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Shock-Tube Measurements of van der \Vaals Broadened 
Silicon Lines 

RICHARD A. DAY· 
Harvard College Obscr/lalory, Cambridge, M assachusclls 

The widths of van der Waals broadened Si I spectral Jines were measured by using a conventional 
sh?ck tube :lnd a scannin~ FabJ):-Perot interferometer. The experiment' have been performed by 
USlllg argon ::t.5 l he perturblllg gas III lhe reflecLed regIon of the shock wave at 11 temperature of about 
5500 0 K and over a pressure range of 2-10 atm. The tcmpcrature was dctcrmined by n. line reversal 
tcchnique; the pressure was measured tl~ing a quartz transducer. Thc scannincr F'abry-Perot was 
driven by a piezoelectric crystal operating at its resonant frequency (1 0.5 kc/se~); thc line profiles 
were detected photoelectrically and disp1n.ye~ on an osci~osc?pe for photographing and analyzing. 
A sct of calculated cllrves was t~eu to obtam the contrIbutlOn of the pressure broadcninO" (,0 the 
widths of the spcctrallines. The experimental wid ths thus determined arc within a factor of two of 
the results obtaincd from theory. 

I. INTRODUCTION 

The shock tube is an excellent spectroscopic light 
source for studies of atomic and molecular properties 
of interest to astroph~·5icists . In the temperature 
region of 5000- S000°l( and can'ier gas densities of 
the order of lO tS cm- 3 to 5 X 10 19 em-3

, obselTation 
times of the order of se\"Cml hundred microseconds 
nre nvaibble for the studies of line profiles. This 
paper describes an experiment devised to measure 
damping consbnts (half-widths) of spectral lines. 

III the shock tube uncier the above-i't:1tecl condi
tions electron densities \yill range from about 5 X 
10 14 to .'5 X 10 16 cm- 3

• "Whether a spectral line is 
broadened by electron impacts or by collisions \\'it h 
neutral perturbers depends on the deta iled struc
ture of t.he atom, but t~'pic::tlly when the ionization 
of a gas is less than 1 C;~, the spectral lines emitted 
from energy levels lying lo\rer in the atom, that 
is, " 'here t.he leyel spacing is large, will more [jkel~' 
be broadened by neutral pertmbcrs, especi:111~' if 
one of the level::; i::; all oS ·bte. Spectral line::.: emiUcd 
from high er-lying lenls :1I"C more apt to be bro:tdened 
by elcctron impacts. 

A S:1 prelude to lhe .,:tmly of Stark (electron) broad
l'ning proCCSSC::i ill a shock tube, the present experi
ment \\":tS performed to assess the reliability of the 
van del' Waals theory as gi\'ell by Griem.

1 
Since 

the tllf'ory as qlloted in Plasma S I)CC{rn.~('o 1'!I i::; an 
:tdiao:1tic theory, thi;; cxpcriment, which is performed 
at rela(ivc!~' hi~h tcmpcr:ttures, pro\'ides :l. rough 
mcasure of the importance of incln::;Lic processes in 
vall der \Y:l:Il s bro:HIPning. 

• Pt"('~f'lIt addl"cs;;: Df'partnH' lIt of Phy,-it'", UniversiLy of 
Okl:1honlll, :\'1)1"1ll:llI, Okl:th"ma. 

1 11. Il. C:ril'l11. I'lll .<1I1fJ "';pc("/rOSI'OP!I ( :'Il cCraw-Hill Dook 
CIIII1P:III.\·, ~('w York , .I\lli4 1. 

II. EXPERIMENTAL APPARATUS AND 
PROCEDURE 

The experimental equipment was a diaphragm 
type shock tube used with hydrogen as the driver 
gas. The test gas arg6n with a 0.1% admixture of 
SiHCI 3 • Typical diaphragm breaking p ressures were 
in the rangc of 60-600 lbs and the corresponding 
pressures of the test gas were in the range of 15-
120 Torr. These conditions g!we a reasonably con
stant temperature (between 5500 and 70000K) and 
dcnsities of neutral particles between 2 X lOIS 

and "-'4 X 1019 em-3
• The temperature range of 

about 25% was not significant for the measmernent 
of V;1n del' '" aals broadening since the pred icted 
temperature dependence is slow, proportional to 
T3 / 10. 

The various measurements were made in the flow 
region behind the reflected shock wave; about 100 
f.lsec were allowed for the shock wave to equilibrate 
juclged from thc time behavior of the intensity of a 
spectral I inc. Theil, the tem pera ture of the g:tS was 
measured spectroscopicall y by means of a line 
revers:l1 tcchnirlllc. If the shocked gas is assumed 
to be in 10c:tllhC'J"mal eqll ili brilll\l,~ the temper:lture 
can be determined by mea::; lll'ing the emissi\'ity of 
the gas and lhe intensity emitted in a given spectral 
range. 

The total pressme of the ga's was measured with 
a quartz transduccr. Then, by using the measured 
temper:1.ture and pressure and the known percentage 
composition of the g:lS, all of the properties of the 
gn$ can be calcul:tted, i.e., den:;ities of atoms 
molecules, :111(1 electrons. ' 

t W. R. S. Cnr"l.on, W. If. l'arkill';OIl, and Eo J\L Reeves 
P roc. Pity:>. ~<)C. (London) 88, 771 ( l OGO). ' 
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