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We show that the property of a linear system viz, the 
fact that square of the amplitude propagates with the 
group velocity continues to be valid in the case of magneto 
acoustic waves in the presence of weak non linearity.

The fact that for slowly varying wave trains in a 
linear system the square of the amplitude prop
agates with the group velocity is well known. In 
presence of weak non linearity, the behaviour of 
wave trains for different system has been studied by 
several authors [1, 2]. Shivamoggi [2] has shown that 
in the case of weakly linear longitudinal waves in a 
hot plasma the above mentioned result of linear 
systems holds, whereas his method of analysis fails 
for ion acoustic waves. It is then natural to ask 
whether this property continues to hold in the case 
of magneto-acoustic waves. As our analysis shows, 
the answer is in the affirmative.

Consider the magnetic acoustic waves prop
agating across a magnetic field in a cold collision 
free plasma [3]. In this system the field quantities 
are reduced to (i) ion density N (ii) ion fluid 
velocity F(iii) the magnetic field B [4].

Restricting the system to one dimensional plane 
waves propagating along the .v direction and taking 
the applied magnetic field to be along the z direc
tion we have

V=(u, v, 0), 
B = (0, 0, B:) .

(1) 
(2)

The basic system of equations can be written in the 
normalized form [4]

dn d
— + —  (nu = 0 , dt dx

du I S  IB 2

(3)

(4)
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(5)

(6)

(7)

and where n has been normalized by the unperturbed 
density N0, the ion fluid velocity v by the Alfven 
speed ß0/[4 7r(m, + /7?e) jV0]1/2 and B by the strength 
of the applied magnetic field B0. m\ and me denote 
the masses of the ions and the electrons, Rt and Re 
are the normalized ion and electron Larmor fre
quencies, respectively.

Equations (3) to (6) can be written as

dU dU 
dt dx

a e 6
I — + U I —dt dx

U= 0,

where

U =

~u n 0 0
0 u 0 B./n
0 0 u 0
0 B. 0 u

0 0 0 0
0 0 0 0
0 0 0 R~]
0 0 R~] 0

(8)

(9)

/ is the 4x4  unit matrix and

Ri = (rae/raj)1/2, Re = (mi/me)U2

(10)

(11)

(12)

To solve the system of equations (8) we expand all 
quantities to represent slowly varying wave trains 
of the form

B-_ = 1 + eB:] (C, T, 6)
+ erB-2 (C, t, 0) + . . . ,  

n = 1 + e n\ (£, r, 6)
+ e2 n2 (C, t, 6) + ... ,

u = e u] (C, T, 9) + e2 u2 (c, t,0) + ...

(13)

(14)

(15)
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where

C = e x , r = e t , 
6> = F(C, r) x -  iv (C, i)

(16) 
(17)

From the first set of equations for 0(e), we have 
the starting solutions as follows:

ik 2
----- —aT + 2k(\\'2 — 1) ac + 3Fwöwf = 0 ,

By removing the secular terms in (13), we have,

Ik 2

„-ioB:] = a (( , t) e'" + ä(t, r) e 

nx = —,[a(C, r) ei0 + ä (c, r) c- '0] ,

w, = — [a(t,T)ei0 + ä(C,T)e-i0], 
vr

r, = t) el0-a(C , r) e~i0] , (18)

where the bar denotes the complex conjugate and 
the dispersion relation takes the form

— aT + 2F (vv2 — 1) 5f + 3 k wäw^ = 0 . (25)

Using the dispersion relation (19), (25) becomes 

vr3 3 w2
a a Wf = 0 ,

(26) 

(27)

F2 — vv2 = k2 vr2. (19)

The second set of equations for O (e2) are given by 

d/h 9/7, 9//1 9M? 9

9 «2 
"97

+ U\
«5' &
co l dB-2 + + B- 

dx
9 B-}

1 9a- -
95-,
3 ,  = ° '

9r2
+ f r

+ m,
1 dB :2 1 9 B:X - k  vv 1

Redt Re 9a- dt Re dx Re

aaz + ar a -1— t (oa - + ö^ö) —
A: " " k

which can be written in the forms
9 9

A 2] = 0.

dvr vr3
c w = d - r e -

Equation (27) shows that the quantity A 2 prop
agates with the group velocity.

(20) 

(21)

• (ik ciT — k a 0X — i vt- a -  i vv a: + vr a e — 0

1 92r? 1 995-2 + 9ZF, du, ^ 9w2 + 9m, + 9#r , ^  ^
9/ 9r 0.Y 9.v 9c 9.v R, dx dt F, 9.v "i

9n 
9.v

+ (kkT a + k2 aT + i k2 a 9C — k: vr a — k vr»a — k vr a 

Using (18) and (19), (20)-(23) become 

I d2B:2 d2B-2 dABzl

i k vr a 9:) ei0 + c. c. = 0

(22)

(23)
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