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Stark Broadening of Isolated Spectral Lines from Heavy Elements in a Plasma* 
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The frequency distributions of neutral cesium and argon lines broadened by local fields of both electrons 
and ions in a plasma are calculated in the classical path approximation. The electron collisions are treated 
by an impact theory originally developed for neutral helium lines which takes into account deviations from 
adiabaticity. For the ion effects the adiabatic and in most instances also the quasi-static approximation can 
be used, if necessary corrected for ion-ion correlations and Debye shielding. Atomic matrix elements are 
obtained with the Bates and Damgaard method and are checked against measured Stark coefficients. Stark 
broadening parameters are tabulated for the argon lines arising from 2p and 3p levels (Paschen's notation) 
and for the cesium lines in the series 6S-nP, 6P-nD with n up to 20, 6P-nS with n up to 15, and SD~nF with 
n up to 10. Approximate formulas for total widths and shifts are suggested. For the widths, an accuracy 
of 20% is indicated by the good agreement with experiments. Measured shifts are only available for argon. 
Here the calculated shifts tend to be 20% larger than the measured values. 

ever, practically all the broadening is caused by inter­
actions between the upper state of the line in question 
and its neighbors, and lower state interactions can be 
neglected. Therefore, the relevant wave functions will 
not deviate too much from Coulomb wave functions 
(with modified energy parameters) at distances from 
the nucleus that contribute significantly to the matrix 
elements. The Bates and Damgaard6 procedure should 
accordingly be applicable without any large deterio­
ration in the accuracy. This is somewhat different from 
the situation for oscillator strengths, where also lower 
state wave functions are required, for which the Cou­
lomb approximation is less reliable. 

To check the above expectation, extensive calcu­
lations were made for a large number of argon and 
cesium lines. Cesium was chosen as an example because 
there is little doubt about the validity of the Coulomb 
approximation for excited state wave functions of 
alkali atoms, whereas for argon the situation is much 
less clear. For both argon7 and cesium8 experimental 
data are available. If deviations between experiment 
and theory should turn out to be of the same order in 
both cases, one would conclude that errors from using 
the Coulomb approximation of Bates and Damgaard 
are, indeed, usually not significant in line broadening 
calculations, and be encouraged to extend such calcu­
lations to other elements. 

The choice of argon and cesium was further motivated 
by the recent interest in the spectroscopic properties 
of these gases. Because it is monatomic and heavy, 
argon is often used in diaphragm-type shock tubes. 
Cesium, with its high vapor pressure and low ionization 
potential, has many applications in plasma sources. I t 
is hoped that the present calculations will serve to 
make possible more precise measurements of electron 
densities in these gases, especially at high electron 

6 D. R. Bates and A. Damgaard, Phil. Trans. Roy. Soc. London 
A242, 101 (1949). 

7 W. E. Gericke, Z. Astrophysik 53, 68 (1961). 
8 L . Agnew, Proceedings of the Symposium on Thermionic 

Power Conversion in Colorado Springs, 1962 (unpublished); 
P. M. Stone and L. Agnew, Phys. Rev. 127, 1157 (1962). 
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INTRODUCTION 

IN a preceding paper1 general methods have been 
described for the calculation of Stark profiles of 

atomic lines that are isolated, i.e., whose widths are 
much smaller than the separation between levels that 
contribute to the perturbation. Numerical results were 
obtained for 24 neutral helium lines and compared 
with a pulsed arc experiment.2 The consistency ( ± 10%) 
in the electron densities resulting from the widths of 
various lines suggested that the remaining errors in the 
line broadening calculations were rather small. 

This was substantiated by new measurements3 on a 
shock-heated helium plasma, in which electron density 
and temperature could be determined independently of 
line broadening. Calculated and measured linewidths 
coincided within 10%. The agreement in the wave­
length shifts of the intensity maxima of the line profiles 
was poorer (possibly because of the neglect of ion-ion 
correlations and Debye shielding), but still much better 
than that obtained by using the adiabatic impact 
approximation.4 >5 

In the helium calculations1 uncertainties introduced 
by errors in atomic wave functions were of the same 
order as those stemming from the schematic treatment 
of close electron collisions and the approximations in 
the treatment of the broadening by ions. The estimated 
over-all accuracy of the helium calculations was 20% 
for the widths, but is probably 10% or better as indi­
cated by the good agreement with experiment. 

For heavier elements somewhat larger errors must be 
expected from uncertainties in the atomic matrix 
elements required to compute the perturbation. How-
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Administration, the Office of Naval Research, and the National 
Science Foundation. 
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4 E. Lindholm, Arkiv mat. astron. Fysik 28B, No. 3 (1941); and 

dissertation, Uppsala, 1942 (unpublished). 
*H. M. Foley, Phys. Rev. 69, 616 (1946). 



516 H A N S R. G R I E M 

densities where microwave techniques are no longer 
practical, and at fractional ionizations at which optical 
interferometry is not yet capable of a good precision 
or too inconvenient. 

ELECTRON BROADENING 

The electron contribution can practically always be 
calculated in the impact approximation. The corre­
sponding profiles are, therefore, of dispersion (Lorentz-
Weisskopf) type. Because of the long-range nature of 
the (dipole-monopole) interaction between emitting 
atoms and perturbing electrons, perturbation theory 
can be used to calculate the dominant terms in widths 
and shifts of these dispersion profiles. For the same 
reason, the perturbing electrons can be assumed to 
move along their classical paths, and the perturbation 
is accordingly a known function of time. 

The following set of equations was used for the 
computations of electron impact widths (w) and shifts 
(d) of neutral helium lines (in angular frequencies): 

w+id=N J dv f(v)\irvpmia
2-\ [ — 

I 3v\m 

X L \(a\rMW)Ka(zaa'm^)+ib(haa'm'm)l , (1) 
va' j 

where pmin=2cm'minflAw was denned by 

i (»/^Pmin)2{CE I (a | rv/ao | a') | *A ( w " ^ ) ] 2 

va' 

+ [ £ I <« I fv/ao | a') \ *B ( w m i n ) ] 2 } "2 

va' 

= Qr (*)]-«. (2) 

These are Eqs. (3.15) and (3.16) of reference 1, in 
which N is the electron density, v the velocity, f(v) 
the velocity distribution function, (a \ rv/a0 \ a') a com­
ponent of the matrix element (in atomic units) of the 
atomic electron coordinate vector taken between upper 
state a and some interacting state a whose energies 
differ by S o w . Finally, A, B, a, and b are functions 
obtained in reference 1 from the second-order term in 
the iterated solution of the time dependent Schrodinger 
equation, i.e., the usual adiabatic approximation4,5 was 
not made. 

If the Schrodinger equation for the excited electron 
wave functions is separable in spherical coordinates, 
the only nonvanishing matrix elements are in terms of 
angular momentum quantum numbers I and radial 
integrals a, 

£ „ \(a\rv/aQ\af)\*=T,v |</|r,/ao|fcfcl>|» 

= l(2l-l)£a(n^hl-l;nhl)J, / - + / - 1 . (3) 

Following Bates and Damgaard6 one writes, e.g., 

- J 2 v l / 2 -

o-(^_i, 1-1) nhl)--
r3 

-n%\ 
.2 4/2-1/ J 

<p(ni-hnhl) 

= F(nhl)<p(m-.hnhl), (4) 

with the effective principal quantum numbers to be 
determined from the excitation energies Eni, namely, 

» I = [ £ H / ( £ W - E » 0 ] 1 / 2 . (5) 

Here, E H is the ionization energy of hydrogen and EM 

the ionization energy of the element in question. 
The functions <p(ni-.i,m,l) were tabulated6 for Z=l , 

2, 3 using Coulomb wave functions. But for ni-i=ni 
one has <p(ni-i}tii,l) = l, and since for larger I the 
difference between nt and ni-i is always very small, 
one can then simply use <p(m-i,nijl) = l. Also, if 
effective principal quantum numbers are larger than 
those for which <p(m-i,ni,l) is tabulated (tii>7), there 
is no need for an extension of these tables, because 
again ni—ni-i will be small. Only for some lines from 
very low-lying excited states where the validity of the 
Coulomb approximation is doubtful, an extrapolation 
to small principal quantum numbers is necessary. This 
will, however, not cause any significant additional 
uncertainties, because <p(ni-i,ni,l) is a very slowly 
varying function of m. 

In case of complicated systems like argon there is 
some ambiguity in the selection of interacting levels 
due to the breakdown of Us coupling. Therefore, the 
following additional selection rule was adopted: 
A /=A/ , and no change in the inner configuration was 
allowed. Energy levels and configurations were ob­
tained from the tables in "Atomic Energy Levels."9 

For cesium it was necessary to calculate some additional 
levels using effective quantum numbers whose devi­
ations from the next integers were determined by 
extrapolation from the available measured levels in 
the same series. 

ION BROADENING 

The contribution of ion broadening to the widths of 
isolated lines is usually less than ~ 2 0 % . I t is therefore 
convenient to express frequencies (or wavelengths) in 
terms of the electron impact width w and to measure 
them from the location of the line already shifted by d 
(due to electron impacts), i.e., to introduce as variable 

# = (a)—O)Q—d)/w, (6) 

co0 being the frequency of the unperturbed line. 
If the broadening ions are heavy like cesium or 

argon, their motion can almost always be neglected. 
Then one can use both the adiabatic and the quasi-
static approximation, which result in reduced line 

9 C. E. Moore, National Bureau of Standards Circular No. 467, 
Vol. I (U. S. Government Printing Office, Washington, D. C, 
1949 and 1958), Vols. I and III. 
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profiles 

jH(xia) = (1/TT) f dp WH(fi)/[\+ (*-a4 W ] (7) 
J Q 

[Eq. (4.14) of reference 1]. Here WH(P) is the 
Holtsmark10 distribution function for the normalized 
ion field strength P=F/F0, with F0=2.6UN2lz, and a 
is a parameter that characterizes the quasi-static ion 
broadening (not to be confused with the quantum 
numbers a, a!). According to Sec. 4 of reference 1, it is 

a = ( V 3 M i ( » A » ) 8 E \{*\rM*')\Vua«'wJ*\ (8) 
va' 

if one ignores the small dependence of the static 
quadratic Stark splitting on the magnetic quantum 
numbers. Since w is proportional to N, the parameter 
a is only proportional to N* and hardly ever becomes 
larger than ^0.5 for densities at which isolated lines 
exist. 

At small a values, the cores of the reduced line 
profiles (7) are quite close to dispersion profiles whose 
half-widths and shifts are about 1+1.75a and 2.0a, 
respectively. The actual profiles have accordingly 
approximate widths (l+1.75a)w and shifts d+2.0aw. 
This follows by comparison with the numerically 
calculated profiles listed in Table III of reference 1. 

The quasi-static approximation will be valid pro­
vided the frequencies characterizing the ion field, 
namely, v/pm [y being a typical ion velocity, 
pw= (47r7V/3)~1/3 the mean ion-ion separation], are con­
siderably smaller than w, which essentially determines 
the width of the profile. If the parameter 

a = wpjv=w/v (4nN/$)llz (9) 

becomes of order 1 or smaller, the time dependence of 
the ion field can no longer be neglected. Then, the 
reduced profiles j(x,a,a) should be employed, which 
can also be found in Table III of reference 1. From 
(9) it follows that cr is proportional to N2,z. It therefore 
increases faster than a with increasing ion densities, 
implying that the quasi-static approximation becomes 
more applicable as the relative contribution of ions 
to the Stark broadening increases, which is mainly 
determined by the magnitude of a. 

In the calculation of JH(X,O) and j(x,a,cr), it has 
been implicitly assumed that the perturbing ions were 
statistically independent. At high densities this is no 
longer the case and WH(@) in (7), e.g., should be re­
placed by a distribution function in which ion-ion 
correlations and Debye shielding by electrons are taken 
into account. Such distribution functions have been 
calculated by Mozer and Baranger11 using a cluster 
integral expansion. They depend on the ratio of mean 

10 J. Holtsmark, Ann. Physik 58, 577 (1919). 
11 B. Mozer and M. Baranger, Phys. Rev. 118, 626 (1960). 

distance and Debye radius 

R=Pm/pD-61VeNll6(kT)-^ 

«2- 1 ' n5 1 /W' 6 (^)~ 1 / 2 , (10) 

and (7) should be replaced by 

jR(x,a)= (1/T)[ dpWB(0)/Zl+(x-ct'*p)*J (11) 
Jo 

This integral was evaluated numerically and the 
results are listed in Table I. The asymptotic wing 
formulas (Appendix Z of reference 1) remain unchanged, 
because the probability of high field strengths at a 
neutral atom is not affected. 

The influence of the above corrections on the line-
widths is rather small, because the latter are mostly 
determined by electron broadening. But shifts can be 
reduced considerably since here electron and ion con­
tributions are often comparable. Again approximate 
formulas for total widths and shifts of the complete 
profiles can be obtained by inspection, namely, 

Wtotei«[l+1.75a(l-0.7S2?)>, (12) 
and 

rftotei«[rf/w+2.0a(l-0.75JR)>. (13) 

These expressions are sufficiently accurate in view of 
the uncertainties introduced by the various other 
approximations, as long as a is below 0.5 and R below 
0.8. 

NUMERICAL RESULTS 

Electron impact widths w and relative shifts d/w 
were calculated from Eqs. (l)-(5) using up to five 
interacting states for electron densities iV'=1016 cm~3. 
The results are summarized in Tables II (argon) and 
III (cesium). They can be applied to other electron 
densities N after multiplication of w with N/N' if the 
lines are isolated, i.e., have no forbidden components, 
and as long as Debye shielding does not reduce the 
electron broadening, i.e., as long .as N <Nmax^mo)aa

f2/ 
2ir2e2, where a w is the separation of the nearest inter­
acting level in angular frequency units [Eq. (3.19) of 
reference 1]. Also tabulated are the ion broadening 
parameter a defined by Eq. (8) and (for cesium) the 
static quadratic Stark coefficient C. Again a pertains 
to the electron density iV'=1016 cm"3 and should be 
multiplied with (N/N')*, whereas the ratio d/w is 
obviously independent of N. All line broadening 
parameters depend only weakly on the electron 
temperature. Interpolation for intermediate tempera­
tures should therefore not cause any difficulty. 

Total (half) half-widths and shifts of the line in­
tensity maxima are most readily obtained from the 
tabulated Stark broadening parameters and Eqs. (12) 
and (13) with (10), observing the appropriate scaling 
with the electron density. This procedure is, however, 
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TABLE I. Reduced line profiles jn(x,a) for various values of the ion broadening parameter a and the Debye-shielding parameter R. 

a 

0.1 

0.2 

0.3 

0.4 

0.5 

a 

0.1 

0.2 

0.3 

0.4 

0.5 

0.0 
0.2 
0.4 
0.6 
0.8 
0.0 
0.2 
0.4 
0.6 
0.8 
0.0 
0.2 
0.4 
0.6 
0.8 
0.0 
0.2 
0.4 
0.6 
0.8 
0.0 
0.2 
0.4 
0.6 
0.8 

2 2 \ 

0.0 
0.2 
0.4 
0.6 
0.8 
0.0 
0.2 
0.4 
0.6 
0.8 
0.0 
0.2 
0.4 
0.6 
0.8 
0.0 
0.2 
0.4 
0.6 
0.8 
0.0 
0.2 
0.4 
0.6 
0.8 

- 2 . 0 

0.049 
0.050 
0.052 
0.053 
0.054 
0.039 
0.041 
0.044 
0.046 
0.047 
0.032 
0.035 
0.038 
0.040 
0.043 
0.027 
0.030 
0.033 
0.036 
0.039 
0.023 
0.026 
0.030 
0.033 
0.035 

- 1 . 5 

0.073 
0.075 
0.077 
0.080 
0.081 
0.057 
0.061 
0.065 
0.068 
0.071 
0.046 
0.050 
0.055 
0.059 
0.063 
0.038 
0.043 
0.048 
0.053 
0.057 
0.032 
0.037 
0.042 
0.047 
0.052 

0.3 

0.276 
0.277 
0.278 
0.279 
0.280 
0.234 
0.243 
0.250 
0.256 
0.260 
0.192 
0.209 
0.222 
0.233 
0.241 
0.158 
0.179 
0.197 
0.212 
0.224 
0.132 
0.154 
0.175 
0.193 
0.207 

- 1 . 0 

0.115 
0.120 
0.124 
0.127 
0.130 
0.087 
0.094 
0.101 
0.107 
0.112 
0.069 
0.077 
0.085 
0.092 
0.099 
0.056 
0.064 
0.073 
0.081 
0.088 
0.047 
0.055 
0.064 
0.072 
0.080 

0.5 

0.264 
0.262 
0.260 
0.258 
0.257 
0.237 
0.242 
0.245 
0.246 
0.247 
0.202 
0.215 
0.224 
0.230 
0.235 
0.170 
0.188 
0.203 
0.214 
0.222 
0.143 
0.165 
0.183 
0.198 
0.209 

- 0 . 7 

0.154 
0.160 
0.166 
0.171 
0.175 
0.116 
0.126 
0.135 
0.143 
0.150 
0.091 
0.102 
0.113 
0.123 
0.132 
0.073 
0.085 
0.097 
0.108 
0.117 
0.060 
0.071 
0.084 
0.095 
0.106 

0.7 

0.241 
0.236 
0.232 
0.229 
0.227 
0.230 
0.230 
0.228 
0.226 
0.224 
0.204 
0.212 
0.216 
0.218 
0.219 
0.176 
0.191 
0.200 
0.207 
0.211 
0.151 
0.170 
0.184 
0.196 
0.202 

- 0 . 5 

0.186 
0.193 
0.200 
0.205 
0.210 
0.140 
0.152 
0.163 
0.173 
0.181 
0.109 
0.123 
0.136 
0.149 
0.159 
0.087 
0.102 
0.116 
0.130 
0.142 
0.072 
0.086 
0.101 
0.115 
0.127 

1.0 

0.198 
0.192 
0.187 
0.183 
0.179 
0.207 
0.200 
0.195 
0.190 
0.185 
0.196 
0.195 
0.193 
0.190 
0.187 
0.176 
0.183 
0.186 
0.186 
0.185 
0.156 
0.168 
0.176 
0.179 
0.181 

- 0 . 3 

0.221 
0.228 
0.235 
0.241 
0.246 
0.167 
0.181 
0.193 
0.204 
0.213 
0.131 
0.147 
0.163 
0.177 
0.188 
0.104 
0.122 
0.139 
0.155 
0.168 
0.086 
0.102 
0.120 
0.137 
0.152 

1.5 

0.134 
0.129 
0.125 
0.121 
0.119 
0.157 
0.148 
0.140 
0.134 
0.129 
0.164 
0.156 
0.148 
0.141 
0.135 
0.159 
0.156 
0.150 
0.144 
0.139 
0.148 
0.151 
0.149 
0.145 
0.141 

-0 .2 

0.237 
0.244 
0.251 
0.256 
0.261 
0.181 
0.195 
0.208 
0.219 
0.228 
0.142 
0.159 
0.176 
0.190 
0.203 
0.114 
0.132 
0.151 
0.167 
0.182 
0.093 
0.111 
0.131 
0.149 
0.164 

2.0 

0.092 
0.088 
0.085 
0.083 
0.081 
0.115 
0.107 
0.100 
0.095 
0.091 
0.129 
0.119 
0.111 
0.104 
0.098 
0.134 
0.126 
0.117 
0.110 
0.104 
0.132 
0.127 
0.120 
0.113 
0.107 

- 0 . 1 

0.252 
0.258 
0.264 
0.269 
0.274 
0.195 
0.209 
0.222 
0.233 
0.242 
0.154 
0.172 
0.189 
0.203 
0.216 
0.123 
0.143 
0.162 
0.179 
0.194 
0.101 
0.121 
0.141 
0.160 
0.176 

2.5 

0.066 
0.063 
0.061 
0.060 
0.058 
0.084 
0.078 
0.073 
0.069 
0.066 
0.100 
0.091 
0.083 
0.078 
0.073 
0.110 
0.100 
0.091 
0.084 
0.079 
0.113 
0.105 
0.096 
0.089 
0.083 

0 

0.264 
0.269 
0.274 
0.279 
0.282 
0.208 
0.221 
0.234 
0.244 
0.252 
0.165 
0.183 
0.200 
0.215 
0.227 
0.133 
0.153 
0.173 
0.191 
0.205 
0.109 
0.130 
0.151 
0.170 
0.187 

3.0 

0.049 
0.048 
0.047 
0.045 
0.044 
0.064 
0.059 
0.055 
0.052 
0.050 
0.078 
0.071 
0.064 
0.060 
0.056 
0.089 
0.080 
0.072 
0.066 
0.061 
0.096 
0.086 
0.078 
0.071 
0.065 

0.1 

0.272 
0.276 
0.280 
0.284 
0.286 
0.219 
0.232 
0.243 
0.251 
0.259 
0.175 
0.194 
0.210 
0.224 
0.235 
0.142 
0.163 
0.183 
0.200 
0.214 
0.117 
0.139 
0.160 
0.180 
0.196 

4.0 

0.035 
0.034 
0.033 
0.033 
0.032 
0.039 
0.036 
0.034 
0.032 
0.031 
0.050 
0.045 
0.041 
0.038 
0.035 
0.060 
0.052 
0.047 
0.043 
0.039 
0.067 
0.059 
0.052 
0.047 
0.043 

0.2 

0.277 
0.279 
0.282 
0.284 
0.285 
0.228 
0.239 
0.248 
0.256 
0.262 
0.185 
0.202 
0.218 
0.230 
0.240 
0.151 
0.172 
0.191 
0.207 
0.220 
0.125 
0.147 
0.168 
0.187 
0.203 

5.0 

0.026 
0.025 
0.025 
0.025 
0.025 
0.026 
0.024 
0.023 
0.022 
0.021 
0.033 
0.030 
0.028 
0.026 
0.024 
0.041 
0.036 
0.033 
0.030 
0.027 
0.048 
0.042 
0.037 
0.033 
0.030 

only applicable if the quasi-static approximation holds 
for the ion broadening, which is sufficiently justified 
for cr>l. If more detailed profiles are desired, Table I 
should be used for <r>.l, and profiles in the usual wave­
length scale follow then from the transformation given 
by Eq. (6). In the rare cases in which a is too small for 
the quasi-static approximation but a still too large as 
to make the ion broadening negligible, the reduced 
profiles j(x,a,cr) (Table I I I of reference 1) would be 
applicable. [[Then a must be determined from Eq. (9) 
with w in angular frequencies, using the mean velocity 
of the perturbing ions for v.~] 

COMPARISON WITH EXPERIMENT 

Static quadratic Stark shifts have been measured 
for a large number of argon lines12 and for two cesium 
lines.13 In Table IV these measured shifts are compared 
with the present calculations to provide a check on the 
radial matrix elements and the coupling scheme used 
in the line broadening calculations and, in case of argon, 
also with earlier calculations12 assuming pair (j—j) 

12 L. Minnhagen, Arkiv Fysik 1, 425 (1950), 
13 Y. T. Tao, Z. Physik 77, 307 (1932). 
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coupling. The agreement is almost always within 20%. 
Such errors cause slightly smaller uncertainties in the 
linewidths and shifts. 

Stark broadening parameters of 38 argon lines have 
been measured7 as emitted by a plasma produced in a 
high-current arc burning through an array of water-
cooled copper diaphragms. Photographic and photo­
electric observations of the spectrum were made along 
the axis to ensure approximate homogeneity of the 
plasma along the line of sight. The temperature of the 
arc plasma was determined from the absolute intensity 
of the ionized argon line at 4348 A, using a measured 
value of its transition probability (yl = 6.77X107 sec-1). 
The electron density could then be calculated from 
temperature and pressure (which was atmospheric), 
using the Saha equation. 

Before comparison can be made, the originally 
quoted plasma conditions must be revised, because the 
transition probability was erroneous. The newly meas­
ured value14 is 4̂ = 11.7X107 sec"1 and compares very 
favorably with calculations accounting for intermediate 
coupling,15 which yielded 4̂ = 12.8X107 sec-1. If one 
adopts the calculated value, the changes in temperature 
and density are, e.g., T = l l , 750°K to T=ll, 400°K 
and iV=6.4X1016 cm-3 to iV=5.0X1016 cm-3. Also, the 
original plasma conditions were apparently calculated 
using the Unsold correction16 for the ionization 
potential, which involves the mean distance between 
ions. Actually, one should have used instead a relation 
with the Debye radius17,18 because the latter is larger 
than the mean distance between ions. Correction for 
this finally leads19 to i\f=4.6X1016 cm-3, i.e., an 
electron density that is smaller by a factor 1.4 than 
calculated before. (This implies that the measured 
values of the oscillator strengths of An lines7 should 
be revised upwards by a similar factor.) 

In Table V full widths (2wtotai) and shifts (dtotai) as 
measured at this revised electron density are compared 
with calculated values obtained from Table II using Eqs. 
(12), (13), and (10) for 13 lines for which both meas­
ured and calculated widths and shifts were available. 
The quoted experimental errors are 10% or 20%. 
Except for one line, the agreement of the widths is 
within experimental error. On the other hand, the 
measured widths are larger than those calculated with 
the adiabatic impact theory4,5 by a factor 1.5 to 2. 
Also, the adiabatic theory consistently yielded shift 
to width ratios that were too large by a factor of about 

14 H. N. Olsen (private communication). 
15 R. A. Garstang, Monthly Notices Roy. Astron. Soc. 114, 118 

(1954). 
16 A. Unsold, Z. Astrophysik 24, 355 (1948). 
17 O. Theimer, Z. Naturforsch. 12a, 518 (1957). 
18 H. R. Griem, Proceedings of the Fifth International Conference 

on Ionization Phenomena in Gases, Munich, 1961 (North-Holland 
Publishing Company, Amsterdam, 1962), Vol. I I ; see also H. R. 
Griem (to be published). 

19 H. N. Olsen, Phys. Rev. 124, 1703 (1961). 

TABLE I I . a Calculated Stark broadening parameters for argon 
lines at iV^lO1 6 cm -3: electron impact (half) half-width w (in A 
units), relative electron impact shift d/w, and ion broadening 
parameter a. 

Wavelength \ T (°K) 5000 10 000 20 000 40 000 
Level (A) \ 

lpl 7504 w 0.050 0.065 0.085 0.105 
d/w 1.70 1.48 1.15 0.86 

a 0.047 0.039 0.032 0.027 
2^2 6965 w 0.032 0.042 0.056 0.069 

7724 d/w 1.77 1.68 1.42 1.08 
8265 a 0.041 0.034 0.028 0.024 

2ps 7067 w 0.031 0.041 0.055 0.068 
8408 d/w 1.66 1.40 1.05 0.76 

a 0.040 0.033 0.026 0.022 
2p, 7147 w 0.032 0.042 0.055 0.069 

7948 d/w 1.67 1.41 1.06 0.77 
8521 a 0.040 0.033 0.027 0.023 

2p« 7635 w 0.036 0.047 0.062 0.076 
8006 d/w 1.65 1.38 1.03 0.75 
9225 a 0.040 0.032 0.026 0.022 

2p7 7724 w 0.037 0.047 0.060 0.072 
8104 d/w 1.69 1.47 1.15 0.88 
8668 a 0.041 0.034 0.028 0.024 
9354 

2ps 8015 w 0.037 0.049 0.065 0.080 
8424 d/w 1.63 1.34 0.99 0.72 
9785 a 0.038 0.031 0.025 0.021 

2^9 8115 w 0.038 0.051 0.067 0.079 
d/w 1.64 1.35 1.00 0.73 

a 0.041 0.034 0.028 0.024 
2p10 9123 w 0.040 0.052 0.066 0.079 

9658 d/w 1.67 1.44 1.13 0.87 
10470 a 0.037 0.031 0.025 0.022 

3pi 4259 w 0.095 0.126 0.163 0.192 
d/w 1.56 1.23 0.90 0.66 

a 0.082 0.066 0.055 0.048 
3p2 3949 w 0.075 0.102 0.133 0.159 

4182 d/w 1.47 1.11 0.78 0.55 
4335 a 0.075 0.060 0.049 0.043 

Sp, 3948 w 0.069 0.094 0.123 0.146 
4044 d/w 1.50 1.15 0.82 0.60 
4333 a 0.075 0.060 0.049 0.043 

3p4 4191 w 0.082 0.110 0.144 0.170 
4345 d/w 1.52 1.17 0.84 0.61 

a 0.077 0.061 0.050 0.044 
3ph 4198 w 0.082 0.111 0.145 0.171 

5411 d/w 1.52 1.18 0.84 0.61 
a 0.077 0.062 0.051 0.045 

3/>fl 4159 w 0.071 0.097 0.127 0.151 
4266 d/w 1.47 1.11 0.78 0.56 

a 0.071 0.056 0.046 0.040 
3p7 4164 w 0.070 0.092 0.116 0.132 

4272 d/w 1.53 1.21 0.91 0.69 
4596 a 0.074 0.060 0.050 0.046 

3/;8 4191 w 0.074 0.101 0.131 0.154 
4300 d/w 1.45 1.09 0.78 0.56 
4628 a 0.071 0.056 0.046 0.041 

3pQ 4201 w 0.080 0.107 0.137 0.158 
d/w 1.48 1.13 0.81 0.59 

a 0.074 0.059 0.049 0.044 
3pn 4251 w 0.071 0.093 0.116 0.130 

4522 d/w 1.53 1.22 0.92 0.70 
4702 a 0.073 0.060 0.051 0.047 

a The (upper) levels are in Paschen's notation. The values of d/w and a 
apply to all lines arising from the same level, those of w only to the first 
line listed whose wavelength is in italics. For the others, it should be multi­
plied by the ratio of the wavelengths squared. 

2 or more, whereas now the calculated shifts are only 
too large by about 20%. However, it should be noted 
that all the lines listed in Table V come from 3p levels 
(Paschen's notation) and that the calculated line 

7504 

6965 
7724 
8265 
7067 
8408 

7147 
7948 
8521 
7635 
8006 
9225 
7724 
8104 
8668 
9354 
8015 
8424 
9785 
8115 

9123 
9658 
L0470 
4259 

3949 
4182 
4335 
3948 
4044 
4333 
4191 
4345 

4198 
5411 

4159 
4266 

4164 
4272 
4596 
4191 
4300 
4628 
4201 

4251 
4522 
4702 

w 
d/w 

a 
w 

d/w 
a 
w 

d/w 
a 
w 

d/w 
a 
w 

d/w 
a 
w 

d/w 
a 

w 
d/w 

a 
w 

d/w 
a 
w 

d/w 
a 
w 

d/w 
a 
w 

d/w 
a 
w 

d/w 
a 
w 

d/w 
a 
w 

d/w 
a 
w 

d/w 
a 
IV 

d/w 
a 
w 

d/w 
a 
w 

d/w 
a 
w 

d/w 
a 

0.050 
1.70 
0.047 
0.032 
1.77 
0.041 
0.031 
1.66 
0.040 
0.032 
1.67 
0.040 
0.036 
1.65 
0.040 
0.037 
1.69 
0.041 

0.037 
1.63 
0.038 
0.038 
1.64 
0.041 
0.040 
1.67 
0.037 
0.095 
1.56 
0.082 
0.075 
1.47 
0.075 
0.069 
1.50 
0.075 
0.082 
1.52 
0.077 
0.082 
1.52 
0.077 
0.071 
1.47 
0.071 
0.070 
1.53 
0.074 
0.074 
1.45 
0.071 
0.080 
1.48 
0.074 
0.071 
1.53 
0.073 

0.065 
1.48 
0.039 
0.042 
1.68 
0.034 
0.041 
1.40 
0.033 
0.042 
1.41 
0.033 
0.047 
•1.38 
0.032 
0.047 
1.47 
0.034 

0.049 
1.34 
0.031 
0.051 
1.35 
0.034 
0.052 
1.44 
0.031 
0.126 
1.23 
0.066 
0.102 
1.11 
0.060 
0.094 
1.15 
0.060 
0.110 
1.17 
0.061 
0.111 
1.18 
0.062 
0.097 
1.11 
0.056 
0.092 
1.21 
0.060 
0.101 
1.09 
0.056 
0.107 
1.13 
0.059 
0.093 
1.22 
0.060 

0.085 
1.15 
0.032 
0.056 
1.42 
0.028 
0.055 
1.05 
0.026 
0.055 
1.06 
0.027 
0.062 
1.03 
0.026 
0.060 
1.15 
0.028 

0.065 
0.99 
0.025 
0.067 
1.00 
0.028 
0.066 
1.13 
0.025 
0.163 
0.90 
0.055 
0.133 
0.78 
0.049 
0.123 
0.82 
0.049 
0.144 
0.84 
0.050 
0.145 
0.84 
0.051 
0.127 
0.78 
0.046 
0.116 
0.91 
0.050 
0.131 
0.78 
0.046 
0.137 
0.81 
0.049 
0.116 
0.92 
0.051 

0.105 
0.86 
0.027 
0.069 
1.08 
0.024 
0.068 
0.76 
0.022 
0.069 
0.77 
0.023 
0.076 
0.75 
0.022 
0.072 
0.88 
0.024 

0.080 
0.72 
0.021 
0.079 
0.73 
0.024 
0.079 
0.87 
0.022 
0.192 
0.66 
0.048 
0.159 
0.55 
0.043 
0.146 
0.60 
0.043 
0.170 
0.61 
0.044 
0.171 
0.61 
0.045 
0.151 
0.56 
0.040 
0.132 
0.69 
0.046 
0.154 
0.56 
0.041 
0.158 
0.59 
0.044 
0.130 
0.70 
0.047 
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TABLE 
relative 

H A N S R . G R 1 E M 

I IL a Calculated Stark broadening parameters for cesium lines at Nr—1016 cm"3: electron impact (half) half-width w (in A units), 
/e electron impact shift d/w, ion broadening parameter a, and static quadratic Stark coefficient C in units of cm"1/(100 kV/cm)2. 

Line 
T(°K) 2500 5000 10 000 

6Sm—nPm ; 6Sm—nPm 

n — 6 
8944 A ; 8521 A 

C - - 5 . 4 X 1 0 " 2 ; -6 .5X10- 2 

4593A ; 45551 
C = - 1 . 2 0 ; -1 .50 

« = 8 
3889A ; 3876 A 

C = - 9 . 0 9 ; -11.52 

w = 9 
36171 ; 3612 A 

C - - 4 . 1 8 X 1 0 1 ; -5.34X101 

n = 10 
34801 ; 34771 

O - 1 . 4 4 X 1 0 * ; -1.85X102 

34001 ; 33981 
C=-4 .01X10 2 ; -5.18X102 

» = 12 
33491 ; 33471 

C=-9.88X102 ; -1.28X103 

» = 13 
33141 ; 3313 k 

C=-2.20X103 ; -2.85X103 

»=*14 
32891 ; 32891 

C--4.48X103 ; -5.83X103 

» = 15 
32711 ; 32701 

C--8.66X103 ; -1.12X10* 

n—16 
32561 ; 32561 

O-1.56X10* ; -2.07X104 

n = 17 
32461 ; 32461 

C=-2.67X104 ; -3.58X104 

»=18 
32381 ; 32381 

C=-4.29X104 ; -6.13X104 

»=*19 
32301 ; 32301 

C=-6.66X104 ; -9.65X104 

w = 20 
32241 ; 32241 

C=-1.13X10* ; -1.57X105 

6Pm—nDm ; 6Pm—nDm 

n — 6 
87611 ; 91721 

C-1.69X10"1 ; 3.14X10"1 

w=7 
67231 ; 69731 

C=2.34 ; 3.56 

w = 8 
60101 ; 62131 

0=1.36X10! ; 1.95X101 

n = 9 
56641 ; 58451 

C-5.18X101 ; 7.28X101 

w 
d/w 

w 
d/w 

w 
d/w 

a 
w 

d/w 
a 

w 
d/w 

a 

IV 

d/w 

w 
d/w 

w 
d/w 

a 
w 

d/w 

w 
d/w 

w 
d/w 

a 
w 

d/w 
a 

w 
d/w 

a 

w 
d/w 

w 
d/w 

w 
d/w 

a 
w 

d/w 

w 
d/w 

w 
d/w 

a 

0.07 
1.67 
0.05 

0.16 
1.45 
0.10 

0.48 
1.31 
0.16 

1.20 
1.18 
0.23 

2.62 
1.10 
0.30 

5.09 
1.02 
0.38 

9.19 
0.96 
0.47 

15.5 
0.91 
0.57 

24.8 
0.87 
0.68 

38.3 
0.83 
0.79 

56.6 
0.80 
0.92 

80.6 
0.76 
1.04 

110. 
0.75 
1.18 

147. 
0.70 
1.31 

196. 
0.79 
1.57 

0.39 
-0 .38 

0.03 

1.00 
-0 .53 

0.08 

2.32 
-0 .57 

0.13 

4.89 
-0 .56 

0.18 

0.08 
1.63 
0.05 

0.19 
1.39 
0.11 

0.57 
1.22 
0.17 

1.45 
1.11 
0.24 

3.11 
1.05 
0.32 

6.09 
0.96 
0.40 

10.9 
0.90 
0.50 

18.5 
0.85 
0.61 

29.4 
0.82 
0.73 

44.4 
0.80 
0.86 

65.5 
0.78 
1.01 

95.1 
0.71 
1.15 

133. 
0.70 
1.33 

179. 
0.64 
1.49 

238. 
0.70 
1.73 

0.51 
-0 .51 

0.04 

1.27 
-0 .58 

0.09 

2.95 
-0 .59 

0.15 

6.20 
-0 .56 

0.21 

0.09 
1.45 
0.04 

0.21 
1.13 
0.08 

0.60 
1.00 
0.14 

1.47 
0.90 
0.20 

3.13 
0.83 
0.26 

5.96 
0.77 
0.34 

10.5 
0.72 
0.43 

17.5 
0.68 
0.52 

27.5 
0.66 
0.63 

42.0 
0.63 
0.74 

61.2 
0.61 
0.86 

86.4 
0.56 
0.99 

117. 
0.55 
1.12 

155. 
0.50 
1.26 

201. 
0.63 
1.54 

0.56 
-0 .09 

0.02 

1.31 
-0.22 

0.06 

2.96 
-0 .27 

0.11 

6.05 
-0 .28 

0.56 

0.10 
1.39 
0.05 

0.24 
1.08 
0.09 

0.70 
0.94 
0.14 

1.71 
0.85 
0.21 

3.61 
0.80 
0.29 

6.87 
0.73 
0.37 

12.1 
0.69 
0.47 

20.1 
0.66 
0.57 

31.5 
0.63 
0.69 

47.2 
0.61 
0.82 

68.9 
0.60 
0.98 

98.1 
0.54 
1.12 

136. 
0.53 
1.31 

179. 
0.47 
1.49 

234. 
0.56 
1.76 

0.69 
-0.18 

0.04 

1.62 
-0 .27 

0.08 

3.60 
-0 .29 

0.13 

7.33 
-0 .29 

0.18 

0.11 
1.16 
0.04 

0.25 
0.86 
0.07 

0.69 
0.76 
0.12 

1.64 
0.69 
0.18 

3.40 
0.64 
0.25 

6.37 
0.58 
0.32 

11.1 
0.54 
0.41 

18.2 
0.51 
0.51 

28.2 
0.49 
0.61 

42.6 
0.47 
0.73 

61.4 
0.45 
0.86 

86.3 
0.40 
0.99 

116. 
0.39 
1.13 

152. 
0.34 
1.28 

190. 
0.48 
1.60 

0.72 
0.07 
0.02 

1.60 
-0 .03 

0.05 

3.50 
-0 .09 

0.09 

6.98 
-0 .11 

0.14 

0.12 
1.11 
0 04 

0.28 
0.83 
0.08 

0.79 
0.73 
0.13 

1.85 
0.66 
0.20 

3.82 
0.62 
0.27 

7.12 
0.56 
0.36 

12.3 
0.53 
0.46 

20.2 
0.50 
0.57 

31.3 
0.48 
0.69 

46.8 
0.46 
0.83 

67.6 
0.44 
0.99 

95.3 
0.38 
1.15 

131. 
0.37 
1.35 

170. 
0.31 
1.56 

215. 
0.42 
1.87 

0.87 
0.01 
0.03 

1.91 
-0 .65 

0.07 

4.11 
-0 .11 

0.11 

8.17 
-0.12 

0.17 
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TABLE III (continued) 

Line 

6Pm—nDziz ; 6P3/2—»A/2 

»=10 
54661 ; 56351 

C-1.36X102 ; 1.97X10* 

» * 1 1 
53401 ; 55031 

C=3.36X102 ; 4.87X102 

»*12 
52571 ; 54141 

C=7.71X102 ; 1.11X103 

»=13 
51971 ; 53491 

C-1.60X103 ; 2.31X103 

w=14 
51531 ; 53041 

C=3.18X103 ; 4.49X103 

n=15 
51191 ; 52681 

C=5.83X103 ; 8.55X103 

w=16 
50931 ; 52411 

C= 1.05X10* ; 1.55X10* 

»=17 
50731 ; 52191 

C= 1.65X10* ; 2.70X10* 

#=18 
50561 ; 52011 

C=2.69X10* ; 4.44X10* 

w=19 
50421 ; 51871 

C=4.15X10* ; 6.78X10* 

w=20 
50311 ; 51751 

C=6.43X10* ; 1.06X106 

6Pm—nSm ; 6P3/2—wSi/2 
n — 7 

135891 ; 146951 
C=-2 .43X10- 1 ; -2.43X10"1 

w = 8 
76091 ; 79441 

C = - 1 . 4 8 ; -1 .48 

ra = 9 
63551 ; 65861 

C = - 5 . 8 4 ; -5 .84 

»=10 
58391 ; 60341 

O - 1 . 7 8 X 1 0 1 ; -1.78X101 

n = l l 
55681 ; 57461 

C=-5 .62X10 1 ; -5.62X101 

n=12 
54071 ; 55731 

C - - 1 . 5 5 X 1 0 2 ; - 1.55X108 

n=13 
53011 ; 54631 

C=-3 .53X10 2 ; -3.53X102 

»=14 
52291 ; 53851 

C=-6 .45X10 2 ; -6.45X102 

»=15 
51771 ; 53291 

C=-1 .20X10" ; -1.20X103 

T (°K) 

w 
d/w 

a 

W 

d/w 
a 

w 
d/w 

a 

w 
d/w 

a 

w 
d/w 

a 

w 
d/w 

a 

w 
d/w 

a 

w 
d/w 

a 

w 
d/w 

a 

w 
d/w 

a 

w 
d/w 

a 

w 
d/w 
a 

w 
d/w 

a 

w 
d/w 

a 

w 
d/w 

a 

w 
d/w 

a 

w 
d/w 

a 
w 

d/w 
a 

w 
d/w 

a 

w 
d/w 

a 

9.43 
-0 .43 

0.22 

16.9 
-0 .36 

0.27 

28.1 
-0 .34 

0.33 

44.4 
-0 .31 

0.40 

68.2 
-0 .29 

0.48 

100. 
-0 .27 

0.56 

145. 
-0 .26 

0.66 

199. 
-0 .23 

0.72 

273. 
-0 .22 

0.82 

365. 
-0 .21 

0.91 

483. 
-0 .20 

1.02 

0.39 
1.76 
0.08 

0.44 
1.70 
0.12 

0.82 
1.60 
0.16 

1.61 
1.44 
0.20 

3.27 
1.37 
0.26 

6.05 
1.36 
0.33 

10.5 
1.30 
0.39 

16.5 
1.18 
0.43 

25.8 
1.09 
0.48 

2500 

11.9 
-0 .44 

0.25 

20.7 
-0 .39 

0.32 

34.4 
-0 .35 

0.39 

54.2 
-0.32 

0.48 

82.3 
-0 .30 

0.56 

123. 
-0 .29 

0.67 

178. 
-0 .28 

0.79 

252. 
-0 .26 

0.92 

343. 
-0 .25 

1.05 

453. 
-0 .24 

1.16 

596. 
-0 .23 

1.32 

0.46 
1.76 
0.08 

0.48 
1.70 
0.12 

0.89 
1.60 
0.16 

1.72 
1.44 
0.20 

3.48 
1.36 
0.26 

6.43 
1.36 
0.33 

11.1 
1.30 
0.39 

17.5 
1.18 
0.43 

27.4 
1.09 
0.48 

11.6 
-0 .17 

0.19 

20.3 
-0 .13 

0.23 

33.5 
-0.12 

0.29 

52.6 
-0 .10 

0.35 

79.6 
-0 .10 

0.43 

116. 
-0 .09 

0.50 

166. 
-0 .09 

0.59 

228. 
-0.07 

0.65 

309. 
-0 .06 

0.74 

411. 
-0 .06 

0.83 

538. 
-0 .06 

0.94 

0.49 
1.65 
0.07 

0.57 
1.47 
0.10 

1.13 
1.25 
0.13 

2.27 
1.05 
0.15 

4.65 
0.98 
0.20 

8.48 
0.99 
0.26 

14.6 
0.93 
0.31 

23.2 
0.82 
0.33 

36.2 
0.76 
0.37 

5000 

13.9 
-0 .19 

0.23 

24.0 
-0 .15 

0.28 

39.5 
-0 .13 

0.35 

61.7 
-0.12 

0.43 

92.7 
-0 .11 

0.52 

136. 
-0 .10 

0.62 

195. 
-0 .10 

0.74 

271. 
-0 .09 

0.87 

368. 
-0 .08 

0.99 

485. 
-0 .08 

1.11 

634. 
-0 .07 

1.26 

0.57 
1.65 
0.07 

0.62 
1.47 
0.10 

1.21 
1.25 
0.13 

2.42 
1.05 
0.15 

4.95 
0.98 
0.20 

9.01 
0.99 
0.26 

15.5 
0.93 
0.31 

24.6 
0.82 
0.33 

38.3 
0.76 
0.37 

10 000 

13.4 
-0 .03 

0.17 

22.9 
0.00 
0.21 

37.4 
0.00 
0.27 

58.1 
0.01 
0.33 

87.0 
0.01 
0.40 

126. 
0.01 
0.47 

178. 
0.02 
0.56 

244. 
0.02 
0.62 

328. 
0.03 
0.71 

432. 
0.03 
0.80 

562. 
0.03 
0.91 

0.64 
1.38 
0.06 

0.77 
1.11 
0.08 

1.55 
0.88 
0.10 

3.11 
0.71 
0.12 

6.31 
0.67 
0.16 

11.2 
0.70 
0.21 

19.1 
0.66 
0.25 

30.0 
0.58 
0.28 

46.1 
0.53 
0.31 

15.5 
-0 .04 

0.21 

26.4 
-0 .01 

0.27 

42.9 
0.00 
0.33 

66.3 
0.01 
0.41 

98.8 
0.01 
0.49 

143. 
0.02 
0.60 

203. 
0.02 
0.71 

279. 
0.02 
0.85 

376. 
0.03 
0.98 

494. 
0.03 
1.09 

642. 
0.04 
1.25 

0.75 
1.38 
0.06 

0.84 
1.11 
0.08 

1.66 
0.89 
0.10 

3.32 
0.71 
0.12 

6.72 
0.67 
0.16 

11.9 
0.70 
0.21 

20.3 
0.66 
0.25 

31.8 
0.58 
0.28 

48.9 
0.53 
0.31 
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Line 

5Dm-nFm ; 

n — 5 
80181 ; 

C - - 4 . 8 0 X 1 0 1 ; 

n — 6 
72291 ; 

C=-3 .31X10 2 ; 

n — 7 
68251 ; 

C=-9 .32X10 2 ; 

n = S 
65861 ; 

C - - 2 . 4 0 X 1 0 3 ; 

n = 9 
64321 ; 

C - - 5 . 7 2 X 1 0 3 ; 

n=K 
63261 ; 

C - - 1 . 2 3 X 1 0 4 ; 

5Dhi2~nF$i2) 

80811 
-4.77X101 

72801 
-3.28X102 

68711 
-9.25X102 

66291 
-2.38X10 ; i 

64731 
-5.69X103 

63661 
-1.25X104 

\ 
i nF7/2 

H A N S R . 

T (°K) 

w 
d/w 

a 

d/w 
a 

W 

d/w 
a 

w 
d/w 

a 

w 
d/w 

a 

w 
d/w 

a 

G R I E M 

TABLE III (continued) 

5.67 
0.64 
0.26 

15.7 
0.56 
0.44 

29.4 
0.59 
0.55 

51.7 
0.56 
0.69 

86.7 
0.54 
0.87 

137. 
0.51 
1.06 

2500 

5.74 
0.63 
0.26 

15.9 
0.55 
0.44 

29.8 
0.58 
0.55 

52.3 
0.56 
0.69 

87.7 
0.53 
0.87 

140. 
0.54 
1.07 

5.40 
0.53 
0.27 

14.5 
0.43 
0.47 

27.6 
0.46 
0.57 

48.6 
0.42 
0.72 

81.3 
0.39 
0.91 

129. 
0.36 
1.12 

SOCK) 

5.48 
0.53 
0.27 

14.7 
0.43 
0.46 

27.9 
0.46 
0.57 

49.1 
0.42 
0.72 

82.3 
0.38 
0.91 

130. 
0.40 
1.13 

10 000 

5.18 
0.44 
0.28 

13.4 
0.33 
0.49 

25.7 
0.35 
0.61 

45.4 
0.29 
0.76 

75.9 
0.26 
0.96 

120. 
0.23 
1.18 

5.25 
0.43 
0.28 

13.6 
0.32 
0.49 

26.0 
0.34 
0.60 

45.9 
0.29 
0.76 

76.9 
0.25 
0.96 

119. 
0.30 
1.21 

a For the diffuse series lines 6P3/2 -
ratio squared (10—6%). 

•nDzii the data for 6P1/2 —nDz/i can be used, except that the width w should be increased by a factor of the wavelength 

broadening parameters for the near infrared lines 
arising from 2p levels may be somewhat less reliable. 

By varying the arc current from 45 to 120 A the 
temperature was changed slightly and with it the 
electron density by a factor of 2 in both directions. 
Within the experimental error both widths and shifts 
were found to be proportional to the electron density. 
This is as expected because the ion broadening parame­
ter a changes only by a factor 1.4 over this range of 
electron densities and temperatures and the Debye 
shielding parameter R by a factor 1.15. Furthermore, 
the effects of these changes on the (small) relative 
contribution of the ion broadening partially compensate 
each other. Therefore, the total widths and shifts scale 
essentially as the electron contribution, which is 

TABLE IV.a Measured and calculated static Stark shifts in units of 
cm -1 at field strengths of 100 kV/cm. 

proportional to the electron density and practically 
independent of the temperature in the range of interest. 

For cesium profiles of 26 plasma-broadened lines 
have been measured.8 The lines were emitted from the 
interelectrode region of a parallel-geometry hot-cathode 
cesium diode. In a typical run, the cathode, made of 
UC:ZrC (<p~3.35 eV), was heated to 2150°K. The 
voltage applied to the electrodes was 4 V dc and the 
current 60 A. The cesium vapor pressure, about 2.2 
mm Hg, was controlled by maintaining equilibrium 
with cesium liquid at a condensation temperature of 
305°C. 

Observations were made by scanning a mono-
chromator with photomultiplier attachment. They 
showed homogeneous emission from the interior region 
of the discharge with insignificant emission from edge 

TABLE V. Measured and calculated widths and shifts of some 
argon lines at iV=4.6X1016 cm"3 and T = l l 400°K. 

Level Measured shift 

Cesium 
7Pi/2 1.17 
7P3/2 1.49 

Argon (Paschen notation) 
3pi 0.41 
3p2 0.59 
3p3 0.51 
3p, 0.46 
3p, 0.60 
3Pz 0.52 
3pi 0.43 
Sps 0.42 
3p9 0.43 
3p10 0.35 

Calculated shift 

1.20 
1.50 

(Is) 
0.62 
0.50 
0.46 
0.50 
0.51 
0.39 
0.41 
0.41 
0.46 
0.40 

U'-j) 
0.42 
0.54 
0.48 
0.50 
0.66 
0.44 
0.40 
0.40 
0.42 
0.42 

TTJT I , 1 

w aveiengtn 
(A) 

4345 
4335 
4333 
4300 
4272 
4266 
4259 
4251 
4201 
4198 
4182 
4164 
4159 

FullwiHth (A) 
Measured 

l.lzbO.l 
1.5±0.3 
1.1±0.1 
1.0=1=0.1 
1.0±0.1 
l.l=b0.1 
1.2±0.1 
0.7=fc0.2 
l.OzhO.l 
1.0=1=0.2 
1.2=1=0.1 
l.OzbO.l 
1.1=1=0.1 

Calculated 

1.2 
1.3 
1.2 
1.1 
1.0 
1.1 
1.3 
1.0 
1.1 
1.2 
1.2 
1.0 
1.0 

Shift (A) 
Measured 

0.50=1=0.05 
0.55=1=0.11 
0.54=1=0.05 
0.49=1=0.05 
0.44=1=0.04 
0.50=1=0.05 
0.56±0.06 
0.40±0.08 
0.44=1=0.04 
0.54=1=0.11 
0.50=1=0.05 
0.42=1=0.04 
0.50=1=0.05 

Calculated 

0.69 
0.66 
0.64 
0.57 
0.58 
0.54 
0.76 
0.55 
0.58 
0.64 
0.61 
0.55 
0.52 

8 All shifts are to the red. 
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regions, except for resonance lines. The temperature 
and density of the plasma were determined by absolute 
intensity measurements of both lines and continua. 
Theoretical oscillator strengths20,21 were used for the 
lines and Mohler's22 experimental results for free-
bound transitions for the continuum data. The latter 
gave an electron temperature of 5500°K and an electron 
density of 1.5 X1015 cm-3. Line-intensity measurements 
gave a temperature of 6400 °K and, from the Saha 
equation, an electron density of 1.66X1016 cm-3. The 
measured plasma conditions were therefore with a 
conservative error estimate stated as iV= (1.6±0.3) 
X1015 cm~3 and r=6000±500°K, corresponding to 
over 99% ionization. 

For these particular conditions, full half-widths of 
21 lines were measured. They are compared in Table 
VI with calculated widths obtained from Table III 
using Eqs. (12), (13), and (10). The indicated estimated 
experimental errors are especially serious for low 
members of the sharp and diffuse series because of the 
necessity to correct for reabsorption and instrumental 
width. Except for two cases, the agreement is within 
the experimental error. However, all calculated widths 
would fall within the error brackets if a 5% error were 
added to account for uncertainties in the electron 
density. 

More extensive measurements on fundamental series 
lines8 showed that linewidths were proportional to the 
electron density within the limits of applicability of the 
electron impact theory for isolated lines. These measure­
ments also indicated that linewidths were insensitive 

20 P. M. Stone, dissertation, University of Michigan, 1961 
(unpublished); Los Alamos Scientific Laboratory Report LA-2625, 
1961 (unpublished); Phys. Rev. 127, 1151 (1962). 

21 In addition, the first two parts of reference 20 contain calcu­
lated Stark widths for the fundamental series lines of cesium, 
which appear to be too small by about 20%. Also, the temperature 
dependence is stated to be smaller than that obtained here. These 
discrepancies are due to the use of calculated energy levels in 
reference 20 instead of the more accurate extrapolated observed 
levels that were employed in the present calculations. (See also 
reference 8.) 

22 F. L. Mohler, J. Research Natl. Bur. Standards 17,849 (1937). 

TABLE VI. Measured and calculated widths of some cesium lines 
at J Y - 1 . 6 X 1 0 " cm~3 and r = 6000°K. 

Transition 

6P^9^7/7 
6P3/2 —95*1/2 
6Pi/2-10Si/, 
6Pm-10Sm 
6Pm-llSi/2 
6P3/2— HS1/2 

6Pi/2-7Z}3/2 

6Pm-7Ds/2 

6Ptt*-7D6/2 

6P1/2-8A/2 
6P2/2-SD3/2 

6 > 8 / 2 - 8 A / 2 

6Pi/2-9£>3/2 
6P3/2-9P5/2 

508/2-5*6/2 
505/2 —5F7/2 
503/2 —6P5/2 
505/2-6P7/2 
5 0 3 / 2 " 7P5/2 
505/2— 7P7/2 
505/2 —8P7/2 

Wavelength 
(A) 

6355 
6587 
5839 
6034 
5568 
5746 

6723 

6984 

6973 

6010 
6217 

6213 

5664 
5845 

8018 
8081 
7229 
7280 
6825 
6871 
6629 

Full width (A) 
Measured 

0.5=1=0.2 
0.6±0.2 
1.0=1=0.2 
l.ldb0.2 
1.8±0.2 
1.7=1=0.2 

0 5 + 0 ' 2 

0 6 + 0 - 2 
U - 0 . 4 

nn+0.3 
°-8-0.5 1.3=1=0.3 
1.3=1=0.2 

1 5 + 0 - 2 
1 - 0 . 3 
2.1=1=0.2 
2.8=1=0.3 

2.3=b0.3 
2.3=1=0.3 
5.4=1=0.7 
5.4=1=0.7 

12.2=1=2.0 
12.2=1=2.0 
20.5=1=4.0 

Calculated 

_ 
0.5 
0.9 
0.9 
1.9 
2.0 

0.5 

0.5 

0.6 

1.1 
1.1 

1.3 

2.2 
2.7 

2.1 
2.1 
6.2 
6.3 

12.5 
12.7 
24.4 

to temperature in the range from 2500 to 7000°K. 
Line shifts have been observed for several transitions 
in the diffuse and fundamental series, but only the 
direction of the shifts could be determined with some 
certainty. It always agreed with the calculated sign 
of d/w. 

In conclusion, the good agreement with experiments 
suggests an accuracy of about 20% in line broadening 
calculations using the Coulomb approximation for the 
atomic matrix elements. This has encouraged similar 
calculations for both neutral and ionized carbon, 
nitrogen, and oxygen lines, the results of which will 
be available shortly.23 

23 H. R. Griem, U. S. Naval Research Laboratory Report (to 
be published). 


