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REMARKS ON MAGNETOACOUSTIC WAVES*
| " Wulf B. Kunkel
Lawrence Radiation Laboratory

University of California
Berkeley, California

April 9, 1962

- It hag long beex;knoirm tl'zatv ina comp?em;ible z'fandissipative hydro-
magnetic medium. (continuum) t‘here are three distinct éropagation speeéa
of small-amplitude plane waves clearly corresponding to three different
poiarizations of the fluid displacement. l‘ These phénori—;ena have been in-
vestigated and discussed by many authors, a particularly rigoroﬁs treatment
being included in the co'mprehene'ive‘wc_')rk'by Bager and Fleischman., 2 n
is regdil& shown that one of the three modes is purely transverse, i.e., the
fluid displacement and the magnetic field disturbance are each normal to
both the &irebtion of propagation and the undisturbed field, This noncompressive

{pure chear) mode ia commonly called the intermediate or Alfvén.wave,:; It

is also usually demonstrated that the other two types of propagating disz-
turbances; frequently called the fast and slow waves, 3 cqns,ist of displacements
that are coplanar with the propagation vector and the undisturbed field. Since,
in general; these two modes involve compressions, they may be \;.ermed :
magnetoacoustic waves. i 6 o |

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

has not always been rendered transparent by the past anialyseé. It is therefore
the purpoaé of this note to show, in a very simple and di‘r.ect manner, how

the polarizations of the two types of magnetoacoustic waves are related,
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Our starting point io the tomiliar set of linearlzed equations of |
maanetohydrodynamica of a dinsipationleaa fluid, With the help of either " :

Fourier analyois4 or the method_ of characteristica. 3 and using the continuity 5,

equation to eliminate the density as a'. ya:ié.ble. these are readily transformed - “

into 5 o
. z z ) LT R . .
cppw = a upln-vin+ cB X (nXb) o (1)
',obunx(BXV) s @

Here v and b aignify the emall diaturbances of the ﬂuid velocity and of the
magnetic induction, reapectivoly. The undieturbed medium is charactenzed _
by a density p and a speed of ordinary uound a, and is asgumed to be permeated
by a magnetic field B/p. .Tho signals are propagating at speed c.inthe
direction of the wave normaln. .. ‘ . |
Where v )‘ 0. i.e., in cases of magnetoacoustic waves, the coplanarity
of b, Ve 1, and B can immediately be deduced from (1) and (2). Inspection of
these equations also reveals that the mutual orientation of the vectors in
auestion must be of the type sketched in Fig. 1 for the domain n°B >0 and

b >0, It will be recognized ao an interestmg physical feature that in ‘

fast waves ayv. and_go B have the game sign, but in slow waves they have
opposite signs. _

A convenient quantitative relation between the direction of v, defined
by v B = vB cos 45. and the di'rection of propagation ;13.. defined by n* B= Bco,s e
(cee Fig. 1), is readily obtained if we use elementary vector algebra to
eliminate ¢, b, and |v ‘fifrom (1) and (2). One can show, for instance,
that (B- i)(_B_ Xy) = ppaz(g *v) (& X¥). . I we introduce the abbreviation

T= ppaz/ BZ. this can be written very simply as sin 2¢ = r ain 2($ - 6).
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In terms of the discriminam of magnetoacoustxcs. defined by
qz = rz'- 2r cos 20 + 1, the relation batween_ ¢ and 6 takes the éxplicif
form v ' »

sln Z¢ = (r/Q) ain ZG. | : - . _ (3()
Since the propagatioﬁ apeed in thia notation is given by c = (1+r+q)Bz/ 2;@9.
‘the positive rootq >0 obviously refers to the fast wave. while q <0 belomxs
to the slow wave. Ata given angle 0. then, Eq. (3) yieldn two admizsible o
basic solutions for ¢ which chffer by u/2. Evidently theae are the two

\

orthogoaal directions labeled V¢ and vy in Fig. 1, _
A plot of ¢ ve 0 for various values of ris preaented i.n Fig. 2. F;r -
r >> 1, the fast wave very clearly approaches pure compmssion 4 = 9). o
whereas for r << 1, V¢ is tranaverse to the magnetic field at all values of
‘0. It iz remarkable that for values of r of only 4 and 1/4 respectively. the -
deviations from these limiting directions amount to only about 7 d,eg. | '
The angle ¢ for slow waves is indicated by broken lines in. Fig. 2. At
the point 9 = w/2, the directiou of Va cha.nges by w. This occurrence is |
connected with the fact that both ¢;and n- v go to zero at this point, 3
The magnitudes of v and b are, of course, uniquely related to cach other.
After som_e algebraic manipulation, this relation in terms of q and r is found |

to be

"=upv[1+u-r>/q} @

The case r=1 deserves epecial attention, Equation (4) states that ag

2b

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

. hand slow waves under thic condition. And in Fig. Z we gee that in the directions
Ae = 0 and @ = v the fast an& slow waves are not only indistinguiehable'but in

a certain sense exchange roles. ’I‘his is also apparent when c({8), for the

cage ai rsl, is shownina polar plot. 2
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g l. Orientations of the vectors in magnetoacouetic waves.

Fig 2. - The a.ngle ¢ as function oi 9 for varioue values or r = Ma /B .

: slow wave.
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This report was prepared as an account of Government
sponsored work. Neither the United States, nor the Com-
mission, nor any person acting on behalf of the Commission:

A. Makes any warranty or representation, expressed or
implied, with respect to the accuracy, completeness,
or usefulness of the information contained in this
report, or that the use of any information, appa-
ratus, method, or process disclosed in this report
may not infringe privately owned rights; or

B. Assumes any liabilities with respect to the use of,
or for damages resulting from the use of any infor-
mation, apparatus, method, or process disclosed in
this report.

As used in the above, "person acting on behalf of the
Commission" includes any employee or contractor of the Com-
mission, or employee of such contractor, to the extent that
such employee or contractor of the Commission, or employee
of such contractor prepares, disseminates, or provides access
to, any information pursuant to his employment or contract
with the Commission, or his employment with such contractor.





