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It is shown that electromagnetic or sound waves propagating in a layer of a cholesteric liquid crystal,
transverse to the cholesteric axis, lead to the appearance of additional waves. At wave frequencies below some
certain value these waves are surface waves. In a conducting cholesteric liquid crystal, the additional wave
can, upon attentuation, experience multiple oscillations. The amplitudes of the waves are determined. The
sound wave in an external field can be unstable. It is shown that the sound wave can generate an

electromagnetic field. The formation of an acousto-electric field and accompanying acousto-magnetic field is
considered. It is shown that in a conducting cholesteric liquid crystal the Alfvén wave also has an additional

branch.

PACS numbers: 43.35.Qv, 72.50. + b, 78.20.Bh

1. STATEMENT OF THE PROBLEM AND BASIC
RESULTS

In the study of propagation of electromagnetic waves
(EMW) in a cholesteric liquid crystal (CLC) is usually
limited to the case of a wave directed along the choles-
teric axis (CA) of a nonconducting sample. It turns out
that the incidence of an EMW or a sound wave on a CLC
layer in a direction transverse to the CA, and also the
propagation of EMW in conducting CLC, leads to a num-
ber of interesting features. In a dielectric CLC, the
case is of interest in which the magnetic field of the
EMW is parallel to the CA. (An analysis shows that
in the EMW magnetic field transverse to the CA the
results are not of interest.) In this case, in addition
to the ordinary EMW, which appear in a CLC with a
permittivity

Ein=E0inTe0Bin, 01,

(1)

Ba=—DBw=cos (2¢z), PBn=sin (2¢z), Bu=0,

additional EMW appear at 60 (q is the inverse of the
pitch of the cholesteric helix directed along the z axis).
These additional waves do not at all possess the usual
features. If the incident wave of frequency w propagated
along the y axis and had only the component of the elec-
tric field E,, then the additional wave has the compo-
nents E the amplitudes of which are of order

%,9,2
Eo®@rmas E o Omas o,
where E is the amplitude of the ordinary EMW in the
layer, while w,,,. is determined by the condition
Ormaz e=2cq (6€) ™" (2)

(c is the speed of light). The amplitudes of the addi-
tional EMW can be greater than 0E,. The dependence
of these additional waves on the coordinates is different
in different frequency ranges. Our consideration, as is
shown below, is limited to the condition w <wga.e. If

0> wo=2cq, (3 )

then the additional EMW in the layer
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cos CcOoSs
~ % (22) P (zny—ot), (4)
sin sin

and outside the layer (transmitted and reflected)

~ % (2q2) - (py=at), (5)
sin sin
p=2¢(0’0,*—1)", x=2¢(ew’w,"*—1)", (6)
i.e., inside and outside the layer, EMW appear travel-
ing at angles

arctg (0’wo~*—1)",  arctg (ew’w,"*—1)1/2
to the y axis and modulated along the CA.

In the frequency range w,>w >w, = wye*’/? the waves
in the layer are described by (4) and (6), and outside the
layer we have, in place of (5),

~ %% (242)°® (0t)exp(=Ty), '=—p* (7
Sin sin

(the plus for the reflected wave, the minus for the
tramsitted wave: the layer occupies the region 0 <y <d),
i.e., outside the layer, surface EMW are formed.
Finally, at w<w,, the waves outside the layer are de-
scribed by (7), and inside the layer are formed sur-
face waves

~ ::): (2qz) :T: (wt)exp(xfy), f=—=* (8)

(the plus and minus are for waves at the boundaries

y=0 and d, respectively). In the conducting CLC

layer, in addition to the ordinary wave with amplitude

of magnetic field H,, which is attenuated

~exp[(i - 1)(2mow)*/2¢c'y], (where o is the isotropic

part of the conductivity and o0;, has a form similar to
(1)), additional waves are formed, traveling almost
along the CA with amplitudes 0H ww_k,, or 0Hw' 2w 2,
and in this case the consideration is valid at frequen-
cies lower than

Omaz 0=C>q%0~". 9)
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In the case of a wave traveling parallel to the CA, in
addition to the ordinary wave, which is damped within
the skin depth, there is an additional wave, which un-
dergoes multiple oscillations as it is damped. The
number of these oscillations increase with increase in
the quantity wg,,w™.

Additional waves that are not elecromagnetic but
acoustic, appear in the passage of a sound wave trans-
verse to the CA if an external constant electric field is
applied to the layer, parallel to the direction of propa-
gation of the sound. In this case, the surface waves
appear at sound frequencies satisfying the condition

0<©,=2¢s (10)

(s is the speed of sound). The amplitude of the addi-
tional waves increases with increase in the frequency.

We note at once that the method for finding additional
waves is different for passage of the wave along and
transverse to the CA. In the first case, following Ref.
1, we can find the dispersion equation, from which we
can determine both the ordinary and the additional
waves. The situation is more complicated in the pro-
pagation of waves transverse to the CA, when the set of
Maxwell’s equations or the equations of hydrodynamics
in an external electric field is solved by iteration in 0.
In this case, the dispersion equation is found for the
fundamental waves, while the additional waves appear as
“induced” solutions of the set of equations in which the
fundamental waves play the role of “external” fields.

In a conducting CLC, the sound wave is unstable if the
external electric field is so large that the drift velocity
v,=2s (and not v,=s as in the case of instability of
sound in piezosemiconductors). We note that the exci-
tation of acoustic oscillations by an electric field is dif-
ficult in a liquid crystal and exceptional in a CLC.

In the propagation of sound waves in a layer, alterna-
ting solenodial fields appear, in which the amplitude of
the magnetic field of the wave is greater than the am-
plitude of the electric, while their velocity is of the
order s «<c, i.e., these waves are similar to thermo-
magnetic waves. 3

A potential difference, constant in time, and trans-
verse to the CA appears, in second order in the small
ratio of the density oscillations to the unperturbed den-
sity, for the case of sound waves propagating at an an-
gle to the CA and to the external electric field. In con-
trast with ordinary media, this acoustic-electric field
has a solenoidal increment which leads to the appear-
ance of a stationary magnetic field—the acousto-mag-
netic field.

Before proceeding to the calculation, we make a few
reservations. At frequencies w >wpay OT W >Wpay,, the
iteration treatment is inapplicable. However, as is
seen from (9), w,.., is very large and the frequencies
which do not satisfy (9) require account of temporal
dispersion, which is beyond the scope of our present
work.

At w >wp,,. e it is necessary to take into account the
damping of the EMW, which is very considerable at

535 Sov. Phys. JETP 53(3), March 1981

these frequencies. The ratio of the imaginary and real
frequencies of the permittivity becomes greater than
the ratio of the anisotropic and isotropic parts of the
permittivity. (Therefore, in particular, waves with
frequencies greater than w,,, . are stable. With neglect
of damping, parametric* excitation of the EMW ap-
pears). In carrying out the estimates, two cases are
possible. First, a pure CLC, in which g~ 10° cm™,
6=0.1-0.1. Second, solutions of CLC and a

nematic liquid crystal, in which the quantities ¢

and 6 decrease with decrease in the concentration of the
CLC.! Therefore, in solutions of CLC and a nematic
liquid crystal, the characteristics frequencies decrease
while the amplitude of the additional waves increase.
We note that as the concentration of CLC approaches
zero, not only do w,,,. and wy,,., approach zero, but
account of damping also becomes necessary.

2. DIELECTRIC CHOLESTERIC LIQUID CRYSTAL.
PROPAGATION OF ELECTROMAGNETIC WAVES
TRANSVERSE TO THE CHOLESTERIC AXIS (CA)

Let the field of the incident EMW be directed along
the x axis. Then, neglecting 6, we find that a wave
also develops in the layer of CLC. The wave field is
directed along the x axis, and is given by (the index
“ord” denotes the ordinary wave)

E°_F, cos(kyFot). (11)

We now take into account the terms proportional to 6 in
(1). Here we must keep it in mind that the y and z com-
ponents of the electric field inside and outside the layer
and the increment to the x component are proportional
to 6. Neglecting the difference in the magnetic suscep-
tibility from unity and keeping terms that are linear in
0, we obtain the following equations for the additional
waves E, , .

(A—ed*/0t*) E., ,=—6k/ N, yEqcos (2gz)cos(kyFot),
No=k, Ny=2g, A=08"/dy*+0"/oz, (12)
9E,/dy+0E,/0z=0kE, sin(2¢z) sin (kyFot).

This system must be solved under the usual boundary
conditions, in which the induction-vector component
normal to the surface is equal to

eE,+0¢eE, sin (2¢z) cos (kyFot),
where E, is determined from (12).

The solution of (12) is different in the different fre-
quency ranges indicated in Sec. 1. The field comp-
nents E, , , inside and outside the layer (the reflected
and transmitted waves) and proportional to the expres-
sions (4), (5), (7), (8) and to cos(ky ¥ wt).

For example, for the x component at w >w,,e”2 inside
the layer,
E,i" =06k*(2q) —2E, cos (2qz) cos (kyFwt)
+[E,scos (xyFat)+E, . sin (xyFot)] cos (292), (13)

and outside the layer,.-

f/tr,
E,m"= LE:; e,mr‘cos (pyFot)+E ;e‘ e

sin (pyFot) lcos (2¢2), (14)
where » and p are given in (6).

Substituting E in the form (13) and (14) (or with

X,y,2
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replacement of expressions of the type (4) and (5) by
expressions of the type (7) or (8), as indicated in Sec.
1) in the boundary conditions, we find at », p#0:
E3} | EX"'~8k(20)Eo,
ER =2p7E.;,

ER | EX'~ 8k2(2g)E,,
oult

E,; ~2qp™E,;.
As »—0, E}*—~0; as p—~0, E3* —~0.

The largest of the additional waves is E, (at w> w,).
With decrease in the frequency, the amplitudes of the
additional waves fall off, while as w— 0, the additional
waves disappear.

Estimates show that in pure CLC, w ~10%s™ and

w,= 10557,

maxg

3. CONDUCTING CLC. PROPAGATION OF EMW

If an EMW is propagated parallel to the CA, then we
obtain by the standard method' the following equation
for H,=H, +iH,:

] ¢t 0* —6c* 9 0H+
9 H.= _[ +25 ]
(at 4no 0z° ) *" 4no 0z exp (+2igz) 0z (15)

for frequencies that satisfy the condition w <o [in most
cases, this condition is stringent than the condition (9)].

Similar to Ref. 1, we set H,=H, ’exp[i(1 £q)z - iwt].
We then find for the frequencies satisfying (9),

l=*q+(1+i)k+i2"qiamz, = (2700) =" (16)
Substituting (16) in (15), we obtain
H:"=—i6k* (2q) H.'<H.’ 17

[for the upper and lower signs in (16)].

Therefore, the components H, , of the field in CLC
consist of two parts: an ordinary part proportional to
exp[(i - 1)kz)] and damped over a wavelength, and the
part which exists in the case 60 and which is propor-
tional to e\xp[(—l?t 2ig)z]. Since k< 2q upon satisfaction
of the condition (9), then this part undergoes
wi/2 w™/2>1 oscillations over the damping distance.
In the solution, at low concentration of CLC, ¢, 6 =0,
while the ratio of the amplitude of the additional and
fundamental waves increases in inverse proportion to
the CLC concentration. However, the quantity w,,.,
here decreases in proportion to the square of the con-
centration. In the case of frequencies w >w,,,, there
are no singularities in the passage of the waves.

If the EMW is incident on a CLC layer in the y di-
rection, then the z component of the ordinary EMW
in the layer has the form H,exp[(i - 1)ky - iwt]. Un-
der the condition (9), and at w <o, iteration makes it
possible to find the additional waves

H.=—8F(29)~'Hop+cc. H,——idk(2q)"*Hop+c.c.,

(18)

H,=—i6K*(2¢q) *Hop+c.c., p=expl[ky(i—1)—iot+2igz].

Since & « g, then these waves propagate almost along
the CA, attenuating in the y direction, i.e., surface
EMW are generated in the conducting layer.

The reflected EMW are surface waves at w <w,. The
condition w <o is usually more stringent than w<w,.
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The analysis of the propagation of the wave transverse
to CA is valid so long as @ <wy,,,0™"/2. Therefore,

as also in the case of nonconducting CLC, in which the
amplitudes of the additional and fundamental waves
become comparable at w— w, ..., the amplitudes of the
additional waves in conducting CLC tend toward the
amplitude of the fundamental wave in the case

w— wmuao-l /2'

It is necessary here that temporal and spatial disper-
sions do not arise. The presence of an oscillating part
of the magnetic field can, in the presence of an external
magnetic field H,,,, lead to oscillations of the velocity
of the medium. Actually, the force acting on the me-
dium is equal to (curl HXH,,)/47 and the equation of
motion of the medium can be written in the form

a -1
( E—vA)v— (4np) ~*[rot HX Hext ].

The alternating field H is attenuated over the skin depth
k™. We consider the case of a CLC layer thickness d
satisfying the condition zd > 1, i.e., d> clow)™/? (at

w <0). Of greatest interest is the case w > vg® at

o >vg®. The latter condition is satisfied upon introduc-
tion into the CLC of donor impurities with concentra-
tions greater than 10'” cm™. In this case, the ratio of
the oscillation part of the velocity to the nonoscillating
part is of the order of 6%(2¢)7, i.e., it is 2¢gk™ times
larger than the analogous ratio for magnetic fields.

The case of the incidence of a wave transverse to the
CA in an external magnetic field H,,, can be considered
in similar fashion if the thickness of the sample is less
than the thickness of the skin depth; if however kd <1,
then the consideration applies to the surface layer. In
this case, motions of the medium arise in all three
directions, while at £ >¢ the additional components of
the velocity are smaller by a factor of 6k¢™ than the
fundamental, and at % <gq the additional waves of motion
of the medium are 6 times smaller than the fundamen-
tal.

4. PROPAGATION OF SOUND WAVES IN A
DIELECTRIC CHOLESTERIC LIQUID CRYSTAL

Let a constant external field be applied to a layer of
CLC, and let a weakly damped sound wave propagate
along it; the velocty in the wave is described in the
following way:

V==, cos (k.z—owt)exp(—yz),
(19)
Y=v?(2s°) ",

(v is the viscosity, the anistropy of which can be ne-
glected). The linearized set of equations that describe
small deviations of the density p’ from the equilibrium
value p, of the field V@, and of the velocity have the
form®

dp’ vy

—_ =

at p dz; o

o’ E\E, o 1 9 ( 06,.,.>

—_—— +§t e —=—————€pmt — | E.En
( VA)V‘ § oz p 8np dz; € 8n dz; dp

7]

— & E,=0.

7z, ekl (20)

It is not difficult to see that even at k,=2q there is no
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parameteric excitation. Actually, the maximum value
of the external electric field is limited by the condition!

8eE;*<Kq*

(K is the coefficient in the expansion of the free energy
density interms of the spatial derivative of the director).
For the condition of parameteric excitation, f.ollowing
Ref. 4, we find :

dlne
©3 Inp

o (8npvgs) Ei>1.

The last two inequalities are incompatible.

The solution of (20) in the cases of (1) and (19) can be
found by using iteration in 0. At w>w,

Vs, :=080,0 (8nps*@,) “*Eos’Fy, 1,

F.=o0,™! gin i [cos (k.z—ot) +Axcos(x.2—wt) ]cos(2¢2),
np
dlne . 1)
,=( - 1) [sin (k=z—ot) + sin (#x.2—ot) 1sin (2¢2),
dlnp

%, =2¢ (0’0,*—1)".

The explicit form of the constants A, , depends on the
form of the boundary conditions at x=0 and d. At
%,+#0, the quantity A is of the order unity. At w<w,
we must replace cos(?,x — wt) and sin(»x = wt) in (21)
by cos(wt) exp(-p,x) and sin(wt) exp(-p,x), where p 2
=-n2. Thus, just as in the propagation of EMW, ad-
ditional waves develop which, at w<w,, are surface
waves. Additional surface and nonsurface reflected and
transmitted waves appear in similar fashion. In the
additional waves, there is an oscillating electric field

| V& | of order

dlne dlne
~ k.s)-'E., ~pw k,$)~E,.
mv’“np( s) p alnp( )'Es
At w > w,,
al
Vol = v 2 (@.s) ~'E,,
dlnp

i.e., the additional wave is not acoustic but electro-

acoustic. Iteration is allowable so long as
dlne \'1%
2 2 .
m<m.[8nps (6eE,, lap ) ]

5. INSTABILITY OF SOUND WAVES IN A
CONDUCTING CHOLESTERIC LIQUID CRYSTAL
IN AN EXTERNAL ELECTRIC FIELD

Let a sound wave be propagated in a CLC with con-
ductivity of type (1), parallel to the electric field and
transverse to the CA, while the CLC layer is located
between two ordinary semiconductors. In this case the
deviation of the density and of the potential ¢ leads to
a deviation of the concentration n’ of the carriers from
the stationary value n,. The system of equations which
describes the problem in the linear approximation, in
addition to the first two equations of (20), also contains

9 2] dlne a 9 4dne
-t— (e, —(1+6Pe) =—— Epn——= )
& dz; (s.n ax..) (1+6p )alnp "oz, p e "
I ] 9* (22)
el I . + a_..) =0
(at+”"az)" ”""(A Opui) @

(u is the mobility, v, the drift velocity of the carriers).
Account of the terms proportional to 6 will be carried
out by the method proposed in Ref. 4 for solution of the
problem of parameteric resonance We set
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¢, 0, 0, v~[ 4. cos(kz+gz—ot)

+B, sin(kz+qz—ot) Jexp(At), (23)

where the constants A, B are different for ¢', p’,n’, v,

while A <w, so that the terms proportional to A? can be
neglected. We substitute (23) in the first two equations
of (2) and also in (22). For k>gq,0<gs, w=~ks, we find

that the quantity A is maximal at

vi=2s[1—2n0(egs) '] =2s. (24)
Here A >0 if
Os? :ll:: >32nva, (25)

which is easily achieved The requirement (24) is con-
sistent with the condition 8¢E ? <Kq? (in which the pitch
of the helix does not depend on the field'), since K u?¢?
>0€s? (in solutions with low CLC concentrations, where
q and b are proportional to this concentration, the latter
inequality can not be satisfied). The results can be
written down as the condition for the carrier density:

noe<<qs*(ep) —'min[1, des(32nvq) ~*1=gs(en)™*

(it is taken into account that 8 In&/d Inp=1). We note
that the condition obtained for the carrier density is
stricter than the condition for the concentration that
follows from the requirement of the absence of heating
of the sample over the time of several periods of the
sound oscillations in the field, which is required for
satisfaction of (24). The excited oscillations propagate
at an angle to the CA and to the applied field. In them,
the quantities [p'p™|, |vs™|, [E'E,™ | are of the same
order, while

|n’re=t| = | eqEo (4nens) || E’Ey™* | <| E'E,~'|.

At B <q, there are no excitations. On the interface of
the CLC withthe semiconductor, the boundary conditions
lead to the appearance in the semiconductor of pertur-
bations of the potential of the concentratuon and of the
lattice vibrations, which are damped upon penetration
into the semiconductor.

6. EXCITATION OF A SOLENOIDAL FIELD OF
THE SOUND WAVE '

We shall show that sound wave in CLC can cause the
appearance of a solenoidal EM field propagating with
velocity s <c¢. Such a field is similar to the thermo-
magnetic field which arises in ordinary conducting me-
dia in the presence of a temperature gradient.3 Actually
in dielectric CLC, as is seen from the last equation of
(20), in the passage of a sound wave of the type (19)
parallel to the external electric field and transverse to
the CA, we obtain the following by integrating over 6
and setting E =E, + 0E,,

OEy =k, 05" .——a Ine E, cos(2qz)cos (k.z—ot).
0z dlnp

(26)

The solution of (26) depends on the boundary condi-
tions. Let E,=0 at x=0 for all z; then

dlne
E.=FE,.=v,s"* E3TY o

If now E,=0 at z=0 and gL = 2rm,where m > 1 is an in-

E, cos(2qz) [sin (k,z—ot) —sin wt].
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teger, then
Ey=E,, =k, (2gs)~'E,sin(2¢z)cos (k,r—wt).

It is seen from these solutions that an alternating mag-
netic field is produced.

al
H,=0bcv,s™* iE’“F sin(2gz)sin (k.r—o0t);
dlnp
F=k,(2q)"', E.=E,, (27)
F=2qk.”', E,=E,..

The magnitude of this magnetic field can be greater
than the alternating electric field if

,Olne
Scs mlf>1,

Thus, waves of solenoidal fields are generated, pro-
portional to cos(kx +2¢z — wt). The amplitude of the
waves radiated outside the CLC will be smaller than
(27) by a factor of sc™, while the ratio of the flux den-
sities of the radiated EMW to the sound wave flux den-
sity is

8%c(d1n /3 In p)E? (4nps®) 1<,

Similar solenoidal waves arise because there exist
additional magnetic waves in the CLC. Their amplitude
is smaller than (27) but in the case w <w, they are of
interest as surface waves. In the excitation of sound
waves in conducting CLC, the solenoidal fields also
grow, leading to radiation from the CLC layer.

In conducting CLC in the presence of an external mag-
netic field H,,,, the presence of the solenoidal field
can lead to instability of the sound wave.

Actually, an additional force appears in the CLC,
acting on the medium and equal to (curl H XH,,,)/47.
Taking this force into account in (20) and proceeding
as in Sec. 5, we find that the sound waves are unstable
if

lne EH  >1.

a
2y —1
8¢ (2nvpgs®) 3Tap

This condition is compatible with the condition of inde-

pendence of g of the field
T Kg>SeES Syl

(x is the isotropic part of the magnetic susceptibility)
since

In the developing waves, the amplitude of the alter-
nating magnetic field is greater than the amplitude of
the alternating electric field by a factor sx™. The ratio

JuH’s (cv) | mvas—i<1.

7. ACOUSTO-ELECTRIC AND ACOUSTO-MAGNETIC
EFFECTS

Let a sound wave be propagated at an angle to the CA,
along which is applied a constant electric field E,

o’=p, cos (kxtk.z—wt) exp (—Yx—1:2).

We substitute this expression in Poisson’s equation and
seek the potential with accuracy to within p,>. We
average the resultant solution over the period of the
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sound wave, after which we determine U,=¢(L) - ¢(0)
the potential difference in a direction transverse to the
external field

UemBoL Ik ps") ™ (ki) g e

Inp

(L is the dimension in the x direction, I is the flux den-
sity of the acoustic energy). U, is maximal upon inci-
dence of the sound wave at an angle 7/4 to the CA. It is
essential that U, contain a solenoidal contribution. Sub-
stituting the electric field in the Maxwell equation at
o#0, we find that magnetic field structures.

)2 (1428 cos (2¢2) ],

dlne
dlnp
are formed in the conducting CLC. (We note that 3,— 0
as k,—~0.) The most acceptable value of E, is limited
by the condition of the independence of g of E,, which
gives

2
H,=—4ndox.k.E.l ( ) (cgps®) ~* (k2+k,*)~! cos (2q2) exp (—Y.2—1Y.2)

U,<kps’qL('{l) -tK’.’:é—’I:_

The developing constant electric field leads to the ap-
pearance of all the phenomena already treated above in
the absence of E_.

8. ALFVEN WAVES IN A CHOLESTERIC LIQUID
CRYSTAL

Consideration of Alfven waves has meaning only in
the case of a magnetic field parallel to the CA, since
the frequency of the weakly attenuating waves must
satisfy the condition

o<cH.2(pc*)~.

In a magnetic field transverse to the CA, this condi-
tion has the form

o<Kog*(5ypc*) .

The right side of the latter inequality does not exceed
107! s, Wefirst consider H, = H,,inan incompressible
liquid. We set

vetiv,=v,, Uy, Hyo~exp [—iot+i(lxg)z].

From the equations of magnetohydrodynamics, we find

(I£q)*=ka*[1+6kac(32nvg®) '],
kEa=ov.=oH, (4np) .

In contrast to the case 6=0 there exist two Alfven
waves in CLC: the ordinary, which is proportional to
exp(ik,2), and the additional wave, which is propor-
tional to exp(i(k, +2¢)z]. In the additional wave, the
amplitudes of the magnetic field and of the velocity
change over a distance equal to the pitch of the choles-
teric helix. This additional wave is modulated by a
wave with a period k,. The ratio of the amplitudes of
the additional and the fundamental waves is of order

w4’ (4vvaigt) .

We note that this ratio ~6¢™ and increases in CLC solu-
tions with decrease in the CLC concentration. Our con-
sideration loses meaning at g of the order ov,c™, i.e.,
as g ~k,. The maximum frequency is w, .~ 10° s7%,
In a magnetic field not parallel to the CA, still another
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reason for the existence of the additional Alfven wave is
possible. Actually, in the equation of motion of the
medium, there is a striction force directed along the
CA and equal to

~8xHoH.'q sin (2¢z).
This force creates the additional Alfvén wave even at

(l:tq) i=k,t

The ratio of the amplitudes of the additional and funda-
mental waves (for magnetic fields) is of the order of

8oy HoxHo: (vogkac®) ™,

and for the velocities in a direction transverse to the
CA,

Sy HoxHoka (vporq)~*.

The first of these ratios is much smaller than the
second, i.e., a wave of hydrodynamic motions of the
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medium is generated. In a compressible medium,
magneto-acoustic waves develop, which also consist
of an ordinary and an additional wave, while the ratio
of the amplitudes of the additional magnetic field to the
fundamental is smaller than in an incompressible
medium.
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