299509
1300 227
3301917
3309.574

3304346
3305972
306,356
3306490
3307008

F07 234
1308781
510347
31310496
311451

B4
EET A
Nao
3314.44)
4742

K

17927 48516
27395 57974
17727 —48105
17550 —4k |23
1FI27 — 48250

26225 — 56783
11976 - 42531
12561 —43109
27666 — 58213
17027 — 48460

2167 = 5603
X5 — 52760
23TRA— 54300
17727 — 421G
19552 — 50043

241 19 = 54600
26628 — 57104
24315 = 5aR11
12561 — 43023
23784 — 54237

26406 — F6E79

TIZE— 38175
17727 =48 163
24181 —54a12
17927 —48351

X305 51k
1753 —47967
23711 —5412%
I9552 — 40951
1772¥ - 48123

F2R3E — 52230
17550 = 47930
1727 —4BMIS
26227 56593
17927 = 4829

12969 — 43526
HR7S —51201
26628 —SR95]
I7927 — 48219
Xang — 57974

271395 — 57608
12561 —4286)
3247 = 53230
26106 —5a181
24339 — 54500

X7560—57814
1FPZF —47967
17927 —48163
26624 — 6859
23784 - 54014

26106 — 56324
19350 — 49604
23784 — 53983
26225 58423

TIRG—-38175

24119 =543H
12966 - 43138
27543 —5THG
21039 =51201
26624 — 567TB3
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TaBLE 3. —uagiffaror Sireneths for Liiraeiafer Lines of Fe 1 —Conlinbed
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T
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Tz
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308
450a

o0
144
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4

380
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9
|
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a1
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T

L
49
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449

b

%1
a1

617
1940

67
21
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250
BA0

Are Spk WMy HC RiN}  KOL M5 Besi
Logal
=041 038 03 064 =~{.45
—0.52 -{). 2% —0.40
- 1.5 —-1.M
—1.67 -.57 = L&7
038 041 0519 0.54 [LF 0 48
051 0.7 -1}.37 ={.38
—I.57 —L70 —i5d
-1.98 - 1.5%
- 1.4 =060 =73 ~0.79
-1.84 —1.84
=011 —9,12 =001' =002 — 08
—1.34 —L30 -1.32
=1.53 — .58 —1.56
0.3 054 —0BS =070 =61
=045 =033 047 D56 — {146
—0.569 —LB4 —076
(.56 .31 0.B1 082 078
—2.17 =107 =217
-2 —238
=125 - 135
1.2 024 LN b o 0014
—299 =226 -89
—027 =03F =027 _D46 02N —0.32
=079 —0.05  —005
092 —04dl =141 = (.3
=31 — 30
0.8] 077 .80 104 0.5 .25
048 —0.564 —{.57
—1.M =101
—0EY 075 —0.92 =0.ES
—~0%3 =1}, 90 —.85
113 — 147 = L3
=19 07 —0M 029 —0.23
1.61 a7 o7 63 (56
018 o1z 0zn 4232 0.2y 019
—2.06 =206
=100 —05d —1.07 —0.82
—L2l - .07 —1.14
i =00 =012 —0.18 ={.12
=130 —1.30
—D92 —092
—1.56 -1.22 —2156
—0%1 0N —{0.B4 =077
— 0.4 —d4
—0.52 ={L60 ~ 150
— 142 —142
055 0451 (.80 0.7z 0.EY 073
074 0Bl JE 0,54 57 084
=022 —Lx2
—0BS —0.76 ={LEG}
035 050 45 46 044
-i.43 =143
=019 008 —i{). 25 —017
—021 08 i -0.10
-3.52 —3.52
-1.22 -1.x
=154 =254
-1z —102
—{.87 —B5 ={L.86
035 0.63 0 082 0371

sz

Lug
Log efa  pAlA
3.06 4,85
EN] | 458
1.57 134
1.84 161
kR 576
ER E 4.90
1.87 i
1.53 130
2.7 449
1.68 144
144 520
250 1%
1.96 372
291 467
3.06 482
2.76 452
4,30 6,06
135 ENN |
i.l14 2.0
217 3.93
3.6 542
053 2328
10 495
256 431
312 497
437 612
195 4.70
2.51 426
265 4.4]
2.56 4.4
222 157
m 304
4.1% 593
171 546
1.46 K d |
20 445
13 4.13
340 515
.2 197
2.60 4,35
0.9 M
275 4.50
108 483
292 4.57
210 185
425 600
436 611
330 .05
272 447
196 371
205 381
133 509
142 516
0.0¢ 1.74
2.3 414
0.98 272
150 424
1.66 440
423 97



\I:"a\reﬂ
rg;l

335164
annan
331%.258
IN04A50
13207

3214
3323.73%
3324372
3324538
3325 468

3327 497
3327.561
J128 867
3320532
3000

33303 1a
EEEINTE
31T
31420
KLY B

3325513
A3
3236.254
3237666
3333.638

139,195
31319.5%2
1340 547
341 906
kXl 1)

1342298
3343.240
35678
3M5.6570
3M6.9306

3447 507
a7
3340.739
3350284
3351524

3151746
152929
13531267
354054
3355209

A5 s17
1356403

156095

3359488
1B3F R

2350922
3361.9539
363,815
3645639
366,789

3366 867 -

3367159
168 248
3368 0H3
1369146

Encrgy Leovels
K

26628 — 55783
LRITH — 48514
24119 =54237
I962) —a49727
24507 = 54612

23711 — 53800
ZIR5R - 52916
26151 — 35427
19390 — 4544
1578 — 49851

19390 —4%1a
17550— 4750
26151 — F63R3
24575 = 54600
2336 — 54357

24730 X357
1962 ] — 49628
2038 = 50043
19621 — 49604
2635] —56334

12561 — 42533
212947 =52916
25628 — 56593
2176 — 31668
24181 54125

19788 49727
2473365 - 54271
18378 —4B30S
21716 =51630
IE3TE —45290

22047 - 52858
1T550— 47453
24259 54217
19552 — 49473
1735 — 37920

2411933383
18378 —48259
IZB38 — 52683
19788 — 4428
1FFEF —4T556

2199951826
197RE — 39604
1962 | — 49434
2H)52 - 52858
26628 — 56421

TIE=37521
LE37E— 48162
24575 = 84357

G928 — 36685
26625 - F6343

19552 43798
22947 — 52663
22249 5190
MRS —305ET
ZITLG=5149

127 —dT4X)
19552 — 49243
26225 — 35906
2RI 52512
19788 — 49361
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Mulr.
Moo

6l8
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449
190G
396

356
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al7
191
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#5
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HMla

191
144
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&7

e
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Arc Spk CWiNgy HC RIN} KO M5 Best
Lag uf
—2.30 =230
—054 05 08! —-087 — {60
=037 =031 =042 =037 —037
—0.8% —Dal =015
-0.59 =046 0.4 —0.52
—01E —-D37 DM —Dli —{L20
022 (35 M 0320
—0.72 —0.47 ={).50
—04] —-0M -G 04 —039
=043 =341 =4 =049 —{)45
—105 0% =109 0% —091
-229 -1
042 059 —15m a7 .59
- £.68 -0.4] —0.54
—131 —131
-3 — .03
—05% —061 —06' —0%9 =058
-05% =053 =035 —0.72
—-1.22 =064 DB —DB7 -7
—0.45 - (ka3
—242 —L13 - 24k
—007 —03 =0F =07 —0.15
—031 =002 — 00 —0.21
—02 —0]15 —00M _pID =012
—1.44 =053 =053 —D.50
-0 -6 —081' —068 =070
=070 —B.T0
—035 023 038 —02% —ir33
=024 =it =006 =17
—052 —041 02X 03] —38
={.15 =040 32 —{.28
— 195 —0L78 — 145
-0.19 ={1,76 ={.78%
—21.40 —1.02 — 14
—124 —097 =13 —i3 e
— 150 —0.82 =150
=044 =043 =045 =037 =042
— .65 —l.a%
—1.3% - 1.3
=038 =078 =07 —0.31
=036 =03 =03 =040 ={.36
—1.43 —id5
—11% 107 =113
=327 =034 031t =004 —030
045 953 0.5R 0.60 .55
—3.14 =314
—056 —087T =054 = {150
={0. 7% —0.78
—205 -0 —2.19 -2 08
=078 =035 =035 =35 =035
— 144 117 —1.30
=097 =097
—1.30 —074 —1.30
-1.5 -1.5%
0.19 419
=027 =052 =140
0.79 a0
—{089 -{.89
- 163 —1.63
—1.3t —-i3
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Wave-
length

3650 549
13707185
3371.074
1372352
BENM

374176
1375.7M
337676
arem
2380112

J381.340
J3B1.5990
3382404
a7
JIE3H92

3381981
3384 765
4D
J388.066
3188748

3392414
3392.306
3392634
3393. 342
335623

33939135
3304 085
3304585
3354080
3296284

3356977
3w
3397.560
3297 640
335824

3407 461
3400218

300605
4100081
HI10.171
40505
MM

Mir3ss
413.144
4,564
a3
LT

Energy Levels
K

21599 — 51668
TG 513
17550 - 47197
24119— 53753
21999 = 51630

17927 —AT556
4119 =317
ZI7I6— 51308
17550 - d7134
22249 - 51824

22047 —32512
24507 — 54067
17850 —47107
21039 — 587
LT} —47272

1755 —47003

7986 — 37521
2224951762
T =M
12T — 47420

233653508
17727 —47197
1755047017
13052 -52512
L2B58 - 52127

18378 —4TEM
19788 — 49243
17727 —47177
24339 - 53783

T8 —237163

TIIE—37158
24236 — 53763
243139 — 53763

To86 - 31410
22249 51668

21999 - 51409
17727 —47136
243365374
2433953734

FLEFEE 75

26106 — 55490
2199931374
12 —4700
21999 - 51361
21716351077

21716—51D6%
26406 — 55754
LFLY — 47272
| 7550 — 6080
26106 — 55430

19788 — 49109
24575 53892

21716 —51021

21999 — 31305
LTI — 47017
26628 — 35906
17927 —4T7197
N3 — 45298
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TaaLe 3. Gycillator Streogihy for Uivialer Lines of Fe 1=Continued
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Arc Spk  CWINy  HC RN} EKEOC MS Best
Log gf
062 053 051 048 053
a7 an 0sE 09 07s
=468 =074 =083 =0 -1, 74
—173 —L.7?
=114 =074 -1),66 -85
- 07 - | AFF
-193 - 193
a7 013 0.24 0.18
=15 =027 =010 =20 =018
036 04 3% 0 036
=75 =03 040 037 —52
—1.44 —144
07 07 074 D74 — .79
— 34 -1384
=025 =035 =27 =020 -{.27
0.10 124]] R .14 012
—320 -1
~016 =028 =04F 025 —28
=092 - 52
—077 Q6% —101' —983 —0.42
013 019 =07 —0.13
00l —047 DAY 006 0.4
042 037 {45t 0.4 054t 0.4
-0  —D63 —0.5% —D:64
—1.28 ~1.2
—-1.18 — 1.1 —1.14
—0.93 - | O - 1.00
010 —-026 —00% 005 —D2I —0.16
—1.70 -1.70
-1.99 —2.090
-1.70 -—i&% 162 — 1465
—081 {83
-1, 90 -1
—182 —-193 150 —L57 —1.90
=09 =& - 140 -85
-0.30 -1k M}
0.51 042 05F 066 DED 0.53
-~1.06 — 106
-1.22 -1.12
-1 —l4F —13% 1M -134
063 06 D4y 44 053
-052 =046 -1 =047
045 032 DAE* 439 0.42
-0.98 —{h45 =098
—1.23 —123
—0.64 =058 —061
n.23 0.2 0.19 022
009 003 0.0 024 021t o1
079 0BS5S aTh L10 086
-062 =33 -0, 19 =40
—1.E7 — 187
-0.57 —0.57
£ 036 02T 040 0.36
=218 -2 —1.352 ~2.14
-1.00 —09 —0.9%
007 —005 004 017 001
058 (6 074 08Y D68
- | 0 - 100
-0.19 -038 -—0IF &3 —0.20
—152 -1 -152

kLT

Log
Log gfx  gAM
4.06 5.7
4.28 599
21719 450
1.80 M
2568 459
246 417
L.50 131
17 a2
a3 N6
389 560
el 462
.09 18D
278 449
165 340
k. ] 457
3as 536
0.3 204
3.25 455
241 4,11
27 441
340 519
15T 3327
196 5066
289 459
225 195
239 4.9
253 4.1
337 507
183 15
0.54 124
LBE 31.58
2N 440
263 413
L.63 3.33
268 4.38
in 4.93
4,08 iTE
247 417
22 k- |
119 3B
4.6 576
306 4,76
305 555
2.35 4.5
2.30 400
292 462
375 545
1.56 5.3
4.3 1]
113 481
1.66 13
2.96 4 .66
EX 558
1.19 109
2.57 427
3.54 b )
41 590
253 422
124 493
.M 140



Wave.
I:ndgih
2

M17.273
HI7.541
18.17%
3418507
3415905

3419154

Entrgy Levels
K

15537410
17927 —471%7
26470 55TIT
1127 —47172
24507 = 53748

26140 — 53379
22947 511EI
241 19—33329
L7927 - 47136
L7550 —d6T45

24575 — 53762
LBYTR — 47556
L7550 — 46T
LR —6502
L7350~ 46721

L77X} — 36889
2905638211
2823 - 51949
230142 52181
2224951361

26351 —55446
24575 = 53661
196} —AEH3
26351 = 53430
21995 51062

0 =29055
41629469
LAZTR — 47420
T2 36767
24772 - 53808

F0d— 20713
L7727 — 36745
21029 5003

&155-37158
17727 46727

ZIE36— 51826
0641 — 49628
L7927 .- 502
19532 —48516
LT — 45889

TIR3 — 35686
2224551301
56— 57974
L9788 — 48702
19552 48460

21716— 50614
24236 - 53230
LTF2Y 406

T8I 51708

L1976 — 20842

20875 —49727
BEE — 297353
(9390 —-4E231
G022 — 35768
20641 —49461

© 26628 - 33446

22047 - 5152
2% — 29851
FHXT —aaT2T
LB¥ T8 47177

Low
&
Volts

TasLE A = Creeilluror Steengtiis for Ufirovieofes Lines af Feor— Continued
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Arc  Spk CW(M) HC RN} KOC M5 Best
Log o

=214 -2 14
044 00 045 117 04% 0.4
-{.51 —05!
037 4% D4F 062 040 0.4l
—(154 — 94
—0.65 —D.45 —056
-046 =043 =047 05X —(.52
030 006 0.18
023 016 42 03B 038 027
041 02 41 054 43 042
045 034 029 049 042
—0.1%9 —0.19

012 Qg 408 {05 L))
012 007 QU LM 008 013
0.86 05} Q75 a7 Q.98 0a7
033 024 [ LHE ) 03 0.3
—0nz =027 113 ~0.14
003 —0.17 —032 016 —0.4
-1 -1.10
—108 -—0E3 -1582 —D.36
{158 —{h58
al3 00 Q.2 a7
- 153 - 1.2 -1.44
—00% 003 008 0.3 —0.02
=073 =63 ~{1.68
-052 O3 011 049 —{)44

=068 =093 =075 =0 -{.52

=019 -0 01y 060 —0.18
-6 =129 - -1.72
—0.50 —0.50
006 =121 0% =% -1

0.52 045 D48 0.1 0.6 457
- 1108 —1).44 -1.08
-251 —0.97 —2.43
06  —-005 =042 0.10 D .02
~136 =142 =LI9
-1.2%5 —125
0.14 002 0144 027 014 Q4
045 —0.H ~0.54 —~0.51
0.16 [IEL]] 0208 0.25 014! Q15
—-1DE =134 146 —I4F —L.14
=005 =022 =02 =005 N ]
-0 —n32 ~0.26
- 58 -1.58
—017 =023 =031' -2 -0.25
=041 =053 0.19 - 47
02 047 0I1B 022 021
-8 =118 =088 — LD

—134 -1
-165 =106 = 1 Sy
—180 D92 ~008 =097
-084 =103 087 =140 —.54

-1.36 - 3

—-186 =154 — 1.9
01z =011 —0In —0J6 —0.4
0.08 0.1 0.10
-1.32 —0d =132
=032 =084 =050 =024 38
—028 —DOI -0.24

-5 —Q.08

Log

lLog gh  gAfs
1.39 108
197 566
e 4m
354 563
15 4%
297 466
1m 4.H
in 5.4
sy 54
195 .04
195 564
334 50
gz 531
2.68 533
440 609
isde 53
340 508
340 504
2d4a 42
2.58 416
266 4354
3161 L)
2 AT
3.52 . (]
286 45
114 4717
e 4w
136 5.03
182 ido
304 4.71
245 4,11
4.11 i1
246 402
L0t 2.68
1% 5n
135 4.2
129 396
gk 5
3.03 4.70
s AW
240 4.07
i 508
3R 495
196 3463
3% 4%
3 4
375 542
154 4.21
LW 3

185
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b
[+
T

73301
WTIAYT
75451
475851
MTRE6T

476,135
76T
3476853
4TH007
MTT.EM

TR
3TR.TER
3479683
MR1.558
3483.009

3484 858
3484972
L
1486556
RN

249,575
3403 20d)
1493548
454,170
495288

1496190
Y7110
97840
500,164
1300568

35 455
34,864
3505 065
306,500
507189

230730
2508434
3502120
1300.736
ELE ]

1510946
3511748
A512.080
51223
IRL2.870

I513.065
3513.80
I514.626
3515403
3516.550

IN8.680
3518.860
JX20.855
3521.263
3521833

IX2008
352 896
353,300
35244075
354242

Encrgy Levels
K

2457553358 -

THRE — TG
FO4 — 20459
175546314
1962] —48383

18378 —47136

97829713
20ET5 — 462K
19552 —48305
17927 — 46673

19621 —48562
15552 — 482N}
23784 52514
18378 — 47005

FEETFERE

19786 — 48476
19552 —482%3
17727 — 46410
17927 — 46601
25784 52401

416 — 29056
11976 40394
21999 5614
19552 — 48163
6l — 49243

19788 — 48383
17550 —46137

8B — 2465
D91 -5175%
TS —4433

22838 51365
1E3TE — 46902
24305 — 52858
18378 —4GER9
20469 — 54

4772 53275
2411952613
22845 — 51333
23T 51755
17T — 45410

20022 — 48514
20641 — 9109
X007 314862
T2007 - 51461
2477253230

L1561 —41018

6928 -35319
19390 — 47835
2339 51769
23] = 51543

23193 = 51604
17727 — 44137
21029 — 49431

I —15768
17927 —a631 4

2045 51235
2519351570
23193 = 51567
HBT5 49243
18378 — 46745

Low
e.p.
Volts

TabLE 3. = Oxeiffoior Strengtiis for Uftraviedet Lines of Fe | =Cominoed

Mult.

MNo.

26
&
78

Arc Spk CWiN) HC RiN} KOLC M5 Best
Log uf
=031 =0.31
—249 —114 —28
=0 =093 =08k =08 —i).84
428 D09 039 0.19Q
=057 =01 =038
086 —iL78 ~0.50 -7
=107 =13 =119 -—]1IXF =124 =124
—ir08 —0.13 —0.10
—i 2% —~0.54 -4l
=068 =085 =057 084 =078 —{1§2
- .45 =1.30 ~1.38
-1.24 =070 -1.24
—1i4 0.85 —1.04
- 160 =1.13 - 1.6
—172 =201 =112 13 —197
=11% =017 =119
78 079 —076 —0.78
=002 =015 =007 =005 =%
—L.I15 —10B —LI13 =1.12
026 0.18 01 015 Q.18
-1 D47 05 — 100
-1.72 -1.37 ~1.54
— 4 —0.A40
=110 =085 =46 - (58
027 020 024 .29 125
—1.03 -1
027 0.12 0. 208 12 418
—0% 123 —14% 1A |32 =127 =117
-1 45 — 145
—l6 —-033 —DEI' 056
=109 =047 - 1108
—057 073 —058 =063
003 =011 007 .00
Q04  —-0132 D0 0.08 .00
=038 =051 —044
—f)3E —{.18
032 018 =21 Q.00
=077 =74 -[76
—0.78 -0.78
=066 =063 =12 085
=03 -85 (0¥
=6 —D93 =092 —091
—052 =032
=049 =029 —0.19
— a3 =063
—141 —141 =1.41
=0df =05 =030 0.7z 0.5
—0.77 .- -0.F7
008 =001 04 018
—0.20 =023 —0.2x2
=03 55 =031 —D45
—i68 093 —l480 (87
=051 =& ={).76 —0.64
—032 049 034 DAy ={.55 D43
=03 =058 -1 —0.436
Hd  —0My ond =009
=057 =071 -5 =076
=022 055 =39 —039
a0s5  —40 002
a0l =921 0.08 =04

354
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“ %

PIR

BATD Tk bk bt
—_
)

RERE Gkt SERRE

ol ek b

zk58k 3

4,10
.19
519
4.75
4.5

343
d4.41




Wave-

IF.'rF,lh
A

3525856
3526042
3526.168
1526.250
3207

3526470
M2EHT3
S92
38 M6
3588042

352%.531
35BS
3530.285
353].446
353008

351320
354.53
353349014
3516556
351749

[0
3527.896
3538.3 1)
3513.550
3538.750

350,101
3s0T11
3M1.083
32076
3542243

3543.352
543 660
3544631
3545639
3345832

IMEZIG
3547.203
F5aR057
3IMD.BSE
S5na

sz
3552400
3152.BIE
3353141
55401

3554.500
ISHL912
556650
355687
usn?

3559506
A560A07%
360,705
A562 269
564,110

, 3
3505 381
2565583

3566516
1566590

Energy Levels
K

2299751381

T4 — 29056
T728 — }60Ta
23111 =51462
2511151446l

18378 — 96727
2319351540
22997 = 51135
12561 — HE9S

E928 — 35257

5755289
23245~ 5157
250 — 50968
19621 — 47930
L3I 51567

23245~ 51540
HEX)— 57 14
L2551 — 40842
2193 51461
HBTS 49138

21035 49708
1IR4E— 51102
ZRG05 - S6E59
201 — 48290
28BN} - 51000

23111 =51351

7377 - 35612
22997 51229
23111 =51335
18378 — 26601

1921 — 47835
27543 - 55754
2103549243
12T -5
24575 = 52760

19621 — 47812
AF0— 50833
29336 52512
L2968 — 41131
X9 51149

24772 - 52914
L5788 — 47930
5093 = 51331
28R — 56551

T8 - 35856

253111
B4 —
231 =529
o0 - 51103
798636079

24772 - 52858
3 -5192
26225 54301
6225 — 4289
L2969 — 41018

L9788 —47834

TIE 35768
23111 51149
[8378 —a5410
EF¥0 47420

dIE-ET0 O - AR -8

Low

ep.
Yals

TanLg 3 —=Eheilfarir Sereayprhs for Llivegvicoder Liaes of Fer—Contined

Mult.

No.

¥z
6
24
LT
326

131
326
k¥

px

337
A6
kY.
182
26

el
L1 )]

44
326
9

%
kY1)
T3
137
in

3

23
36
126
128

L£3
T34
239
311
5%
183
321
496

42
3zl

490

Arc

Spk

060

038
.13

024

—052
0.2

058
=036
—L&67
—0.48
—{0.03
=11

—32
=091

—0.06
-1 58

075
-032

0.2
=059

008
=024
—0.27
—144
-0.17
—{.08
— 1460

0.04
.13

053 .

=M

CWiN)  HC RiN) KOO MS Besi
Log xf

—14 —n.24
—16I' =1.1% =15 =152
—kB¥  —DuA7 —{0.78
1167 067
0.66
025
0.4 0.61
046 .59 0,34
—2.25
—37
={1.55 — B2
044 0.44 0.42
Q. 0.17 0.13
=1.12 -4
0.5} D.51
063 053 076
—{.18 —33
-1.58
1.00¢ 13 {199
—0.K] —043
a.1] 0.01
0.39 0.07
—0.3) =047
—10?
-0 —{LED
0.1 045 i3
— 147 — 152
1 0k 1.10 104
1.012 1.1& 1.01
=033 —0133
-85 —(E7
[N 3 0.3 .20
=068 —0a¥ =055
03% 0,50 0.5% .40
—0.3 =10
—0.99 =1.1%
=037 =031 =018 —0.27
—04r =019 =i} 29
—1d4» 143 =14
—116
—.12 ={. 4
=097 —1.4%
Q_Kp a7 0,361 015
a7 1.00 095
—LE2 - L5
0.t 0.0
|19 .11 122
=038 —.11
085 099 {52
=020 02 =039 —024 028
=48 021 421
—1.09
=055 —007 L1114
—1.07
- L&t
—).54
0.16* 021 —00® 0.26 0.1
066 o Ly |
— {158
- ) =123

357

Loy
Log gfa  BAfA
3.1 454
203 366
277 44D
4,22 585
421 584
i 543
416 57
391 5.54
1.0 293
—{LIg 145
293 456
397 5.60
368 531
154 407
406 560
411 E1:*)
132 485
147 350
4354 617
112 475
1% 519
sz 52
£ 1
251 415
266 419
3sg 531
153 136
459 622
456 619
132 488
268 431
115 5
100 463
g5 557
345 SR
26 398
3123 490
126 488
215 177
40l
135 497
210 1T
1M 53
45 612
205 367
157 519
477 639
324 485
437 599
337 489
1% 58
14 408
155 517
248 410
L# 351
ani 4.6
s 5%
4326 - 583
267 41
232 154




Wave-
lcn‘glh
2

3567098
3567.360
3967748
3568423
3568.829

358978
350100
35243
571226
AETL.995

ASTZ600
573,400
ASTIEH,
15724896
3574256

1575118
575249
A5
575976
576,760

3578.080
3570825
IM1.195
3581.6M)
IH1E6

3582,
1582 560
1582680
ISEIFYT
1584662

3584,
21384960
585193
585921
Asas 7

1586.114
386,740
J586.URE
3387240
3544

3381782
A58D.516
IFREN1T
L
3589106

1589256

23193 —51219
19788 —d47812
2614054161
195518
26205 - 54237

217649727

Ta7TT=25509
2265y — F6E51
1197 — 39970
22846 — 50833

22997 50980
26624 — 54600
19350 — 47363
26628 — 54600
25479 — F449

Z32a5 51208
22840 — SOBOE
24336 —-352297
21193 51149
26351 — 5430

23770 -51208
26140 — 5067

2R — 4add
21716—49628
77252681

26106 — 54014
19788 — 47693
23245=-51142
2655) — 54T
21716 — 4504

2H 1t 50099
26151 -34237
23784 - 51668
7728 — 35612
TN =515

26106 — 53983
22630 50523

TOB6 33856
2311 — 50380
19552 —4742)

26006 — 3427
23711 =515
12Rd6— S0AM
I3 -51048

923 — 34782

21999 — 49851
2411951964
23784 — 514630
2590053719
220t — 50833

26550 — 54285
20875 — 48703
26140 — 53967
IF721 45552
264054161

22907 — 50808
23193 — S0
19788 — 47590
19621 47420
26240 — 14132

3

xem RH

PSR W
|5

=}
Rk

BELEE

TaBLE 3. —Osciffror Strongths for Uliravioler Lines of Fo 1 = Continued

61l

Arc Spk CWING HC RiN) KOO Ms Bes1
Log &f
=002 =013 —ds 14
—0E -1 —D.72 e E
-{L87 -8
=047 =07 =113
—0.14  —01} .07 =D
—006  —00  —0.24 0.0 =008
0.4 0,30 035 0.55 kL
1.47 147
—147 —141 —0.24 -1.44
.56 036 (.56 07 08y {65
—04] —059 —D.24 —0.4]1
=01 =Ll 0,50 —0.06
—14 - 14
43 {72 0.65
—{1.95 —0.9%
=022 =034 {h03 =018
0.0 025 os 015
0353 043 2.1 043 040
=007 =039 =0 007 0.14 040
021 045 025 0.4 40
=030 =056 0.5 =48
—0.71 -7
058t .56 612 080
=1{L26 009 =12 —0.10
—601 003 403 000
.57 1 i1 78 070
—27 —1.35
—{1.74 —{1.47 =50
Q.08 0.05 0241 Q.0 i)
0.9¢ 0.79 Q0 081 RN
—0.08 LO7 —0.0B
051 0.7 035 085
-{.1% 083 =019
043 =0 049 _0.10 —041 —041
—al =081 =06 D57 -0 =044
1.1¢ 1.0% 1.00¢ 1.12 147
-2 000 =0.11
=040 =022 _D4' 337 =03 036
042 D24 Q30 -11 .
=035 =032 = {25 =
5% 18
=28 =028
031 021 0.6 0.4}
= {00 027 0.1 0.13
=l =108 130 -13% =126
-046 =067 0.27 -0, 58
=166 ~ (166
—06S D044 —0i7 —05
=015 =63 =049
=051 =65 — {27 —D48
=050 =054 =52
—100 —[:B% -1 —097
—D46 —36 —ikd]
=147 - .44 - LA46
=M =058 —26 —{3%
.63 033 0612 0.81 0.7 0.63
=001 =047 =026 =008 -0 (.17
—L1BE  —L1t -1.1% -1.15
=0 =080 =100 =07 =084
000 -0% 013 020

358

Log gfn 2Afa
268 4.30
2.68 4.30
3.5 513
347 .09
304 356
02 6,04
211 in
4.2 582
i 4,75
119 5.0
34l 502
4.1 554
2.0 411
137 498
i ] |
195 5.56
195 56
155 556
T 468
254 445
4.15 hi
345 5.0
355 516
415 586
295 4.56
165 326
4.36 in
347 508
4.90 6401
335 497
4 4.75
23 4,53
462 623
g 505
119 4.80
144 NS
32 487
173 188
155 5.5
368 58
229 3.590
298 458
290 450
EX s 462
187 447
308 4.68
304 4 .64
1 4.19
115 4.75
210 370
317 4.7
419 h .
3.9 499
241 40
272



Wave-

Ienﬂ[nh
A

IsoR T2
3398.5930
3593.980
3399624
3502.080

3602 450
3502.534
602,774
03,207
3605 572

3 673
1607 828
1604383
0. 701
3605206

3605 450
3606.682
3808, 146
3604 861
3605 486

3610159
3610.703
36512068
361208
3413110

3613.459
3513612
614,109
l4711
15190

1515 665
1514959
36156.162
W16326
517000

1517788
3618285
1518392
618752
69T

IsH 228
2620880
3621 464
3621.71%
362200

3625.188
3623 .44)
362572
J624.4056
3624110

3625.140
3627.060
J628.004
3622.806
330213

36031.108
3631465
3632042
3632558
3532.980

Emcrgy Levels
K

26225 — 54005
26479 — 34238
23270 - 51048
2ERN) — 56593
3245 30999

23111 — 50862
22111 —50851
22838 - 50587
21716 —49%461
19621 —47263

2] — 45383
T =52512
213245 — 50081
24 — 54357
26628 — 54357

21999 =497}
21716 —49434

22997 — S0
815525856
23111 — 50808

2265 - 50042
23151 _S0BRO
22846 —50523
12561 —40231
23193 50861

26225 53992
26624 — 34289
26628 — 54289
6275 — 53HR2
26479 — 54132

11576 — 39626
20624 — 54271
25500 — 51546
19552 — 47197
24575 = 52211

24336 - 51969
22846 — MMTS
21999 49628

TORE - 35612
195590 — 47008

22007 . 50611
3T — 50880
27999 — 45604
2RE20 — 56423
27249 — 49851

19390 — 46982
20641 —48231
211 —50699
26340 — 53928
19552 —47136

TZEAG - H13
2ERX) 56181
17127 —45282
24119 51668
22997 = 50534

21846 50378

TI2A 35257
4TI =597
23784 51308
20028 — 47356

Lyw

€.p-
Yalls

3.5
A28
2.88
.57
288

5 BROEE &

Il Lk ok Fot L Rl bk

s
g 50
143

099
240

11X

B O fga
BEZRE BE

TaaLE 3 =Cheilluter Sirenpifts for Uiravioler Linex of Fe 1 =Continued

Mult,

Mo,

674
558

an

ErS |

135

A Spk CwiNy HC RiN) KDC MS Best
Log zf
=135 —0.73 054
-102 —142
—0.73 = {55 =156
031 0.5 LHE Y £45 036
—054 D66 =18 .00
0.13 .13
0.26 0.11 (.20 0.4 0.19
—1.16 =116
0.71 073 075t B0 075
—1.5.3 =114 -138
-1.24 —124
—0L17 000 {22 0.0
=07 =07 =74
~ .46 =0 —38
0.7 0.07
1.20 0 9P L1 105
1.24 1.7 105 0.99 1.14
=010 -~ ={ 029
0.3 a27? 0z {.31 025
=077 =077
1.10 077 L3 .01 11# 145
=021 =035 —.21 =28
0.26 —0.08 0260 0.5 0.5
-1.59 =15 —1.11 —1£2
=05 =78 =10, 50 —0.61
=012 =012
=062 ={L59 =060
—f29 051 —0.40
—i%l4 =0i4
—129 —83
=17 =135 ~1.43 =184
—11z2 —1.1z
=048 =050 -6 =057
=106 =093 =093 —0.97
—T -0.37
087 0.89 05r 157 0.89
—{)L76 =076
(.02 0.24 028 0.1%
0xn 067 0.2 437 02E
-1 —r33 - 100
-85 —0.72 =78
=096 ={1.9%
0.5 095 a9 L.03 .97
=00 017 048 0
0.82 .81 .80 087 082
027 17 2% 026 .24
—{+55 ={L55§ -2 =44
—k |7 —050 =00
=ik =043
—{+B3 —0.B8 =054 =075
€17 =007 0,29¢ 0.43 17
—0353 =041 =43 =047
1 | —1.11
=LI5 =055 =105
a0z 0.2 04 026 =05
{1.61 0.B3 a.lm
02y 0.53 H2r LY
iy .75 a0 0.78 176
=002 =00 —0.28 =108
=040 =041 =019 =025 =011

359

ER:

Il et L Tk otk b Lk i b

BRRE BEERR = 2 ham

bl et

ok RRREd neRBE FzeRd

M oWl R RRRM bbb B R RIRE
-
e

8

BN AL e
Sk g

=
=

B8 B

438

415

437
4,19
612
LN b
i

335
an

4.52
440

4468
4005
109
30

Biniate
BRER




Wave-
length

3633.087
3633833
3634326
3635190
3636186

616,496
626,630
1636995
AGAT 251
627 730

1637 862
638300
16403492
15| 454
Asad 627

). T4
1643 E12

1549699
50,041
650,281
1650554
651,100

51470
2652256
3653352
53063
6660

555,467
1656227
656,358
557,139
3657890

IG5E.025
165,550
J65%.519
3660.330
3661360

3003.250
3663 458
3663.950
35l 537
3564.5M

Energy Levels
K

23711 =519
24119 =516
23711 —51219
24336 = 51837
17727 —45221

26340 —53831
43%6 51816
20875 — 48362
19621 -47107
20oud1 —4B123

17T 51192
22349 49727
21999 — 49461
23245 - 50699
2371151149

21039 — 48476
12965 — 40405
26140 — 53569
22997 = 50423
25111 =50534

25092 52512
12561 — 3970
1M
0=27395
21TH6—49109

23711 =-51103
24181 —515F%
1962 | —d 08
26225 — 53610
22997 — 50378

22249 _ 49628
2433 - 51108
HBT5—48239
19621 — 46982
17927 —45282

22808 - 5187
26406 ~ 51749
2319150534
19552 — 46899
50T — 51837

24379 — 51668
2064 | — 47967
L9788 — 47107
311154
19788 — 47063

211951465
20875 — 48163
23784 — 51069
2418151462
24181 - 51481

19621 — 46889
12569 —40211
25900 —531561
25900 — 53155
26140 —53394

20875 —48103
24119 =51365
21959 40243
23784 51003
20048 —47272

Low
.
Volis

TapLE 3, =aciliarer Steeagths for Ultravioder Liaes of Fe1r—Continued

Mulc.

MNa.

390
if9

in

A Spk CWiN) HC RiNy  KOC M5 Best
Log uf
=10 —{).18 —1
—03a —049 ={.14 =33
012 —002 035 038 0.2l
017 =45 009 -
—048 0K 055 - 47
—0.49 =49
—032 —0340 =031
=039 =049 —10).08 —032
—068 —09 =165 —{).74
-1.29 075 —072
—0. [ —03E Q.13 e 0.04
(.46 058 0,542 059 054
0.86 0.85 0.8 095 089
-5 —0E3 -1.25
002 000 024 028 033 0,19
=011 02 —0.22
— 146 017
02 059 =040
—.2% 0,15 =005 —0.15
—042 —040 134 ] - 41
0.5 0.4% 059 0457 o5
—1.17  —087 =142
0. 0.8 Qs 0,19 14
—234 245 —2.54 =73 -253
.88 0587 078 104 0.75 0.85
060 =060
032 0.58 051 0.50
0.2l 008 .39 0.23
=42 —042
—10.7% 052 =044 —k60
1.00 0,98 9 L6 1.00
—0.85 =185
—1.48 — 148
—072 -083 =077 077
-8 153 —129 - 148
0.10 0.2 azn a.18 0.15
o =0 —id
—1.05 =145
—07 —08 048 057 —D.54
=1 =058 =013 =01 —ik 1
{155 0.55
-1 121 —0.86 =1.11
210 Q.02 a2 0.19 .14
=103 -103
—123 —LDa —h92 =107
—0351 063 -LM —{1.49
6 052 —0.28 ={.72
=08¢ =023 — {186
—0.08 —0.1¥ 0.00 —{1.03
045 054 —r 26 =042
—0.7% —DBR  —956 -2
=215 =101 =225
02l —-0.29 017 .00
00 0489 — 00
=01 =057 ={.33 —0.40
—1.3) -0 =12
009 -D42 &0 .06
(1 T4 057 60 LT ) 0.65
.26 026
073 —-DE3 —{.59 -{1. 1%

Log
Lo zfe  gAMK
345 505
323 48]
7 535
125 431
1.0 4.67
107 455
3.25 483
3.4 482
282 440
3.60 518
420 58
.45 6,03
2.3 189
3.7% hix T
334 492
1l6 4,74
341 4.99
115 4.73
4,13 57
2154 4.12
ki ] 528
103 261
441 599
2.96 4.54
406 564
3T im
114 4,72
2.9 4.5
456 6.14
A | 4.9
.08 1.66
2719 437
208 kE."
N 5.0
142 4.0
] | 408
292 4.49
342 499
4.11 5.58
245 4.2
370 57
r5 4.19
2.49 4,06
347 4.64
2.84 441
2.70 427
347 i
3.4 4.7
2.84 4.4
1.1 288
3.l6 475 .
2.3 M
3462 519
4.21 578
3.82 539
281 438



Wave-
len‘g!h
A

3671518
571 68%
W2
374,766
3675.434

67560
3676314
676 ETD
AEF7 00
AT

IET7 631
I67R.862
3678 980
3679320
G7TS530

TS
3680 675
es1.227
36H1.651
681580

3682 226
3583056
WRI516
W10
5e5.998

586,260
587008
A6ET 459
M5BT 656
I6E8. 198

A6ER 476
682010
680457
6E0 297
3690450

3650.730
3693008
3694.005
605054
_ 3695.507

3696030
JE1.426
3597 530
8411
99,147

3701.085
3702.033
3702300
555
3703697

3703824
3704 1021
2454
705567
3707048

3707 A58
0738
o782
V0792
Y8602

Encrgy Levels
K

26340 — 53569
22458 — 43477
LF7EE —4 7008
22E3E — 50043
2139 - 48239

24507 — 51708
20641 —4 7835
24181 51370
28605 - 55791
IB3TE —45563

22249 — 9433
19552 — 727
183715 —45552
20641 —47212
2418151351

=27167
23900 — TA06G |
26528 — 53785
2418151335
29799 — 56951

2BH05 — 55754

41627560
20038 —47177
21999 49133
23711 50833

19552 — 46672
17550 — 34664

G928 34040
21999 49109
26628 5374

2622553329
19621 — 46721
23711 — HER
24575 - 51668
25 — 52161

ZER20— 55907
24310 51409
24307 = 51510
20875 —47930
20641 —47693

19552 — 46601
2418151219
20624 — 53661
243 — 51365
24336 = 51361

24181 51192
212947 —49951
12969 — 3997
LIV — 4243
AT 30T

23052 — 50043
T 31762
21716—48701

416 —27305
24181 =51149

20641 — 47606
M 38212

M - 27660
17550 44512
1975 — 45745

Low
ep.
Vals

.55

PR WS WM R
B2 BBty Ipusy BLS

2393

285 R2E39 ¢

02
A

TAsLE 3. —Osilferror Strengrhs for Dliraviedet Lines of Fe 1 —Continued

Mult.
Mo,

50

JE 1)
359
2%

il
125
k)
73
125

291
13
124
28
m

32058 B.¥2E E¥aE% 2

A Spk CWiN) HC RiN) KOO M5 Besl
Log gf
-0.97 —.57
—118 -0 ~Lio
=088 143 =089 —{).53
—017 —033 04 0 —0.18
—1.k9 -1.49
—122 —1.14 —i.2
013 i 015 0.14 012
=07 =074 -4 —i1.64
035 045 097 040
=080 —{48d —1.85 =083
089 078 085 0AS 0.0
=03 =041 =0H =S —0.2%
—1371 —{a5 —1.08
~1.13 B E
=045 =045
=122 —2n =105 =13M =133 =130
014 oAy 014 021
L S | - {42
—1.58 =347 -5
~.26 —0.2%
1.1& 07 1.2 1.29 1.1%
—2403 20 —19¢ 214 2P —205
=112 =119 ~ 1.2
453 052 0:639 072 065
74 078 081 076 077
-3 048 D49 ~10.50
=0 =08 —0.75
—041 031 =D4F D011 =047 =047 =047
058 031 035 041
- 1.4 -1
=0 049 —0.30
-1.72 -1.R
075 0.42 0.Biz 0.3l [ 0.72
=109 =070 ~ 83
—Di8 —043 —0.30 —11.3)
.51 0.58 0.5 .54 .54
-025 039 —D08 024
104 1.0 1.19 LG
0.32 0.3% 0aF u 17 1.3
-143 -~1i%6 -1 —1.70
—205 =205
006 043 D36 023
0.4 ~1).04
-0l 023 —41m —dls =017
=156 =875 -1 —062
0.9 1.0 105 028 i.01
=012 =017 =912 00 ~0.14
—I6d —BF — e — 153
=004 =00 0.3x 003 a7
oM —029 033 0.18
-0.07 -0.05 =10 ~{.06
—-098 059 —0562 ={.7%
042 0.32 D22 049 a.41
—l —112 —050 —1.1% =145 =LK
053 083t 075 0.5 0.61
— 1.0 - 102
0.14 0.14
— 1.5 175 —lam =171 =178
054 079 0.72
-1.1% =0,

341

Log
Log afx  gAfh

159 4.1
246 403
.63 4. M
19 455
1.658 324
2.35 3

Ins 515
203 4.49
kR 553
2.1 430
4.37 593
3.9 4.B5
249 405
244 4,00
312 4.68
227 i
178 534
115 4.71

3.05 441

3.31 4 87
475 (%]

1.52 308
23 EX1)
472 577
4.3 580
3.7 4.62
282 437
310 4.65
198 551
5 4.06
i 487
1.85 3.4
429 5.54
274 4.1
327 482
411 566
133 4.88
467 622
143 S48
237 a2
1.52 kX
385 540
35 508
340 4,95
2.9% 4.50
4,58 6.13
347 LX1rd
1.94 345
164 5.19
Eirk] 530
1.5 506
21| 436
198 5.53
247 4.0
438 57
155 4.10
a7 5.26
1.9 M
4.9 584




Wive-
]tl:f[h

305248
INS535
TN &S
1.2
EEAN G|

1715914
3716442
7 837
ITE. A3
XL L F)

721,189
278
372139
37250
372606

"2 0e
722 564
3724380
3725498
¥726.927

IT096
3727611
377 8A
JIEEH)
3730.388

3730945
3731376
i
379
3734 954

1715328
73703
ITIEHE
179120
1937

I0061
3740247
3741 486
rzan
3742421

FraeesT
37431364
EYCERG ]|
3744, 105
3145 562

X590
746,486
146,911
17438264
3748452

g 260
3749 488
ITHLATT
3751059
3751 .8BX)

IT524H
ErEEN )
EXAREE
3754506
3756069

Enzrgy Levels
K

TATT 34325
24119 =51069
X641 — 47590
20875 —aTa12
24772 =5170R

1B3TR — 45282
23711 - 50601
17550 — 5449
22240 - 49135

0 — 25875

2433651201
METS 53739
200358 — agH2
24307 = 51370
31551201

g 49109

T = 27560
18378 —45221
575 — 51405
24307 = 51331

BTN —5054

TT28— 547
181 — 50595
20641 —47453
MET5 51374

21039 —47834
21030 — 47831
1727 —44512
BEH — 27666
B8 — 3395

23711 30475

46=21167
26351 — 530594
1TRTT —ddhhd
17550 — 44285

2795 = 54125
26225 — 52954
2766 — 4385
11505 — 58520
BT - 50423

27066 — 54376
ToBh — Mdesl
21999 —48703
24507 51208
WM 2795

F7H -~ 27566
17727 —44411
24181 — 50862

E3E — 27560
ZREI0 — 55490

23T - 50378

TITT — 340H)
21039 — 47683
26624 — 53275
21716 — 48362

24507 51149
19390 — 46027
17550 =44 B4
24181 — 50808
1755 —441 66

Low

Yolts

W

il B L N el el el =
SEees 23=ER Skee

L Sk T et

555 sauss

2.56

oy
=

Tamk 3 = Cryoilfotor Steengths for Ditvavicdes Lires of Fer=Continued

Mtuit.
Mo,

2]
435
215
218
494

124
IxR
o
292

Are S5pk CWiNy  HC R(N) M Best
Log &f

=02 -0 008 —028 —02% 030

—LI17 0.02 008

~ 163 -3

1% =022 003 019 —013

007 .18 Q.03 =7

—04% 059 =03 =033 -

(.58 {130 s 0.65 0.54

— 154 —1.64

—-R13 P14 0.0 0.x =01

-0 =02 -0 —0131 —032

—0.48 =04k

003 0.13 008

—Q.72 0568 =040 —0.60
—03 040

=017 =008 —0M —009
= {146 0.00

—0% -1l —-D07E @ =10% =10 =142

0.17 0.0% 0.2y 035 0.22

—0356 056 =055 0.5 =56

053 02 0.2 006 Q.50 040

036 0.14 059 025

—0.25 016 038 -0 =030

D4l 0.2 032

—068 —073 D&Y —0dd —841

0.3] 029 G4 .34 0.3

=03 =034 =02 (M —{)29

—047 —038 =03W 0.20 =039

031 024 0.3F .42 032

—108 =12ZF =LI8 =I|IF =1Li16 =I.1%

552 .65 056 058 0.57

079 043 D6l

—{4% 06T —(dE —043 050

0. 0,83 QBN 083 052

—13 —141 —1.38

=143 =1.36 -1.42

=045 =050 -0 -0 55

O0E 026t 027 0.20

-113 0487 —1.05

=153 =053

Q.37 o2m 0.7 0.24
—0.76 —141

—03% 027 DM DM -4y kM

=116 =116

019 [ an 0921

—-0ar =072 056 =05 =063

-1 —1.15% —LI7T =l —108 LIz

—1.28  —1.15 — 108 =116

0,29 0.15 G4 =038 Q.35 030

—D087 -—-D0BF 09 —0E& —0EBl 087

—{65 —i{ 65

047 a2 045 03T 043

Q43 0.41 0.5 043 (.44

- 1.2 ={.B2 052

—N62 —0.62

-103 =09 =030 = 1.0

—062 0 -0.5: -5 —.59

-145 =139 =160 —1.48

-0 —0X o6E  —Q.Nl ~007

—04d] -0 =04 =048 =04z

=117 —I128 =143 _—DO0 —1.10

32

Log
Log gfh  gAMR

127

e el e e e sl e welnl
& 52T Byk-o BEEs

3351

545

4482
4.32
43
39
368

in
4,51
LR E
3nm
LY.

4.56
i

4.57

b



Wove-

m?m
3756.920
ITSTA59
3758215

FT59.155
3759597

a0k
3760533
57610659
3761.410
3762205

7ol 191
Fras i
17657100
706,082
YFo6.655

ITe7. 1M
I76R.030
3768230
1769 595
370,305

370,405
377473

R

EXFER.
A

3775 560
776455
EXFERL]|
T 452
TR0

377509
ITTA R4
3TTe 213
ITIOA44
3781188

a8
I7R2 ASC
3782008
37RS. 706
3785950

I7RA.176
FIR6.678
ITRT. 164
3787803
3789178

Jrae s
ATRG.BOE
900
790656
TN TS5

37191504
3.0
I 156
3192833
3795350

3193478
Jmsan
3T
3795004
3796000

Energy Lovels
K

ZEE20 — 55430
20624 — 53230

TIR = 34319
29315 — 35007
27666 — 54258

19390 — 45978
17927 — 44512
26T 33748
20875 ~47453
ITIaT —5373%

7o86 — 47
Holih — 52635
26351 52399
20875 — 471420
24507 — 51048

BI55 13692
17527 — 44459
Z2047 - 40477
24181 —306%9
21716 —4823]

19621 — 46136
26106 —52613
24575 51069
24507 — 1959
17927 — 44411

21995 —af41n
17550 - 34023
24119 — 5387
20041 =47107
22838 — 4098

26225 - 516083
17727 —44184
22249 - 45703
26406 — 52858
17127 = dd |60

20357 — 55791
24181 =50611
2477 — 51K
26106—52514
19621 — 46027

L2B3E — 49243
8155 ~ M5
29357 = 55754
BI85 34547
271999 — 45382

21039 —47430
27167 = 51546
. TRBEG —3436]
24507 = SOES0
17550 — 43523

2061 — 47008
27560 — 53928
21999 - 48362
17927 — 44285
24507 = 50861

24181 — 50534
23947 — 497590
15788 — 46136

ToRG— 14329
19390 =457 26

Law

LN 8
YVolis

A8y
330
0.96
3463
143

240
2.2
.
255
3.37

059
324
i
259
.04

220

099

=E

MORMNE WNRwhE
BESES BRisy

TapLe 3. =Cheiffator Strempifs for Litvaviodet Lines of Fet—Contitwed

Mul,
™.

&05
oha

21
B55
70l

177

Th
TG
27
it

Arc Spk OwiNy HO RiM) KOC M5 Best
Loz gf

037 0356 0631 042 0.50
—0I3 =0X =1}.36 =025
0.3 027 0. 28F 0,26 03

~043 =037 -5 ={.37
—222 —222
0.4 1) ole .19 a5
—03 —042 0581 -0 —0d7
— 140 =1.4)
-0 098 =106 ={.BF —0.95
=54 —{).84 =65
0.1z al? 0P 0.07 0.11

119 1.28 058 {159 1.0%
—.52 —0.52

=121 =122 —137 —LX
—{#38 =065 =044 =032 =145
—(u1A 003 -0 -0 =002

—09z 05 —{.93
- 1.3 —1.3%
—041 =045 =034 =L}

—.51 —0.53 —{.52
—1.40 — 140

=109 -85
—-1.14 =1.14
— D46 —085"  —D5T  —Del¥ —0.62
-0 060 0B 073 —0.72
—126 —1.ID - LM —L.IE
=66 =058 083 0RO —0.76
—078 0.4 =071
=071 =075 -08¥ -0 —0.81
—08F =076 =091 ~ 054
=00 =008 01T 04 —0.z
=121 -1.14 =130 -2
—1352 —1.52
=28 —023

-4 131 =1.40

—0% 025 =23 =0, 36
-, 78 —Nbl —0.66
—092 {56 = 141 -0, 56
—={d 4% —&8 —D.60
—008 =007 =15 =15 ~i12
=0 003 =022 —{.08
—1353% —148% —14P -—-1461 =160
=033 =ii4 —.39 —0.29
—36  =04F Q4 =08 =5 —047

{43 3% 05 039 ~{.49

—1.BD —{L.E2

=154 =(43 —0.58
-3 =121 -LIM —Llé =1 =118
=9 —-[152 —0.90
-1 —1.11 = L16 —1.12
—lle 102 -89 —1.02
—{.89 - 035
=55 =048 =067 =047 —n.54
—1%%  _139 =146 147
—{.89 —0B& ={L.58
—03%% —D42 .37 —{.38
=058 =046 —35 —0.53
—0.24 —0IF =017 =0l . —18
—0.39 034 045 =043 =03

-2.17 ~217

353

Log
log gfx  EASR
4.07 5.60
332 455
388 541
3.21 4.73
1.36 1 B8
3713 5.25
in 4.63
218 370
2R3 4,15
159 4.41
309 5.21
4.66 G618
3.06 458
2 360
313 4565
1.56 508
rd 53 4,17
213 375
118 4,69
EX 457
218 309
259 4,10
244 395
2.96 4. 47
286 4.37
240 in
282 4.33
.87 438
2 4.8
274 4.15
346 497
236 1E7
206 157
1 4181
1.]18 1.69
322 473
292 4431
L 4.1
298 4.9
k¥ 497
15 LE ]|
1.98 349
1.2 4.BD
EN B 4,57
e 4,60
300 4.51
240 kR ]|
268 4,19
246 197
256 4407
269 4.20
104 4.5%
211 3R2
L 421
1X) 471
105 4.56
140 4.9
i 471
1441 292




Wave-
II.‘ILETh
A

riT
¥r¥ 0
198513
319,550
3801 682

3%01.804
AR801.975
J802.263
3803, 220
3804013

3E05.345
3506203
IBD6. 69
3807539
P08 . 286

808,731
3209043
K] [
3B 50
3811592

IRI2.968
IE13.059
AR13.63%
3813.841
3IB14.525

B4 785
15843
816,342
1816908
AR17 650

19497
820427
A521.181
1821 B3
M4 076

2824 306
S824.446
IE25 404
25883
3826816

3821575
3BT A6
R R )
3829125
9458

1829764
3R30.761
IE3).B64
W3
3E34.224

836,332
IRIT.ANY
hE at
I819.630
AR40.440

184 1.050
a2 001
1842973
AB43 260
3843171

Eerpy Levels
K

26106 — 53|
HETS =471
TITT — 13693
iR — Ja0dl
ZZEIE —4512%

22047 — 49243
26875 — 53165
26624 52916
16378 — 446564
26875 —53155

2628 — 52890
27543 53808
26351 -52613
17927 —dd 184
24336 — 50587

2064 1 — 46889
23452 — JI208
26624 — 52858
20875 — 47107
22249 —a847G

TI2 =337
20875 —47053
21716 —d7930
A3 - 55528

153 34363

27543 = 53749
11976 — 38175
17727 = 43923
24507 — SDa0E
26875 — 53061

27395 — X350

G028 — 33000
26351 — 52514
21039 47197
NETS —47017

26628 — 52765
0—26140
183TR — 44512
FIT 3357
21999 —48113

21716 —47815
12561 — 38678
22249 — 48362
25795 - 55907
26406 — 52517

20641 — 36745
21029 -47135
21716— 47812
20641 — 46721

1728 - 33802

26624 — 52637
21039 — 47093
24575 50814
31937 5174

ToRG — 24017

12965 . TR0
20875 — 46580
METS - 48R
24575 — 587
19552 - 45552

S MmN
FEERA

: B e e R
Paiye Lykis 22obE

MNONOW MO
Luk
L=

HBERE DEREI

W DRNR W R =
RE2E Rz

0.9%

TasLE 3. —Lreillaror Steeapths for Efcoviider Lines of Fe 1 —Conlinbed

Mult.

Mo,

Ar; Spk WM HC RiNy  KOC M3 Best
Log »f
Ng2 094 0.5t .03 074
=110 =141 - 103 - 105
0,7 0T 059 -0 070
=047 =04F =050 =057 =047
-0 008 —IDY 027 .16
-{.51 = {60 =58
=035 .65 —{34 045
5 =34 —{1.58 —047
—26 —l.4G0 -2.62
—03 058 05 053 —0.50
0.99 i.1a 0512 051 0.96
—{)_14 -0, 11 —{.12
0.77 0.E3 0.6 0.41 0.65
—023 025 04T (22 —033
=107 =076 =112 -092
=031 =016 =0 =-030 029
—NES —1.13 —0.9%
=014 =006 =030 =015 ~0,14
—1.72 —1.13
=05 =038 =062 =058 —53
=081 =061 =057 Y S
—0.07 =107
-0  —05a —{192 —078
=022 0.3 AL
-4 —184 —-17F 175 —1.77
~048 D42 -0.45
600 (.50 065 049 0.60
=047 D33 -{.58 ~ 353
B QR , ¥4
=324 =041 =020 0.03 —0.31
—{45 {141 —043
04132 0.41 041 041
195 157 0Ty 0&2 D.57
=041 022 =0211' =034 —}.30
—081 {6} —0.17 =070
152 0.42
-1 —=118 =119 |14 —1.17
=150 —0.B& — .49
0.242 0,35 (2d! 0.26
-0 068 =0, 1]
=070 -0 70
0.532 (.60 056 .55
=119 =079 -1.2
=064 —D5E =073 —1a7
—D48 D2 039 ={.38
—1.31 —1L.2% —3.36 -1.28
=197 =kl
—DBD —05E 072 ={_4
=19 =014 =014 014 —0.15
—DA42 (L1 0.06% =005 201
0.25 D35 D28 30 9.30
—bBY 0B 090 {083 -{) 58
(.40 .52 ) .57 042
—0.57 0.32
=0HF s Qs —025  =0.19
.45 168 048 033 047
=130 —1.30
—147 —1.12 - 1.2
047 047 Q.49 .54 053
—063 —048 059 058 -1).56

Jh4

Log
Log gix  gAfs

3u

ak ot ek o Lt i b [F |

2Bug & kiu SuNEE BE

s bl Bk o
]

241

384
17

288
4,13

291
120

230
288
113
159
188
4.00
1
415
228
228

4.11
g2

283
4.04
439
441
492

4.52
163
461
246
458

6.4
454
573
475
4.15

479
440
4.94

455

448
301
4.3
4.9%
3.

443
5.68
455

477

465
549
595
474
4,38

3m

ftalibn B
2298 %




Wauves

I-cnny,-.lh
A

845,692
3846001
3246412
3846 802
IR

3849 969
J850.819
IBS2.5TS
3853462
3854375

3855129
855,846
3856372
ARSR A4
850214

359913
RG] 341
ARG B0
361,745
38564.307

1865 526
IB51.218
IS
868,243
AR59.561

38TLTSI
B2 504
Jenen
37762
3574052

337501
IETGET0
38700
IBTEST4
IEMRET6

3R7E M40
a3 282
IBR4 361
885,154
IRES 512

286284
3ERT.080
J8BE 516
R85 825
3889284

3889.931
3890.390

3890844 -

3891928
Jgez.302

3802
3892980
B35
3893.393
I .314

3894005
3894 490
3895 430
895,658
IRYT. 452

Encrey Levels
K

280605 = 54600
27167 —353161
2RR0 — 54811
25125 52211
2103941017

BI55— 34122
Vo6 — 33047
17550 —41500
23TH— 49727
2500051837

21999 — 47930
26140 — 32067

36— 26340
26140— 52050
193990 — 45295

0-259%0
2171 = 47606
JB624 53512
217164759
08Ty —46745

LS5 —-24017
24235 —5018T
0BTE 45T
Z3TR4 — 49628
21959 47835

2X784 — 49604

TOBG — 31501
2199947812
19621 -45428
16378 —dd | 54

BI55 —33%47
1B3TE — dd166
FRIA =33
T —26d TS
19TRR — 45563

26086 — 52181
26125 = 51065
HTI6—47453
241 19—494151
19552 — 45282

416 — 26140
775096
1279689 — IBATR
24336 — 50043
21716 —47420

26340 — 5200
26140-51837
21999 — 47653
27543 =530
28605 — 34789

22249 — 47930
26340 = 5200
JIRIE—4R516
2378 — 20451
19621 — 45293

26624 — 52097
25903 — 51570
26550 — 52214

HBE— 26750
23784 40434

, TasLE 3 —Cueiflatenr Siremgifs for Litvavicter Linex of Fe1—Coninued

MIS LIRS Lt bt b
regiy DEuabk 2k

733
283
a7
430
175
L]
368
429

Arc Spk Cwany RO RiN)  KOC M5 Besi
Log gf
—0.75 067 —0.63% —0.68
=074 - 1.5 -~ 0.88
0.00 030 0.17 tié
0.58 0.5 060 0.5%
=123 =123 -1.3
—0.52 048 043 =029 =059 =045
=110 =LIE =124 =L —122
—044 047 058 076 —057
—1.18 =085 =09 =0.98
=047 {68 —O0S51L 037 —{351
=1.24 =10 -1.56 =117
—~05 —0.78 —0.539 —0.64
—-135 —LI¥ -3 -LI¥ -1} -Li4
-3 =078 =058
.01 Q.02 0ae 908 .06
=05 =063 05 —0462 057
=043 —03% 0% 0869 —0355
—1.25 —0.64 —76 =00
=05 =05 07 =073 —0.65
- 1.9% —1.98
=05 060 037
04.29 039 18 e L. 1] .22
—105 =089 =121' =105 -1.08
=143 =093 —143
048 030 -5 —066 —0.49
=019 0as 00 021 —0.12
—062 058 054 005 =065 =057
=113 =081 =032 —0.89
-0 -0 —0IF 002 —0.03
-1.7% - 1.00
-2 3237 1N 1% =3
—216 =210 =213
-85 05 —4i5] —044 —045
-1 —LIE —1F =12 -1L18
=145 - A%
=080 -D.50
- {08 a1l oa2r —0al1 —{.02
—034 =03z =0T —037 =14
=78 =08 =093 -0.84
—-041 —034 -—-03I% 040 —38
—L14 =0%F =091 =091 =093 =054
—457 084 -47F 07l -0 0.8
=01 —-033 —00F -0l 0o -3 007
400 o =020 =006
- 1.66 - .65
—1.21 37
—100 D35 —0.B7 ~0.9]
—06 045 —0Er —062 —0.58
=004 423 —0Rr 008 0.03
- .59 —1.59
-1.2% =107 —-1.45 -1.26
=093 =03
~0.3% —0.7%
0.27 0.31 0xF 0.4 022
—09a —0.89 —0.97
=020 ~0.06 =031 =0.1%
—ig} —0.72
=070 —{.H
—13 4P 150 -—13% —1.40 =144
—05r 035 | —0.52

365

t.og gfa

4.5




Wave-

length  Encrgy Levels
A K

897 B96
03,011
IR0% 037
IR0 N
3900.519

32948
3903901
3906 481
006,145
3907 464

007037
IR 691
3000 G6d
Jo0R 830
3910846

01005
1911 699
9135634
I914.273
31916732

3017183
198,317
EAE
398 6add
INs0E8

39 260
320645
g3
2N
922100

mnen
525,240
3525646
925,945
392600

327902
20114
39249 208
3930298
931022

532,629
533,606
3075306
3935814
1936.772

39301
1940044
040,580
0,282
3542 442

043,341
3044 748
3344 802
3945.119
3947002

394739
3947 531
0948, 15
a8 8
38 150

21716—47363
8135 — 13802
19788 — 45428
T —=26340
2614051771

12561 = 38175
24154327

BBE 26479
26624 — 52213
2 —476M

2249 4781
19757 —453M
264719 — 52050
W7 48516
23249 —47812

25000 — 5] d62
26624 — 52181
18378 — 43923
26470 — 52000
26106 — 515630

TORG— 33507
2034 —45552
22047 _4R460
24335 — 39451
24119 —a9628

IR — 264TS
19562 —45061
2534) 51837
20641 — 46136
2000 45505

416 =25900
26550 - 52020
22R3B —48305
25052 48516
26140— 51604

RAE — 26340
21249 — 47653
26205 —F1668

T4 = 26140
26M0— 31771

26406 — 51528
4771 —SOIET
22547 — 48351
212838 — 48239
25500 —512%4

2171647
2754352916

TF28=110%%
26340 - 5115
22997 — 48305

17727 —4307%
12947 — 4250
24119 —aM61
22249 - 47590
25900 — 51229

19151 — 44677
22838 48163
26140 =5 1462
26351 — 51668
27543 32855

TapLe Y —Oxeilfarar Steemgties for Ufiraviofes Liney af Fe 1— Continued

Low
Ep-
Volts

269
1.01

= WO
22 REEH

WS MWD WD WA RN R B b S -

REEYEG 23RAL E3bsl RRRER 3R} 3

=
P

Ry
aORBRE

2469

'y

BEN ER¥

Ll -2

LR b R o e A
[

Ll b
hRze

in

Mt
™o,

280
20
175
4
365

45
429
4
B
%

280
153
565

5
284

430
56l
152
361

10

Arg Spk CWIN) HC RiN}  KOC M5 Rest
Log »f
02z 0.3 005 010
=127 =121 -—15% —i3% —142
—0.%7 0% 0% |02 - L9
=150 —13F 137 -1 -1 132
=03M 03 02 0 —{329
—014 006 0.1 =04 ~{1.05 a.01
03 0il 0O 432 —0.0F
—191 1% -—18F 6 158 -5 1@
—03% =021 —029 -027
=09 053 —)54 092
=035 =026 =038 02 =31
=268  —147 —147
—048 —057 —(.41 —{1.49
=49 =037 =040 057 =146
=07 064 05 —D& —053
—048 —0.9% —0.92
—1.59 -1.44 —1.52
-0 =084 =078 —0Es -84
=70 =050 —{.73 —074
0.03 026 |4 .38 18
=158 —172 —16 —167 —163
—{56 ={.57 —{.56
-{(.25 —0.38 =132
0.4 0.24 04 002 013
—047 —02} D446 =044 — (e
—14% 1858 —|a8 L5 =148
-1.85 —1 85
=191 =0.77 =073 - {50
— L7 —Im —1.7%
—230 —13)
150 141 —15] =141 —145 —1.M
B, S < =076 -0
=02 =024 —27 -11L24
0.0 —00 01T DM —0.15
=043 ~{1.43
—1ME 13 - 2F —1LM  —13D
—1.10 -105 - 1,08
132 —0.659 =050
—149 138 35 -1 -1 —i3i
=4 =042 =052 —0M — .44
—003 -0 047 0435
=037 =011 =042 047 =33
—085 085 101 —DB| ~ D[RR
-0l 07 =04 =0]& —0]2
-1.91 -9
—060 —058 =063 =064 —061
=127 =081 —1.14
—199 212 —19¥ 208 =203
—042 =O8F =052 =049 —052
=027 w005 —00% D4 —0.24
4 =1dl =L -2 —1.36
-1.26 —LI —1.1%
—06] —0%0 0668 )69 —{.62
=064 =080 =085F =371 —(.69
=426 —036 024 045 -0.33
-2 —- .85
=038 024 037 —0.40 —0.35
008 004 TN EL 000 0,04
(.38 0.49 0.3% 0,29 038
=091 —0.78 -0.84

il

Log
Lo 2fa  gA/fK
3469 515
217 163
263 408
2.37 7
130 4.76
3.60 506
35 500
1.67 313
132 478
267 413
128 474
212 158
310 4.56
313 459
2.9 442
267 4.13
24 3.53
275 421
2E5 431
177 54
1 5% 342
3R 448
AT 4. T2
in a7
EN L 464
211 356
1.74 i
.74 424
1.8 3.4
1.9 274
215 340
2.85 430
135 480
144 489
36 4.61
229 I
2.5 31.96
3.0 4.5
.48 ENx)
3.15 460
126 4,71
pJr 4.16
148 492
1.69 3.13
299 443
157 LRI
208 4,52
3.3 4.8
) 368
242 3.86
158 4.42
.91 4,15
3.3 4.71
325 4 68
34 s07
398 541
276 419




s
]
¢

3549956
3951164
3651604
3952604
Jos2. 2

3913.155
05352
3635381
IGRLTIS
3955352

3o55.9%6
3956457
3956680
3957027
W56

3560284
3961,147
3562353
353,108
5963.428

3964.517
3965.511
3964064
Jug6.532
366630

3966 824
31967423
3067964
3960260
3969628

70.3%]
3975
.0
972,918
I0TIASS

43597
374764
SN0
3975842
3076300

T6e415
1076865
39717
578 4649
A5

J9B0-650
IR0
JUE1TM
3. 350"
39E3.959

3984.930
35022
3985.3%3
3086176
39E.005

3989.859
3017
39002.355
17
1995, 199

Energy Levels
K

17550 = 42860
26406 — 51708
23082 — 4351
2171647008
04T 482319

24339 — 49628
28605 — 51892
228 —4R123
26351 51630
26479 — 51755

24T — 50042
26106 — 51314
21716 — 45982
26340 — 51604
26479 — 51740

29357 — 34600
JI05T — 48250
26340 51570
HATe— 51705
2606 — 51630

X947 — 4B 163
26140=51351
12969 — 38175
26624 — 51828
25000 =51 103

26624 — 31826
26528 = 51826
26140 — 51335
11976 — 27143
2627551409

T2 —49951
2171645439
2SN
2RE20 - 53981
28605 — 53763

26140-51294
1727 — 43079
19913 45061
31307 - 536452
24336 — 42477

27543 — 52683
24330 — 49477
17727 — 42860
X8R —ATHET
26340 — 51361

19362 — 44677
19552 —ddihd
21999 —47 107
24536 —49413
21999 —47093

26479 — 51567
20641 —45T26
26624 — 51'F0E
26335 — 51308
ZRA20 — 53882

28605 — 53661
24575 —45628
26628 - 51668
2AETS — 49604
26351 =51374

TabLE 3. = Oxeillaror Steengtiis for Uiteevieodet Lines of Fe 1 =Continued

246

BReRE wNBAs 23

Uikl HBUAEE RERS: DEHREY LWFEES bkl bebpk ghbep

M P RN WO RS e Wi bR sk el el e

RRiEzE

Mult,
™o

I
]

278
62

430
THY
362
506
a2

361
657
e
281
L
k1)
53
o7

T
43

k-
151
561

153
s
m

561
29

L

ol
527
&4
24
A0

Arc Spk CWIN) HC RiM}y  KOC M5 Best
Log =
=041 D3 —05F —042 —-{.45
0.26 031 31t 025 029
—1952 —1.52
=030 =024 =02 012 =026
—057 —0.57
=03 025 038 _0dd =35
— .48 ’ - .48
117 14 —12M 06 —1.12
-1.5% 085 —1.21
—037 =075 041 =049 —0.50
=066 =05 =068 068 - (154
0.41 0.49 041 .54 046
0.5 .41 0.3 k]| 039
=006 —0d6 000 =111
— 147 =143 -1.27 —-1.77
=055 =058 =061 =A% =06l
087 090 —LOF —08% —092
=09 104 —101' —089 —058
=008 =029 =00 =I5 =015
— 150 —1.50
—0.71 =058 =085F =065 =071
071 083 —{.78 —0.78
=12 =116 =09 =13 - .08
- 1}.56 — D036
013 oA 034 029
LA 15
025 0.6 0 a4l 032
=-02F =038 -0 103 —{1. 20
-3 0.7 002 008 003 0or  —0.02
—ir2E —0.11 -{.3
—{26 —02e0 =028 —026
—ft14 B, I Y —014
— 185 —-1.54 -1.%0
—0.57 —1.36
=025 =029 =031 —G30 -L2%
-1l —108 -7l —1LID
—1.95 —186 —1.90
—192 -9 —1.32
=08 DBl -0 Bl
=1.3 - 142 =126
005 oAl Q.00 .02
—051 -=05% =079 —0.63
=03 —03% 022 _p2g —028
- .20 —-1.37 -1.28
—LI -1 —1.06
-2.43% —r M -2
—2.06 =206
=032 0228 0} 036 —039
=123 —=idl - EBF -1.15
005 —0.12 006 =014 0.00
-144 -1.55 =1.50
—1.E3 —1.85
-03% 05 044 -145
wkld =308 =021 {09 =015
—1.12 —1.12
—{043 ={5% {153 =054
—{.6d —OTE 072 —0.59
—1.463 —158 —{% —1.57
—058  =D5% =0T =073 =66
—1.15 —089 —LIF 129 —1.11

LT

Log
Log ghv  gAf
113 458
389 5.52
| 62 3.11
k) 4.77
343 4,46
325 468
112 3.55
248 191
310 453
2.9 439
4.06 549
159 542
149 4.5
233 166
2.9% 442
2658 4.11
242 405
145 4.68
2.10 3.53
286 432
182 425
2.52 ER
.74 4,17
1E9 532
175 518
192 5.35
1M 477
358 54
330 4.73
1M 4.77
146 4.89
170 m
331 4.74
.50 3.03
1. 3.3
1.68 KRN
2 472
LM 367
IR 505
197 4.40
332 4.75
2.32 374
154 i%
|26 268
1.54 296
331 4.73
225 147
160 502
2,10 3.52
1.75 a7
15 4.57
345 487
248 190
306 4 48
291 4.3
m 345
2.4 434
249 kR




TasLE 3. —Charillaror Steongths for Liliraviotet Lines of Fe1— Continued

Wiwe- Low
1c|‘:{_:lh Encrgy Levels e.p. Muit. Arc Spk CwiN)  HC RIN} KOO MS Best Log
K Volts Mo. Log uf Log gfx gAfa
005 086 21909477 173 7 =058 =065 —=0660 —07TE ={.67 iz} 435
986261 2411949135 299 Sal — 155 —i.7m —1.78 1.82 1M
306,779 33507 —IES2D 405 1074 =112 06 =LAl 299 4.4
006968 29700 54811 3468 S48 —025 Qe 02E =021 —021 139 481
90T 30T NIO_47008 273 27 .45 036 038 03z 038 398 540
WeR055 2171646721 169 76 001 QI 00 =004 —0.05 355 457
4000266 263051331 3326 556 —0853 —0E7t —1.08 —053 262 44
00460 MHNI—4905 706 426 =066 =068 —08F 078 =74 1.86 428
4001 663 1T7550—-42535 214 T2 —110  —LIZ —10 =0 —l.0e 2.51 in
G ess 2324548221 18R 320 - 184 ~]67 -1 - 158 1.2 334
400 764 27343 52512 3.4l T8 —059 048 0517 -055 —.53 3.7 449
004,832 el0e—5106% 324 4] - {147 —-.47 313 4.55
AM.976 24336 -=49298 342 486 =078 —0As =080 280 412
005244 12561 --37521 156 43 —01n -0z 007 =00¢ =012 —015 009 3.51 493
006,159 2634051294 3.26 564 -~ 1.5 =150 2.04 346
006 314 2615151305 .27 63 =415 023 Q.17 —0.18 342 484
46,631 2509250043 301 438 =05 =043 038 =044 316 458
006,768 23270 -—-48221 288 320 —097 090 1212 —1.06 254 39
07T 274 1224947197 L6 m =44 —04d 04F 046 —0.45 315 4.57
200,715 1797 —d4Be) 212 72 3% 042 —D4f 043 =43 7 458
SO IR0 293725430 364 215 =142 =133 — |55 -] 4 218 3.59
4010770 23111 -48037 1856 o -243 —~172" —155
4011412 2064] — 45561 156 218 =140 —140 1540 1.5 — 144 2.14 355
4011710 197574677 1A 153 - 1.77 =185 —1.9] —1.84 1.76 7
40120160 26106 =51023 3.4 601 —-1.72 —161' =159 — 164 1.96 w7
dldea] 25900 SOR0E 3.20 57 =083 =09 —]O0r 095 =196 264 405
4013798 24336-49043 302 45 —1Lon —1.67 .53 I
4O13EX7 1A136—49243 3412 485 71" —0.68 —0.T0 290 431
4014280 2433945243 302 426 —132 =114 =13 138 -1.30 230 an
4014.534 28BN 53722 157 02 038 0352 0.58 0.5% 0.54 4.14 535
4016419 26479 =31370 328 %0 0668 082 -06F —075 =012 .58 4.19
4017003 2224947136 176 78 — 1.0 —1.09 251 392
AT I5E 2457548461 305 57 =011 =0gE 022 =017 343 484
4018282 26340 -=-3121% 3126 560 —078 0613 =070 —{0.H 2.9 4.1
01908 21039 —45%i4 261 19 -1 =15 ~]80 1M -1.75 185 326
4000490 2937254237 164 913 -1.13 —{0B& —1.05 117 — .05 254 195
4021 622 261050000 124 357 =108 - LX) -1.14 246 1E7
ARLAT) 2249 -47107 276 pyi) 020 0.8 Q.1 0.06 0.1z n 513
4002212 2233847603 183 —1.74 — 166 — 1.7 1.5 331
2245 1939044244 240 Mm% =2 1M =317 1.3 274
4002744 2647051331 328 556 =110 -7 —133 =14 240 3Bl
44100 R4y -47095 76 T —13 —1l&6 —13¥ =133 — 128 21 B
4004 735 26140 500E0 324 550 = =033 -0 010 {12 348 4.89
020640 2634051149 336 36 029 =065 =042 047 =45 36 4.58
4030,1%6 17727 —=42333 1M} T2 —151 —I5 —14a7 =151 — 1.5 I1 3.5
4030499 X000 50T04 121 550 2005 =020 0.08 0.0e 0.0z a3 103
4001243 243365 -4%135 202 436 —1.51 —141' =158 — 1.5 211 3.51
4031727 4339491385 342 427 - 14% -] A -1 44 217 1.57
4031 965 Ind06-51X 327 685 021 026 03P =031 —~0.28 333 4.73
4032 469 23245 —48037 L8R 320 =111 —124t 1.4 —127 234 M
402 629 11962747 144 0 174 1B LM LS —L.79 182 n
4033, 190 20641 — 45428 156 2148 - 1.4 —132 169 — & 1532 3.1
406370 2249417 2Te 279 2.0 -84 =202 1.5% 299
4037725 185TR—43138 228 18 203 1355
JAEAZY 26628 51381 330 600 - .52 =5 =05 2462 402
HA0940 21999 —g6745 1T . —L.75 —LM 159 — 1.6 2.00 340
4040650 26624 51365 330 635 =035 =031 =03XF 004 =027 31 4.73
4041260 2ok —5136F 330 603 072 081 -0 092 —8.79 2H2 421
4041 911 26628-=51361 13D 10 —125 125 —}.25 236 T
4043901 21999 —4672] 271 76 =03 070 ={.6] 00 438

368




»

Wave-

Encrgy Levels
K

26140 — &6l
J2RIE — 7556
11976 — 36686
MTTY 4047
18378 —4307%

HOETS — 45563
27395 = 52067
27167 51537
2ol T — 51149
24575 —49243

26140 — 50808
4TI — 49413
26300 — 50994
27395 = 52050
27560 -51214

641 —45295
29257 — 53005
Bl —-41756
22249 — 46589
27541 51181

253900 — 50514
19552 — 44184
28505 = 53230
22947 47556
TET 51771

12361 —37163
12561 37158
27665~ 51257
24113 —48703
22838 =420

20641 —43225
25900 = 50475
26479 5 M3
26| &) —~ 50659
HET5 —45428

L2965 - 37521
27666 — 52114
26340 — 50880
29575 49109
24772 49298

21039 — 45563
25000— 5423
26240 — 50562
26340 - 50861
2IBE%— 45551

29772 53882
21560 FF06T
2352 — 47356
26479 — 30981
26550 — 51048

27560 52050
29320 - 53808
18378 — 42880
27560 — 52040
26875 = 5351

22947 — 47420
261405611
IINT 5T
2687551338
29469 — 53925

Low
e.p.
Virlts

3.24
283
148
1.0
2.28

2.59
140
ian
3128
105

324

107
126

1.6l

BE YREAT ZRywE: 3gka

.28

TaBLE Y. = Oxeiflaror Stverpifis for Eirvavieded Lines of Fer=Continued

Mult.

Mo,

5509
359

43
4957
117

2i8

358

27
550

558
218

1
558
524

218
558
557

217

Arc S5pk CWiNy  HC RiN)  KOC M5 Best
Log &f
—0.37 03 —0.50
=030 14 =07 =03 =03 -0 1%
0,687 D.65 0e2 .56
—I1.18 —1.18
—1.68 — & =158 - 1.%0
-131 —134 =13 -13% —135
—0.80 =081 =068 =082 -{.78
—0.93 —Df¥  —0Da -0y
=081 -1 106 —058
-1 LM <36 -1.1%
=116 =147 —1.11
—1.16 —147 134 =132
-1.28 =117 -1 —1.23
=015 =04l =028
—03% 0210 Q40 —0.31
—084 084 080 =0054 077
—1481 -6 —-1.5% —167
=210 - 1.2 — 1.5
—1.00 — 1 =108 -1
- 201 —1.6% —1.B5
—037 03 D28 .01 -3
=118 =131 =1i%¥ -1I8 —1.21
—05¢ =052 =03F =Di2 —052
02 0.0z D53 oAz Q.05 0
= (6 034 ilicd A [
.43 056 0.42% 0.4 0
=227 =247 227 —2.34
—05 —067 0T =062 —{5d
=073 —0Al -051' 082 — 47
—025 =020 =01% =03 -0
=05 —-0&F 03 053 052
0.30 043 0.2 03 024
—1.25 -1.13 -1 =1.135
=00 =033 T — 048
— .38 —0.88
0.9 (.44 0.45* VL] 042
—45 —063 —04¥ 35 -0.52
- —03F 004 402 =015
—014 =017 =014 =DM —0.17
—113 -1 03 =ik - .05
=090 =114 —1.02
xI7 106 0243 D27 018
=045 D59 —0.5
—1.42 —1.42
{38 Q72 0617 -—D5E =62
—1 BR —1 .45
—{l.11] —0.55 =083
—03% =051 =05F =043 =04 —0.48
—033 06 03 =ikd3} —0.44
-5 ~106t —D98 =1.00
—.59 —0.700  -1n31 —0.73
=05 =07 —OBR =085
—1.54 =15 =15 —1.58
=061 —D4&3 —DED =68
l7 =008 013 {08 009
=39 041 04 -0 =043
000 =03 0D —RIé —0.13
—08y 08 D68 —0.77
-{47 -0 -0H7F D70 =065
—1B4 = .60 —172

359

Log
Log gfx  gAfA
31 4 5
a2 4.81
427 5.66
243 182
1.81 i
126 368
28 421
2.6% 447
2.0% 4.0
143 3.582
2.50 g
229 .68
28 1
kK 4,72
3130 4650
184 4.23
1.4 3.33
165 0
157 3%
1.76 315
33 462
240 17
309 448
365 504
17 510
405 544
127 266
297 436
A 431
33E 477
kY10 4,48
385 M
246 185
1453 491
273 411
403 5.4
308 447
346 484
344 4 82
2.52 150
z 50 3097
A 517
3.07 4.45
219 357
199 437
278 4,16
3.3 451
37 455
.61 3oe
288 424
2.7 414
203 341
pt 4.31
170 508
kAL 456
A% 4 56
284 432
296 434
1.89 127




Wave-

length  Energy Levels
A K

91,557
A2 287
092,512
o 214
95973

a9 114
056,217
S097.099
A098.182
099 080

4100350
4100.73%
4100916
4101272
414 681

41083 620
4104.112
4104.472
4304970
4106265

4106417
4107492
dINg.13%
410901
4109.80%

4111.060
4112330
4112972
d41[4 448
4114957

4116.970
H I3
4112850
4117.5H10
di 18548

4118904
412049
4121 85
4122522
4133. 748

4124450
4125622
4125.B83
412,152
4126880

4127611
4127 87
4129220
4129474
4120435

4132 060
4122540
4132902
4133869
4134330

29357 —53808
23784 48751
27395 — 51837
12569 — 37410
IT16T —5i6M

ZIRIR - 47272
AN} 53749

T¥TT=31805
33802 - 58211
2087545282

29357 — 533

TIH-32144
26479 — S0ERD
26140 — 50534
26628 -5 1017

3432058710

4528 — 1307
19788 — 42166
7395 - 51T
20008 44411

X225 SOSRT
26340 — 50609
24119 —484706
26875 = 51229
20875 45121

23¥35=51740
2EIB—471TT
26140 — 50475
265 ¥) - SDERO
22947 47272

26875 — 51192
Z7395 51705
33695 - 58002
MM -4
271167 - 51462

26140~ 50423
24772 49053
21560 = 51837
34547 — 5HE2S
2REN— 53

26340 50611
24119 - 48383
Z2R28 — 4700
AT - 47197
21035 45380

26472 53610
14040 - 58272
22947 —AT1FT
26575 = 51103
147 47172

24052 - 47IT2
25479 — 50629
75051771
X7395 — 51604
12561 = 36767

12969 - 17163
34329 58520
12047 47136
27167 =51151

- 24181

TaBLE 3. =Fveilluter Sirenpifs for Uliravioler Lirey of Fe 1 =Continued

i AT Ry ¥ bk LAl B i Tk Ik b b Fb Gt

QWNAH - r h - a - a, a = a r -
BHehE> Rhabkz ephEht zezmed

Mul,
Mo

S0
422
OO
4
&05
157
18
1075
217
o1
518
558
L1g3
173
120
558
422

17

35

AT Spk CwiN}  HC RN} KOC MS Best
Log of
=04 =056 =081t =070 =ik72
05 =099 =11% 49 -1
=090 =08 =109 103 =100
=352 =355 =354
—5d —iHr -0 —1.0%
=LID =119 —=12¥ =128 —1W¥ =1.24
—068 —-0T8 D078 =74
—15% =37 3M —3.69
=135 =1.1" -1.27
—075  —D6er 076 —i.68
—7 =N —0.7)
=340 =162
-0 —10F =106 — 140
=02 =042 =flF 023 =020
—1.39 —155 192 —1.92
~182 —1LHM —I11¢
=244 =272 =25m 2T -2.5%
=191 =256
—653 0T 0 0% —i{h5d
-145 =1LTR 160 =147
=206 =1.TR =192
024 D&Y D5 —{.50
-2 -3 - 197
=137 —1L.5" =127 — a4
—1.34 =13" =144 =144
—065lL  —08% D7 085 =77
017 04 0P 0.07 .07
=15 =LZE —146}¥ — L4
—0Gz 095 =078 D89 =150
=014 =016 -00F 018 LIl —iL12
= 1.39 =139
—-D.BT —L08 143 —141
-0 0¥ =008 D42 —.0%
=035 0352 047 13 —04% —D43
-7 =09 =08k _J.87 - 58
—1463 - 150 -1.58
~— 198 =198
—ag —5a
—OTE —103 =190
020 109 8% 087 .90
—D68 05 =100 —{.88
=M =04 =048 _0N =141
—041 —05F —049 049 — .45
=051 =062 =D& D40 =61
=091 1l —1.1% _07S —0.99
=149 —1.53 —1.51
021 —04] =013 =16 =5
-l =091 -0 107 -1
—0.11 0% 033 -0 =35
-9} =161 =1EP _—104 -=1.84
-3 ~fd =00 03 &R =012
=029 042 047 033 —038
—1.40 —l¥ 178 - 1.59
=123 ~].21 =122
—2.68 2ot =197 —2.74
—026 —rIE =008 -0l —0.4) D
— {49 =140
~0X ki 00X =006 =0 —.09
—036 =07 =049 _048 ={1.51
—42% 4407 —4.1%

370

Log
Log gl ~gAlL
289 407
260 398
26l 390
067 145
256 304
237 175
287 428
006 130
234 37
293 431
91 42
—0.01 137
261 195
341 4T
169 147
LDZ 240
297 43%
a4 332
LEe 306
311 448
164 A0
217 I
217 3%
284 471
168 508
215 382
181 A8
350 487
222 159
260 197
35 4W
118 4358
27 410
208 340
L6 300
263 400
271 4l
4.51 588
273 400
320 457
U3 449
301 437
263 3w
211 347
33 47
280 359%
126 462
L7A 1M
350 4B
324 WAL
203 339
240 376
088 24
142 4
L1 4
353 489
LU 446
—B53 (B2



Wave-

lengih  Enstgy Levels
A K

4144413
413680
4136512
4137002
X417

4127.5%0
4 118.53
4138.929
A140.441
4141862

4142525
4143417
4143870
4145 206
146,000

4147 347
4147672
4149372
149,767
41 50.256

24336 — 48516
2181847017
27167 = 51335
21M3—_51KR
L5472 - 58710

22846 — 4706
18378 —42521

TOR6— 32104
2756051005
339 —4BLT6

A —SERIS
24575 —48703
12561 — 56686
2171645833
24119 —48231

26875 — 50580
L1976 — 36079
28T S — 50608

416 — 24557
27666 51758

TaeLe Y. —sciffiater Sirengrhs for Ulravialer Linax of Fye 1 —Conttinued

Low

ep.
Yohs

j.oz
2.81
337
3.4
4.28

Muh,
™o

57

AT Spk CWIN) HC RN} KOC M5 Besi
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