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A APPROKIMATE SOTUZION OF THE PROBLEM OF TEE MOTTON 7
| A CONLUCTIVE PLASNA

(Presented by Academicisn N, N, Bogolyubov on
- ¥ovember 16, 1959)

é?ollowingg is the transletlon of an article
¥ Go A, Suridin and K, P. Stanyukovich in
Doklady Akad, Favk SSS8R (Proccedings of the
Academy of Sciences USSR) 1960, Vol. 130,
Fo. 6, pages 1248=1251,7

References [I-%déssribe a new method of asymptobic
integration of linear hyperbolilec partial differential el

' tiong and show the appileation of +his method for finding

- asymptotic solutions of acoustic and Maxwellian equations,

In references 4?-;8;7 the indicated method is developed asz
it applles to Vhe solution of dynsmiec problems of the theoe
ry of elasticity. , L

For the case .of linear hyperbolic partial differerew
tial equations (wave equations, for instance), the zeneral
principle of this method is that we attempt to satisfy B
proximately the initisl eonditions by special selection of
the functions, i, e., we seek a solution of the forn

1

|
H8{% 9. 2,0 = A5,y Jexplinld —@(x, g, ) | (1)

4

Cgiven the condition that e-—eoe,]

As & result we obtain the knovm relationships:.
gs*ax!’@mf—g; ! | (2}

2(@&6&@3‘3{!@)-}-&&@ =0, | {3)

where ®{x,y, f)ilis.the wave Eikonal, and A{x, g, 2| is the
oscillation amplitude,

' On the other hand, it 1s well lmown that the equa=
Tion for the jump in the discontinuous solubions of wave

eguatione coincides with B¢, (3), In other words, the
approximate solution (1) coincides at the wave fromt (when

_&-co ) with a discontinuouns solution which may exist for

g




a rigoraus solution of the in1t1a1 equation, -
Thus, we can e¢stablish the identity between the dis~
contimiity of the nongteady wave front and the amplitude of
the Yzeometric approximation that corresponds to the tro~
sectories of rays ovthosﬂnal to these wave front
The simplicity of the physical Ln*ernrcmatlou of thne
aogmmtctic method for the case of linear equations vnlforile-
nately is not retained in quasilinear and nonlinear eguas-
ions, lormally, however, this methed can be used even here

fl

'§tc solve & number of problens,

In this papexr the authors apply the approximate me=
thod toe the problem of inte ratlﬁg equations of plasma Os=-
cillations, We investigate the problem of the motion of &
fae in e medium of finite conductivity ¢. Iet us conzider
that the medium conforms to the eﬁuaﬁion of sta%ei} ﬁ:* ,

=g'e fo w,’
In this case, if it is considered that Vv L H, where v=1(4 0,0
and H=1(0, H,0) and the displacement current is neglected,
the system of magnetozasdynamic egquations in the one~6umﬁﬂ»
sional case will be obtained in the form /97

dpu
Pt = |
ou kit
¢)E+ (7x+p3x(P+ ) ! - 4)
('g«--i; all '

a: + 53: +7P i &x)

i 63@1’{:_!%

o + dx T 0s% "

are x=c¥/4re  is the magnetic viscosity, ¢. is the cone

tivity, g =¢p/¢c i3 the heat caspacity ratio; F is
CHd DXEOBUYE., p is the d&nuiu“, ¢ is the gas veloul*dg c
is the gpeed of light, S is the entropy, and H is the
magnetic fileld strengtha

The first equation in Systen (4) is the continud Ly

yuation, the second is the eguation of moticn, the third
s the energy ecuatlcn, and the last one is the lMaxwell
e vation with Ohm's law taken into account.

Thus the problem is to find the unkmomms P,p H
and ¥ in a fairly general form, i. €., guch Wat they cone
tain axbhitrary 14nction% which can then be determined alelil
the initial and boundary conditions,

Since the energy equation is not exact (heat cone
duction and radiation are not taken into account) and the
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‘exact equation is too complex /I07, when seeking P, p, H
and & it is advisable to use only three equations firom
SV‘"’T“?”E (4}, glving ¥ in a definite form with an acouracy
dete: ':t_ned by the arblirvery funetion and constant,

2t us go o to the solu z.,"u:m of the gtavted provleil
Ik 1’01’2:&:'*3;115" the paeudoscalar potentisl ¢ by means of the
reletionship ri - Jeldx, wWe can W:!:ite the last equation in
Systen (4} in the f‘sm

&
£
-
5
Bt

fet us find the solution %o Ed. (53) by assuming
p=Alx, y, 2, HHemlian (6}

Substituting (6) in (5) and seperating the real and
imaginary parts, we find {that

Sl @
ﬁ5 +i x{%%— 2%—%-& In A] | (s)
When el , it cav be shown thét
f:‘i ::m’A( ) | (2}
here Eg. (7} assumes the form
2 (in A)+u§-(ln,4}+~@(§§}’m@. (10)

From now on we will desl with the class of solutions (6)
wnich 1s subject to an additionzl conditiong i. €., W
will assune that

oV x L =B =const. (11)

{The more genersl case B=B{f). could alsc be con"ldw ds
here the solution of Ege. (8) will not become more csoma.:,iva»

3.
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‘ted in principle.) - ‘

Let us assume o¥x=g, , and in so doing let us se=
lect the order of o in such a way that the order of @
corresnonds to the order of the remmining terms in the
ecuation. By means of (11) we obtain

f=2x+T@). 2)

Substituting (11) into. (8) and taling (12) into
account, we have : ‘

u=2z£2~in A""‘"’%‘TQ : | (1%)

Exeluding u, from (10} and {(13), we arrive at the
equation

P nA—gina—B=2x(Lna)

Differentiating with respect to x and designating
6= (In A)y, o We obtain : :

L y[ee-41 |2 =0, (14)

The solution of this equation has the Torm

x;~=4xf9-—.-%—7'+1:(9), (15)

where F(@) is an arbitrary function,
Thus for the caleculation of 8 and u we have
twe arbitrary functicns T({) and F(@) , and one arbi=-
traxy constant B. Jet us consider the case in which
F{@)=§% , where B=const<0. FHere we arrive at a linear
function for uw==u(x, ). Indeed from (15) we have

| x=(xt+H8— 5T, (15}
substituting & from (16) in (13), we obtain



a
== ‘m g 1. (1
v A 4B A

¥Voreover, takinzg (18} inmto cooount, we have

{1

7)

=
o

Consaquently, our solution of Eq. %} will assume

the Toxrm

g = Ay (f)exp TR Cc)sw(«a-x+f‘}. (1

9)

Ve obtain from this for the megnetle field gtrengih

(2

Thus one of the unknorms in System {4) has been
found,

0}

The arbitrary function T(f)' can be detevmined by
introducing some condition foxr #. ; for example, we o&n

assume that at Xe=X, u=0 (2t the y*a,ali‘? or in a npors
L,,wnwueal case we can asaume that the wall r*cw aocording

i

to e law % == g(l) Then = x -«@(:; Ve obbain fron .
{17
% 2xT 2nd
T e 220 [ — _.,ui_mg
T U o (21)
or

The constant may be determined by assuming that
¢, at t=0,

]

T
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If the value } from (21) is substituted in (17),
the last expression takes the form

(s —y) (5)
4= grppté ’

Further, we find the density P from the first e
~quation in System (4). Since, taking (23) into account

2 3 W(x i)
. | Girg tar nn+ [FEd 1 4] 2 tnp =0,
s than
P=VEITFO(), (24)

where - Pz} is the arbitrary funciion, and
- H

et (2 g dt -
_ VEx:+5+S[4xt+s ﬂﬂ?&'—?'ﬁ'-‘ . ,( 5)

~ After this, we find the pressure P fFfrom the second
equation in System (4)

5P-;&‘{;'-;’;-mii',(t)—-- Sp(u¢+uux341. . (26)

where Po(!) 1s the arbitrary time function.,

The arbitrary funchions (2 and Pt} = should
be determined from the boundary conditions ~- by assuming
(in the case of motion with a shock wave, for example)
thet the knowm relationships between p== p(u) and
P=Pu) aore satisfied at the shock-wave front,

Solution of the problem in the concrete form ¢ =¢(f)
dees not present any diffiecunliy, : ‘

Thus, by means of Relatlonships (20), (23), (24)
and éf&?) we determine 8ll the quantities comprising Syse
tem (4. , S

In conclusion we should point out that in integrai-

ing Bg. (7) we have neglected the ternm %% as small
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. Tt 1s not hard to see that

= § #A  w (‘"‘V'ﬁ* ) § ]W 1 -
’Ego:é_ x‘"f‘"‘?[ dxt 4 B +4,_g+a ~ » .gi)a% '
ax

‘1. €., Our assumption is borne out,

%
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