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The problem of magnetoacoust ic  wave ref lect ion from a plane l ayer  of e lec t r ica l ly  conducting liquid 
(or gas) in a constant uniform magnetic field R was solved in [1]. 

In the following we solve the analogous problem for  an elast ic  l ayer .  The l aye r  ref lect ion and t r ans -  
miss ion coefficients a re  found in the l imiting cases  of weak and s t rong magnetic fields. 

1~ We examine reflection f rom an elast ic plane l aye r  of thickness d on which a fast  magnetoacoust ic  
wave impinges at  an a rb i t r a ry  angle (figure). The edge of the l ayer  coincides with the xy plane. The wave 
incidence plane is aligned with the xz axis. We assume that the vector  H lies in this same plane and forms 
the angle q~ with the x axis The liquid (or gaseous) media on both sides of the layer  are  e lec t r ica l ly  
conductive. 

In the liquid medimn there are  fast  and slow magnetoacoust ic  waves,  polar ized in the xz plane, and 
Alfven waves,  polar ized perpendicular  to this plane. 

In the elast ic  medium there are  five types of waves.  Three of these ~- the fast  and slow magneto-  
elast ic  and also the e lectromagnet ic ,  associa ted with the p rocess  of magnetic field diffusioninthe med ium-  
a repo la r i zed in  the xz plane. The fourth and fifth waves are  polar ized perpendicular  to the xz plane. 

The waves which are  polar ized perpendicular  to the plane of incidence propagate independently of the 
others ,  therefore  we shall not consider  them in this study. 

If a fast  magnetoacoustic wave s tr ikes  the layer  at the a rb i t r a ry  angle 0, then both fast  and slow 
magnetoacoust ic  waves will be ref lected into the upper medium and will pass into the lower medium. 
Resultant  waves of three types are  formed within the l ayer  as a resul t  of multiple reflect ions f rom its 
boundaries ~ 

We shall denote the medium f rom which thewave is incident, the layer ,  and the lower medium by 
the numerals  3, 2, and 1, respect ively .  We shall denote the quantities relat ing to the different wave types 
by le t te rs  with two subscr ipts  Apv, where # = 1, 2, 3 denotes the number of the medium in which the wave 
propagates ,  v = 1 corresponds  to the f i r s t  wave type, v = 2 is the second type, and v = 3 is the third type. 
We shall use a pr ime to denote quantities relat ing to waves propagating in the positive z-axis direction.  

F r o m  the MHD equations for plane waves in a fluid follow the relat ions 

%vx=Mvp.vp..z, hv,~x=Av,,vv,vz , Ew41=Bv,,,vv,;z, Pp, v=Zp.vvp.vz 

M~v = (kp.vz c o s  up.~ - -  kp.~ ut~ ~ s i n  (p) / [ 3 ~ ,  ~p.~ = kv, ~ up.,~ c o s  (9 - -  kp.vx c o s  a ~  

A ~ v  = H ( % v  - -  1) ]/-u'-~ kp, vz / %~p.[3p.,~ , By. v = -- (o Ap.~ / c k~.vz ( 1 . 1 )  

Zp.v ~ --  Pp. % (k~,,x Mp. v + k~z) / co , ap.,, = 90 ~ - -  (0~v - -  r a ~ '  = 90  ~ - -  (0p.~' -~. q~) 

~p.:H2/4~p~ap."% u ~ = ( o / k ~ v a p . ) ~ ,  ( ~ :  1, 3 ; v : i ,  2 . )  

Here Vz, p, and p a re  the velocity component, hydrodynamic p res su re ,  and density of the fluid, h is 
a small  change of the magnetic field intensity in the wave, Ey is the intensity of the induced e lec t r ic  field, 
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k i s  t h e  w a v e  v e c t o r ,  w i s  f r e q u e n c y ,  a i s  t h e  s o u n d  s p e e d  i n  t h e  f l u i d ,  c i s  

t h e  s p e e d  of  l i g h t ,  ~ i s  t h e  a n g l e  b e t w e e n  t h e  v e c t o r s  k a n d  H, a n d  u a n d  

a r e  t h e  s q u a r e s  of  t h e  p h a s e  v e l o c i t y  a n d  t h e  m a g n e t i c  f i e l d  i n t e n s i t y  in  

d i m e n s i o n l e s s  f o r m .  

T h e  p h a s e  v e l o c i t i e s  of  t h e  m a g n e t o a c o u s t i c  w a v e s  a r e  d e f i n e d  b y  t he  

d i s p e r s i o n  e q u a t i o n  

u ~ - - ( i  + $~) u~ + ~ i  c~ a~ + i~~ ( a ~ - -  l) = 0  ' *l~=c~ / 4nzP ap ~ (1.2) 

w h e r e  ~ p  i s  t h e  e l e c r i c  c o n d u c t i v i t y  of  t he  m e d i u m .  

In  t h e  c a s e  of  h i g h l y  c o n d u c t i v e  m e d i a  w~)~ << 1 a n d  w e a k  m a g n e t i c  

f i e l d  ~ # < <  1 w e  f i n d  f r o m  (1.2) 

u~l ~ t -~- ~ sin~ a~l, u ~  ~ ~ cos~ ~t~z-- ~o)~ (1.3) 

(1.4) 

F o r  a s t r o n g  m a g n e t i c  f i e l d  ~# >> 1 w e  h a v e  
1 

u ~ ~ p ~ s i n  ~a~l, u ~ =  cos ~ a ~ (i --~ sin ~ a ~ )  

F o r  w a v e s  i n  a n  e l a s t i c  m e d i u m  w e  h a v e  t h e  r e l a t i o n s  [2] 

v ~  x ~ M%vs~ z hs~x = A2vvSz~ E~y~B~v~ .~z ,  P~zz  ~ Z2.~ V2~z, P~xz  ~ X2~ V~z 

M2v = [(t - -  ~) k ~  z cos cr - -  k2v  ( u 2 v  - -  ~) sin q)] / 3~,~ , ~v : k2 ~ (u2~ --  ~) cos q) --  (t - -  ~) k2~x COS a2 ~ 

A~ = H (u~ --  t) (u~  - -  ~) k ~  z / a s % ~  ]/u~-~, , B ~  = - -  o) A ~ / c k ~  z , Z~ = - -  p~a~ [k~ z + (t - -  2~) k~x M~ I / (o 

T h e  d i s p e r s i o n  e q u a t i o n  h a s  t h e  f o r m  [3, 4] 

u~ s -  (1 ~- ~ -~- ~0s) u s ~- ~ ~ P s  (c~ ~- ~ sinbad) + io)~l~us -~ (u~-- l) (us --  ~)-~ 0 
u~ --~ (0) / ksa~) ~, ~1~ == c ~ / 4~a~a~.] 

F o r  s m a l l  ~ 2  a n d  r t h e  r o o t s  of  t h i s  e q u a t i o n  w i l l  b e  

u~ ---- 1 4- ~h sin~an, u~ ---- ~/- ~p~ cos~a~, u~ a = -- i~0~ 

In  t h e  c a s e  ~ >> 1 w e  h a v e  

un = % + sia ~ ct~ + ~ cos ~ ~, u~s = cos s as~ + ~ sin ~ :~s~ ~ sin ~ 2ctss, 

(1.5) 

(1.6) 

(1o7) 

u~s = - -  % (cos ~ cts~ + ~ sin ~ zeus) (1.8) 

T h e  a n g l e s  0#v  a r e  c o n n e c t e d  b y  t h e  r e l a t i o n s  ( S h e l l ' s  law)  

k~v sin 9~v ~ ks1 sin 0sl 

A c c o r d i n g  to  (1.3) a n d  (1.7) ,  i n  t h e  c a s e  o f  a w e a k  m a g n e t i c  f i e l d  (1.9) t a k e s  t h e  f o r m  

(1.9) 

sin (}sl sin 0p1 sin 01s s in  0as sin 0as sin 0as 
as - -  a~ a!]/~plsin~q~--ioTh - -  b - -as  ]/'-----~'~Th as VCssin~T--i0)T]3 ' O~=0~.~ 

(1.10) 

F o r  a s t r o n g  f i e l d  w e  h a v e  w i t h  a c c o u n t  f o r  (1.4) a n d  (1.8) 

s in  8al sin 0~1 sin 81~. sin 8s: sin 0sa ~f~s (sin s (p + ~ cos 'z (p) sin 9as (1.11) 

T a k i n g  t h e  a m p l i t u d e  V3iz a s  u n i t y ,  w e  w r i t e  t h e  v e l o c i t y  f i e l d  in  t h e  f o r m  

2 3 

Vaz = -- exp [-- iTm (z -- d)] -}- Z Way' axp [iTav (z -- d)] , Y2z : Z [W~ v exp (-- iT~J) -4- Ws~" exp (iTzJ)] 
(1.12) 

2 

Vlz = - -  Z Wlv exp (--  iTr, Z), T~.v = k~v cos 0~  
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F o r  b r e v i t y  w e  h a v e  d r o p p e d  t h e  c o m m o n  f a c t o r  e x p [ i k p ~ x -  cot]; W~v a n d  Wlu a r e  t h e  l a y e r  r e f l e c -  

t i o n  a n d  t r a n s m i s s i o n  a m p l i t u d e  c o e f f i c i e n t s ,  s u b j e c t  t o  d e t e r m i n a t i o n .  

T h e  e x p r e s s i o n s  f o r  h ~ x  ' E # y ,  p p ,  P 2 z z ,  P 2 x z  a r e  o b t a i n e d  in  a c c o r d a n c e  w i t h  (1 .1) ,  (1 .5)  b y  r e p l a c i n g  
t h e  c o e f f i c i e n t s  W #  v i n  (1 .12)  b y  

A~.~W~.,, B~.~W~.~, Z~.~W~.~, X~W~.~.  

A t  t h e  e d g e s  o f  t h e  l a y e r  w e  h a v e  t h e  c o n d i t i o n s :  

f o r  z = 0 

Vlz = V2z, h~x ~ h2x, E l y  = E2y, - -  P l  ~ P2zz, 

f o r  z = d 

T h u s ,  w i t h  a c c o u n t  f o r  

t r a n s m i s s i o n  a m p l i t u d e  c o e f f i c i e n t s  W# v a n d  W# v '  f o r  V#vZ .  

2 .  T h e  s o l u t i o n  to  w i t h i n  t h e  p r i n c i p a l  t e r m s  o f  t h i s  s y s t e m  f o r  a w e a k  m a g n e t i c  f i e l d  h a s  t h e  f o r m  

l 
Win' = V + p~.A cos 208~ {[(p~ - -  p~ cos 20~) ZiW,~ + iF] N - -  (Q8 cos 20~ - -  ps) [M - -  i (N ~ - -  M~)] Z8 Ws~" - -  L (t - -  iM)}  

'1 
W t t =  W + p~h cos 20~ {(pl - -  9~ cos 20~) [ MZs - -  i (N  ~ - -  M s) Z1] ZIWI~ - -  [(p8 cos 20~ - -  Ps) Z ~ W j  - -  iL] Z IN  + F (Z8 + iZ iM)}  

(Do 
W~z' = ~ {[(p~ cos 208e - -  pa) ([ + V) tg 0st - -  98P cos (20:~ - -  0.or)] (cos 7~8d - -  in sin ~;28d) + (~x - -  P~ cos 20~) Wtg  0~, - -  p~R cos (20:8 - -  0el)} 

Wl: ~-- - -  ~ ([(p~ - -  p8 cos 20~) W tg 0ix! --  p:B cos (20~: - -  0:~)] (cos ~'~sd - -  fm sin T~sd) + (p~ cos 20~ - -  ps) (1 + V) tg 0s~ - -  p: P cos (20~8 - -  0:x)} 

W : 2A-~ZaN, V --- A-~ (M (Zt - -  Zs) - -  i [(N ~ - -  M ~) Z1 - -  ZsD, A = g (Z~ + Z~) - -  i [(N ~ - -  M :) Za + Zs] 

(z .13)  

~ = ~ ,  ~,~ = ~ ,  e ~  = e ~ ,  v ~  = -  p~, s,~= = o 

(1 .1) ,  (1o5), ( lo13)  w e  o b t a i n  a s y s t e m  o f  l i n e a r  e q u a t i o n s  i n  t h e  r e l f e c t i o n  a n d  

(2 o i )  n = ~ lz8 (~ + v) ctg V~d + ~ [Z,~ s i ~  ~0~ + ~ r ~  ~ ~8 cos 

2 sin O~ ~ Za q . / c tg  %,~d ctg T~d\ cos ~ 20:~] ' O~ = .2 sin~ (P sin O~l 
P =  Z l N  [ ~ '  - 4 - V ) - - , ~ - - ~ }  Z2( l - -V)  V----7-~-l~COS20: ~ 

2 2 
Y ----- ~ (paW~ cos 7~2d - -  psW82') Z2~ cos ~ 02~ ' L = ~n ";~--~ (p~W~8 - -  psWs:' cos 72:d) Z2~ cos~ 0:: 

1V Ze cos ~ 202~ Z2~ sin ~ 202e Z~ Z~_ 
-~-- ~ s-~ ~ -{- Z~ sin 72~d ' i ~-~ ~ Cos * 20~ etg T21d -}- .-~-~ ~sin ~ 20~2 ctg T~sd 

Z - -  Pl~% p~b 
~- -cosO~l ,  Z2~--cosO2~ , i ~ ( m - { - n ) c o s T ~ d - - i ( l - ~ m n ) s i n T ~ d  

H e r e  V a n d  W a r e  t h e  r e f l e c t i o n  a n d  t r a n s m i s s i o n  c o e f f i c i e n t s  i n  t h e  a b s e n c e  o f  t h e  m a g n e t i c  f i e l d  [5].  

T h u s ,  f o r  o b l i q u e  i n c i d e n c e  o f  t h e  m a g n e t o a c o u s t i c  w a v e  o n  t h e l a y e r  t h e  r e f l e c t i o n  a n d  t r a n s m i s s i o n  

c o e f f i c i e n t s  d i f f e r  f r o m  t h e  c o n v e n t i o n a l  a c o u s t i c  c o e f f i c i e n t s  b y  t e r m s  o f  o r d e r  r 2 ( - ic~  

S e t t i n g  d = 0 i n  (2 .1 ) ,  w e  o b t a i n  t h e  r e f l e c t i o n  a n d  t r a n s m i s s i o n  c o e f f i c i e n t s  o f  t h e  i n t e r f a c e  o f  t w o  

m e d i a  - 3 a n d  1 [1] .  

F o r  n o r m a l  i n c i d e n c e  t h e  m a g n e t i c  f i e l d  h a s  n o  e f f e c t  o n  t h e  a m p l i t u d e  c o e f f i c i e n t s  i n  t h e  a p p r o x i m a -  

t i o n  c o n s i d e r e d .  

3~ T h e  s o l u t i o n  o f  (1 .13)  f o r  a s t r o n g  m a g n e t i c  f i e l d  h a s  t h e  f o l l o w i n g  f o r m  to  w i t h i n  t e r m s  o f  o r d e r  

I 2 
Ws,' = ~- [n2 (nl - -  ns) cos ";~ld - -  i (n2 ~ - -  nln3) sin 7~1d] Wll ---- --~:nzn8 

2n,~n8 tg (p 
~[(q ~- ~L) (m~* cos T~d - -  irn~ sin T~ed) Wl~ ---- a~ t r~7l  A8 t 

(3.1) 

J_l <r 
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rra2* r~1 
- -  ms* (r + ~L) cos z~ld] cos (01i --  q~) + i ~ cos q~ + sill O~l COS (On + q~) + ~ ~ L cos O~l cos (0il --  cp) sin T~ 

W i Lg q~ ( L cos (011 --  ~) sin T:ed} s~" = - -  m 7  {W~ (m~* cos T~ed --  irn~ sin Te~d) + i W ~  al ]fl ~ q + ~ ) 

A ~--- n~ (n 1 + ns) cos 7~1d + i (n~ e + njn3) sin 721d, 6 ~-- try* (ml -t- ms) COS 7~2d - -  i (m~ .2 + m~rns) sin ~'~sd 

q = ms*a s ~ mlal ,  r --- me*as ~ rnaaa , nv. ~--- ~ cos 0~.1, rn = 9t, ai~, m* = me / ] / i  + ~ ctg ~ (p 

2muae ~o cos 021 co 
L __ cos (Oll __ q) ) s inOnsin~,  T~l~ae ]/-~-~2 ' T~-~- ae V-sineq~+~cos~tp 

If the  l a y e r  t h i c k n e s s  i s  c o n s i d e r a b l y  l e s s  t h a n  the  l e n g t h  of  the  f a s t  m a g n e t o a c o u s t i c  w a v e  (~/21d << 1), 
(3ol) s i m p l i f y  c o n s i d e r a b l y  

nl -- ns ne ~ -- nl___.__~ ~" 2ns ne 2 + nl n8 
W s (  ~ nl  + ns - -  2i (nl  _t_ ns)Z Tsl d, W l l  ~--" nl  .~_ n3 "~ 2i ~ T31d 

Wse' = ~ [(r + ~L) (me* cos Teed - -  ira1 sin 7~ed) --  (q + ~L) m2*] 

Wle = ~ [(q + ~L) (me* cos T~.~d - -  ires sin T~,d) - -  (r + ~L) me*] 

2 n~ tg q) co cos 0~1 
~- al (nl + ns) cos (011 - -  (~) ,  T 3 1 =  a3 ]/~'~ 

S e t t i n g  ~ = 0 i n  (3.1) a n d  (3~ we o b t a i n  the  r e f l e c t i o n  and  t r a n s m i s s i o n  c o e f f i c i e n t s  f o r  a l i q u i d  
l a y e r  [1]. 
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