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Compress ion of a magnetic field by a strong shock wave impinging on a solid wall is considered in a 
kinematic formulation.  Variation of the magnetic field in the gap between the wall and the shock front is 
descr ibed by a Vol ter ra  integral  equation which is solved numerical ly .  The field distribution in gas and 
wall is obtained, as well as the dependence of the magnetic energy s tored in them on the magnetic  Reynolds 
number and the gas veloci ty in a coordinate sys tem fixed in the shock front. Similar  relat ions for  the field 
and energy in the gap a r e  also calculated. The resul ts  obtained a r e  in good agreement  with the data of other 
invest igators .  

To obtain large  pulsed magnet ic  fields, one can use  compress ion  of a p r i m a r y  magnetic field by a 
s t rong shock or  detonation wave under the condition the charac te r i s t i c  magnetic Reynolds number Rm is 
sufficiently la rge  [1, 2]. 

We consider  compress ion  of a magnetic.field by a strong shock wave incident on a solid conducting 
wall. 

A genera l  d iagram of the model  is shown in Fig. 1. The velocity of the shock front is w and the veloc-  
ity and conductivity of the gas behind the f r o n t a r e ,  respect ively,  u and al.  The conductivity of the solid wall 

is ~2, and its magnetic permeabi l i ty  is p .  The gas ahead of the wave 
TABLE 1 is nonconducting. The sur face  of the wall and shock front a re  planes . 
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The initial conditions for  the magnetic field, which is pa ra l l e l  
to the wall and the shock front, are:  BIt=o=B0 over the length l 0 
and Bit= 0 = 0 outside the region l 0. 

At t = 0, the shock front c ro s se s  the right boundary of the r e -  
gion l 0 and diffusion of the magnetic  field behind the wave front and 
into the solid wall begins simultaneously.  If  the gas velocity u and 
the conductivities qi and a2 a re  sufficiently large  so that the mag-  
nitudes of the skin layers  in the gas and wall a re  small  in compar i -  
son with the initial gap 10, the magnetic  field B 1 between the wave 
front and the wall inc reases  because  of the cur rents  Jl behind the 
shock wave and J2 in the wall. 

We consider  the penetration of the magnetic field behind the 
wave front in a coordinate sys tem xl0y 1 fixed in the front assuming 
w = const, u = const, and ql = const. In the coordinate sys tem xl0yl, 
the gas moves along x i at a veloci ty v = w - u .  The initial and bound- 
a ry  conditions for  the magnetic  induction B 1 (xl, t) behind the front 
a r e  

B1 (x,,0) = 0, B 1 (0, t) : B l (t), B t (0) = Bo (1) 

where  B 1 (t) is an unknown function. 
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In d i m e n s i o n l e s s  va r i ab l e s ,  the  equat ion of  magne t i c  induction is 

OBl _ 1 O~B1 v OBi Bm 1 =  i~ozzwlo 
Ot ttrn 10xz ~ OXx ' 

(2) 

Here  and in the  fol lowing we se lec t  the quant i t ies  B0, w, l 0, and l 0 /w as  sca le  f a c t o r s .  

The  solut ion o f  Eq.  (2) t akes  the f o r m  

t "R 
B1 (~1, t ) ~  "2 'V ' ] /-R~ml , . .~  oxp L.....~._ (:~1 __ ~__. 7)t ) q ~  Rml~) ><:~ l i ( t .T : ) -a /~oxpL-~ l (~ ;2 'T - - t x12T) ]n l ( , c )d .  C 

0 
(3) 

Solving the  induct ion equat ion fo r  the wal l  in the coord ina te  s y s t e m  x20Y2, we obtain 

r 
0 

Rm~xz~ 1 
(4) 

Thus a so lu t ion  of the  p r o b l e m  of f ield d i s t r ibu t ion  r e d u c e s  to a d e t e r m i n a t i o n  of B 1 (t). 

To d e t e r m i n e  B 1 (t), we  u s e  the  cons  e rva t ion  of the  total  magne t i c  f lux 
f o 

Bz @~, 0 dxz + I B~ @~, t) dz~ § B l if) ~ if) = t 
0 0 

(5) 

w h e r e  l (t) is  the  d i s t a n c e  be tween  the  so l id  wal l  and the  shock  f ron t  in uni t s  of l 0. 

Subst i tut ing Eqs .  (3) and (4) into Eq. (5) and in tegra t ing ,  we  a r r i v e  at  a V o l t e r r a  i n t eg ra l  equat ionwi th  
r e s p e c t  to  B l (t) 

t 

B l (t) -]- "] /nBm~( t  - -  v) c ~f '~ .JJ ~ , RmZ (t 
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If v = 0, Eq. (6) defines the magnet ic  f ie ld between converging solid walls  under  the initial  conditions 
specif ied above [3]; a solution is given [4] for  the ca se  o f ' a  homogeneous init ial  condition B = B 0. With r e -  
p lacement  in Eq. (6) of the f i r s t  t e r m s  inside the in tegra l  sign by an express ion  s i m i l a r  to the second t e r m  
and cor rec t ion  of the bas i s  value of the velocity,  Eq. (6) defines the field between two converging shockwaves  
of different  intensi t ies .  

Equation (6) was  solved numer ica l ly .  The s ingular i t ies  occur r ing  at "r=t and t = l  w e r e  r emoved  by 
well-known methods [5]. The  field dis t r ibut ions in the solid wall  and gas  w e r e  de te rmined  f rom Eqs.  (3) 
and (4). The re la t ive  magni tude of the magnet ic  energy  W l s to red  in the gap l was de te rmined  f r o m  the ex- 
p r e s s i o n  W/=B/2(t) I(t); the value cf the magnet ic  energy in the conducting media  W x was defined as 

oo co 

0 0 

The calcula t ions  a s sumed  Rml /Rm2 =ai/r = 0.01. 

F i g u r e  2 shows the i n c r e a s e  of the field in the gap with t ime  fo r  v = 0.2 and Rml = 5, 10, and 20 (curves 
1, 2, and 3, respect ively}.  F igure  3 shows the f ield distr ibution in the solid wall  and in the gas  behind the 
shock wave at the t ime  t=0 .9 .  F o r  curve  1, Rml=10 ,  v=  0.1; fo r  curve  2, Rml=102, v=0.25;  for  curve  3, 
Rml = 102, v = 0.1. The dependence of the quantity Bl reached  at t = 1 on Rml and v is shown in Ftg.  4. Curves  
1-6 cor respond  to the va lues  v=  0, 0.05, 0.1, 0.15, 0.2, and 0.25. F o r  l a rge  va lues  of Rml, the induction 
B/I t= l is propor t iona l  to Rml , which has  been pointed out be fo r e  [3]. 

F igu re  5 shows the dependence of the m a x i m u m  value W/,max of the magnet ic  energy in the gap (solid 
cu rves  1-3) and of the magnet ic  energy Wx in the  solid wall  and behind the shock wave at the t ime  t = 1 (dashed 
curves  4-6) on Rml and v. Curves  1 and 4 co r respond  to v=  0, curves  2 and 5 to v= 0.1, and curves  3 and 6 
to v=  0.25. A compar i son  of the solid and dashed curves  indicates that for  Rmi <100, we roughly have  
Wl, max  > Wx(1), and fo r  Rml >100, we have  W/, max  < Wx(1). It is typical  that the t ime  t m at which W/, max  
is reached  also depends on Rmt and v (Table 1). 
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