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Thia study 11 one aspect of our continuing work in basic and applied 

physics. It deals with the electromagnetic properties of plasmas, 

specifically with the absorption of longitudinal electromagnetic waves 

in a plasma. Tb.is abort paper will be su'tmi tted to Physical Review 

IA!tters, and a 110re complete treat.ment of the problem of plasma oscilla­

tions will appear in a future report by the same authors. 
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Calculations have been made of the absorption of longitudinal 

electromagnetic waves in a plasma (plasma oscillations). The results 

show that collision damping, which we calculate here, dominates the 

"collisionless" Landau damping for long wavelengths in high temperature, 

low denai ty plasmas. 
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It i1 well known that tbe Vlaaov equation, i.e., the colli1ionle11 

Boltuann equation with a aelf'-con1i1tent electric field, predicts a 

damping o~· pla111& oscillations(l) (landau damping) which vanishes exponen­

tially f6r vave numbers k auch less than the Debye wave nU11ber 11>· We 

have calculated the collision damping of long wavelength, amall aaplitude 

pl&--. oscillations in the high temperature weak coupling limit where 

2 1/3 3 2/3 
4e n /k.T • ( ~/n) << 1. For both the electron gaa vi th a smeared 

background of positive charge and the electron-ion pl.a-. the collision 

damping is considerably larger than tbe I&Ddau damping for k << ~• 

In an electron-ion pl.a- the collision duping rate 7 (k.) diTided 
C 

by the cla11ical pla111& frequency n 11 
p 

7 (k) l 2 1/2 ~ 4 ~ 
_c_ • - (-) ln(a - - ) 
op 12• • n 13 ~ 

(1) 

-c 
where ~ 11 1/"d, n is the particle density and a • e , C !1 Euler'• constant, 

2 2 
~ is the thermal de Broglie wave nuaber ,fi ~ • "31(/r,. This damping doe1 

not vani1h 1n tbe k. = O or long wavelength 11.ait. On the other band in 

the uniform electron g&I the result 11 

7 ( k.) 
C ---0 

p 

vh1ch Yanilbel &I k ~ o. At T • 0 and high den11 ties 7 /n ( which 
C p 

includes exchange et'f'ect1) ia &110 of order t2 tor long vavelengtha. (2) 

Tbeae ruult1 are to be coapared vith tbe Landau duping rate vhich 

tor both 1y1teu 11 

(2) 
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1 ~ 2 -- (-) 2 k 

where /\ is of higher order in ~/n. Both Eqs. (1) and (2) give collision 

damping rates considerably larger than Eq. (3) when k << ~• It is 

particularly interesting that in the electron-ion plasma there 11 a 

(3) 

residual damping even when k • o. The vanishing of the duping in this 

limit in an electron gas is related to the fact that electron-electron 

scattering does not effect the long wavelength conductivity since total 

current and momentum are proportional. We al.lo note that the re1ult1 

diverge 1n the classical, -fi ~ O, limit. This is a well known soort 

wavelength divergence (3) which 1n the classical theory is uaually corrected 

by using a minillum iJlpact paraeter equal to 1/k'J: 

We can give here only an outline of our calculational methods which 

will be di1cu11ed in detail in a later COIIIIIIWlication. Briefly, the 

equation of continuity, Poi11on'a equation and the linear Om'• law 

equation connecting the local current density to the local electric field 

are coabi.Ded to obtain the following equation for the locf'l charge density 

fluctuation p(x,t) 

I I 

Here cr(x - x , t - t ) 11 the local electrical conductivity tor the 

bo110geneoua ayatem. The nonaal IK>dea of oacillation for the charge den­

ii ty are then seen to have the following frequency dUper1ion equation 



1 • 4,r <T( k,(1)) 
CJ) 
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where cr(k,w) is the complex Fourier transform of' tbe conductivity. From 

this we find the plasma frequency n and the damping 7 in the long wave­

length limit when f << 1: 

7(k) = 4,r Im a(k,n) 

The calculation of' the conductivity is reduced to a calculation of 

its imaginary part by use of the dispersion relation 

cr(k,w) • l ~• ; 
_ CD - (1) + 1€ 

' Im cr(k,m ) 

Starting with the recently developed techniques of quantum statistical 

perturbation theory 1n which tbe conductivity, expressed ae a trace, is 

represented by a series of' closed Feynman diagrau(4H5) we have reduced 

the calculation to a con1ideration of open d.iasrau. Thia technique is 

analogoua to the use of dispersion relations and the unitary diagraa 

cutting technique• used 1n vacuUll field theory. 

The d18':rams are conveniently ordered according to tbe nuaber of' 

particle-bole pairs (each pair representing a single particle excitation 

from the equilibrium medium) 1n tbe final state as 1n Fig. 1. The •tr1x 

element• for all contribution• to a given proceu are then squared and 

averaged over final states in eHent1ally the SUie 11&11Der a1 in calculating 

a tranli tion probe.bili ty. The l&ndau damp1.ng, which 11 tbe decay of' the 
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collective state into a single particle excitation, is given by diagram 

la while higher order diagrams such as lb give rise to the correction 

factor I\ in Eq. ( 3). Diagrams le and ld represent the decay into a 

single particle excitation which then scatters with another particle to 

form a final state of two single particle excitations, i.e., collision 

clamping. In addition to diagrams le and ld, two diagrams arise in which 

the labels of both final pairs are interchanged. 'l'he contribution from 

these four diagrams is 

vbere f(x) ,. [ 1 + er,x 1 ·l , g(x) , 

chemical potential. 

~x ] -1 n2 l - e , E = ~ - µ µ 11 the p 2a ' 

When the ma11e ■ are equal, as 1n the electron ga1, there 11 a 

cancellation between the tvo terms vi thin the ab10lute value 11.gn ror 

111&ll k vhich explain• vhy Eq. ( 2) vanishes when k ---to. For electron-ion 

scattering the fir1t tera 1n the absolute value ia or order •/M ccapared 

2 



with the second term ud the result does not vaniah aa k ➔ o. 
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The integrals are finite without including tbe screening of the 

interparticle interaction since conservation of energy and momentum 

prohibit momentum tran1fer1 in scattering which are less than ~• The 

1!ffect or screening ie to cbaoge the argument of the logari tm in Eqs. 

(1) and (2) by a factor of the order of one. (5) Correction• of higher 

order in ( ~/n) arise from diagrams not considered here. 

We are happy to acknowledge the assistance of Dr. William Karzaa of 

The RAND Corporation. 
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