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REMARKS ON MACiNETOACOUSTlC WAVES* 

. Wulf B. Kunk~l 

Lawrence' Radiation Laboratory 
· University of California. 

Berkeley, California 

April ~· 1962 

lt hao long been. known that in a compressible nondissipative hydro-
, . . ' . 

magnetic me.dium (continuum) there are three distinct propagation speeds 

of small-amplitude plane waveo clearly corresponding to -three different 
. . 1 . ,. 

polarizations of the fiuid displacement •. These phenomena have been in-. . ' . . . 

vestigated .and discussed by many authoro, a particularly dgorous treatment 

" z being included in :the comprehens.ive work by Bazer and Fleischman. It 

is. readily shown. that one of the three modeo ia purely transverse, i .. e., the 

fluid displacement and the magnetic field disturbance are each normal to 

both the direction of propagation and the undioturbed field. Thia noncompressive 
. . 3 

{pure shear) mode ie commonly called the intermediate or Aliv~n ·wave, It 

io also uaually demonotrated that the other two types of propagating dis­

turbanceo~ frequently called the fast and slow wa~ea, 3 consist of diaplacements 

that are coplanar with the propagation vector and the undisturbed field. Since, 
. ' 

in general, these two modes involve compressions, they may be termed : 

magnetoacoustic waves. 6 

The physical difference between the slow and the fast wave, however, 

has not always been rendered transparent by the past analyses. It la therefore 

tha purpose o£ this note to show, in a very sl.lflple .and direct manner, how 

the polarizations o£ the two type~ of magnetoacoustic waves are related. 
' . . . 
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Our starting point is the familiar set of linearized equations of 

-' ~agnetohydro~ynamics of a diosipationlese fluid. With th~ help of either . 
4 ' ' 3 . .· 

Foul'ier analysis or the method of characteristics, and uoing the continuity\ 
' ' . '\ .. 

equation to ellm.bo~ato the density as a. variable, these are readily transformed. 

into '·. 

a a . ·. ··. · · .·· · ··· 
c I'~ • a y.p(n• v)n + cB X (n X b) .. ........ .. ........ ' .. (1) 

' ', 

cb • n X (B X v) • . 
'· 1 ~. ..... ,.,., ... ,. 1 •. '·. ' J 

(Z) 
I 

' . 

Here v and b signify the omall.diaturbances of the fluid 'velocity and of the 
.- ,. ' • ' ' I ' ' 

magnetic inductioz.t, respectively. .Th~ undisturbed medium i~. characterized 

by a denoity p and_ a speed of ordinary oound a, and io aooumed to be permeated 

by a. magnetic fi~lcl .. B/ fL. . The ~ignalo are .propagating at_ speed . c : in. the 

direction of the wa.ve normal n. -
Where n• v 1. 0, l. e. • in cases of magnetoacoustic waves, the co planarity ....... . . . 

of 'b, v, n, and B can immediately be deduced from (1) and (2.). Inspection of ... .... .... ..... 

theoe equations aloo reve?.~.lo that the .mutual orientation o£ the vec~ors in 

queotion must be of the type sketched in Fie. 1 for the domain !!.• E > 0 and 

b • B > O. It will be recognized ao an interesting physical feature that in . - - . 

fast waves n • v and b • B have the oa11;1e sign, but in slow: waves they have .. .... . ... -
opposite signs. 

A con:venient quantitative relation ~tween the direction of !• defined 

by v • B = vB cos +• and the direction of propagation n, defined by n • B = B cos 8 .. ... .,. . .,. .... 
(oee Fig.· 1), b readily obtained if we use elementary vector algebra to 

elimi.."late c, b, and fv 'llfrom (1) and (~). One can shOw, for instance, - - ' 

that (B • v)(B Xv) = JLpa. 2 (n • v) ·(n X v). . . U we introduce the abbreviation ..... - .. .. ......... 
r = 'f'pa2/B2., this can be written very oimply as sin Z~ = r oln Z(cp ... 6)~ 

I 
' t 
I 
' 

.. 



·• 

UCRL-10161 

In terms of the discriminant of magnetoa.coustics, defined by 

q2 = r 2 - 2r cos 29 + i, the relation between f and 8 takes the explicit 
' . . 

form 

sin Z<P = (r/q) sin 29. · (3) 
· · · .·. · ·, · ·: · .: .. · · · '· · ·,. z ·' · z· 

Since the propagation speed in this notation is given by c = (l+r+q)B jz.,.p, 

the pooitive root q > 0 obviously refers to the fast wave, while q < 0 belon~s 

to the slow wave. At a given angle 8, then, Eq. (3) yields two admissible 
' ~ 

basic solutions for + which differ by w/Z. Evidently the~e are the two 

orthogonal directions labeled vf and v 
8 

in ·.F~g. 1. 
~ ~ 

A plot of + vs 8. for variouo values of :r is 'presented in Fig. z. '. F?r 

r >> 1, the fa at wave v~ry clearly approaches pure compression (~ = O)e ·. · ·.• 

whereas for r << 1, !.£ is transverse to the ~agn~tic field at all values of 

6. It is remarkable t)lat for values of r of only 4 and 1/~. respectively. the 

deviations from these limiting directions amount to only about 7 ~~· 
I • 

The angie+ tor slow waves is indicated by broken Unes in. Fig. z. At 
,. 

the point ,e = w/Z, the direction of !s changes by Tr· This occurrence io 

connected with the fact that both c
8 

and n • v . go to zero a. t this point. 3 -- . 

The magnitudes of v and b are, of cource, uniquely related to each other. - - . 
After aome algebraic manipulation, this relation in terms of q and r is found 

to be 

z 2 
2b ,= v.pv [ 1 + (1 - r)/q}. (4) 

The case r = 1 deserves special attention. · Equation (4) states that as 

far as relative amplitudes are concerned, there is no distinction between fast 

and slow waves under thit.r c·onclition.· And in Fig. 2 we see that in the directions 
,'7 .•:.. .. ' • 

8 = 0 and 8 = 11' the fast and slow waves are net only indistinguiahable, but in 

a certain sense exchange rt;»les. ·Thio is also apparent U7hen c(B), for the 

case of r • 1, is shown in a pola:r plot. 2 
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