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(Presented by Academician IT. F. Bogolyubov on 
loveinher 16, 1959) 

/following is the translation of an article 
by G. A. Skurldln and K. P# Stanyukovlöh in 
Soklady A&ad. "Batik  SSSR (Broceedings of the 
Academy of Sciences USSR) I960, Vol. 130, 
Ho. 6, pages 1248-1251^7 

References $~£7 describe a new method of asymptotic 
Integration of linearhyperbolle partial differential equa- 
tions and show the application of this method for finding 
asymptotic solutions of acoustic and Ivtesrelllan equations. 
In references /5-§/ the indicated method is developed as 
it applies to the solution of dynamic problems of the theo- 
ry of elasticity, 

Per the case .of linear hyperbolio partial dlfferen« 

prosimate-ly the initial conditions by special selection of 
the functions, i. e., we seek a solution of the form 

a(*, |f» *, /)« A(xs j?, *)exp{N»(f — ®(x, g, *)]} j    (1) 
*-■■■-" j 

given the condition that '•-*<*©,] 
As a result we obtain the known relationships:. 

end*«»«^.';      J (2) 

2(grad^grad^)-f-^Ä#s»0, '3) 

where ®{x,y, *)|is. the wave EUccaaal, and' A(M, y, j)| is the 
oscillation amplitude» 

Qa the other hand, it is well known that the equa- 
tion for the jump In the discontinuous solutions of wave 
equations coincides with Eft. (3). In other words, the 
approximate solution (1) coincides at the wave front (when 
•~*oo. } with a discontinuous solution which may exist for i 



la rigorous solution of the initial equation. " j 
21ms, we can establish the identity between the dis~ 

continuity of the nonsteady wave front and the amplitude of . 
the "geometric approximation" that corresponds to the tra- 
jectories of rays orthogonal to these wave fronts« 

She simplicity of the physical interpretation of the 
asymptotic method for the case of linear equations imfortu- 
nately is not retained in quasilinear and nonlinear equa- 
tions. Formally, however, this method can he used even here 
to solve a number of problems. 

In this paper the authors apply the approximate me- 
thod to the problem of integrating equations of plasma os- 
cillations. We investigate the problem of the motion of a 
gas in a medium of finite conductivity «. let us consider 
that the medium conforms to the equation of state ^ . —i- ; 

In tills case, if it is considered that vlH, where v = («, 0, 0) 
and H «= (0, Hf Ö) and the displacement current is neglected, 
the system of magnetogasdynamic equations in the one-dimen- 
sional case will be obtained in the form £'9_J 

d9 

dt 
,   dpi = 0, 

du 
dt + du 

dx + JLJL ('+£) 
dt + I 

dP + ?>£ «ft-1*, 

dlf 
dt • + duff 

dx 

B0, 

/dH\* 
(4) 

Hare xe=c*/4ito  is the magnetic viscosity, e-   is the con- 
ductivity, Y —Cp)cv     is the heat capacity ratio? P    is 
the pressure, p is the density, u   is the gas velocity, c 
is the speed of light, S   is the entropy, and H   is the 
magnetic field strength. 

The first equation in System (4) is the continuity 
equation, the second is the equation of motion, the third 
is the energy equation, and the last one is the Maxr/ell 
equation with Ohm's law taken into account» 

Thus the problem is to find the unknowns P* h " 
and u   in a fairly general form, i. ee, such that they con- 
tain arbitrary functions which can then be determined from 
the initial and boundary conditions« 

Since the energy equation is not exact (heat con- 
duction ana radiation are not taken into account) and the 



'escact equation is too complex j/T($79  when seeking P, p» H 
and u    it is advisable to use only three equations from 
System (4), giving «  in a definite form with an accuracy 
determined by the arbitrary function and constant* 

let us go on to the solution of the stated problem» 
Introducing the pseudoscalar potential 9 by means of the 
relationship H ~ dffdx, we can write the last equation in 
System (4) in the form 

(5) 

let us find the solution to Ea« (5) by assuming 

f ~- A (xt y, z, /)«A»N*#AO. ' (6) 

Substituting (6) in (5) and separating the real and 
imaginary parts ? we find that 

BA  Y M 

,L+«£«|g+»££«"4 (8) 
hen ®^>h;  , it can be shovm that 

dx i<*Affi; ») 

her® Eq.» (?) assumes the form 

^.(In^ + B^On^ + K^^.O. '      (10) 

Srom now on we will deal with the class of solutions (6) 
which is subject to an additional condition? i, eSJ we 
will assume that 

«K* ft «fi «const.' (11) 

(The more general case B**B(t)t    could also be considered; 
here the solution of Be«, (8) will not become more complica«, 

3  



'•ted.  in principle.) 
Let us assume w^x««, , and in so doing let us se- 

lect the order of w in such a way that the order of a 

corresponds to the order of the remaining terms in the 
equation* By means of (11) vie  obtain 

f-ljt + rp). (12) 

Substituting (11) into (8) and taking (12) into 
account, we have 

u«2*~-lnv4~ >|-7\ (13) 

Excluding «, from (10) and (13)» we arrive at the 
equation 

Differentiating with respect to x     and designating 
8^(ln^)*, »we obtain 

Ehe solution of this equation has the form 

where f (8)  is an arbitrary function. 
Thus for the calculation of 0  and u     we have 

two arbitrary functions T(t)     and F(§) , and one arbi- 
trary constant B. let us consider the case in ,which 

F (%) «s J$, , where ß =const < 0.  Here we arrive at a linear 
function for . a «& u (*,'/).  Indeed fron? (15) we have 

x = (4x( + p)ö —-J-r.        do) 

Substituting 0 from (16) in (13), we obtain 



(I as %t. 
4KI + $ 

(17) 

Moreover, taking (IS)  into ccoouirt, we havB 

A ~~ ,4e {/) esp 4*r + p J- (is) 

Consequently,  OIAT solution of Eq*   (3) will assume 
the farm. 

f «^{/Jexp 
^~«-xr 

(19) 

We  obtain from this for the magnetic field strength 

at (20) 

alms o»e of the unknowns in System  (4) has been 
found« 

T ** fir + $       a 

or 
r «/w+f {«»nit+i I [57+5—*] ys^rl" (22) 

The constant may be determined by assuming that 
T»:0. at **»0 . 



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

further, we find the density   P    from the first e» 
qnuation in System (4).    Since, taking (23) into account 

then 

where <>(*) is the arbitrary function, and 

(25) 

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

where /*«(<) is the arbitrary time function. 
The arbitrary functions ®(z)       and P9(t)      should 

be determined from the boundary conditions — by assuming 
(in the case of motion with a shock wavef for example) 
that the known relationships between p** p_(«)   and 

pv=P(u)    are satisfied at the shock-wave front. 
Solution of the problem in the concrete form $«$(/) 

does not present any difficulty» 
Thus, by means of Relationships (20), (23), (24) 

and (26) we determine all the quantities comprising Sys- 
tem (4)* 

In conclusion we should point out that in integrat- 

ing Sq. (7) we have neglected the term ~~~ as small 



compared with <*{•&)  =T-.;   It is not hard to see that 

!• e«, our assumption is borne out. 
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