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An asymptotic solution of the Cauchy problem is obtained for the first order
quasi-linear equation, The field of characteristic curves is constructed. It
is shown that for fairly considerable times the solution is discontinuous, but
tends to a smooth stationary distribution, Numerical calculations obtained
by the method of characteristics are presented. Results of the asymptotic and
numerical analysis are in good agreement,
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A homogeneous boundless plasma subjected to a strong high-frequency radiation [1]
or a beam of particles [2] is unstable. Exponentially increasing with time ¢ electro -
magnetic oscillations with a wave vector k from some phase spaceregion ire induced init
during the initial linear stage. Nonlinear processes become substantial later when the
energy spectral density w (k, #) reaches a high level. Such processes result in the
saturation of the electromagnetic wave energy. The state of plasma under such con-
ditions is called turbulent [3-5]. Investigation of the evolution of the energy spectral
density of turbulent noise serves as the base for determining the form of functions of
plasma particle distribution and the law governing the absorption and dispersion by the
plasma of beams of particles or of powerful radiation. These questions are fundamental
in the problem of the utilization of powerful light beams and of relativistic electrons
for heating plasma,

1. The definition of evolution of plasma turbulence reduces in a number of cases
[6-9] to solving the Cauchy problem.

ou 1 , (

5“7—“[1—22%-& dzq(Z’—Z)u(Z’,t)]

L1

u(z 0) = uy (2), z,< z2 < 2,
where U (z, t) oo w (k, t) isthe angular distribution of pulsation energy. The
variable 2 determines the deviation of oscillation propagation, which increases by
increments 41 — 22, from the direction of the most intensive oscillation buildup.
The integral term defines the nonlinear stabilizing mechanism —induced dispersion of
waves on plasma particles used in [6-9]. The interaction between particles and
electromagnetic waves results in the change of direction of the latter, and leads to
a redistribution of the energy pulsations induced in the phase space region |z| > 1
The turbulent noise is transferred to the attenuation zone z > 1, where the increment
is negative. The nonzero energy density is maintained in attenuation regions lz2| > 1
owing to the equilibrium between energy absorption by nlasma narticles and the ther -
mal excitation of pulsations (the tefm 1 / x in the left part of (1. 1). The "carrying out
of noise " from the oscillation buildup region to that of a‘*tenuation stabilizes energy
distribution in the phase space.

The position of maximum deviations z;and z,, and the form of the core g(§)depend
on the particular physical system. All ¢ () cores are odd functions that tend to
zero at rapid exponential rate with the characteristic scale 1 / f << 1 when| §| — oo
[6-9]. For functions u (z, t), with the characteristic length of variation of the
greater core width1 / B, (1.1) is, for p — oo equivalent to the quasi-linear first
order equation [6, 8, 9].

2:

1.1)

a 1 du
,a—L;——szu(‘.l—z?)—suE (1.2)

h

u(z, 0) = uo(z), —oo <<z<Coo

Investigation of the quasi-linear equation (1. 2) is of interest for several reasons.
First, it is possible to carry out an asymptotic analysis for ¢ — (. Second, the
total information about the form of core ¢ is contained in the single numerical par-
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ameter g<<& 1. Third, it is possible to trace on a simple example how the con -
vection effects —known in gas dynamics and nonlinear acoustics —are comnlicated by
the peculiar to plasma ohenomenon of osciliation buildup and thermal generation of
oscillations.

Differential approximations for integro-differential equations similar to (1. 1) were
considered in [10, 12] without allowance for terms reflecting the buildup and thermal

generation of noise, The stationary ordinary differential gquation

Euj—?:;{"+u{1—-zz) (1.3)

which follows from (1.2) was used in [ 8, 8, 13] for defining the stationary energy dis-
tribution in the phase space,

2. Problem (1.2) is equivalent to the Cauchy problem for the characteristic sys-
tem of ordinary differential equations, which after the transformation ¥ =~ u?

becomes dyldi=2+2 (1 —2), daldt~eVy (2.1)

Z (0) = Zgy, Y (O) = Yo (ZO) = U (zq)

where the first equation defines the behavior of the unknown function ¥ (t) along the
characteristic curve whose shape is determined by the second equation. Parameter &
is small (8 <€ 1).

The subsequent analysis is based on the method of joining asymptotic expansions
[14,15]. The pattern of behavior of characteristics of Eq. (1.2) in the (2, {)-- plane
appears in Fig. 1, where characteristic curves are shown by solid lines and the traject-
ories of shock discontinuities by dash lines. Roman numerals denote characteristics
of various kinds which differ by the initial value of the coordinatez, = z (0) as follows:

Lt —1; Mizo=—1+ A%, A=0(), A<0, 0< o << %/
Ol zp = —1 4+ A, A=0(1), « >2y IVigg = —1 4 Aex, A =

3.(1\);1. i1=<2/a; V:lfo \:;1-1-_ 1 Aec, /3 =0, A>0, 0<a<
25, P zo << 1; tg=1 4+ Ae*, A=0), A0, 0<a<
ley VIILizg =1+ Aex, A=0(), «a > %5 IX:izg =1 + Ae*,
A=0), a=%; Xi zp=1-+ A%, A=0(1), A>0, 0<< a<<¥
XI: Zo > 1
Arabic numerals denote regions through which pass the characteristic trajectories.
In each of these regions the characteristic is defined by its asymntotic expansion.

t 2!
5
3 4 |
i
| | [/
f 5 /
13 I‘: /
) /)
y T——— ‘I
([T o gt
| 13
Tl 7'1/ 7 |
1] sl syél s sl6/f6 6\t
r 1] uj ¥ hi) m{r  x
-2 -1 0 I 2 vA

Fig. 1
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Subsequently the analysis will be limited to the first terms of these expansions. Numbers
of regions and subscripts of internal variables that define solutions in these regtens
coincide. Regions with identical expansions are denoted by identical numbers.

The complete description of solution requires the analysis of 46 zones along var-
ious characteristic curves. Below we present only the fundamental aspects of the
asymptotic analysis, omitting details that can be obtained by analogy. The num-
bering of variables and of regions of nonhomogeneity coincides with that in Fig, 1,

We introduce variables

b=t yh=y rn=(z—z)/e (2.2)
which transform (2. 1) into system
dyl/dt1 == 2 + 2y1 (1 —_ 202 bl 827'120 — 827'1) (2-3)

dry/ dt, = VI) 7‘1(0) =0, yl(o) = Yo (ZO)

1= (o () 200 - L[t — el (1 4 0 (e)) (2.4)

re=(z? — 1 {yol/’ (20) — y't+ & (tb Zo)}
§ (th Zo) = % (Zoz _ i)_‘f¥ in [ ?ftzih (20) —(z® — 1)4:2 ?h’;"*‘ {22 — 1)-%
Yo' (20) + (22— 1)yl — (g2 — 1)
22—1>0

whose solution

St 20) = (1 — 20"y [are tg (1 — 20%) yo (20))1 —
are tg (1 — z,%) )] 22— 1<0
is valid in regionl; z — 2, = O (e),and t = O (1) for all initial values of arg-
ument gz = z, at the real axis, except the small neighborhoods of pointsz = * 1
(Fig. 1), where the instability increment 4 — z2 = o (1) is small. This case should
be considered separately. We extend the construction of characteristic curves of the
kind I and XTI (Fig, 1) with initial values 2o | >>1 and introduce the substition

lp =8ly Yo=Yy, Ty=28r, =2— 2 (2.5)
which transforms Eq. (2.3) into system
edys / dty = 2 + 2y, (1 — 22 — 2ryzy — 1y?) (2.6)

dry / dt, = VE_/:
The integral (2, 6) which satisfies the conditions of joining with solutions{2. 4) in region

Yo = (@ — )Y ro >ty (22 — 1) & > 0; yy, by, 1y = O (1)
is of the form

=@ -4+ 0@k (@ — O —z] 2@ — 1)k = (27)

{2t + In| (22 — 1) — 2| + 2z, (,2—1)"2} {1 + O (e)}

Formulas (2. 7) define the stationary distribution of the energy spectral density, since
the expression for the unknown function ¥ = (22 — 1)1 does neither have an explicit
dependence on time nor the dependence on initial conditions. In region 2 where
2—2,=0 (1) and t = 0Og>»  andin regions which follow it along the
characteristic the unknown function ,, = J/y conforms to the stationary equation (1. 3)
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that was investigated in [13]. Equation of the characteristic curve is obtained from the
second formula of (2. 1) and related conditions of joining, For 2z, >> 1 expansion
(2.7) completes the construction of the characteristic of kind X I (Fig. 1).

Let us extend the construction of the trajectory of kind I with initial value 2o« — 1

(Fig. 1). Expansion (2.7) joins in region 3, where z -+ 1 = O (¢*h), and
0>t (2e)7 {In | (2" — 1) — 20 | + 7 (2" — 1)} = O (e"h)

the solutien
= W2 (ry) {1 + O (")) 2.8)

T3

= {§aew-1 @)+ Satwr @)l it + 0@y

ts = {t, + 27 [In|(z0> — 1) — 2o | + z, (25 — 1)e]} &

Ys = yZE”/‘, rs = (Z + 1) g~
which defines the rapid increase of the energy of noise,
FunctionW (r,) shown in Fig. 2 by the dash line satisfies the equation dW/dr,
W™ + 2r, and has the following asymptotics [13]:
= (—2ry)7ly, rg > —o0; W =rs% -+ 1633, ry - o0
The conditions of joining principal terms of expansions do not provide means for

determini ng the f1rst integral in Eq. (2.8) of the characteristic trajectory.
However the dependence of the solution of system

§lw
/
) (2. 1) on the initial value  2y. is continuous. Using
Fig. 2 | Y/ this it is possible to show that the indicated integral
| in (2. 8) is zero. A similar procedure is applied
/ below in other cases without further explanations.
v
A
— ’/
v P
- 0 J For —1<z<2

and {t + (2e™) [In | (202 — 1)— 2o | + 2o (22 — 1)1} = 0 (1)

the noise energy attains considerable values § == O (€7®) and the solution in this

region is defined (Fig. 1) by formulas
= (2 —2%5 + /3)* {1 + O (e")} (2.9)
(z + 1)1 — Ysln|z + 1] + Yanjz — 2| = —¢, {1+ 0 (")}
Yo = &hyy, ty = e 1y, z — elbry — 1

Expansion in the transition region when z — 2 = O (¢) and
{t + (28)™MIn|(z,2 — 1) — zo| + z, (2,2 — 1)] + Yslne} = O (1)

(Fig. 1} is of the form
— Ysyg'lt + (61 3) Un | [(3yg)* ~ 1] [(3y,. ) — 4]-1] —
ot (&) 5 (3ys) I7=(2.10)

V odt® =t +0E): o= — 26,

—0,98

Ys = ya&™%  tg=1t, + % Ine
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It links (2. 9) with the solution which defines the equilibrium between the absorption
of plasma particle energy and the thermal noise generation
ya= (@ — 1) {1 + 0 (&h)}, In|@Z—-1)" —z| + 2 (2> —1)" = (2.11)
{2ty + In (2—3%) + 2.3%} {1 + O (")}

ty = et + 271 {In|(2o> — 1)"* — 2] + 2o (20> — 1)"*} + Y/selne
The characteristic curves (2, 11) are similar to the curves (2. 7) already considered,
but are shifted relative to the latter into the region of considerable times ¢ (Fig. 1).
Expansions (2, 11) are valid in region
2122 2,t = — (2e) {In|(2o2—1)" — 24| + 2o (302 — 1)} — Yylne + &1,
38, For zo=14 + Ae*, 0<<a <Coo and A = 0 (1) (characteristics
of the kind VII — X in Fig. 1) the instability increment { — 2,2 = O (e%) is ini -
tially small. We introduce variables
to =1, Ys=1y5 rs = (2—1— Ae%)e™ (3.1)
which transfer (2. 3) into the system
dys / dts = 2 + 2y, (—2Ae* — A2t — 2g14 rA — 2erg —e%9°)  (3.2)

dr (] / dts == Vg;
Its solution which satisfies initial conditions

| re (0) = 0, ya (0) = yo (20 = 1 + Ae2)
is of the form yy — (915 + yo(zo)} {1 + O (e* + &)} (3.3)
g = 1./3 {[2t8 + yo(ZQ)Ph -— yasb (ZD)} {1 + o (Sa -+ 8)}
which is valid in region 6: 2 — zo = O (8) and ¢ = O (1) (Fig. 1),
Further analysis is subdivided into several stages depending on which of the three
conditions 0 < a<?; Ye<<a<<o© o ¢ =2, isvalid
Let us consider the first case ( < ¢ << ?/,.
System (3. 2) in variables
Yz = 8%g, I = &%s, T7 = €%y (3.4)
is of the form
dys [ diy = 2 — 2y; [2A + €2A? 4 2rgl-52i2 4 2p, Agl-Sal2 |
ry2e201-2a)] (3.5)
d"'; / dt-; == V:J'?
The solution of these equations that satisfies the conditions of joining with (3.3}
Yo = 23, 3rs — (20)"; Yo, ts, 76 = O (1), € =0
is defined by expansions
Yyr = (2A) {1 — exp [—4AK]} {1 + O (¢ + gl5a2)} (3.6)
rs = —@A)7{[1 — exp (—4At)I": + 2 n|[1—
exp (—4At)]s — 1| —
27Un |1 — exp (—4AL)]" + 11} {1 + O (e + el-5=i2)],
A>0
ry = (—2A)% {{exp (—4At;) — 1] — arctg [exp (—4At;) —
1]} {1 + O (e* + 5%}, A< 0

Region 7 is determined by formulas
(2 — 20) = O (e%2-1), ¢t =0 (e)
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Let us extend the analysis to the case of A << () which corresponds to the initial
coordinate Zo in the region — 1 <<z <C1, z — 1= O(e%) of oscillation buildup.
System (3. 5) in variables

4 Y { DAN1Tes LBl 2-1 . I PP . N FO N A

tio = iy \Tmal) e T, Yo == BT MYg, Typ == gV M, 4 A 9
reduces to the equations

dYro / dtye = —4Y 10 — €% 2yor1o? + 2e2-5a 3.8)

df'm / dtw = V?Q
The asymptotic solution of this system which satisfies the conditions of joining (3. 6)

Yo = (—2A)Texp {—4At,,}, ro > (—2A) exp {—2At,0}
Yoy b7, Tg = 0 (1)1 e —0
is represented by functions
bio = (=2A) {In| (rio — B)(ro -+ A)| + ¥ln (—28)}{1+ O (e* +&17%)}
Yio = (rio? — A2 {1 + O (s + el 5ai2)) (3.9)
These expansions are valid in region 10:z — 1 = O (e*),t = O (e*), with
0 < a << ¥;. The characteristic trajectories (3, 9) intersect each other, This pro-
perty is independent of the initial distribution y, (z) andistie consequence of internal
processes, viz, osciliation buildup in region |z| < 1 and transfer over the spectrum
( the convection term), For fairly considerable times and arbitrary initial conditions
the solution of problem (1. 2) is discontinuous, The time Z, of discontinuity onset sat-
isfies the inequality ¢, < min (— 2Ae*)lnes*/2-1 = (— 2A)1Ine?
0<a<Hs
The analysis of remaining variants shows that characteristics of the kindVIII — X

do not intersect each other (Fig. 1). When ¢t = ™! they coincide in the first approx-
imation with the trajectory of the kind X1 (2. 7) that corresponds to parameter zo = 1.

Let the initial values of coordinates be 2o = —1 + Ae*, 0 >0, A =0 1)
(characteristics if the kind IT — V Fig, 1) Substituting variables
to =1, Ye = ¥y, 7's = (2 -+ 1 — Ae*)e™? (3.10)

we obtain from (2. 3} a system of equations and its integrals which satisfy initial
conditions

dye | diq = 2 + 2y (8927 — £2A2 — eW2rA -+ £2ry — e%rg?)  (3.11)

d"s / dta' = ]/;5
Ye = {2t + yo (20)} {1 + O (e* + &)} (3.12)

re = Y3 {[2ts + yo (21" — yo'* (20)} {1 + O (e* + &)}

In the first approximation (2, 11) and (3, 12) are the same as (3.2} and (3.3). The

analysis is subdivided into several stages, viz.0 << @ << *s, @ > ¥/, and o = ?/;.

Let us consider the second of these, namely a > /. The substitution

tea = gllst . Fyg == ENep = g’

reduces system (3. 11) to & T o Yu Yo (3.13)
Ay / dtyy = 2 -+ 702y (2Ae* — g2*A?2 — g'lst92r, A 4 £h2r, — (3.14)

8‘/“"142)s drig [ dtyy = ]/-.171:
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Substituting  J¥ = y,,1 and using the equality dy,,/dtu = yial"dy o/dry,,
we obtain equations for the principal terms of the expansions of unknown functions
dW ldryy = W2 4+ 2ryy, dry/dtyy =W (3.15)
The conditions of joining
W — (Bri)h, ryg Y5 (2t re, t, ys = O (1), e =0
follow from (3. 12). Integral curves of the first of Eqs. (3. 15) are shown in Fig. 2,

Conditions (3. 16) are satisfied by the trajectory which passes through the coordinate
origin W = W, (r,) The solution

(3.16)

Tie
Yo =W (), ta =\ dEW;' (B) 3.17)
0
shows, as(2.8), the rapid increase of noise energy due to the increment which is lin-
ear with respect to the coordinate. Note that (2. 8) and (3. 17) satisfy the same system
of Eqgs. (3. 15) but for different initial cenditions, The dimensions of region 14 are the
same as those of region 8, but the former is displaced in the direction of shorter times

t:z + 1= 0 (e™), t = O (¢7). Functions (3. 17) merge with solution of the
kind (2. 9) in region —1 << 2<C 2 Fig.1 .

Further analysis can be carried out on the basis of the stationary equation (1. 3) [13].
Investigation of all possible variants shows that the characteristic trajeétories of the
kind I] —V with the initial condition Ze = —1 + Ae*, & > 0 and A = 0 (1)do
not intersect each other,and for t = 1/,]n ¢ + &' coincide in the first approxi=
mation with the characteristic of the XI" kind which corresponds to the initial coordinate
Zo = 2 ,(see (2.7)).

4. The unknown function increases exponentially in accordance with (2. 4) along

characteristic curves with parameter 2o within the range —1 << 2, <<{. When
t = O[(1 — 2,2 Une™!] the noise energy attains considerable values y = O (g2),
The substitution of variables z = ery + Zo, Yys = €Y1 and t3 =1t — (1 —

2,2)"Une~1 transforms system (2, 3) to one of the form
dylg / dtlg = 232 - 2y13 (1 - 22)

dZ / dtu; = VE

With the use of equality dy,s/dtys = Y1a/"dYss/ drys, for the principal terms of ex-
pansion we obtain the equation

d /5 dz —
E:E'Vy“’ =1 — z%, T = Vs (4.1)

The nonstationary " turbulent" solution
Yis =11 — 2%)(z — 20)1%, (2 — 20) = (1 — %)™ {yo (20) +
(1 — z®)7)hexp [(1 — 2ty (4.2)
Taq Y tLi==0{1), e >0
which satisfies the conditions of joining (2.4), is defined by expansions
Yis = (2 — 132® — 20 + Y222 {1 + O ()} — (4.3)
3[AIn (z — z¢) + Bln (z — Z)) + Cln (Z, — 2)] + Cy5 = tis {1 + Oe))
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Zl = = ZO /’ 2 (3"“““3/4,Z02)l Ja —_ 20/2 + (3"'—8/4Z02)1” (4.3)
A = 15 (z,2—1)1, =1, [z, (3—3/4z02) +2(1 — g2/ )

C =112 — z.2/ 4) — Zg (3—3/,22):]1
Cis =3B In (20 — Zy) -+ 3C In (Z, — z,) +
(1 — 2% Un {(1 — 202)[1/0 (zo) + (1 — z02)”1]”‘12}

Region 13 is determined by formulas
2—20=0(1), t+ (1 —z%lUne=0(1)
The inequality ¥1s (2, 2o') > Y13 (2, 2zo) is satisfied for fixed z along char-
acteristics of the kind V1 and various initial values of the

u
g
/ ’
T \Qg‘_ 7
~1 lig 7
Fig. 3
coordinate Zo" < z, . Hence the characteristic trajectories (4. 3) with lower val-

ues of tue initial coordinate 2z, approach the trajectories with higher values of that
coordinate and intersect the latter. Such pattern of the field of characteristic curves
(Fig. 1) corresponds to a discontinuous solution of the quasi-linear equation (1, 2).

Let us consider trajectories with small initial values of coordinate [2o| <€ 1.

The relationship

tis = f (3, z) = % ln% — »%—In [1 -+ ¥ (20)] (4.4)

3(22—2) V3, V3i+
+z°[2z(3-—z2)+ 1“1/3..:]

follows from (4. 3).
The point of intersection of two characteristics close to each other is defined by
the equation
3 3 (22— 3 342 1 - g
B — R R L )
which makes it possible to predict the pomt of incipient dlscontmmty (24 ts)-
It follows from (4. 5) that when ¥o (2) = 1 then z; =~ ¥ 2, and t,=In (V3/¢).
Equation {1, 2) with initial condition u, (z) =1 and parameter &€ = (.3
was solved numerically by the method of characteristics [16]. In Figs, 3-5 are plotted‘
solutions (curves denoted by numerals 1-7 relate to times t = 0,0.4,1.0,1.8,
2.2,2.6,3.6), the field of characteristics in the (z, ?)- plane, and the amplitude ev-
olution at the time of shock discontinuity [u].  Asymptotic estimates of the time of
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shock wave onset and attenuation #, =~ In(]/?/ e) = 1.7 andte =~ Y,lne! +
g™l =~ 3.7is in agreement with the results of numerical computations (Fig. 5).

I 2.5
|

!

]

I

125

—J 0 )

Fig. 4
The dincontinuous general solution of the correctly formulated Cauchy problem for
the quasi-linear equation must satisfy a certain condition at the discontinuity trajectory
Z = z; (t). That condition may be obtained by using the divergent form of Eq.
(1.2). The correct condition at the discontinuity satisfies the inequality which in the
notation used here is of the form [17, 18]

cu (zs + 0) < dzg [ dt < eu (2, — 0) (4.6)

In gasdynamics this condition corresponds to the law of entropy increase and ex-
cludes solutions of the kind of rarefaction shock waves. Equation (1. 2) corresponds to
a continuum of correct conditions at the discontinuity [17, 18]. On physical consider-
ations we select the condition

dz [ dt =€/ 2 [u (z, + 0) + u (z5 — 0)] (4.7)

which corresponds to the conservation of the noise energy stream through the shock
front in the wave vector space.

The solution of problem (1. 2) is discontinuously independent of the initial distrib-
ution y, (z) , although its detailed form, for instance, the number of simultaneously
existing discontinuities is dependent on the initial condition. Characteristics whose
parameter 2o is outside the interval —1 << z, << 2 do not intersect trajectories of the
shock discontinuity, while those with that parameter within the range —1 << 2, << 2
form a shock wave, Characteristic trajectories with initial conditions from the neigh-
borhood of point z = —1 asymptotically approach for ¢ = Y/glne™ + &1  the
curve emerging from point ¢ = (, z = 2. Hence the amplitude of the shock discon-
tinuity  [ul = |u (z+ 0) —u (2, — 0)|, which is proportional the the difference
of tlie tangents of inclination angles of intersectin characteristics at the intersection
point, tends to zero when t >> /slne™ g7 After this the stationary distribution,
which is the same as that obtained in [13], is established. By viriue of (4. 6) this qual-
itative result is valid for any correct conditions at the discontinuity. Conclusions reached
by asymptotic analysis are confirmed by numerical computations (Figs. 1, 3-5).

The evolution of plasma turbulence saturated by spectral transfer occurs in three
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time stages (Fig.3). First, the plasma noise increases exponentially in the interval
0<<t<CIng™? in the region |z| <C 1 of oscillation buildup and, then, de-
creases in the attenuation region |z| > 1.

In the interval  Ipgl « § < g7t the noise energy attains considerable val-
ues U = O (¢7'), and the intensive spectral transfer results in the onset of a shock wave
in the phase space. In the case of a discontinuous solution Eqgs. (1.1) and (1.2) are not
asymptotically equivalent. Numerical computations of problem (1. 1) in [7] show that
the shock wave has a dispersion structure. For ¢ = /3lne™ the solution of the integro-
differential equation (1, 1) has an oscillatory character with a scale of 1 / Pequal to
the core width.

Further behavior of the spectral density of oscillation energy is determined by the
attenuation of the shock wave at ¢ = Ing™! -1- ™1  and the establishment of a
smooth stationary distribution.

The author thanks V., V. Aleksandrov, V.V, Pustovalov, V,P,Silin, and V, T,
Tikhonchuk for their help in formulating the problem, its discussion, and interest in it.
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Flows of gas at velocities close to the isentropic and isothermal speeds of
sound in channels with slowly changing temperature and curved walls are
considered. The model takes into account the convection nonlinearity re-
sulting from the cumulative effect of perturbation propagation. It also
permits the analysis of the arbitrary effect of radiation on the motion of gas.*
The derived nonlinear system of equations defines the flow of gas in chan-
nels whose transverse optical thickness is of the order of unity, Similar
equations for quasi-isentropic flows appear in [1],

_1; Input equations, Let us consider the stationary equilibrium flow of an inviscid
non-heat-conducting radiative gas in a channel with plane or axial symmetry, The
channel walls are assumed to be nearly parallel planes or, in the case of axial symm-
try, to have a nearly cylindrical surface, In the plane case the channels are assumed
to be symmetric about the plane y = 0.

We assume that the input of radiation to the internal energy density and to the
pressure is small. The motion of such medium is defined by the equations

apu d-1
% T dl 5 ¥ipr =0 4.4)
du 1 oo o o 1 op
7tV 8y+p8x_' o TV T ey =

pT( ax—l—v )+d1vq-_0

where p is the pressure, p is the density, 7 is the temperature, s is the entropy of



