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for the Measurement of Oscillator Strengths.
nation of Some Relative gf-Values for Fe 1"

A Study of the Gas-Stabilized Arc as an Emission Source

Determi-
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A study has been made of the application of the gas-stabilized are aoures to the da-
termination of oscillatar sirengthg in atomic speetra. In this source, & Bolutlon of apdts
af one or miore elements may be injected and the elements excelied directly in an are plasme
with steady smigsion of spectral intemgitics. Tha source can be taken to be sharactarized
by local! thermal aguilibrivm, but with s arpe madiel temperature gradlent.  An experiment
indicetes that when two elements ere iotroduced into the are in e solution, the relative
enneentrations of the alaments in the discharge are the samo as in the solution within the

probabla experlmental error.

Thle cxpariment lndicatea one way that the aro may be
ueed for the determinetion of abaclute cacilator strengths.
parted of the gf-values of 1045 lines of Fer betwean

Mew measurements Are Te-
and 4150 A, sod the new values

are eovinpared with the resulis of carliar imeasttrementa.

1. Introduction
. Tha ?‘\s-st-a.bi]ized arc source was developed
initially for the spectrographic analysis of solutions

[11} he source i3 an are bebween a graphite abhode
and a thoriated tungsten cathode. The are is
stabilized in position by & stream of argen, and
samples are introduced into the are column as solu-
tiona in tha form of & fine spray. In the course of
studies of the properties of this dizcharge, it became
apparent that the stability of emission intensities
and the ease of introdoction of the elaments in &
controiled manner m.iﬁv’ht. make the spurce applicable
to the measurement of oacillator strengths in atomie
EpectTa.

The intensity, 7, of a line resulting from transi-
tiona between an upper energy lavel, i and a lower
en level, j, can be related to the transition
probability, A, when the source is at thermal
aquilibrium and when self-sbsorption and indeced
transitione ¢an be neglacted:

Ty=D(Nihw,gdy exp{—EAT), (1)

where 1) iz the depth of the emitting rapor, N is the
vumber of atoms or ions per unit voiume, % is
Planclk’s constant, g, is the statistical weight of the
excited atate, E; iz the snergy of the upper lavel of
the transition, k is Boltzmeann's constant, T is the
absolute temperature, and # is the tition fune-
tion, equal to g, exp (—E BT glmiler egua-
}iun may be written in terms of the ozcillator steength
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where ¢ and m are the charge and mass of an elec-
tron, and ¢ i3 the velocity of light. Thers iz a
simple reletion between the oscillator strangths for
emission and absorption, g.fu=—gy, while the
relation hetween the emission and ghzorption
transilion probabilities is more complax.

If atomie gsciliator strengthe or transitien proba-
hilitiez are known, it is poszibla to derive considerabla
information from the study of the intensities of
enission or sbsorption spectra. For exsmple, ro-
writing eq (2) in logarithmic form, rearranging, and
aubatituting e/k for v, gives

log (i \ig.f o) =log K—0.4343E /LT, {3}

where K ipcludes those constants of eq (2) not ex-
plicitly ineluded in og (3}. If the emitting atomic
v 18 in thermal equilibriut, & plot of the lelt-hand
side of eq (3) versuz K, will give a Btrnight. linves with
& Blope egqual to —04343/&T. In this way, the
temperature of the aiomic vapor may be datermined.
The temperature muy alse be measured from the
intenszity ratio of only two lines. For this purpose,
&g (2} should be written in the form

I3l Emw= (R f ol vreafan) eXpl(Eu— EY/ET]. (1)

Equations similar to {3} and {4} can alse be written
in terimns of the traneition prebabilities.

If the vapor is not in thermal equilibrium, the
intensities of the smission lines ean be used to de-
termine the numbers of atoms in individusl energy
levels, and these data can provide some indicaiion
of the mechanisms of energy transfer. Traneition

robabilition and oscillator strengths are of extreme
importance in astrophysics, where their knowled
makes it possible to obtain inlormation from solar
and stellar spectra, inciuding chemical composition,
that could not be obtained in aoy other way.




Oacillator strengths or trapsition probabilities may
ba meagured from the absorption or emission apectra
of atomic vapor having a wniform, known composi-
tion end termperature. The King furnace [2] can
provide such a vapor suitahle for ahsorption measure-
ments. However, measurements with the King
fornace normally provide informagion only on lines
for which the lower energy level is at or near tha
ground state, since the temperatures sttainable with
this furnaea are not high enough to give any signifi-
cani, conceniration of atomsz mm the higher energy
levels, Measurements of atomic transition proba-
bilitiese and oscillator strengths have been made
from emission spectra in flames and arcs. Flames
can be made reasonably homogeneous in tempera-
ture and composgition, but they are too cool to axeite
many atomie lines, and even fewer ion lings. Ares
are not ususlly bomogeneous in composition and
temperature, but if they are stabls it may be possible
to study their compoeition and temperature s a
function of pogition 1 the are ¢olumn.  The stndies
described here wera d el to investipate the
applicability of the gas-stabilized are source to the
meaguretnent of oecillator strengzths.

2. Deacription of the Source

A complete description of the source has been
ven previously [1], and only a summary ie given
ere. Figora 1 iz a schematie diagram of the gaa-
stabilized arc sovrce. The anode 1= a graphite disk
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Figoee 1. Schemahe diaframt of the pos-slabilfzed are source.

with an uptilling in the center. The atomizer ia lo-
cated just below the snods, and it is held in & water-
cooled hrass cylinder EIY & poly{tetrafluoroethylene)
collar which keeps it electrically insulated from the
discharge. The orifice is another graphita disk
which 18 held in s water-tooled brass plate mounted
on a Hakelite sleave fitting snugly ever the brass
cylinder holding the anode and the atomizer. In

is way the orifice is electrically insulated {rom tha
rest of the eource so that it may take on the local
potential of the are. A stream of n is intro-
duced tangentially through the Bakelita sleeva to
control the position of the are. The ¢athoda is a
thoriated tungsten rod which is bheld vertically on
the axis of the discherge by a water-cooled copper
chaimber.

The electrical power for the discharpa may he
vaided by a d-¢ are rectifier power supply or by d-¢
ine power controlied by a ballaat resistor. Hither
iype of power supply i= satisfactory, but an inductor
in the cuput is necessary for stabla cperation.

When no solution iz introduced, the arc burns
%Vl_%et.ly with wvery hitle fluctuation in  position.

an water or » solution is introdnced, the arc
bacormes somewhat turbulent, but sppears to remain
stable in. position. However, high-speed movies
{4000 to 7000 framesfrec) ghow that, when water is
aprayed in, the are moves sbout in & random mannser
and only appears to be stable bacavse the rootion
s axtremaely rapid.

The voltage drop between the electrodea iz 40 v
when no sample is introduced and rises to sbhout 50 v
when 0.2 ml/min of water is sprayed in. The are
ewrent and voltege remain siable for extended

ariods without any adjustoent of the power supply.

he are may be operated for 30 min or more at a
currant of 20 atop and 2 sample spray rate of 0.2
mlfmin; the time of operation 1= limited by attack
by water vapor on the hoi tungsten cathode or, in
some caees, the deposition of material from the
golution onko this trode. The graphiic anode
need be replaced only alter a few hours of operation,
and the orifice requires evan lesa frequent Teplace-
ment or cleaning,

The spectrum of the discharge shows lines of the
elements in the solution and bands of OH and N{
as well as lines of Ar and Ar* and diffuse lines of H
and N. The specira of thorium and tungeten are
strong at tha cmﬁmda but thesa lines decranse rapidly
in intenaity toward the orifice and are indistinguish-
able above backpround in the lower hslf of the gap.
Thera i relativ f’ strong continuous radiation from
the are, probably arising from recombination of
argon ioma snd electrons.

The movement of the are is rapid enough so that
the messzured emission intensities are quite constant,
aven with a short time constant in the recording
gyetemn. When an emission line is recorded with a
time constant of ¥ sec, the fluctuwations in intensity
are about 5 percent, peak to peak [1]. Observations
over o period of 30 to 40 min, with 30 sac integration
of the =ignal, have shown [1] that the line micnsities
remain conatant to within 1 or 2 percent.
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3, Temperature of the Azc

Beeanse of the rapid random motion of tha are,
the distribution of temperatures in the discharge
could be studied only if the exposure times were
made very short. There has besn no attempt to
do this, and the data reported here represent aver-
sgea in both space and time. For this reason, all
temperatures given here should be considered to be
effective excitation tempearatures only.

Preliminary studies of the tempernture of the arc
have been reported previously [1]. These tem-
peratures were determined from the relative inten-
sities of four Cr 11 lines at 2860.93, 2862 .57, 2870.44,
and 2875.99 A using relative transition probabilities
given by Zagoryanskaya [3]. The messurements
mmdicated a temperature of 8125 °K, snd no sys-
tematic changes with femperature were found when
the current and sample flow wera varied.

The temperature of the arc has alse been measured
from the relative intensities of 41 linea of Tim,
24 lines of Tir, and 95 lines of Fox. The measure-
ments wers based on gfvalues given by King [4]
for Ti11, and by Corhes and Bozman (5] for Tir
and Fet. The experimental nrrnuglf;nent for these
temperature measurements weaa t BAME BS 13
destribed in section 5.1 of this paper.

For each of the thermometric =pecies (Ti1, Fe1,
Timn a {plot was made of log (ﬁﬁ'ﬁf} varsy= the
energy of the upper state of the transition. Figure
2 shows the plot obtained in this way {for Fe1. The
glope of the best straight line for the data points
was caleulated by the method of least squares, and
the temperature of the are was found from T=
—0.4343/kb, whera & s the slope of tha line. The
temperaturea found were: from Ti 1, 7670 °K; from
Tii, 5540 °K; from Fe1, 5510 K. The exposure
for the measurement with Tin was made with 2
solution econtsining both titanium and chrominm;
a temperatura of 7680 °K waa found in this exposure
from: the relstive intensitiez of the foar Cr 11 lines
in the 2360 to 2575 A repion. The differencs of 400°
hetween the temperature obtained with the Cru
lines in previous experiments and o this ciposure
way -be related to & small differenes in the method
of recording the spectrn. The exposures indicating
& temperature of 5125 K were made with the
gource focusad on the entrance slit of the spectro-
graph [1], while the exposure Eflw.'ing 8 temperatura
of 76580° K was made with the alit evenly luminated
with light passing through s mask on the source
{see gee. 5.13. In the latter case, a wider ares of tha
djsc]:iurga was viewed and & lower temperature was
found,

The plots of log {TA*/af) versus E werc all linear
within the precision of the dats, which is consiatent
with an assumption of loeal thermal equilibrinm
(LTE). The fact that the measurernents with
Ti and Cr i agree, as do those wath Tig and Fe 1,
iz again copeistent with LTE. However, this
evidence does not establish that the are ia character-
1ized by LTE. In this work, it was found that &n
eifective axeitation temperature could be determined
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for the are. In addition, Kitaeva et al. [19] have
found that an grein argon is in LTE over the current
range from 10 to 200 wmp, which includes the earrent
nsed in our work. Therelore, the are was assumed
to be characterized by LTE for the purpose of this
study. If LTE is sssumed, the disparity between
the effective excitation temperatures obtained from
the spectra of neutral atoms and of ions can he
interpreted as indicating & larga radinl temperature
gradiant in the are.

4. Excitation of Mixed Solutions

Direct measurement of abaolute transition proba-
Lilitiea with thiz source would be difficult hecause
the eoneentration of an element in the discharge
cannot easily be determumed.  Measured relgtive
transition probabilities can be placed on an absalute
scale if an absolute transition probability has been
deterinined by some other method for ab least one
emizsion line. In the case of those elementa for
which 1o absolute transition probahilities are known,
it may be possible to take adventage of the fect
that two or more elements ean be introduced into
the spurce in known relative proportions. The
assumption must then be made that the relative
concentrations of the elements in the are are the
gamne a4 in the solutions being introduced, or else a
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correction muat be mads for differential volatiliza-
tion or diffusion of the slementa.

The possibility of performing measurements of
this kind has been explored by introducing into the
discharge & solution containing manganese and lead
and measuring the jntensity ratio for the lne pair
Mn 4031/FhL 2833 i Absoinie pf-values {or these
lines have been determined in the same laboratory
and by the same procedure [6, 7). The expected
intenmbty ratio was calevlated wssuming that the
cancentration ratio of the elements in the discharge
was the same az in the solution. No attempt wes
made to correct for any self-absorption thel night
aecur,  Tonization in the arc was taken inko aceount.

For & sowce characierized by local thermal
eqoilibrinm, ionization is described by the Saha
squaticn:

NTN N =[{2emb TY 20t K" exp (= ViET), (5)

where N*, &, and N* ara the concentrations of lons,
electrons, and neutral atome, ut and «® are the
partition functions for the jon and the neuiral atom
at the temperature, T, of tha discharge, V' iz the
ionization ene of the neutral stom, and the other
symbols have the saane meaning as before. For the
twio elements Mn and b, aq (5} ¢an be reduced to

{Nin! N} (N2 Ny
= [(rfoafaen} [{cdy )] 0xp U Voo — Vi ET). (8

Tha first ionization energies of lead and manganess
are 7.285 and 7.40 ev, so that the exponential term
mey be taken a3 equal to ene.  Substituting parti-
tion functions fram Corliss and Bozmean [5],

{ V! N [ AN N}
= (7.8/6.51/(2,1/1,6)=0.92. {7)

To & reasonahl %:Dd approximation, the degres of
iooizetion shnu])nri the same for both elements, and
tha ratic of the concenirations of the nautral atoms
should be about the same as the ratio of the total
concentrations. Corbes [B] [ound that mengenese
was 29 percent ionized and lead was 31.5 percant
ionized in the copper are.

Equation (2) of section 1 may be rewritten for the
mtensity ratio of the Mo/I'b line pair:

{Tyn! Tem}
=(N;-ﬂhlmun,funfmbﬂanﬁangrl-frh] exp [(F,
—FEpn) BT (8

Because the spactra are of neatral atoms, the effec-
tive excitation temperature that should apply is the
one obtained with the Fe1or Ti1 hines, zEssuming &
temparature of 5510 “K an intensity ratio of 1.61
was calculated for the ratio of the molar coneentrs-

tiona of lead and inanganese in the experiment
(Mun/Mm=1.72). The observed intensity ratios in
two exposures were 2,17 and 2.03, averaga=2.10.
Tha ratic of caleulated to obaerved relative intensis
ties was 0.70.

The difference between the calculated and oh-
served intensities might be due in part to demixin
in the arc column [20], although it i to ba hupeﬁ
that the rapid p a of the gas through the ex-
citation zone would limit ihe extent of demixing.
The sccuracies of the transition probabilities are
also open to question. The precizions of the valuea,
a3 determined by repeated messurements in the
same Jaborutory and by ths same method, are 8 to
10 percent (6, 7], but the accuracres of the values
are not known.

These measuremenis cannot provide positive in-
formation on how accurataly abscluie oscillator
strengths can be determined through the introduwe-
tion of mixed solutions into the tabilized are
sowrce. However, the agreement Letween the ab-
served and calculated intensity ratios in this ona
experiment 3= good encugh to indicate that the
techniqua will be of value.

5. Measurement of g#Values for Fel

As a part of this study, new measuramentz hava
been made of the oecillator sirengihs of 1056 lines in
the first spectrum of iren. Belative gf-values for
these lines were determined by Eing and King [8]
fromw furnace absorption messurements. Kelative
E{-values for a few of the lines were redetermined

¥ Sobolay [ll‘(lﬂ from the spectrutn of an arc between
copper _electrodes eontaining a small percentage of
iron. More recent measurements of transition
robabilities for most of these lmes were made by

osswhite [11] with a number of emission and
ahsorption scurces. Finally, Corlizs and Bozman [5)
have tabulated gfvalues for most of these lines,
based on measurcments of spectra fromm en are
between copper electrodes comtaining 0.1 stomiec
percent of iron. The data of Crosswhite and thoes
of Corlisge and Bozman are relative walues whieh
have baen placed on an ahsolute scale by means
of conversion faectors derived from  abeolute
[easUraments,

Soboler observed that his gf-values did not agree
with those of King and King, and he ascribed tha
difference to & lack of thermal equilibriem in the
King furnace. Crosswhite found a systematic dif-
forence between his measurements and those of King
and King; when the iwo sels of date are placed on
the same scale atb longer wavelengths, the gf-values
determined by the Kings are low by shout a {actor
of 10 compared to Crosswhite's values at shorter
wavelengtha, Crosswhite ascribed the wavelength-
dependent difference to =enttered Light in the
spectrograph used by the Kings.
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E.1 Exparimental Procsdura

For measurements of the gf-values of Fa1, the
source wis operated at 2{) amp and equipped with a
mask arranped to pass light from s 1 mm-wide
vertical erosz-section through the axis of the are in
the lower helf of the gap betwesn the orifice and the
cathode, The spectra were photographed in the
first order of a 21-ft Wadsworth mount grating
spectrograph with a 15,000 linefin. ting. The
A0z entesnce glit of the spectrograph was evenly
illeminated, and four ateps of n 1:2 step sector were
euﬂ:nlcryad to permit phou:-metr%: of lines having
widely different intensities. Two 10an. 5A-1

lates wore used for each et of gxpuﬂures in order o
include the region from 2900 A W0 the 103 WaATE-
length limit of the emulsicn (about 4150 % The
e ure time was eelected to give a transmittance
value of about 70 percent for the hackground in the
darkest step. The plates were developed for three
minutes in D-19 st 20 °C, and the Lransmiitanes
volues of the lines and the adjacent background
were maasurad on & nonrecording microphetometer.
The emulsion calibration was determined for each
plate at 50 A jntervals by the two-step method [12].

Two asets of plates were exposed. One zet was
exposed with a solution containing 1 gfliter of iron
{sa ferric chloride), and the other with solutions
containing 5 and 10 giliter of iron. An DSUITE
was also made on each set of plates with distilled
water introduced into the are to permit identilication
of interfering Jines and bands. An additional
exposure was also made on each set of plates of the
continuous radigtion from the anode of an S-amp
are beiween graphite electrodes, arranged as des-
cribed by Buler [13]. This permitted a correction to
he made for the varnation of response with wave-
length of the emulsion and the spectropraph, using
the temperature and emissivity data for the graphite
ancde riven by Buler. The correction wes inter-
polated throwgh the (N band region. Finally an
exposure was made on each set of plates of an jren
wre for wavelength calibration,

5.2, Resulis

The effactive exciiation temperature of the dis-
churge was found for each exposure with the threc
concentrations of irom, ns deseribed in seciion 3.
The temperatures found wore 5810, 5420, and
5510 °K, average 5510 °K. These data do not
indicate any affect of the coneentration of iton in the
golution on the temperature of the diﬁ»cha,rpf:a.

In the three exposures, tho intensities of the Fax
lines incressad by a larger factor than the increase
in the concentration of iron in the solutions, For
example, the line intensities incressed by & factor
of 2.9 when the eoncentration of iren in the solution
was increased by a factor of 2.0, from 5 to 10 g/litar.
Thiz efect may be due to a shift in the lonization
equilibrium, Bs Lias heen observed [14] for the excita-
tion of eamly ionized elements ip flames.  If  signifi-
cant portion of the electron concentration in the

di=eharge iz Irom ionization of iron, then the clactron
eoncentration will also ineresse with incrensed iron
concentration. In sccordance with the Saha equilib-
rintn, thi= will regult in a lesser degree of ionization
a3 the total iron concentration is increased.  Aecord-
ingly, the risc in the roncentration of neutral iron
atoms, and the intensity of the Fer lines, can be
expected to be greater than the inerease in the total
concentration of iron.

A total of 105 lines from the list of King and Ki
[':}] were observed in the three exposures. Seve
of the lings were not observed with s measurable
intensity in all exposures, being sither too light at
tha lowest eoncentration or too dark at the highest
comeentration. A few of the lines which could be
obaarved on one set of plates could not be obzarved
in the other zet because they bappened o come st
the space between the twe plates in the cnmera,

Kelative gf-values for the 105 lines were caleulatad
from the messured intensjties using the relation
gfr=10exp(E/ET), where I, and f, are the relative
mtensities and oscillator strengths. The three sets
of values wera normalized to tha same scale and nn
wverage gf-value was found for each line. To take
iote account the improvement in the precision of
phetometry with increasing lina/hackground ratio,
the gf-values from the thres Individusl exposures
were welghted approximately in proportion to the
square root of the concentrations; the values obtuined
from the axposure with the most dilute solution were
ssmirried a weight of 1, those from the exposure with
the solution contaimng 5 1g,‘f'lit.er of iron wars assigned
& weight of 2, and the values from the exposure with
the most concentrated solution were sssigned &
weight of 3. The averare deviation from the
weighted meun of the values was also calculated for
each Jine for which there were two or three measyre-
mcntz. The relstive average deviation ranged
from 0 to 15 percent, with an average of 4.2 percent.
Tha relative gi-values were then normalized to the

sbaolute sesle of gf (3710.84 R)=0.288 [18].
Many of the lines chserved in this atudy are subject
to self-ubsorption, sinee the lower energy levels of the
transitions ure 2t or nenr the ground level. The
extent of self-absorption in the gas-stsbilized arc
ZOUrte Wik inveat.ifatad by comparing the relative
intensitics obtained in ihe exposures with 5 and 10
gﬂit&r of iron. TFor this purpose, the lines were
ivided inic three groups, according to the degree
of sell-absorption found by Crosswhite [11] for these
lines in o 1 amp d-¢ are between iron electrodes.
For 25 of thesa lines, Crosswhite found no significant
sell-abaorption in the 1 amp are; the ratio of tha
intensities at the two concentrations in the gas-
stabilized arc, I/ L, averaged 291, with a atandard
deviation of 0.24. ¥or 31 of these lines, Crosawhite
found less than 30 percent self-absorplion; for thesa
hnes Foffs= 2.00+0.11. For 30 of the lines, Cross-
whita found more than 30 percent self-absorption
in the 1 amp sre; for these Foffi= 2.9540.20. The
differercs in the ratio I fs for the group of lines
which showed more than 30 percent self-abaorpiion
ini the 1 amp are and the other two groups of lines




is statistically significant. While the effect of self-
absorption is detectahle, it has net been a serious
cavse of error in our work. The ratio Jiu/J, changed
by 5.5 percent between the lines which were found by
Crosswhite 10 be not self-abaorbed snd those that
showed more than 30 percent gelf absorption in the
1 amp are; this differencs is comparable to the photo-

metels eIror.
Takle 1 lists the g values found in thia study.
The wavelengths and energy levels are taken from

the tablea of Meggers, Corliss, and Seribuner [15].

The gf-valees found for these lines by King and King

8}, by Crosawhite [11], and by Corliss and Bozman
[6] mre aleo listed.  {Crosswhite's tables list e-valies
which sre related to the gf-values by a wavelengih-
dependent conversion factor. Crosswhite states
that multipheation of the ¢-values by the conversion
factor will give the f~values, Actuslly, this operstion

ivea the gfvalues.) The gfvalues given by the

ings and by Crosswhite are alse placed on the
aheolute scale based on gff3719.04 A)=0.255 [16].
Cros=white’s wvalues had been nortnalized to an
aatlier (17} absolute measurerment of the sama Fe 1
line which was lower hy shout a factor of three.
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8.2, Diiscussion

Figure § shows a comparison between the results of
this work and the data given by King and King 14].
The ratio of the gf-values from the two studies is
R}utted as & function of the wavelengtl: of each line.

ha wavelength-dependent error in the values of
King and King, first notad Crosswhite |11], is
ghpwn clearly. The points fall low at short wave-
lengths and they also show incressed ecatter com-
gared to the poinis at the longer wavelengths. These

nta tend to confirm Crosswhite's deduction that the
values obtained by the Kings are low ab shorter
wavelengtha ap%arent-ljr becansze of scattered light in
the apectrograph.
igura 4 15 a ¢omparison of the data obtained in
this study end the resnli= given by Crosswhitas [11],
The ratic of the gf-values is plotted a8 » function of
the energy of the upper state of the transition.
Although the points are scattered, there appears to
be a downward trend of the ratio of the gf-values
with the excitation enerpy of the lina. This energy-
dependent difference reflects a systematic difference
between the datn of Croeswhite and the values givem
by Corliss and Bozmsn [6]. The data listed by
Jmﬁm and Bozman are derived from the measure-
ments by Meggers, Corlies, and Seribner [15] of line
intensities in & copper arc. Corliss (18] found the
temperatura of this are to be 65100 110 °K, and
this temperature was used by Corliss and Bozman in
the caleulation of the gf-valuea. With the ?f-va.lues
Ei[van by Crosswhite and the line intensities [iated by
ergerd, Corliss, and Seribner, a temperature of
4750 °K is found for the copper are. There is,
therefore, an en -dependent bias between the

_values obteined by Crosswhite and those given by

prlisa and Bozman.

The present measuremenis are refated to those of
Corlise and Bozman in such a way that there can be
no systematic differences that are dependent on the
pxcitation energiez of the lines. However, o wave-
length-dependent difference is ible. Figure fisa
camparigon of the data of this study with those of
Clorlizs and Bozman, plotted as & function of wave-
length. These appears to be a slight trend of the
ratio of the gf-values with wavelength. The same
comparison when made between the resulta of this
work and those of Crosawhite shows an indication of
s trand in the opposite direction (fig. 6). Figure 5
also shows how the absolute scale of Corlisa and
Bozmen diffsrs from the one adopied in this work.

Tha gf-valves resulting from work described
bers have a random exvor of 4.2 tiement {see sec, 5.2.)
Corliss and Bozman estimaia the precision of their
gf-values at 30 to 35 percent in the range of excitation
energice of these lines, and their date a with
the values of the dﬁ&ﬂ&n‘b study within thie factor,
agide from the erence in the nhsolute scaie.
Crosswhita does not give sn estimate of the pra-
cision of his values, but an indication of the random
arrors involved in his measyrements ¢an he obtained
by comparison of the values obisined by him from
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TaBLE 2 —Comparisen of gf-valted medaured with Jiferent aources
Diata of Cromwhice [11].
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messurements with different sources. Table 2 lists
the resnlts of suek a comparison. Good sgreement
between two setz of resulie is indicated when the
ratio of the gfvalues ia near unity and the standard
deviation of the ratio is small. Good agreement
according to this eriterion is found in some instances,
but in other cases the average of the ratios is far
from unity or the standard deviation is quite large.
Qvergll, the relative standard deviation is 44 per-
cent. e gi-values Listed in table 1, and compared
with the reaults of this study in figyres 4 and 6 have
Lesn selected by Crosswhite as being probably the
moat rehisble, so that the randomn errors may not
be as la gz the 44 percent relative standard
deviation found by the internal comparison. How-
ever, it i3 not unreasonable to assume that much of
the scatter of the points in fipures 4 and B representa
random errors 1o the measuremenis made by

{Croeswhite.
6. Conclusions

The resnlts of the present study indicate that
the gasstabilized are source should be useful for
the determination of transition probakilitiea. Thae
aonree appears §o exhibit local thermal equilibrium but
it does have n raudinl temperature gradient. The
spectral intensitiez emitted by the arc are remuarkably
constant even thﬂ‘]ﬁ]\] the arc is not completely
atable in position. The absolute concentrations of
the elements in the diecharge are not known, so
that onfy telative transition probabilities may be
determined direcily. However, one axperiment in-
dicated Lhat when a solution containing a mixture
of elements is introduced into the sre the relative
concentrations of the elements in the plasma are

absurpthon;

a.ggmxlmat.ely the aame ga in the solution. It may
therefore be poasible to determine absolute tranaition
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“valoes maamired wlth tha fnllowiog seareca:
=—lertrodriem diwhareg

; F=fluma o ¢mistion; b—holkw cothede,

probabiliticz by meanz of measurements with mixed
aolutions, emp y‘mﬁ known absolute values for ona
element to place relative values for another elament
on an shsolute scale, The effects of self-abeorption
ara not large in the gas-stahilized arc eource, and
they can ba studied by varying the composition of
the solution that is introduced mio the discharge.

The tabilized arc source has heen applied to
the redetermination of oscillator strengtha for 105
linea in the first spectrum of iron. Systematic
differance=z bava heen found hetween the resuits of
this study and those of Hing and King [9], Cross-
white [11], and Corliss and Bozman [6]. The new
data do not make it posathle to select any one set
of gf-values a5 being more accurate then tho others,
except that a wavelength-dependent error in the
data of King and King, first noted by Crosswhite,
bkas been econfirmed. e new measyremants are
boliaved to have smaller random errors than any
of the pravious values.
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