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We have investigated the kinetic coefficients in a low-density plasma with large radiation
pressure in which the mean free paths of the electrons and photons are limited by Compton
scattering. It is shown that the electron-photon drag causes a reduction in electrical con-
ductivity and a marked increase in thermal emf as compared with a plasma characterized by
Coulomb scattering alone. It is also found that scattering on photons eliminates electron loss.
A resonance similar to the cyclotron resonance can occur for a wave propagating along a
magnetic field, but this resonance occurs at w = /2.

AT the present time a theory is available to de-

trical conductivity (in a magnetic field) is reduced

scribe the kinetic properties of a plasma consisting by approximately a factor of 8.

of electrons and ions (cf. [1]). Theories have also
been developed to describe radiative thermal con-
ductivity (2] and radiative viscosif;y.[3:I It turns out
that a photon flux can have an important effect on
the conductivity and thermal emf of a plasma and
that under certain conditions the electron flux can
produce a transverse radiative thermal conduc-
tivity in a plasma in a magnetic field. Under these
conditions an effect arises which can be called an
electron-photon drag.

In an electric field the electrons acquire a
momentum which is transferred to the photons, so
that the photons are ‘‘dragged’’ by the electrons.
On the other hand, a temperature gradient pro-
duces a photon ‘‘wind’’ which drags the electrons.
In a plasma that is sufficiently rarefied or hot the
electron-photon interaction is stronger than the
electron-ion interaction and the mechanism indi-
cated above can have an appreciable effect. In the
present work we treat the kinetic properties of a
nonrelativistic plasma in which the Compton scat-
tering of electrons and photons is stronger than
the electron bremsstrahlung due to ion collisions
and the associated inverse process. The results
of greatest interest are the following.

1. The thermal emf is increased by approxi-
mately the ratio (T/hc)®/n where n is the electron
density and T is the temperature in degrees. This
ratio is extremely large for the conditions indi-
cated here.

2. The longitudinal electric conductivity is re-
duced by a factor of 3 while the transverse elec-

3. The interaction with the photons eliminates
electron loss.

4. Under certain conditions the mean free path
of low-energy electrons can be increased appre-
ciably.

5. There is a marked change in the dielectric
constant of the plasma at external-field frequen-
cies appreciably greater than the frequency of
Coulomb collisions but much smaller than the
Compton scattering frequency. Under these condi-
tions the dielectric constant increases markedly
when w = /2 (Q is the Larmor frequency), that
is to say, a resonance arises. This increased di-
electric constant obtains up to very small values
of the ‘“detuning” 6 =2|w — (2/2)|/Q; when &
= 0, however, the dielectric constant is approxi-
mately unity.

1. KINETIC EQUATIONS FOR THE ELECTRONS
AND PHOTONS

We consider a hot low-density nonrelativistic
plasma (T < me?, where m is the electron mass)
in which scattering of electrons on photons is com-
parable with scattering of electrons on ions. We
limit ourselves here to the case of a plasma in
which the density is low enough so that the mean
free paths of the photons and electrons are deter-
mined by Compton scattering.

The condition that must be satisfied if both
scattering mechanisms are to be comparable is
v ~ 1, where vy is a parameter we introduce below
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(1.10). In this case the minimum dimensions of
the system (determined by the mean free path of
the photons Iy ~ 1/nZf, where n is the number of
electrons per cubic centimeter while T¢ = 7

% 10 cm? is the cross section for Compton
scattering) can vary over wide limits. If T
=101 (approximately 10° deg) it follows that n
<2 x 10" while I; 26 x 10!, that is to say we are
dealing with astronomic magnitudes; when T

= 107" (approximately 10° deg), however, n <6

x 10% ecm™ and I5 22 % 1072 cm.

Assume that the plasma is in a nonequilibrium
state under the effect of an electric field E, which
is constant in time and space, a gradient of the
chemical potential V¢, and a temperature gradient
VT. We use the notation np = n% +fp and Nge
= N& +gqe to denote the distribution functions for
the photons and electrons over the respective mo-
menta p and q and photon polarization e, where
ni’) and N& are the equilibrium functions while f,
and gq denote deviations from equilibrium. The
system of time and space independent kinetic
equations for electrons and photons in a magnetic
field H is then*

vyn, -+ eEV,yn,+ S v [H, Vyfyl = % > Sd3qd3q’qu'

X {np [Nge(14- Ngre) 8 (epr —ep+cq—2q’)
+Nge(14-Nge) 8 (8p — €5 +-cq'—¢q)]
—np[Nge(14+Ngre')d(e —eq-+cq'—cq)
"I—Nq’e'(1 + qu) 6 (Ep’_'ep‘l” cqp+cq)l},
BV Nee = S #pdq Wagny Nge (1 -+ Nog)

,'I
e

X 8 (e —€p 1 cq —cq') — Nge (1 + Nger)
X 8 (ey —&p 4 cq' —cq)l.

Here, [ d®q = (271)™ [ daydaydag; Woq = Wqrq is
the photon scattering probability, characterized by
a momentum change from q to q’. For conve-
nience the transformed collision integral in the
first equation is symmetrized with respect to q
and q’. We also neglect the collision integral
corresponding to electron-ion collisions; this
term will be added below.

We linearize the equations in fp and gq°

vVn, + eEypnp -+ %v [H, Vofpl = _;—Egd?’qd"q’qu'

X A{fy INg (1 4 Ng) 8 (g, — &, + g — cq')
+ Ng (1 4+ Ng) 8 (e — &, + cq" —cq)] —

*H,V]=HxV, EV=E.V.

—fp INg (1 +- Ng) & (ey — &p + ¢q" — @)
4+ Ny (1 + Ny d (ey —&p - cq —cq')1}

+ 2\ i Wagr {1y lgwe (1 4 N9 + Norgeel
X & (e — €y +cq —cq) — np [gee (1 + Ng)

+ GqeNgl 8 (8pr —&p +cq —cq)} =A + B, (1.1)

%I— VNe= 3 S‘ispdaq’wqq’ {np [gqe (14 Ng) + ZqeNg)
<

X 8 (e —ep +cq —cq’) — (Gge (1 + Ng) + ggrerNy)
X 8 (e —ep +cq" —cq)l + [p [Ny (1 + No)
X 8 (e —e€p+cq—cq') —Ng (1 + Ny)

X 0 (e —ep 4+ ¢cq' —cqg)l} =C + D. (1.2)

Here and below the equilibrium functions n°p and
N& will be written without the zero superscript.

Actual magnetic fields will satisfy the inequality
hQ «< T, where © = eH/mc is the Larmor fre-
quency, so that H << meT/eh = T/u ~ 10" Oe when
T = 10", Under these conditions the transition
probability qu, is independent of magnetic field
H, depending only on the cosine of the angle between
the polarization vectors. We shall see below that
in cases of interest the kinetic equations have solu-
tions in which these functions are independent of
polarization e. Hence the transition probability
Wee+ is averaged over the polarizations e and e’.
Thus

o (2mh) ¢

Weg = 7 o7 (1.3)

(1 4 cos®qq’),

where r\ = e?/mc? is the electromagnetic radius
of the electron. In calculating W we assume that
e=1-— 41rne2/mw2, the dielectric constant of the
plasma, is unity; this follows because for thermal
photons (w ~ T/f) the relation

4nne?/mw? = 4nne’n?mT? << 1

holds for all conditions in which the effects being
considered here are of importance; that is to say,
the parameter 7y introduced below is not smaller
or greater than unity by more than three or four
orders of magnitude.

In Egs. (1.1) and (1.2) the term A describes the
scattering of nonequilibrium electrons on equili-
brium photons; the term B is the drag integral for
equilibrium electrons dragged by nonequilibrium
photons; the term C describes the scattering of
nonequilibrium photons on equilibrium electrons
and finally, the term D is the drag integral for
equilibrium photons dragged by nonequilibrium
electrons.
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The momenta q of the thermal photons and the
change A =q’ — q due to scattering are much
smaller than the momenta of the thermal electrons
p; on the other hand, the scattering of photons on
electrons is essentially elastic so that |q’ — q |/a
<« 1. By exploiting this situation we can reduce
the equation for the thermal electrons (1.1) to a
differential equation in the following way. In term
A (1.1) we write Nq(l + Nq,) = Nq, (1 +Nq,)
ec(@ - T-% furthermore p’ = p + A; ¢ (a’ —q)
=p-A/m+A¥2m (plus for the first term and minus
for the second term of A) and we replace the inte-
gration over q by integration over A so that

A= gdsA[w/m(A, PA) {fara exp [ox(pA+ 7] - fol
+ W A, p8) {foms — fy exp [ (pA—F) ]} ]

W (A, pA) =%Sdquv.1q+A;N|q+A| (I 4+ Ny)
+ 8 (cg—c|q+ A|+ pAlm + A%2m).

Here, W*) (A,pA) 2 WS (A, (p +A)A).

The quantity W(*) (A,pA) is a sensitive function
of the first argument, because it is small, but is
relatively insensitive to the second, p-A. Hence,
in determining the integral A with the accuracy to
A? required here it is adequate to write WI‘;’

= W‘I;) + Vle‘)) A (if W is formally expanded as a

function of p). Expanding all other quantities ap-
pearing in A we have

A=divpjap, s =%(fo,, + -2 f,,)g AW (A, pA) ®A,

where the difference between W™ and W,
(terms of order A? in the arguments of the 6-
functions) can now be neglected. To compute the
remaining integral we convert to the variables q
and q’ and neglect the difference q’ — q. Using
(1.3) we have

1 ,.
A :ﬁd“’p(pr + mTvpfp),

mc? 8n
2=

42 (T3
_ _mc SN o —
Y= SNt =3% N (%)

45 \he) *

In B we first replace q’ and q in the argument
of the functions 8q’ introducing the variable A
=q’ — q; as before, we neglect terms of order A?
in the arguments of the §-functions and expand the

integrands to second order in powers of A.
Then,

B = — divpjgp: igp= n,,& AW, dA,
¢ A
AW1= Sd3qW47Jq+algq6 (cq —clq+Al+ %),

or, for the accuracy required here,
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iBp=2Zcn, S qgqd’q.

In computing C we make use of the fact that
gq is proportional to q-A where A is the pertur-
bation vector; hence, the term containing gq’
vanishes in the integration over q’. We neglect
the difference in the arguments of the 6-functions
in the remaining term. Then, C = —Efcngq, where
n is the number of electrons per unit volume.
Finally, in D we again neglect the difference in
the arguments of the 6-functions and expand Ng’
= Ng + (4’ — q) 8Ny /8q, so that

3¢ ,
D =_Nq(1+Nq)m_ngfp’qud3P-

Collecting all terms, computing the left sides,
and adding the electron-ion scattering in (2.4) (for
simplicity the relaxation-time approximation is used)
we have

n, e

1 ‘
— P (¢ =TV — 5 vT) = divy [ £ @oFy + mTv 1)

f
_2chnpgngd3qilciv (H, Vool — 25 (1.4)

2 zc 4 ’
No(l+No) 75 VT = —Zgengq + No (1 + N9 2 {vprad®p’,

T (&) =T (/1) v = T"m"/) 2netnAZ?  (1.5)

(A is the Coulomb logarithm).

These equations can not be solved without the
Coulomb term; this result follows because the
electrons obtain momentum from the electric
field and transfer it to the photons and the mo-
mentum of the total system would increase without
limit. We introduce the variable x = €/T and de-
note the coefficients of vn(x) by A and Bx where

eE N yT T
A=F—vi—i T ==
Then, writing

FV) =n(x) vi: (¢ (x) + % (%)),

where ¢(x) and x(x) are proportional to the in-
homogeneity A and B, we obtain the equations

(1.6)

(Wo +1W1) o + 17 [Q, 9] =J (¢) + 1A, (1.7)
(Wo + 1W1) x + 77 (@, x] =7 () + vBx, (1.8)
Wo=—2x10+(@x—5 241, W, — S (L.9)

T= = R T 25 0 18 10

where v is a parameter that describes the effect
of the photons (7; is the time required for the
electron energy T (x = 1) to relax via electron-
ion relaxation and Ty is the characteristic elec-
tron-photon relaxation time.)
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In this work we limit ourselves to the case vy
<« 1, where electron-photon scattering is much
stronger than electron-ion scattering. The quan-
tities J (@) and J (x) are integrals of the motion

J (%) =S o (x)e*x"dx /Se—"x’hdx.
0 0

As we have indicated, however, Egs. (1.7) and
(1.8) hold only for thermal electrons. They apply
when |p| >]q| ~T/c (orx > T/me?).

Equation (1.1) is satisfied by ¢=const for elec-
trons with the dimensionless energy x < T/mc?.
The integral of the equation is actually not changed
because the photons are scattered primarily by
thermal electrons. With the assumption that ¢ is
constant, substitution of Eq. (1.8) leads, after some
simple calculations, to the result (x < T/mc?):

¢ ={2VmdIT (J (®) + 1A) + 17 W (9) + TA),
Q] + GBrw/2) VTime (/ (9) + 7A) )

X (& me¥T + y*r2Q2)-1, (1.11)

if the Coulomb scattering of electrons on ions is
not important at these energies.

2. SOLUTION OF THE EQUATIONS WITHOUT
MAGNETIC FIELD

In the absence of a magnetic field it is conve-
nient to replace (1.6) by

E—T T pvTn (x)T;@r (x)
fo= p (e mTV &/ ))n(x) T9r (x) — m_T—T_—’

which leads to the equations:
(2.1)
(2.2)

Wy + 7W) oe (x) =J (@) + 1,
(Wo + W) or(x) =J (@r) + v V/n + x).

Here, the functions ¢p and @1 have the meaning
of relaxation times expressed in terms of rj.

To solve Eq. (2.1) we write gg(x)= (J +v) ¢.
If x> 72/3 (in which case the Coulomb term is
small) it is convenient to make the substitution
¢1(x) =1 — v (x). Neglecting terms of order 'yz
we obtain the equation Wy¥ (x) = x>/2; the solution
that remains finite at infinity is

P (x) = — x4 C (x4 2x7). (2.3)

To determine C we can join (2.3) to the solution
of the equation for x < v¥/? (or for x < T/mc? if
T/mc? > v?/3). However, it is more convenient to
use the equation that expresses the conservation of
electron momentum in the stationary state. This
equation is obtained if we substitute gq from (1.5)
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in (1.4), multiply the result by pd®p, and integrate
over momentum.? As applied to Eq. (2.1) this
procedure is equivalent to multiplying by e*x%/ 2ax
and integrating over x. When y = 0 the only non-
diverging solution of Eq. (2.1) is ¢, = 1; hence,
when vy < 1 we can write as a first approximation

Wop, = 1/x7%

After the indicated multiplication and integration
by parts we have

2Vale) =+ Va—ry —2xkde/dx | _,.

Comparing this with the expression for J(¢4) ob-
tained from Eq. (2.3) we conclude that C = 1/2 while
J (@), which is needed only to determine the kinetic
coefficients, is 3V /4.

When T/mc? < v the solution of Eq. (2.1) is
meaningful for x > 'y2. In this region the solution
is of the form ¢g (x) = x3/2(1 +J(¢g)/v). Since
J ~ 1, the relaxation time for the low momentum
electrons is increased by the ratio 'y" as a conse-
quence of the interaction with the photons.

When x— « we find ¢g (x) — 3V/1/4, i.e., this
quantity remains finite so that the nonstationarity
associated with the loss of electrons is removed
by electron scattering on photons.

To solve Eq. (2.2) we add and substract 5/2
from the right side. The solution is then a linear
combination

o () = (Nn+ ) @) + 101 () + 02 (6), (24)

where ¢ (x) is the known solution of (2.1) while
@9 (x) is the solution of the equation

(Wo +yYW1) g (x) =7 (x = %5).
The solution of this equation for x ~ 1 is

@2 (x) =51 (x —5) + Co (x4 247%).

Application of the previous method gives Cy =0
to accuracy of order 7. ¢, does not make a con-
tribution to J and the drag integral becomes

S @) = Va(Nin+ ).
We now substitute the expressions ¢ (x) and
e (X) in fp and compute gq from Eq. (1.5); we
then obtain the current j and energy flow W for
vy <1

j =0’(E———:—-V—%—-)—QVT, w=aT(E—-—%V+§)‘—6VT;
o=V aneu/m= 030, a=(0e)(Nn+23),

N ¢ , 56T [N 5 4y
Trtra(w+) (1t 5/

4

I

DWe are indebted to O. V. Konstantinov and V. I. Perel’
for pointing out this procedure to us.
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Writing j = V¢ = 0, we obtain the thermal emf
and the thermal conductivity:

The second term gives the electron thermal
conductivity, which is smaller than the photon con-
ductivity when v £ 1. Terms proportional to y are
omitted in the expressions for o and .

In the other limiting case, v > 1, we find «
~ Noy /ne. Corrections of order 'y‘1 to the other
kinetic coefficient are not physically meaningful in
the present approximation since we have not taken
account of the electron-electron interaction, which
is much stronger than the electron-photon inter-
action in the present case. When j = 0 the thermal
emf E/NT = N/en.

The following conclusions can be drawn from
these expressions.

1. In the limiting case in which scattering of
electrons on photons is very strong the electrical
conductivity is reduced by approximately a factor
of 2.

2. Drag of electrons by photons causes a sig-
nificant increase in the thermal emf, by approxi-
mately the ratio (T/fc)®/n for both y « 1 and
v > 1. This ratio can be large even when vy > 1.
Under these conditions our results for the thermal
emf hold only when the electric field is weak.

3. A feature of the Thomson scattering of
photons is the result, which follows from Eq. (1.8),
that the change in the photon energy flux due to the
drag of photons by electrons is NTj/n; this vanishes
when j = 0.

3. SOLUTION OF THE EQUATIONS IN THE
PRESENCE OF A MAGNETIC FIELD

If the vectors A or B are proportional to some
external field E while VT Il H, the solutions of
Eqgs. (1.7) and (1.8) are unchanged; hence we are
interested only in the case in which E, V¢ or VT
(and consequently ¢) are perpendicular to the
magnetic field. In presence of a magnetic field
the current density and energy flow density are
given by the following general expressions:

j =0E*—aVT + o’H [E'H] —«’H-' [VT, HI, (3.1)

w = aTE® — 8VT + o'TH-! [E'H] — 8’H-1 [VT, HI, (3.2)
E' = E — (Tle) V (LT).
Writing j =0, with H = H, and VT = 8T/8x, we

obtain the thermal emf, the Nernst field, and the
energy flow

V. 1. VLADIMIROV
* as4a's’” aT _ , 9T
Ex=egron o = Mo
. as’—a’s 9T , OT
eEy=egror o ~ M o
we = @TA + a'TA' — 8) 0T/dx = — wdT/dx,

w, = (@TN — o'TA - 8') 0T/dx = — »'dT/0x. (3.3)

In the case of interest to us, N > n, the coeffi-
cient k is determined to good accuracy by the
photon energy flux; the electron drag does not af-
fect this flux in Compton scattering. Hence, the
electron energy flow is determined only by «’.

Equations (1.7) and (1.8) contain two parameters,
v and yQ7i; hence, when y < 1 we must consider
two different cases, yQ7j; > 1 and yQT; < 1.
When yQ7j > 1 the formal solution of Eq. (1.7)
and Eq. (1.8) can be written conveniently in the
form

¢ (x) = [(Wo + 7W))?

+ (YQTPIT {(Wo + W) (7 (9) + 7A)

+ 1 [ (9) + YA), Q1}.

Expanding in powers of ( -yQTi)‘l, keeping quad-
ratic terms, and computing J (@) we have

A
27 (y72 4 Q)

[AY Q]
EZR

?(x) = +

B
2 (2 Qo))

5 [B, Q]

2 Q,

47B (x — /)

T 1+ pee

x(x)= +

6 (x —34)

The kinetic coefficients are then

o=_2%_ S Y . ci_ezr"n zico,
3V n 1+ Q)P Qr; m 9
a=S(a 1), o =S (),
A =Nin4 2 49/16Q2% A =—9/8Qr,.

The remaining coefficients can be easily ob-
tained by means of formulas written with the help
of (1.6).

In this case the fact that the photons are not in
equilibrium is found to be important only in that
the coefficients o, @’ and A contain the additional
factor N/n as compared with the usual expressions.

When yQrj < 1 it is convenient to consider the
cases Qr; > 1 and Qrj < 1 separately. When
Qr; > 1 we expand the quantities ¢ and x in
powers of both small parameters, retaining terms
of order (Q‘ri)"4 and 72.

The solution is
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J () J2 () °
*0) = arp [1 T@nr (TQ")‘] A
J2 (1)) A, Q
+ ( 1— —ET;,B)T —‘2(91:[‘]’)2 —'7'4’) [ ch"]v

1) =W —+5(r—3)B

[x1(x) is obtained from ¢(x) by replacing A by
B]. Here, ¥ is determined from Eq. (2.3) and
J (¥) = 4/3V/7, while the kinetic coefficients are:

J (b J2(
- 6;22:%) [1— (erf))z —(TQTf)z],
’ J2 (P)
o = o [ 1= — 200w — 1 (0]
oW [N 5 N PW N
a_‘(gfﬂe [—”—_‘—7_7_@?{)—2—_— n (79‘71)2]'
r__ C1
* = Zor

N 5 N -2@) 2N N
[ S~ L]

5 , 5
+3. M ==Yl S QU W),

n = — 2.50"1T/e.

In this case, in addition to the changes in the
coefficients o, @’ and A, similar to those obtained
earlier, we may note certain features of the coef-
ficients A’ and k’. These quantities contain the
factors v and ¥? so that they become smaller as
scattering on photons becomes more important.
When ')/Qz'rﬁ >1 we have A’ ~ Q in place of the
usual relation A’ ~ !,

When Qr; < 1 we need only retain terms of
order unity, v, and yQr; in the expansion of ¢(x)
and X(x). We then have

A [A, Q] 7,
¥W =T T Ew

17 (A, Q] (V) —¥)
) !

+ 1A (1= 7y ) +

5

— 5 Lo (B x
X0 =S5 ®—57 (5B

where yxi(x) differs from ¢(x) in that A is re-
placed by B. In this case

N
n

_3Vn r— 9 _ G 5
s=2Vmon ¢ =2 qs0r, “-—7( +7),

“=v(%+2)
The most interesting new features of the
kinetic coefficients in this case are the reduction
in the longitudinal electrical conductivity by ap-
proximately a factor of 2 and in the transverse
conductivity by a factor of 8 as compared with the

w~—25%00 o,
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usual case. The other feature that merits attention
is the fact that the coefficient A’ vanishes to order
v and (971)2- In the other limiting case (y > 1)
it can be stated, without solving the kinetic equa-
tions, that the coefficients @, @’ and A are propor-
tional to N/n.

4. HIGH-FREQUENCY CONDUCTIVITY

Assume that the system is in an external elec-
tric field E = Egel(K"T—®!) where k-E =0 and
wTi > 1. We can then neglect the Coulomb term
in Eq. (1.7) and find

WO‘P - T [Q» (P] - inicp — A I J ((p) )/, (4.1)
_ 3 x cos? qE do
T 4y a M —iov; + icktycoskq (4.2)

Here, do is the element of solid angle in q space;
the factor Y arises as a consequence of the need
for taking account of both time and spatial disper-
sion for the photons in Eq. (1.8). Calculation
yields

1 ot —1 'rl
= Tkt T_’[ +

iclerf — 0T+ 1 :
V(U —iwt)? + (ckr))? }} )

(1 — ioT)?

e

X ‘In (4.3)

Since the solutions of the homogeneous equation
are damped we shall only be interested in the par-
ticular solution of the inhomogeneous equation (4.1)
@ = const, which is

¢ = {(1 —ioT)® 4 Q% {I(1 — ioT)?
+ er% — (1 —ioT) Y2 + QZT?Y‘Z}'I {(1 —ioT) A
+ [A, Q] T} =K {1 —iot) A+ 17 [A, QI}, (4.4)

whence

0 = (ne*ty/m) K (1 — iot; —Y), o = (ne*ty/m) KQt;.

The dielectric constant is

eir = O -+ Atio /o, (4.5)

The tensor €; is of the same form as oji, that is
to say, it consists of a symmetric diagonal part
and an antisymmetric nondiagonal part; when H

= H, this tensor, like ojk, can be expressed in
terms of three scalar quantities:
¢’ = 4nio’/w,

e = | 4 4nio/w, €2 = €

where ¢; is the dielectric constant for H = 0.
These relations are an equation for the tensor

€ijk- In the limiting cases, which we now consider,
they are simplified considerably.
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We consider the case of a wave propagating
along the magnetic field. When 'ril KKw < 1-%1,
we have
20} (1 - Q)
(2iow + Q)2 4 Q2 (1 + ioty)
iolt; 14 Q2}
0 (ot 4 Q)+ QF (1 4 ioT))

0> = 4nne*/m.

ge=1—

’

When © ~ w, but is not too close to w= Q/2, we
can neglect the small terms Qr¢, thus obtaining

2
207 ,

@ — (o)’

02
_ e 9

These expressions apply almost up to the point w
= /2. Actually, writing w = (1 - §)Q/2 we see

that damping can be neglected so long as

0 > w1 (wa/w)2. (4.7)

Thus, up to very small values of the deviation the
dielectric constant is essentially real and increases,
reaching maximum values in the immediate vicin-
ity of the point w = ©/2. It might be said that there
is a resonance close to this point.

The Faraday effect exhibits the following be-
havior. The angle of rotation per unit length is

o f /1 -+ _@L)Vz_l
2c Q= 20y :
However, the increase in refractive index as w

approaches the value /2 continues only up to
deviations that satisfy (4.7). Calculation shows

L. E. GUREVICH and V. I.
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that for smaller deviations the absolute value of
the complex dielectric constant is of order unity.

It is evident that photon drag due to electrons
is no longer important (Y = 0) when wrgy > 1;
also

e =1 — (0it/io) (1 — iot) [(I — ioT)? 4+ Q2f17,

(4.8)
g’ = (ioitj/o) [(1 — ioT)? + Q1F? Q1;.

The easiest way to check the validity of these
qualitative considerations is to carry out the cal-
culations in the absence of magnetic field, in which
case €j becomes a scalar. Then, k = wy€ /c and
(4.5) becomes a quadratic equation in €. One of
its solutions corresponds to a damping in a time
much smaller than the period while the other coin-
cides with Eq. (5.7) for Q = 0.

Neglecting electron-electron interactions we
find that the longitudinal waves are damped out in
a time smaller than one period.
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