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We shall consider the reflection of magnetoacoustic waves from a
plane-parallel layer of an electrically conducting liquid or gas in a
constant uniform magnetic field H. Expressions will be established for
the reflection and transmission coefficients of the layer in the limiting
cases of weakand strong magnetic fields,

§1. Suppose that a fast magnetoaccoustic wave (Fig. 1) is incident
on a plane-parallel layer of thickness d at an arbitrary angle. The
boundary of the layer lies in the xy plane, while the plane of incidence
lies in the xz plane. The latter plane also includes the vector H which
is at an angle ¢ to the x axis. The media on either side of the layer

. are electrically conducting. Both fast and slow magnetoacoustic waves
will then be reflected into the upper medium and transmitted to the
lower medium. As a result of multiple refiections at the boundaries
of the layer there will be a resultant field of magnetoacoustic waves
of both types propagating in opposite directions along the z-axis.

The velocity vectors and the variations of the magnetic field in the
magnetoacoustic waves will lie in the plane of incidence. The Alfven
waves are polarized at right-angles to this plane and propagate inde-
pendently of the magnetoacoustic waves. We therefore need not take
them into account in the present case.

The upper medium, the layer, and the lower medium will be indi-
cated by numbers 3, 2, and 1, respectively. Quantities referring to
various types of magnetoacoustic wave will be indicated by letters with
two subscripts, for example, Ay, wherep=1, 2, 31is the number of
the medium in which the wave is propagating, and v =1 and v = 2
refer to fast and slow waves, respectively. Moreover, quantities refer-
ring to waves propagating in the positive direction of the z~axis will
be indicated by primes.

The magnetohydrodynamic equations for plane magnetoacoustic
waves [1] yield the following relations:
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where vz, p, and p are the velocity component in the z direction, the
hydrodynamic pressure, and the density of the liquid, respectively, h
is a small change in the magnetic field of the wave, Ey is the induced
electric field, k is the wave vector, w is the frequency, a is the or-
dinary velocity of sound in the fluid, c is the velocity of light, o is
the angle between k and H, and u and ¢ are the squares of the phase
velocity and the density of the magnetic field in dimensionless form,
respectively.
The angles 6, are related by Snell’s law
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The phase velocities of the magnetoacoustic waves are determined
by the dispersion relation
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N, = ¢’/ 4o, 4,2, (1.3)
where oy is the electrical conductivity of the medium.

In the case of well-conducting media Wiy < 1 and a weak mag-
netic field wu « 1, we have from (1.3),
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If we retain only the principal terms, we have from (1.2),
sin @, _ sinf,,
4, Y enig—iam,

For a strong magnetic field #, > 1 we have

8 '—8 sin Bz
'S Py a3

. (1.5)

j— in?
Uyy = Py o Si0* 2y,

1
u . == C0S?Q (1 — ——gina )
2 2 2]
» 4 qu Lo

6, =0

. Ps .
v v sin OP_1 = —5— sin By,

e

1
—sing@ sinf; . (1.8)
o

sin ﬂpz =

If we set the amplitude vy, equal to unity, we can write the veloc-
ity field in the form
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In these expressions we have omitted, for the sake of brevity,
the common factor [i(kyx x — wt)]; Wy,' and Wy, are the amplitude
reflection and transmission coefficients for layer, which are to be
determined,

In accordance with Eqs. (1.7), the expressions for hpx, Epy, and
pu are obtained by replacing the coefficients Wyy in Eqs. (1.7) by
Apy Wyps By Wyppn Zyy Wy, respectively.

On the boundaries of the layer we have the conditions

V1p = oy, Mg = hoy, Eyy= Eyy, pr=p, for 2=0,

Vag = Vs, hax = hyy, By == By, pa=ps for z=d, (1.8)

We thus obtain a set of eight equations for the coefficients Wyy.
§2. If we restrict our attention to the principal terms only, the solu-
tion of this system for weak magnetic fields will be of the form
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where V and W are the reflection and transmission coefficients of the
layer in the absence of the magnetic field [2].

Thus, for oblique incidence of the magnetoacoustic wave on the
layer, the reflection and transmission coefficients differ from the usnal
acoustic coefficients by terms of the order of ¥, sin? ¢ — iwnz)'1 2,

In the case of perfectly conducting media the coefficient Wy, is
zero if
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The equations given by (2.2) determine the thickness of the layer
and the strength of the magnetic field for which there are no slow mag-
netoacoustic waves il medium 1. In particular, when p; < py < py,
real values of d are obtained for such a layer if
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Therefore, when py < py < pz, the thickness of the layer which
will not reflect slow waves into medium 3 is determined by
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When media 3 and 1 are identical and yz d = T, y22d = (2N + 1) m,
so that
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where N is a sufficiently large number, we have a perfectly transpar-
ent layer

Wa' = Way' = Wip=10, W= —1,

If we set d = 0 in Eg. (2.1) we obtain the reflection and transmis-
sion coefficients of the separation boundary between the two media 3
and 1

Wa =Vy— %— azY? cos Oa,
W' = —g—a agY sin @ sin 0 ,

Wi =Wo— —;’?‘)— Y2 cos Oy,

. . ——Z —Z
Wm:_%ialemqnsmﬁu, Vo= Zf—{—Z: ,
’ 27, 2Zg(pr—ps}
W=7z’ Y= Tt Zop SR80,

Q=a V{isin® @ — iom+as VPssintg —iong . (2.5)

At normal incidence, the magnetic field has no effect on the am-
plitude coefficients in the above approximation. If we include terms
of the order of ¥, we have for this case
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Consequently, at normal incidence and in a weak magnetic field,
the reflected and refracted waves are of the same type as the incident

wave.
For the separation boundary between two media we have from Eq.

(2.6)
Wa' = Vo + X, Wn= Wo — s X,

a
X:Z3<—a—j—Za——Z1)(Zl+Za)‘zcosztp. 2.7

§3. The solution of Eq. (1.8) for a strong magnetic field, which is
accurate to within terms of the order of (zl))'1 2 s
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If the thickness of the layer is much less than the wavelength of the
fast magnetoacoustic wave, y,d < 1, the formulas given by Eq. (3.1)
are much simpler
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The slow waves will now appear even in the case of normal inci-
dence. According to Eq. (3.2), they are absent only when

Yd = (2N + 1) n, 20500° = p1oy® 4 ppag®,  (3:9)

i.e., when the thickness of the layer is equal to an odd number of
half-waves of the second type, and the modulus of elasticity of me~
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dium 2 is equal to the arithmetic mean of the moduli of media 3 and
1.
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