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F e a t u r e s  of  s u r f a c e s  of  d i scont inu i ty  in a magne t i zed  m e d i u m  a r e  cons ide red .  It  i s  shown 
that  the p o l a r i z i n g  f o r c e  a t  i n t e r f a c e s  m a y  be d i r e c t e d  towards  the m e d i u m  with h ighe r  
p e r m i t t i v i t y .  It is  p r o v e d  tha t  t h e r e  ex i s t s  in an abso lu te ly  conduct ing m a g n e t i z e d  m e d i u m  
p l a n e - p o l a r i z i n g  d i scon t inu i t i e s  at  which the dens i ty  of the m e d i u m  r e m a i n s  invar ian t .  

In th is  a r t i c l e ,  f e a t u r e s  of the boundary  condi t ions  on s u r f a c e s  of  d i scont inu i ty  in a m e d i u m  that  m a y  
be i s o t r o p i c  and nonhomogeneous ly  m a g n e t i z e d  in an induced e l e c t r o m a g n e t i c  f ield a r e  cons ide red .  

We obtain f o r  the case  of  an idea l ly  conduct ing m e d i u m  (E ~ c - l v B ) ,  whose  mot ion  is  d e t e r m i n e d  by 
e ight  v a r i a b l e s  (p, p, v,  H), the e ight  boundary  condi t ions  [1] 

[Pvnl = 0, lpv,~v., - -  (4 n) -I btHnH.~] = 0 (1) 
lpv,~ ~ + p - -  p2u~ - -  ( 4  ~ ) - z~ t  H ~  2] = 0 

[Ov~ (1/2~ + w - -  u - -  pu~ + TUT) + (4n) -1 (v ,dxH 2 -- l~ H,~ (H.v))] = 0 

[/.t Hn] = O, ,a H,~ [vJ  = [v,~ H~] 
H 

I Ou Ou ~ 
u = (4~p) -z ~ (P, T,  H )  H d H ,  up -~  -y~ ,  Ur -~  OT 

o 

H e r e  v r and I-I T a r e  the ve loc i ty  and field componen t s  tangent  to the su r f ace  of d iscont inui ty ,  w i s  the 
en tha lpy  of the m e d i u m  in the a bse nc e  of an e l e c t r o m a g n e t i c  field, [a] -= a 2 - a  1, w h e r e  a 1 and a 2 a r e  the v a l -  
ues  of a be fo re  and a f t e r  the d iscont inui ty ,  r e s p e c t i v e l y .  

The l a s t  condi t ion in Eqs.  (1) was  obta ined f r o m  the continui ty of  the tangent ia l  componen t  E T and 
the d i scon t inu i ty  tt~- d e t e r m i n e s  the s u r f a c e  c u r r e n t  i = c (47r) -1 x ([I-I~.] x n). 

F o r  a nonconduct ing  m e d i u m  ([t tz]  = 0) we a l so  obtain e ight* condi t ions:  

[OVa] = 0, [pv,~ v~] = 0 (2) 
[Pv~ ~ + p - -  p2up - -  (4 n)-l~ H~ ~1 = 0 

[pv n (I/o.v2 --~ 11) - -  u - -  pup ..~ Tttr)] ,= 0 
[ ~ / / ~ ] = 0 ,  [ H , ] = 0  

When/~ = const ,  the condi t ions  of Eqs .  (2) r educe  to o r d i n a r y  g a s d y n a m i c a l  condit ions and condi t ions  
on a m a g n e t i c  f ield tha t  does  not  i n t e r a c t  with the med ium,  while the condi t ions  of  Eqs .  (1) r educe  to the 
condi t ions  on t h e ' d i s c o n t i n u i t i e s  tha t  a r e  c o n s i d e r e d  in magne t i c  h y d r o d y n a m i c s .  

We will  cons ide r ,  fo l lowing the c l a s s i f i c a t i on  a c c e p t e d  in m a g n e t i c  h y d r o d y n a m i c s ,  the f ea tu re s  tha t  
fac i l i t a te  m a g n e t i z a t i o n  of the m e d i u m  and i n t roduce  these  f e a t u r e s  into the c h a r a c t e r i s t i c s  of each  type  
of d iscont inui ty .  

Contac t  d i scon t inu i t i e s  a r e  s u r f a c e s  of  d i scont inu i ty  cons i s t ing  of  flow l ines  t h rough  which no m a t -  
t e r  f lows (Vn = 0), though t h e r e  ex i s t s  a m a g n e t i c  flux (Hn r 0). We obtain fo r  t hem f r o m  Eqs .  (1), 

*As in Russ i an  or ig ina l ;  only six condi t ions  a r e  p rov ided  - Pub l i she r .  
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[ H . ]  = 0 ,  [ v . ]  = 0 ,  [ ~ H . ]  = 0 ,  [P] = [#2u,  + ( 4 ~ ) - 1 ~ / / .  ' I  (3 )  

Here  the discont inui ty  [p] r e m a i n s  a r b i t r a r y .  

All the conditions of Eqs. (3), other than [v T] =0, must be satisfied, as follows from Eq. (2), at con- 
tact di scontinuities in a conducting magnetized mediun%. 

It follows from Eqs. (3) that pressure is not a continuous variable at contact discontinuities of a 
magnet ized  m e d i u m  (they may- s o m e t i m e s  be the in%erfaces of two i m m i s c i b l e  media) ,  and the p r e s s u r e  
discontinuity i s  de t e rmined  by the d i f fe rence  in pe rmi t t i v i t i e s  f rom one side to the other .  

If  ~ is  constant  in the med ia  on both s ides  of the discontinuity,  we obtain f rom Eqs.  (3) 

[pl = -~-~ ~-7~:- H$) (4) 

It  follows f rom Eq. (4) that  p r e s s u r e  is  a lways g r e a t e r  in the medium with l e s s e r  permi t t iv i ty ,  so 
that  a no rma l  force  towards  the med ium with l e s s e r  pe rmi t t iv i ty  ac t s  a(  the contact  discontinuity.  

However ,  the p ic tu re  may  change i f  we take into account  magl~etostr ict ion fo rces .  

F o r  example ,  for  media  magne t i zed  accord ing  to the C l a u s i u s - M o s s o t i  law[( ,u - 1) T / p ~  = const  ], 
we find f rom Eqs.  (3), 

H 2 H~ 
[p]  = - ~  [~ (~:- 2)]  = - ~ -  (,~ - ~) (~ + ~ - 2)  

It  t h e r e f o r e  follows that  in p a r a m a g n e t i c  med ia  (/~ > 1), the p r e s s u r e  i s  g r e a t e r  towards  the d iscon-  
tinuity where  the magnet ic  pe rmeab i l i t y  is  g r e a t e r ,  so  that  the di rect ion of the po la r iz ing  force  acting on 
the contact  discontinui ty v a r i e s  in the opposi te  direct ion.  

The p r e s s u r e  discont inui ty  is  de te rmined  solely by the value of the tangential  f ield component.  

F o r  a magne t i ca l ly  sa tu ra ted  medium,  when we m a y  le t  # = I + 4 ; H - 1 M  (p, T), where  M is  the m a g -  
net izat ion function, we obtain f r o m  Eqs.  (3) 

[:H 0 

Hence,  i f  M l inea r ly  depends on p, which is  usual ly  a s sumed  on the basis  of an e l e m e n t a r y  kinetic 
ana lys i s  for  gases ,  p r e s s u r e  in the pa ramagne t i c  med ium will be g r e a t e r  where  # is  l e s s ,  but the p r e s -  
sure  discontinui ty in this case  will be de te rmined  solely by the normal  field component.  

But if we do not take into account  magne tos t r i c t ion  effects  [M =M(T)], which s o m e t i m e s  act  for  
dropping med ia  [2], we will have 

B2 (~I + ~) 

Evidently,  he re  the po la r iz ing  fo rce  ac ts  towards  the med ium with l e s s e r  pe rmi t t iv i ty  and is  d e t e r -  
mined by both the normal  and tangential  magne t ic  field components .  

The polar iz ing  fo rces  we have been examining play a substant ia l  role  in the s tabi l i ty  of in t e r faces  
of magne t ized  media .  

Since the densi ty discontinui ty at i n t e r faees  is  a r b i t r a r y ,  the two las t  conditions of Eqs.  (3) allow us 
to comple te ly  de t e rmine  P2 and T 2 in t e r m s  of va r i ab l e s  p r i o r  to the discontinuity if  we know the flmetion 

= #(O, T, H). 

The tangent ia l  discont inui t ies  (Vn = 0, H n = 0) a re  in te r faces  in the tangential  magne t ic  field. We ob- 
Cain f rom Eqs.  (3) fo r  these  discont inui t ies  [p] =[p2up],  where  the discontinui t ies  [v~-], [HT] , and [p] may  
have a r b i t r a r y  values  (for a nonconducting med ium only [v~-] and [p] a r e  a r b i t r a r y ,  whereas  [H T] = 0). 

Tangential  discont inui t ies  thus can c a r r y  a sur face  cu r ren t  (in a conducting medium) into a vor tex  
sheet .  

The p r e s s u r e  discontinui ty on the tangential  discontinuit ies  is t he re fo re  de te rmined  ac t  only by the 
p r e sence  of magnet ic  pe rmeab i l i t i e s ,  but a lso  by the di f ference in the tangential  f ield components .  
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F o r  example, in weak fields [# = ~(p, T)] we have for  the tangential discontinuities 

IpJ = k ")J 

It therefore  follows that if there is always a p res su re  disc9ntinuity in a nonmagnetic medium in the 
presence  of a surface current ,  magnetostr ic t ion forces  in a magnetized medium are  able to ent irely e l im-  
inate this discontinuity (for example, when p / p =  const). 

Let us now consider  such discontinuities as the Alfven type and shock waves through which mat te r  
flows, i .e. ,  such that v n ~ 0. Here, eliminating the discontinuity [VT] by means of the second relation of 
Eqs. (1), we write the sys tem (1) by letting mn=PVn ~ 0, in the form 

Ipz'~] := 0, lpH~] = 0, fm 2,~-i.~ ,, (5) , 7,~- , v - - P 2 u ~ - - ( 4 ~ )  -l~Hn 2 ] = 0  

- - p u g - - u - ~  TlZT ~- 4rip 32n~mn 2 �9 : 0  

" " V~" - =  0 

and the system (2) for  a nonconducting medium, in the form 

[O v,J --: 0, [~t H,,] = 0, [m,,29 + p - -  p2u~ _ (4 n)-llxH,/-] = 0 (6) 

] 2r,~ + w - 0 ~  - u + r u t  = 0 

[v.l=O, [ H , ] = 0  

Alfven discontinuities a re  ~urfaces of discontinuity, and the medium in passing through them will not 
experience a change in its density, i.e., we have Vn~ 0, but [p] =0. 

We have for  Alfven discontinuities in a magnetized conducting medium, using Eqs. (5), 

lye] = 0, "[~ g~] = 0, [p --  p~2u o -- (4n)-,lx Hn 2] = 0 (7) 

W - -  p l u p  - -  u + ]'uT -[" 4 ~ p 1  32n~mn~ 
[ , .H,p: .-Z l 

It is well known [3] that an Alfven discontinuity in a nonmagnetic medium is a rotating discontinuity 
([H ~-] = 0), i .e. ,  it possesses  the p roper ty  of c i r cu la r  polarization,  and its velocity is equal to the Alfven 
velocity, 

vn = An -=-- V ~tHn ~ / 4~pi 

This discontinuity may be p lane-polar ized in a medium with magnetization. 

If the wave veloci ty is An, we have f rom the expression for  A n and f rom the f i r s t  two relat ions of 
Eqs. (7) that [g] = 0 and [H n] = 0. Here the variat ion in the magnitude of the vec tor  FI T is,  in general ,  r e -  
lated to a variat ion in the t empera tu re  of the medium by the relation /~1 =/~z, i .e. ,  

~(p.  r~, VH~P + H~ ~) -- ~ (P~, r~, IfHnp + H.0 (8) 

Consequently, when vn=An,  we have for  given H n three equations to determine T2, P2, and HT2 f rom 
Eqs. (7): 

[~1 = 0, [p] = p,~ lug] (9) 
�9 ~ H ~  ] 

w - -  p l u p -  u ' k  TUT -? 8-~-~pl J = 0 

We note that the condition of Eq. (8) imposes  a sufficiently s t rong constraint  on the tempera ture  
variat ion and that if it does not hold when T I ~ T 2 and HT1 r HT2 for  nondecreasing total entropy in the d is -  
continuity, only the ord inary  ro t a ry  discontinuity may exi st in which FI~- var ies  only in direction, while the 
variat ion of the remaining pa rame te r s  always sat isf ies  Eqs. (9). F o r  example, when /~ = ~(p, T) Eq. (8) 
impl ies  that [T] =0. Then we have f rom Eqs. (9) that [HT] =0, [p] =0, and [w] =0, so that when v n =A n in 
weak fields only an ordinary  ro t a ry  discontinuity may occur.  

If the velocity at which the medium passes  through the discontinuity is not equal to the Alfven ve-  
locity, i .e. ,  Vnr An, it will follow from the last  relation of Eqs. (7) that the direction of FI~- will not vary  in 
the discontinuity, so that this wave is plane-polar ized.  
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Lett ing v n / A n =  7 we obtain f rom Eqs. (7) for  given 7 and B n th ree  equations for  de te rmin ing  Tf, P2, 

and H~-2: 
, . .  [ B ~  

[W] --~ [91U, o -~- U - -  TUT - -  (2~t72 - -  Pa) H~7 -2 (8 npl)-x] 

These equations, consistent with the inequality [s+u T] >- 0, which expresses the fact that the total 
entropy of the medium in the jump is nondecreasing, areusedtocalculate the Alfven plane-polarized dis- 
continuities existing only in a magnetized medium. An example of such a calculation in a saturated ideal 
gas (~ = I+4vpK(0-T)H -i) is presented in [4]. 

It can be shown that when p = coast, no simple wave propagating with finite velocity in a nonconducting 
magnetized medium exists. 

Therefore, the systems of conditions following from Eqs. (6) when [p] =0 imply that all the discon- 
tinuities are zero, so that Alfven discontinuities cannot exist in a nonconducting magnetized medium. 

Shock waves are surfaces of discontinuity at which the conditions of Eqs. (55 and (6) hold in most 
general form, where mn~ 0 and [p] ~ 0. 

Shock waves in a magnetized medium are plane-polarized. 

The last three conditions of Eqs. (5) are used to determine T2, Pf, and H~2, and the values of T 2 and 
P2 are determined from Eqs. (6) in a nonconducting medium. 

Magnetic induction is proportional to the density p (B/p = coast) in a longitudinal shock wave (B n = 05 
in a conducting magnetized medium. 

In a conducting magnetized medium there exist separate shock waves, as in a nonmagnetic medium. 

Eliminating flow mn from the fourth condition of Eqs. (5) by means of the third and last conditions, 
we obtain the shock adiabatic equation for a magnetized conducting medium in the form 

~tHn~ ] 
(10) 

whore the bar  denotes the mean  value in the discontinuity (a--- 1 /2 (a2+al ) ) .  

The adiabat ic  equation (10) can be wri t ten in m o r e  compact  fo rm in t e r m s  of the total  (hydrodynamic+ 
e lec t romagnet ic )  enthalpy and p r e s s u r e ,  that  is ,  

p' ~ p + p~ = p - -  pfu~ 

w, = w + U .  + F ,q Z~ 9 4np --w--pup~u~-TuT 

When [HT] = 0,we obtain f r o m  Eqs. (10) and (11) a shock adiabat ic  equation for  a nonconducting m a g -  
net ized med ium in a magnet ic  field. 

When p = const,  Eqs. (10) and (115 become the well-known shock adiabat ic  equation for  a nonmag-  
netic medium.  
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