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As 1s  we l l  known,  1n  shock-wave phys ics  one encounters  c r l t l ca l  Mach

numbers  (M"1 ,  M"2 ,  . . . )  a t  wh ich  a  qua l l ta t l ve  change takes  p laee in  the  s t ruc-

ture of the front.  One exampler ln ordlnary gas dynamlcsr ls the isothermal
denslty discont lnul ty produced ln a shock-wave front 1n a gas havlng a hlgh
thermal conduct lv l ty t1] .  In magnetogasdynamlcs a shock wave can experlence
also an lsomagnetlc denslty dlscont lnul ty 12).  Analogous phenomena occur al ,so
in  the  co l l l s ion less  shock  waves  in  p lasma.  Thus ,  l f  the  d lss ipa t lon  ls  due
to  anomalous  ( tu rbu len t )  res ls tance,  then (M *  Mc1)  the  c lose  o f  the  dens l ty

front lncreases cont lnuously (dn,/dx + -)  as the Mach number approaches a cer-
taln cr l t lcal  value [3] .  In gas dynamLcs, a slnl lar growth of the front s lope
is  l lm l ted  u l t imate ly  by  the  v lscos l ty .  In  a  co l l l s lon l -ess  p lasma th ls  mecha-
n lsm does  no t  ex ls t ,  and i t  was  there fore  ln l t la11y  assumed tha t  the  t rans l -
t lon through the cr l t lcal  value M"1 1" accompanied by formation of mutual ly-

in te rpenet ra t lng  p lasma s t reams.  As  w111 be  shown be low,  however ,  as  M '>  Mc1

under condlt lons of an lncreasing slope of the density prof11e, a maJor role
is assumed by charge-separat lon effects,  which prevent the colLapse of the
resist ive front.  Thls results 1n a narrow transl t lon reglon of wldth 6 ' t ,  rpr

1n which the density changes appreclably whi le the magnetic f ie ld remalns
prac t ica l l y  cons tan t .  In  fac t ,  we have here  a  non l lnear  e fec t ros ta t l c  wave
r rsuDer imposedt r  on  the  res is t i ve  shock  f ron t .

The present paper ls devoted
to  a  s tudy  o f  the  eLec t ros ta t l c  d ls -
cont lnu l ty  in  a  co111s lon less  shock
f ron t  1n  a  p lasma.  Such a  d ls -
cont lnu i ty  was f i rs t  observed 1n  [4 ]
with a microwave interferometer.  I t
was  es tab l i shed tha t  the  dens l ty
dlscont inui ty appears at M > 3 ( the
Mach number i-s M = u,/Vg, where u is

the wave veloci ty and VO the A1fven

ve loc i - ty  ln  the  ln i t ia l  p lasma) .
However,  the lnterferometry method
does not have hlgh resolut ion, and
has therefore not permit ted a de-
ta i led  inves t lga t lon  o f  the  phenom-
enon.  We used a  s lmp ler  method,
namely probe measurements of the
p o t e n t i a l  0 ( x ) ,  t h e  d l s t r l b u t l o n
of  wh ich  is  qua l i ta t i ve ly  s iml la r
to  the  dens i ty  d ls t r ibu t ion .  Th is
has  made i t  poss ib l -e  to  reduce the
t e n p o r a l  r e s o l u t i o n  t o  ( f . 5  -  Z )  x
l -0 - '  sec  ( the  cor respond ing  spa-
t ia l  sca l -e  1s  o f  the  order  o f  2  x
10-?  cm) .  F i -gure  1  shows the

F lg .  1 .  I somagnet lc  d iscont lnu l ty  o f  the
potent ial  in a transverse shock wave
( a )  a n a  l n  a n  o b l i q u e  o n e  ( U ) ;  a  - .  M  =
4 ,  H o  =  3 0 0  O e ,  n 6  =  3 . 4  x  1 0 t t  " r - t ;
b : ^ M  =  ? . 5 ,  H o  =  3 1 0  0 e :  n o  =  7 . L x
1 0 "  c m - " ,  0  =  2 0 o .
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il triHllHl11
Flg .  2 .  Re l -a t i ve  ampl l tude o f  the  1so-
magnet lc  d iscont lnu l ty  vs .  the  Mach
number  (hydrogen) .

d ls t r lbu t lons  o f  the  magnet lc  f le ld
H and of the potent lal  0 ln a
translt ion layer of a transverse
shock wave (a) and an obl lQue one
(b) .  The pro f l le  o f  0  revea led  a
fundamental  s lngular l ty,  namel-y,
the  po ten t ia l  exper lences  a  d is -
cont lnui ty on the end of the front
at an almost constant magnet ic f le ld.
We have lnvest lgated 1n greatest de-
tai l -  a transverse wave, so that the
exposlt ion that fol lows pertalns
maln ly  Jus t  to  th ls  case.  f t  has
been es tab l i shed tha t  the  d ls -
cont lnul ty on the potent lal  prof l le
ls formed 1n a wlde range of in i t la l
parameters, j .n plasmas of di f ferent

gases  (Hz ,  He,  Ar ) ,  fo r  aL l  Mach numbers  ly ing  ln  the  ln te rva l  be tween the
i t r s t  c r l t i c a l  v a l u e  M c l  =  2 . 8  -  3  a n d  t h e  s e c o n d  M " 2  =  4 . 5  -  5 . 5 .  W l t h i n  t h e

lnterval f rorn M", to M"r,  the dlscont inui ty ampl i tude A$, normal lzed to the

value of the potent lal  Sz behlnd the wave front,  depends on M. An experlmental
p lo t  o f  th ls  dependence is  shown ln  F lg .  2 .

Measurements of the t lme wldth of the dlscont lnutty yielded a value of r

l y lng  on  the  l lm l t  o f  the  pass  band o f  the  c l rcu l t  ( fo  o  0 .8  -  I  GHz) ,  so  tha t
this value should be regarded only as the gPPer l lmlt  of  the wldth of the d1s-

cont lnu l ty .  In  spec la l  reg lmes,  however ,  ( low concent ra t lon '  heav{  gas  - -

."d"" j , - i !  * ."  poislble to ascertaln thai  the measured value 2 x I0- '  cm 1s of

the sane order as the DebYe radlus.

At smal l  Mach numbers (M < Mcl) ,  the prof l les of the magnetlc f le ld and of

the potentlal are slmllar and are ln good agreement wlth the MHD model of the

resl i t lve front.  In the reglon M > tU"r,  t f re dlstr lbut lons of H and 0 have a

monotonlc form wlthout slngular i t4es, wlth a wldth I  n '  c/Qp (no lonlc plasma

frequency ) .

An lnterest lng regular l ty 1s observed ln the dependence of the potent lal

0z Oetr ina_the wave-front on the Mach number. At M < 
I" f  

th" value of 0z is

c lose  to  6  =  (mtu2/ze) ( r  -  r /hz )  (h  =  Hz/Ho ls  the  re la t l ye_ampl l tude o f  the

*"""1. In the interval  between-M"t and Mc2 the rat lo Qz/Q dec+eases gradu-

a I ly  to  o .5  -  0 .6 ,  and then remalns  prac t lca l l y  cons tan t .

The foregolng experimental  data agree with the assumptlon'  that the lso-

magnet lc  Jump is  f , roa lcea a t  M =  M" f  b i  the  charge-separa t ion  e f fec ts ,  1 'e ' ,

i t  has  an  e lec t ros ta t i c  charac ter .  Th ls  p lc tu re  agrees  *1 !1 .  the  resu l ts  o f

measurements of the wldth of the dlscont inul ty and the qual l tat lve form of the

dependence or  aOfT- . ; -M:^ ' i "  uaar t r .on ,  l t  bec-omes poss lb le  to  exp la ln  the  van-

tsir fng of the isomagnetlc discont inul ty at M = M"r '

I t  l s  known tha t  the  cause o f  the  co l lapse o f  an  e lec t ros ta t l c  wave o f

large anpl i - tude ls the ref l -ect lon of a certaln fract ion of the ions from the

poten t la l  f ron t ;  th is  co l lapse i "  a1r "  to  the  thermal  ve loc l ty  sca t te r  o f  the

ions .  The c r i t l ca l  Mach number  a t  wh ich  the  e lec t ros ta t i c  wave co l lapses  '

M$ = u"/c" (""  = qf) ,  depends strongly on the rat lo Ti /Te l5f  '  To est l -

* . t " r u " , i t i s n e c e s s a r y t o c o n n e c t t h e M a c h n u m b e r M " o f t h e e l e c t r o s t a t l c

wave with M. within the framework of the magnetohydrodynamlcs thls cafi be done
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by using the l -aws of conservat lon of the energy and momentum f luxes on the
isomagnet ic  d lscont lnu i ty .  I t  i s  necessary  here  to  take  ln to  account  the  heat
f lux produced as a result  of  the good thermal conduct iv l ty of the electrons
and directed away from the lsomagnetic dlscont inui ty (as wel l  as from the 1so-
thermal  one fo r  e lec t rons)  to  tne  res ls t i ve  sec t lon  o f  the  f ron t .  f t  i s  easy
to show that the thermaL f lux is

q. = tou7. ltlur/v2l'

where t ,  *" ,  and v2 denoter ln the coordlnate frame of the wave, the velocl ty

of the plasma ahead of the wave, ahead of the dlscont lnui ty,  and behind the
wave f ron t .  I t  i s  known tha t  M$ =  1 .5  fo r  T ,  =  0 .  Th ls  y le1d"  M"2  =  6 .2 .

AlLowance for the f ln i te i -onlc temperature leads to a sharp decrease of M"r.

For  example ,  i f  we have d l rec t l y  ahead o f  the  d i -scont lnu i tV  Tr lTe  =  0 .1 ,  then

M$ decreases  to  1 .1 ,  and we ob ta in  Mc2 =  4 .3 .  Such a  s t rong dependence o f  M" ,

on  T ,  i s  apparent ly  the  cause o f  the  apprec lab fe  sca t te r  o f  the  po ln ts  on  F lg .

2  in  the  reg lon  M t  M"2 .

The lons ref lected from the wave f l :ont (when M . M"2) are the reason for

the  appearance o f  the  charac ter ls t l c  pedes ta l  on  the  pro f l le  o f  the  magnet lc
f ield.  I t  l -s lnterest ing that in a transverse wave the pedestal  appears at
Mach numbers close to M"l_. In an obl lque wave, however,  the value of M at

which the oscl l latory structure dlsappears and the pedestal  appears exceeds
M . .  The re f lec t lon  o f  the  lons  1s  equ lva len t  to  a  cer ta ln  thermal lza t lon  o f

a l

them, and the appearance of  an ef feet lve ion temperature and hence of  an ion
p ressu re  F ,  dec reases  the  po ten t i a l  0z  beh ind  the  wave  f ron t  compared  w i th  0 ,

as is  indeed observed in the exper iment .
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