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The theory of electromagnetic scattering by a plasma developed 

by Salpeter (lJ satisfactor ily accounts for the backscatter 
proftle of a radar fr om the ionosphere reported by 80wles ~]. 

Following the development of this theory several laboratory ex­
periments were performed ['-7] 1n Which the observed proftles 

were conSistent with the theory . In this paper we report on 
measurements of the scattering of the plasma 1n a magnetically 

stabilized Rrn which show large and significant departure from 
the theory . 

In the Salpeter theory it Is shown that the shape of the pro­
file of the scattered light is determined by the parameter ~, 

). 1 11 
d efined by ~ • 4. sin 9/2 ~o ( i · wavelength of the incident 
hight , 710 _ Debye length , 9 .. the scattering angle) . When (I 

is much smaller than one the correlation of the electron motion 

is small and a Doppler profile is predicted , when (I is larger 

t han one the correlation is large and a very narrow central peak 

with t~IO symmetric satellites displaced by apprOXimately the 

plasma frequency is expected. Por (I intermediate between the 

two extremes the theory predicts a sharp central peak with smooth 

wings extending out beyond the plasma frequency , a br oad max i­

mum occurs a.t approximately the plasma frequency but well de­

fined peaks are not predicted. 

In the experiment reported here a plasma is formed in a magne­

tically stabilized electric arc . A magnetic field o f 10 . S kG 

15 imposed parallel to the axis of a high current arc dis ­

charge . The arc is operated at an initial pressure of 10 Torr 

o f hydrogen , the arc current being 1800 A. Temperatures of 

10 eV and electron densit i es of up to 10
16 cm - 3 have been 

measured and reported elseWhere [8]. 

Light from a Q,-spoiled ruby laser is focusse d at a po i nt in 

the plasma . '!'he sca t tered light is detected by a 7265 RCA pho­

tomultipll er after passing through a rotatable interference 

filter (band pass 7, 5 R) . The incident beam is h orizontally 

polarized and is perpendic ular to the axis of the a rc. The 

scattered beam is perpendicular to both the incident beam and 

the arc axis . Thus the direction of the scattering electl'on 

density fllXb.lation Is perpendicular to the applled magnet. ic 

field. The l.imensionsof the scattering volume defined by the 

intersection of the incident beam and the fIeld Stop of the 

detecting system areappro~lmately 1.2 mm. 

In Fig. 1 the results for scatte­

ring fro~ the centre of the dis­

charge are s hown . The most remar­

kable feature of this profile is 

the presence o f satellites at 

7.5 i , 15 ~, }O R and possibly 

45 R. WC! know that for thi s plas ­

ma the g is about 0.4 a nd hence, 

by the Salpeter theory , no sa­

tellites should appear, 'ra confirm 

that these satellites were not a 

resul t o f perturbation due to the 

',,~, C,:--~.c;,C. ~-." .. :--~,~,,:---
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Fig . 1 

laser we repeated the experiment 

with higher incident power (25 l~ in the first case , 60 !·;W in 

the second) and these results are alSO shown in Fig . 1. The po­

sition and the relative magnitudes o f the satellites are appa ­

rently independent of the laser power . Although the rati o of 

the inoident power in the two cases is 2 . ~ , and the ratio of 

the Rayleigh Signal from nitrogen I s also 2 , 4 , i t ~s surpris­

ing to find that the ratiO of the scattered Signals is only 

1,4. We therefore conclude that we cannot reliably predict the 

electron density of the plasma from the Sal peter theory . Note 
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that the profile near the central frequency is apparently 

asynvnetric . 

A plasma with eleotron denSity of 1 x 10 16 cm - 3 has a plasma 

frequency of 8.9 X 10 11 cps and if a satellite were due to the 

plasma f requency we would expect to find a sa tellite at 15 R. 
This agr ees remarkabl y well with one of the Obsel'ved peaks , 

and the other peaks woul d then appear to be harmonics+. "'0 chcc:{ 

that the satellite position is de -

pendent on the local electron den ­

sity we repeated the e~periment at 

a point 8 mm from the centre cf 

: the llischar5e ~Illere the e lectron 

, density and temperature are smaller. 

'rhe results o f th13 experime nt are 

shown in Fig . 2. Peai(s are again 

observed but this time at 12 .5 R 
and 25 i . A shift of 12. 5 ff cor­

responds to an electron denSity 

of 7 .4 x 10 15 cm-}. 
Pig. 2 

The satel lite peaks remlnd one of 7onl~s-Da.tLner rl.lso:l:ln':CI:l in 

which one obse rves enil:l.nced scat:"ering at appro>:.l~k'l.tcl:1 "'p/~' 

n"'p (n ~ 1, 2 . .. ) [1 0J, H0\'lev('r , ':'cnkfl -Datt.ner rcsonunccs rcq ... il·C' 

that the plasma density be non - uniform on 11 scnle comparahll: 

to the wave lenl;tll of till"< scaLterin8 vecto.)r. Since t ile llClltLer­

ing vector in our expcrim()nt ill 45100 ~ \"le rcquire umall It:l:oflllJ ­

geneities in tne nlasma to .:J.ccount for ti,e observed satellites. 

One is led to wond()r if s~111 scale turbulence is present . 

Wc have noted 'that the scatterinG cross :H!ctlon 10 ~ensi tl ve ly 

dependent on initial external paramete rs s uch as initiAl 

pressure . More work Is being donI! both on Lhe scatterin!; pro­

f i le and on spectroscopic meal;urel~ents in co rd er to clal'lry Llti:; . 

This work has been undertaken as nurt o f thf' Joint re ScarC!1 

proGramme between the I,lll t itut fUr Plnsmllnl1yslk and El1ratom. 
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+) C.R, Neufeld has found a Similar saLellite in an "Eleruhr" 

plasma and has noted that it coincides with his prerllcLed 

plasma frequency [ 9]. 


