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A UNIFIED VIEH OF STP.E!J-IING INSTABILITIES 

T. K. Fmrler 

Oak Ridge Natlonal Laboratory 

Oak Ridge, Tennessee 

UCRL-10740 

It is pointed out that, from the particle point of view, 

most electrostatic velocity-space instabilitfes arise from a 

common mechanism, bunching, knmm to be the two-stream mechanism. 

Charge streaming over a clump of charge bunches and adds to the 

clump. The Penrose condition for electrostatic instability may 

be interpreted as a competition of bunching·and the stabilizing 

effect of "trapped" charges. In this context, the pinch effect, 

shown by Furth to be responsible for most magnetic velocity

space instabilities, is the antithesis of bunching arising from 

a negative relativistic Coulomb correction. For a Maxwell 

distribution streaming with velocity u, the Penrose condition 

becomes the pinch condition if e2 is replaced by the "magnetic 

coupling constant,"- (u2jc2)c2 . 
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March 14, 1963 UCHL-7282-'l' Abst:r-act 

STABLE LONGITUDINAL OSCILLATIONS IN ANISOTROPIC PLASMA* 

Terry Kammash** and Warren Heckrotte 

University of California, Lawrence Radiation Laboratory 

Livermore, California 

Abstract 
'; -

1 
, It h!3-s been demonstrated by Hat;"ris that anisotropy in the 

velocity.,distribution of a uniform plasma· causes, longitudinal 

.oscillations, With_ frequencies equal approximately .to.integral 

mu1 tiple of the ion, cyclotron frequency .to be unstable • More· 

specific~y 1 . if T 1 and T II are the particles' temperatures perpendi-

cular and parallel to the magnetic fi~ld, waves propagating a:t an 

angle to the fi.eld .are unstable for __!: = CD • Recently Ozawa. et al • 1 
2 

haveTs~own that in aq. anisotropic ele~~ron plasma ·instability occurs 

forT .~. > ;2.. . ,In this investigation we will show that .a purely growing 

longfltudinal oscillation (as in the case of Reyleigh-Taylor instability) 

with frequency of the order of .the ion cyclotron frequency cannot exist 

in a uniform plasma in which the electrons are isotropic (T 1 = Til) 

and the ions are anistropic with T 1 > T II" 

* Work performed under the auspices of the tJ. So Atomic Energy Connnission. 

** Department of Nuclear Engineering, University of Michigan, Ann Arbor, 
Michigan. 

~.G. Harris, J. Nuclear Energy: Part c, January 1961. 

2y. Ozawa, et a.l., J. Nuclear Energy: Part c. To be published. 

.,, 
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CONTAINMENT AND STABILITY IN COMPLEX FIELD GEOMETRIES 

J. Eryan Taylor 

U.K.A.E·A· Research Group 

Culham Laboratory 

Culham, Abingdon, B~rkshire 

The problem of equilibrium and stability of plasma confined by 

magnetic fields of combined mirror-cusp form (of which the Ioffe sta

bilised mirror is an example) is discussed. The criteria for the 

equilibrium of plasma in such fields is derived and interpreted, and 

attention is drawn to the importance of the surfaces of constant IBI, 
in terms of which certain low -~ equilibria can be simply constructed. 

The stability of these equilibria is then analysed and some 

examples are found to be stable against hydromagnetic and mirror in

stabilities according to both the "double-adiabatic" and "small Larmor 

radius" energy principles. 
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Richard F.' Post 

Lawrence Radiation Laboratory, University of California 

Livermore, .California 

March 22, 1963 

ABSTRACT. 

UCHL-7295-T 
Abstract 

Finite-orbit stab.ilization effects of Rosenbluth, Krall and 
l .. · ' 

Rostoker (RKR) are recalculated in the limit of low plasma density, 

using a· different formalism (guiding center equations)~ It 16 foiUid 

that. as the density is lowered below the limit considered by RKR . 

(b2 
a B2/4npc2 << l), destabilization occurs, followed by a recovery 

. . . 

of stability at still lower densities. A 8-function distribution 

of ion-energies iS Considered, and thG treatment is extended to in

clude-wavelengths which are short-compared to the ion orbit 'radius. 
2 A comparison is made w1 th the calculations of Mikhailovsky , who 

. . 
also has considered similar problems, but by the method of RKR. 

The calculations are compared with some recent experimental results 

obtained in the ALICE experiment at Livermore. 

+work performed under the auspices of the U.S. Atomic Energy Commission. 

l 
~1. N. Rosenbluth, N. A. Krall, and N. Rostoker, Nuclear Fusion, Suppl. 

b p. 143 (1962). 

2A. B. Hikhailovsky, Zhur. Eksp. 1 Teoret. Fiz. ~ p. 509 (1962). 



A.5 

-5- UCRL-10740 

On the Stability of Static Deviations From 

Magnetohydrostatic Equilibria 

KARL SCHINDLER 

Courant Institute of Mathematical Sciences 
New York University 

Starting from the linearized ~undquist equations a 

perturbation method is discussed giving the eigeflrnOd.es and 

frequencies for a static system in terms of the eigenmodes 

and frequencies of a neighboring stat;ic system. 

The method is based on the possibility of writing the 

stability problem as a self-adjoint eigenvalue problem, as 

* was observed by I. B. Bernstein, et al. This property admits 

a procedure similar to quantum mechanical perturbation theory., 

leading to an iteration scheme for the eigenmodes and frequencies. 

Art expression forthe first order eigenvalues is obtained, 

which is valid for a ~arge class of deviations, including 

boundary shape. 

It is observed that higher orde~ terms, in general, can 

only be obtained for a more restricted class of deviations. 

Under such restrictions the second order eigenvalues are 

evaluated. 

As an application,the stability of some equilibria in the 

neighborhood of a circular plasma cylinder is discussed. 

* I. B. Bernstein, E. A. Frieman, M. D. ·Kruskal, R. M. Kulsrud, 
Proc. Roy. Soc. A244, 17 (1958). 
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March 14, 196 3 .· UCRL-7281-T Abstract 

VARIATIONAL PRINCIPLE FOR FINITE-COIIDUCTIVITY HYDROMAGNE:riC STABILITY* 

Harold P. Furth 

Lawrenc~ Radiation Laboratory, University of California 

Livermore, California 

Abstract 

From the finite~conductivity hydromagnetic equations for the sheet 

pinch1 a quadratic formE= V + pM + p2 K = 0 i~ obtained, where V,M, 

and K are integrals in terms of the perturbed magnetic field 'If and 

fluid d:lsp·lacement £ normal to the sheet, a:ild correspond respectively 

to potential energy, work of field-fluid decoupling, and kinetic 

energy. Unstable modes have a real, positive growth rate p; an upper 

limit to· p can be determined from E ~ 0, with .t and £ arbitrary except 

for the boundary conditions. If the zero-order configuration is in 

equilibrium (v
0 

= 0) then p is .stationary with respect to perturbations 

in t and ~ about the. true normal-mode solution. In that case also 
. 1 

there are no. overstable modes. The choice of t and £ giving maximum 

p then corresponds to a normal mode. In this way one can readily obtain 

a lower limit to p, as well as the general features of the unstable 

modes. The potential energy term V is related to the. usual energy

principle integral. All these results can be extended to more general 

geometries. 

* Work performed under the auspices of the U. s. Atomic Energy Connnission. 

~. P. Furth, J. Killeen, and M. N. Rosenbluth, Phys. Fluids; Vol. 9, 
April, 1963. 

.. 
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A HOT PLASMA PRODUCED BY AN ELECTROMAGNETIC INSTABILITY 

E. G.· Harris * 
Oak Ridge National Laboratory 

and 

University of Tennessee 

In recent experiments a plasma with Te ~ 80 Kev, N ~ 10~~ cm- 3 and 

~ ~ 0.03 has been produced.~ We believe that in these experiments the 

electrons are heated by intense RF at the cyclotron frequency. The RF 

is a consequence of an instability resulting from a coupling of the 

modes of the resonant cavity which contains the plasma with the electrons 

of an electrical discharge along the axis of the machine. In our theory 

of this instability we adopt a simple model. in which the plasma is con-

tained in a cylinder within a cylindrical resonant cavity of larger radius. 

A magnetic field is parallel to the common axis of the cylinders. The 

operation of the device is in some ways similar to that of a klystron. 

* Operated by Union Carbide Corporation f6r the U. S. Atomic Energy Commission 

~I. Alexeff, R. v. Neidigh, w. F. Peed, E. D. Shipley, and E. G. Harris, 
Phys. Rev. Letters (to be published). 
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* STABILIZATION OF THE MIRROR MACHINE BY IOFFE COILS 

by 

J. Siambis and A. W. Trivelpiece 
University of California, Berkeley, Calif. 

ABSTRACT 

Experimental evidence1 suggests that the flute instability 

in mirror machines may be compensated by the use of a system of 

current-carrying conductors which are located around the axis of 

the mirror machine along the lines of force ·of the mirror field. 

An analytical study has been made of such a magnetic field 

configuration. The particle-guiding center equations of motion 

have been solved numerically, and the particle drift surfaces have 

been established. 

l Gott, Yu. B. , M.S. Ioffe, and V. G. Telkovsky, Nuclear Fusion 
1962 Supplement, Part 3, Paper CN-10/262. 

*This research~was supported by the Air Force, tmder Contract 
AF 33(657)-7614. 

... 
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ANOMALOUS DIFFUSION AND RESISTANCE, 

AND HOW TO AVOID THEM 

Oscar Buneman 

Electronics Research Laboratory 

Stanford University 

Stanford, California 

UCRL-10740 
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Conductivity of Ionized Gases 
with Energy Dependent Scattering 

by 

J. E. Drummond, Boeing, 
J. L. Hirshfield, ~' 

and Boeing, 

and 

D. J. Nelson, Boeing 

UCRL-10740 

A dispersion law for l_ongitudinal waves in a plasma has been 

derived allowing for energy dependent isotropic scattering. 

From the dispersion law an equation for the conductivity of 

a plasma in the long wave length limit has been derived which 

agrees with that obtained by Margenau1 using a relaxation 

model of collision frequency. The real part of this conduc-

tivity becomes negative for the conditions of instability for 

the longitudinal waves and for transverse waves as well, in 

agreement with earlier work using the relaxation model2• The 

boundary between stability and instability for long wave 

lengths is given by 

,•(v) ,tv) = ± 3 

where ,(v) is the collision frequency, and v the electron 

speed. Graphs of instability for other wave lengths are 

given where differences from results of other models occur. 

1. H. Margenau, Phys. Rev. ~' 508 (1946). 
2. Bekefi, Hirshfield, ~nd Brown~ Phys. Fluids ~. 173 (1961), 

Phys. Revo ~' 1054 (1959); Drummond, Hirshfield, and 
Nelson, Bul. Am. Phys. Soc. 8 p. 75, (1963); Twiss, 
Australian J. Phys. !!, 564 (1958); Astrophy, J. ~, 
438 (1962). . 
Browne, Astrophys. J. ~' 963 (1961): li2• 442 (1962) · 
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Complete Description of Fast Electron Distribution for Fokker- Planck 
Collisions Balancing Weak Electric Field::< 

M. D. Kruskal and I. B. Bernstein 

Plasma Physics Laboratory, Princeton University 

An infinite spatially uniform plasma of electrons subject to 

Fokker- Planck collisions with each other and with infinitely massive 

fixed ions is treated without arbitrary approximations in the asymptotic 

limiting case of small imposed constant uniform electric field E. In 

the finite (thermal) velocity range the electron distribution f is 

Maxwellian ( fM) with a known small perturbation;
1 

ignoring the 

gradual heating (""' E
2

) and minute depletion (exponentially small) 

of fM, a complete description of the steady state distribution of fast 

electrons is obtained. Measuring the velocity 2: in units u , the 
o· 

root mean square velocity component of fM 
·2 

[ so that f M "' e xp (- u / 2 ) ] 

- 3 2 
and E in units of E =- 41Te N ln A/m u , 

0 0 
we find five velocity 

ranges in which f has distinct qualitative behavior, each requiring 

a distinct asymptotic representation: 
-1/4 < -1/2 

u "'1, u "'E , u ,....E , 

,..., E-1/ 2 > E-1/ 2 S ( u "" , u,..., • orne of these are further divided boundary 

layers, etc.). The representations in adjoining regions match where 

they overlap. The minute flux of runaway electrons can be properly 

computed (only) from knowledge of f in the free runaway range 

-1/2 { . -1 
( u >> E ), but agrees in its main dependence exp[- (4E) -

2 
with Gurevich, who treated only a small boundary 

layer of the range u ~E-l/ 2 . 

* Work accomplished under the auspices of U.S. Atomic Energy 
Commission. 

1. L. Spitzer and R. Harm, Phys. Rev. ~· 977 (19 53). 

2. A. V. Gurevich, Sov. Phys. JETP 12, 5 (1961). 
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Single Particle Cyclotron Radiation 

' '* Near vlalls and Si:1eaths 
i. 

Albert Simon and Marshall N. Rosenbluth 

General Atomic Division, General Dynamics Corporation 

A particle which moves perpendicular to.a magnetic field while. 

U!ldergoing p~riodic elastic collisions with,a.rigid wall emits 

radiation wilich is :rich in higher harmonics. Collisions \·rith a 

sheath, instead of a vrall, also produces. radiation of this sort. 

Tt1e resulting radiation is calculated utilizing a simplified model 

of a sheath and also. a~suming a:n exponential plasma density distri-
. ' 

bution, and is then compared with experiment.·. One can tit either 

the observed spectral ~~1ape or the observed intensity~ separately, 

but a. simultaneous .fit i-s'rather Clifficult •. Tne best results are 

obtained for a sheath thickness of the order of a Debye length .• 

* This work ~vas done under a joint General Atomic -Texas Atomic 

Energy Research Foundation program on controlled thermonuclear reactions. 

v 
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On the Structure of Plasma Sheaths 

ARRIGO SESTERO 

Courant Institute of Mathematical Sciences 
New York University 

A model is given to provide a microscopic description 

of plasma sheaths, using the Vlas_ov equation for ions and 

electrons and Maxwell's equations for the fields. The sheaths 

considered connect two different constant states of a plasma 

in a magnetic field. In the charge-neut~al approximation a 

solution is obtained in closed form in terms of quadratures. 

The solution depends on two free parameters, related to the 

differences in density and electric potentials between the 

two end states. The scaling law changes considerably from 

one solution to another. Solutions are obtained which scale 

according to the electron Larmor radius, or ion Larmor radius, 

or behave in an intermediate way. 

The limiting cases of the "boundary layer" in which the 

density is allowed to go to zero on one side of the sheath, 

is also investigated along the same lines. A slightly modified 

model is required to obtain a satisfactory class of solutions. 

There again solutions are possible which scale according to 

the electron Larmor radius, or ion Larmor radius, or have an 

intermediate behavioro 
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Characteristics of the Front of a Solitary Wave 

in a Warm Collision-Free Plasma 

C. S. GARDNER and Y. M. LYNN 

Courant Institute of Mathematical Sciences 
New York University 

A steady one-dimensional solitary wave in a warm 

collision-free plasma· propagating normal to the magnetic 

field into an otherwise ~niform state in thermodynamic 

equilibrium is considered. A self-consistent field formu

lation consisting of Vlasov 1 s equation and Maxwell's equa

tions js used for the description of the motion. The nature 

of the front of the wave at x = ·-oo is examined by. considering 

space dependence of the form eAX for all the deviations of 

physical q~antities from their respective values in the 
. "-

undisturbed state. An eigenvalue equation for A is obtained 

as a function of initial plasma temperature and the strength 

of the wave. Its ~umerical solution, as well as approximate 

explicit solution for most of the ranges of the governing 

parameters, is given. Our result showsthat the effect of 

temperature on waves of finite strength fs remarkably different 

from that of weak· waves (A<< 1). 1 Comparison of the ·above 

solution with that derived from a simple macroscopic descrip

tion of adiabatic two-fluid theory is also made. 

1 C. S. Gardner and G. K. Morikawa, "The Effe ct of Temperature 
on the Width of a Small-amplitude, Solitary Wave in a 
Collision-free Plasma", NY0-9492, New York Univ., March 1961. 

•.; 
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Oscillat~ory Precursors in Oblique Compression W·aves-

K. W. MORTON 

Courant Institute of Mathematical Sciences 
New York University 

We use the adiabatic two-fluid equations to study 

. compression waves in an initially cold, collision-free 

plasma; a uniform magnetic field at an angle e to the 

direction of wave propagation is present initially. Steady 

state solutions and the asymptotic behavior of weak waves 

are compared with numerical solutions of the time-dependent 

equations. 

The type of wave is found to·depend critically on the 
. 1 . 2 

sign of [tan e - (E - E~J where E is the mass ratio. When 

this quantity is positive the waves are essentially similar 

to the usually considered transverse case' (e = 90°), i.e., 

oscillations behind an exponential point; but when this is 

negative, oscillations propagate ahead of the main compression 

front and there are none behind. While the oscillations behind 

the front in the first case depend on the geometric mean of 

the ion and electron gyro-radii, those in the second case 

scale like the ion gyro-radius. 
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RADIATION LOSSES FROM IMPURITIES rn THETA PlllCEES 

Alan c. Kolb 

u. s. Naval Research Laboratory 

Washington, D. c. 

A preliminary numerical calculation of radiation losses from im-

purities has been carried out for the NRL and Julich B-pinch experiments. 

The Rain-Roberts two fluid theory with ion-electron relaxation and finite 

conductivity was modified to account for spectral-line resonance radia-

tion due to collisional excitation of impurities by electron impact. The 

calculated electron heating rates due to classical diffusion, with and 

without impurities, are in accord with the observations. For these experi-

ment ths plasma is optically thin, even for the· resonance lines. Also 

the time scale is sufficiently short so that ion-electron thermal relaxa-

tion is not complete. Therefore, withpure deuterium T > T. due to the e l. 

high ohmic heating.rate and with sufficient impurity (a few per cent) 

Te < Ti due to the radiation losses. 
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* Spatially Growing Electrostatic Turbulence 

WILL~ E. DRUMMOND 

General Dynamics /General. Atanic 

San Diego, Cal.i:f'ornia 

The non-l.inear theory has been extended to spatiall.y growing 

plasma oscillations, and it is shown that at large distances this 

l.ea.ds to a turbulent electrostatic spectrum. A novel feature appears 

in that the gradient of the longitudinal radiation pressure leads to 

a charge separation and consequently to a d.c. electrostatic field 

wbere the turbulence 1 s growi.ng. 

* Research sponsored by the ADVANCED RESEARCH PROJECTS AGENCY, 
Depar1:ment of Defense 1 under project DEFEIIDER 11 Air Force Special 
Weapons Center, Contract No. AF29(601)-53J8. 
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PLASMA OSCILI...A.TIOHS IN 1\N EXTEill~AL ELECTRIC FIEIJ) 

Burton D. Fried and Glen J. Culler 

Thompson Ramo vlooldridge, Inc. 

Canoga Park, Cnli~ornia 

As part o~ an investigation o~ the problem of collective 

resistivity in a plasma, we have studied the linearized Vlasov 

~quation ~or a plasma in pre_sence of an external electric ~ield. 

Since the "unperturbed" distribution ~unction, ~ , is then 
0 

time-dependent, the usual Laplace trans~orm approach is 

inapplicable. Using on-line computational techniques, we have 

investigated. the solution o~ the integral equation ~or the 

~luctuation electric ~ield, 5 E, in the time.domain. Results 

~or various values of wave nun1ber and applied field will be 

shown and their relation to the fruniliar, constant drift 

vel.o.city cases will be discussed. 



.. 
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SERVICES de PI-i'YSI·:~·UE J!·.PPLIQUEE 

22 n~.ars 1963 -----------------------------------
Service dVIonique Gencrale 

INTERACTION BETWEEN WAVES AND DRIFTING 

PARTICLES - WHISTLER 'MODE -

by J. C. BOULASSIER and G. BRIFFOD 

A plasma is considered in the presence of electric field E and 
0 

magnetic field B , constant both in space and tin e. 
0 

The dispersion relationship for waves propagating in the direction 

of the static electric field E is determined from a microscopic an."l.lysis. 
0 

In the particular case of the whistler rrode it is found that : 

. A resonance effect is produced by the interaction between waves 

and drifting particles when the p""ase velocity of the wave is equal 

to the particle drift velocity 'lr.]) • 

. This resonance may lead to instabilities according to the values 

of E 
0

, B 
0
,, and collisions • 

The influence of ions is also exarrined. 
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On Some New Results in the Quasi- Linear 
Theory of Plasma Instabilities>~ 

E. Frieman and P. Rutherford 

Plasma Physics Laboratory, Princeton University 

Recently, Drummond and Pines
1 

and Vedenov, Velikhov, 

2 
and Sagdeev have independently proposed theories of electron 

plasma oscillations in weakly unstable collisionless plasmas. 

The usual linearized theories take account of the effects of the 

particles on the waves, whereas the theories given in Refs. 1 and 

2 include the reaction of the waves back on the particles. We have 

performed a rigorous expansion in the quantity y /W where y 

and W are the growth rate and frequency of the instability using 

the Bogoliubov- Krylov technique. This leads us to consider the 

effects of wave-wave interactions on both the particle distribution 

function and the electric field spectrum. We show that these addi-

tional terms are of the same order as the terms which appear in 

Refs. 1 and 2. The differences between the tiine asymptotic states 

predicted by our theory and the previous theories will be discussed. 

* Work accomplished under the auspices of U. S. Atomic 
Energy Commission. 

1. W. Drummond and D. Pines, Paper CN-10/134 presented at 
Conference on Plasma Physics and Controlled Nuclear Fusion 
Research, Salzburg, 1961. 

2. A. Vedenov, E. Velikhov, and A. Sagdeev, Paper CN-10/199 

presented at same conference. 
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On A Kinetic Equation for an Unstable Plasma;'< 

P. Rutherford and E. Frieman 

Plasma Physics Laboratory, Princeton University 

The kinetic equation governing a spatially homogeneous 

plasma previously derived by A. Lenard
1 

and R. Balescu
2 

breaks 

down'in the presence of plasma instabilities, L e. where the dielec-

tric function E (k, p) has a zero for Rep> 0. We have consl.dered 

the case where there is a weak instability in the electron plasma 

oscillation with frequency W and growth rate y such that y /W < < 1. 

The B-B-G-K- Y hierarchy of equations has been rigorously expanded 

in the small parameters y /w and 1/ nA.D
3

, where AD is the De bye 

length. 

3 
1/nA.D . 

2 
The parameters are assumed to be ordered such that (y /W) "' 

The resulting kinetic equation contains contributions from a 

modified Balescu-Lenard collision operator and from nonlinear wave 

interactions arising from the instability. These latter interaction terms 

are identical with the results of the quasi-linear theory. The nonlinear 

wave-particle interaction effects are included in the two-particle corre-

lation function. The nonlinear wave-wave interaction effects arise in 

the three-particle correlation function which is then linked to the two-

particle correlation function through the equations of the hierarchy. 

~:< Work accomplished under auspices of U.S. Atomic Energy 
Commission. 

1. A. Lenard, Ann. Phys . .!:Q. 390 (1960). 

2. R. Balescu, Phys. Fluids 1_, 52 (1960). 

To follow paper "On Some New Results in the Quasi- Linear Theory of 
Plasma Instabilities. 11 
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CHERENKOV-LIKE RADIATION BY PLASMA OSCILLATIONS 

* ** G. Schmidt and G. Halpern 

Stevens Institute of Technology 

Hoboken, New Jersey 

A cold electron plasma is known to exhibit electrostatic oscillations 

with the characteristic plasma frequency ro = ro . These oscillations are 
p 

longitudinal, with the particle motion and electric field both parallel 

-+ 
to the wave vector k. The phase velocity v = ro /k can take on any value; 

p p 

in fact, it can exceed the speed of light in vacuum if the wave number is 

small enough: k < ro /c. p 

This electrostatic plasma wave consists macroscopically'Of a sinusoidal 

spatial variation of space charge traveling with the velocity v . This is, 
p 

of course, brought about by electrons exhibiting small oscillations about 

their equilibrium positions with their phases properly adjusted to gj_ve the 

above described macroscopic space charge wave. 

In an infinite uniform plasma, longitudinal plasma oscillations have 

the interesting property that the conduction and displacement currents 

cancel exactly. Hence, no magnetic field and thus no radiation is associ-

ated with these oscillations. Consider longitudinal plasma oscillations 

along the axis of a plasma cylinder of finite radius R. If, by choosing k 

small enough, the phase velocity can be made to exceed the speed of light 

in vacuum, one expects the appearance of radiation from the "fast moving" 

charge bunches. 

The analogy to Cherenkov radiation from single charg~ particles is 

evident. If the plasma cylind~r is embedded into a dielectric, radiation 
) 

should appear when the phase velocity is greater than the speed of light 

in the medium. 

*Work supported by the AEC; **N.s.F. Cooperative Fellow 

i' 

, 
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RADIATIVE TRANSFER IN DISPERSIVE MEDIA 

Abstract 

The transfer of radiative energy in dispersive media where the 

refractive index differs from unity is derived from a Boltzmann-type 

transport equation for the distribution function of photon energies. 

It is first shown that for constant refractive index the classical results are 

recovered. For space varying refractive indices, the results differ 

significantly from previous phenomenological derivations. Typical 

applications are then presented for a completely ionized gas and for 

frequencies close to the plasma frequency. Comparing theory with 

measurements of the radiation escaping from a plasma should have 

interesting applications for diagnostic purposes. 

Ludwig Oster 

Yale University Observatory 
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KHffiTIC THEORY OF BREMSS'l'R!'JILU:i\TG El'iiSSION AND ABSOHPTION 

Thomas H. Dupree 

Massachusetts Institute of Technology 

Department of Nuclear Engineering 

Cambridge, Nassachusetts 

The lcinetic equation for particle and field fluctuations, 
2 . 

correct to order e , is solved for transverse field fluctuations. 

The solution contains an emission term and an absorpti.on 

term for each WJ.ve number. The absorption term reduces, for 
l small wave numbers, to that of Oberman et al. The emission term 

corresponds to the conversion of longitudinal to transverse 

;,rave energy through the incoherent scattering of lone;i tudinal 

fluctuations. At equi~ibrium, the.theory predicts an energy 

of kT per mode as expected. 

l 
C. Oberman, A. Ron, and J. Dmrson, Phys. Fluids _2, 1514 (1962). 

' 
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Radiation from a Point Source in a Plasma 

HAROLD WEITZNER 

Courant Institute of Mathematical Sciences 
New York University 

We consider the relativistic Vlasov equation and 

Maxwell's equations linearized about a spatially homogeneous 

steady state without any electric or magnetic fields. We 

assume the unperturbed distribution function depends on lvl 
"""" 

only. Corresponding to the disturbance emanating from a 

point source in the plasma, .we find the Green's function for 

the equations. We show that no distur9ance travels faster 

than the speed of light, as one expects. We then consider 

various asymptotic expansions in time. We describe the 

transverse wave which includes not only the modified radiation 

field but also the transverse plasma oscillations left behind 

the radiation wave front. Simila~y, we obtain the longitudinal 

wave and find the usual plasma oscillations left near the 

original disturbance. The longitudinal oscillations move out 

from.the origin with a definite speed, and beyond this "wave 

front" there are essentially no longitudinal waves . 
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Hydrodynamics of a Coulomb Gas 

Allan N. Kaufman 

Lawrence Radiation Laboratory, Livermore, California and 

Plasma Physics Laboratory, Princeton University 

The three differential equations of macroscopic hydrodynamics, 

expressing conservation of mass, momentum, and energy, were derived 

from the Liouville equation by Irving and Kirkwood, 
1 

under the assump-

tion of short- range interactions. The present work is an analogous 

derivation for a Coulomb gas of arbitrary density, under the assump-

tion of short-range correlations. The quantities energy density, 

pressure tensor, and heat flow each consist of three parts: a kinetic 

part, a_ self- consistent field part, and a correlation part. The kinetic 

and field parts are the same as those obtained from the Vlasov or 

Fokker- Planck equations. The correlation parts reduce, in the 

plasma limit {n A~>> 1) and in lbcal thermal equilibrium, to the 

Debye-Huckel corrections. 

1. 

Work accomplished under the auspices of U. S. Atomic Energy 
Commission. 

J. H. IrvingandJ. G. Kirkwood, J. Chern. Phys. 18,817 
{1950). 

f 
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NON-REIJ'~TIVISTIC ici.UA.NTUN ELECTRODYNAMICS OF PIASHAS 

D. F. DuBois 

Hughes Research Laboratories 

Malibu, California 

1 Recently, an attempt has been made to understand the 

electrodynamics of fully ionized plasmas using the diagram and 

propagator techniques so·successful in vacuum electrodynamics. 

The formal starting point of this study was the recently developed 

theory of thermodynamic Green's functions. Although it is not at 

all necessary formally, we have limited the study to no~

relativistic plasmas and employ the non-covariant Coulomb gauge 

in which the dominant electrostatic interaction between charged 

particles is explicit. 

The thermodynamic perturbation theory of the external 

conductivity tensor (which relates induced current to a perturbing 

external field) is first examined. On taking into account 

collective polarization effects in a well-knmm way, a more 

convenient perturbation theory in terms of "proper diagrams" 

results. The proper diagrams are related to the local conductivity 

(i.e., the response to the total local field in the plasma). The 

dispersion equations (including damping) for collective modes are 

determined directly from the local conductivities. 

Dispersion relations connect the real and imaginary parts 

of functions such as the local conductivity. It has been proved, 

starting from some recent \-tork of Baym and Sessler 1
2 that the 

imaginary parts of these .functions can be calculated by "open 

diagram 11 techniques which are similar to the calculation of 

scattering rates in vacuum electrodynamics. 

Using these techniques it is especially simple to calculate 

the high frequency local conductivity or equivalently, the 

collision dru1~ing rate of collective modes. 3 The results agree 
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lj. 5 
with the Hork of Perel and Eliashbcrg e.nd others. The picture 

emerges of collective waves ns coherent superpositions of quanta. 

The damping rate. of these waves is the rate of emission minus the 

rate of absorption of these quanta in ~quilibrium. This picture 

is helpful in understanding in a general way (e.g., outside the 

RPA) grovling -vrave phenomena in Hhich the emission rate exceeds 

the absorption rate due to non-equilibrii,lm velocity distributions. 

It also pr6vicle~ . a framei·TOrl\: for treating non-linear interactions 

between collective modes. 

The treatment of incoherent scattering of radiation in this 

frame~-Tork becomes almost trivial since the diagrams -vrhich contribute 

are evident by inspection. The vrell-knmm scattering cross section6 

in the random phase approximation can be -vrri tten do-vm imme"diately. 

The effect of short-ranged collisions can be treated quite simply 

and the results of some recent calculations will be presented. 

To determine the collisional effects ori the low-frequency portion. 

of the scattered line, iterated collis:l,ons must be taken into 

account and a kinetic equation of the Balesc~7, type for a two

component System mUSt be SOlVed. I 
I~ 

1. D. DUBois, v. Gilinski, and M. Kivelson, Phys. Rev. (to be published 
March 15, 1963);. Also Rand Corporation RM-3224-AEC (August 1962). 

2. G. Baym and A. Sessler, UCRL-10562 (unpublished). 

3· D. DUBois, v. GilinskiJ> and M. Kivelson, Phlfs. Rev. Letters.§, 419 (1962). 

4. v .. I. Perel and G. M. Eliashberg, JETP 41,886 (1961). 

5. C •. Oberman, A. Ron, and J. Dawson, Pbys. Fluids L' 1514 (1962). · · . 

6. E. E. Salpeter, Pbys. Rev. ~' 1528 (196o). 

7• R. Balescu, Phys. Fluids l' 52 (1960). 
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This report was prepared as an account of Government 
sponsored work. Neither the United States, nor the Com~ 
mission, nor any person acting on behalf of the Commission: 

A. Makes any warranty or representation, expressed or 
implied, with respect to the accuracy, completeness, 
or usefulness of the information contained in this 
report, or that the use of any information, appa
ratus, method, or process disclosed in this report 
may not infringe privately owned rights; or 

B. Assumes any liabilities with respect to the use of, 
or for damages resulting from the use of any infor
mation, apparatus, method, or process disclosed in 
this report. 

As used in the above, "person acting on behalf of the 
Commission" includes any employee or contractor of the Com
mission, or employee of such contractor, to the extent that 
such employee or contractor of the Commission, or employee 
of such contractor prepares, disseminates, or provides access 
to, any information pursuant to his employment or contract 
with the Commission, or his employment with such contractor • 






