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In a number  of pape r s  [1-7] c a r r i e d  out on va r ious  pulsed e lec t romagne t ic  a c c e l e r a t o r s  
the appea rance  of a l a m e l l a r  s t ruc tu re  in the s t r e a m  of acce l e r a t ed  ionized gas  occu r s  
having an osci l la t ion f requency of s e v e r a l  m e g a h e r t z .  The major i ty  of authors  r e l a t e  the 
development  of i r r e g u l a r i t i e s  in the s t r e a m  with local  pecu l ia r i t i es  in the flow of e l ec t r i c  
cu r r en t s  (secondary breakdowns [6], the fo rmat ion  of mic rop inches  [3-5], the mot ion of 
a cu r ren t  sp i r a l  [2], etc.) .  Notwithstanding the genera l i ty  of many p rope r t i e s  of the i r -  
r egu l a r i t i e s  r e c o r d e d  under  va r ious  conditions, no unified point of view ex is t s  as ye t  
concerning the nature  of thei r  development .  

The p r e se n t  pape r  r e p o r t s  on methods of spli t  photoscarming for  ca r ry ing  out an expe r imen ta l  in-  
ves t iga t ion  of ce r t a in  pecu l ia r i t i e s  of the development  of s t r e a m  i r r e g u l a r i t i e s  in a coaxial  e ros ion  accel~ 
e r a t o r .  Based  on the expe r imen ta l  data, the assumpt ion  is s ta ted  that the e l ec t romagne t i c  end effect  in- 
f luences the appea rance  of the i r r e g u l a r i t i e s .  It  is shown that  p lanar  i r r egu la r i t i e s  having an a x i s y m m e t r i o  
shape appea r  in the zones  of s t r e a m  re t a rda t ion  behind the end shock wave and nea r  the sur face  of the e l e c -  
t rodes  a t  the end of the a c c e l e r a t o r  channel.  

The influence of deadsorpt ion  and evapora t ion  f r o m  the sur face  of the e lec t rodes  on the development  
of the i r r e g u l a r i t i e s  is noted. Expe r imen t s  w e r e  c a r r i e d  out on the ar t i f ic ia l  exci ta t ion of deep and s table  
i r r e g u l a r i t i e s  by r e t a rd ing  the s t r e a m  in the zones of intense evapora t ion  of the insula tor .  

1. The e x p e r i m e n t s  we re  c a r r i e d  out on an appara tus  par t ia l ly  desc r ibed  in [8, 9]. The bas ic  pa -  
r a m e t e r s  of the appara tus  were :  capaci tance  of the capac i to r  bank 1480 ttF; initial  inductance 50 nil; 
p r e s s u r e  in the working cham be r  (2 to 5) �9 10-5 m m  Hg. The energy  r e s e r v e  in the capac i to r s  v a r i e d  in 
the range  f r o m  6.6 to 18.5 k J  a t  a vol tage  of f r o m  3 to 5 kV. The cha rac t e r i s t i c  a c c e l e r a t o r  opera t ing t ime  
(a ha l f -pe r iod  of the discharge)  was  35 to 40 psec ,  while the m a x i m u m  values  of the total  cu r r en t  r anged  
up to 450 kA. The f o r m  of d ischarge  was  c lose  to aper iod ic .  

The working substance  cons i s ted  of the m a t e r i a l  produced by the e ros ion  of a teflon insula tor  and 
par t i a l ly  the m a t e r i a l  produced by e ros ion  of the copper  acce le ra t ing  e l ec t rodes .  The teflon insu la to rs  

t 3 

2 t/ 

Fig. i 

Moscow. T rans l a t ed  f r o m  Zhurnal  Pr ikladnoi  Mekhaniki i Tekhnicheskoi  Fiziki,  No. 4, pp. 143-149, 
July-August ,  1970. Original a r t ic le  submit ted  F e b r u a r y  4, 1970. 

�9 1973 Consultants Bureau, a division of Plenum Publishing Corporation, 227 West 17th Street, New York, 
N. Y. 10011. All rights reserved. This article cannot be reproduced for any purpose whatsoever without 
permission of the publisher. A copy of this article is available from the publisher for $15.00. 

6 5 3  



simultaneously serve  as a discharge stabil izer  in the initial sec tor  of 
the cylindrical  channel. 

F r o m  in t eg ra l -measuremen t  data (a combined pendulum-ca lor im-  
eter ,  spectroscopy,  weighing, s t reak photography, etc.) during one dis-  
charge a mass  of working substance ranging f rom 1 to 6 mg was acce l -  
e ra ted  to veloci t ies  of 60-80 km/sec .  The charac te r i s t ic  density of the 

Fig. 2 
par t ic les  in the s t r eam was in the 1015-101~ cm -3 range,  while the e lec-  
t ron t empera tu re  was of the order  of 3" 104~ [10]. 

The apparatus operated in a "gated"-vol tage mode. The discharge was initiated by a high-voltage 
pulse f rom an SFR s t reak  camera  which had been power-ampl i f ied  by the discharge of a 1 ~F capaci tor  a t  
a voltage of 2 to 5 kV. 

The diagram and dimensions of the accelera t ing e lect rodes  used in the experiments  are  shown in Fig. 
1. In a number of cases  four aper tu res  1 cm in diameter  were  made in the outer electrode,  which were 
uniformly spaced along the electrode length. The ext reme aper tures  were  situated at a distance of 1 cm 
f rom the insulator and f rom the muzzle of the e lec t rodes .  

Slit scanning was accompl ished by the SFR s t reak  camera .  For  a sl i t  width of 0.05-0.1 m m  and a 
m i r r o r  rotat ion speed of f rom 45,000 to 90,000 rpm (the veloci ty of the light beam on the photographic film 
ranged f rom 2.25 �9 105 to 4.5 �9 105 cm/sec )  the time resolut ion of the sys tem amounted to 10-50 nsec.  The 
investigations were  c a r r i e d  out for a horizontal  (along the s t ream) and ver t ica l  (across  the s t ream) or i -  
entation of the slit.  The l inear image-reduct ion  coefficient was equal to 3. 

The magnetic field in the acce le ra to r  was measured  by coil magnetic probes placed in a quartz tube 
[11]. Magnetic probes  having an ellipsoidal shape with dimensions 6x 3x2.5  mm were  used. The probes 
consis ted of 80 turns  of copper wire  0.08 m m  in d i a r ~ t e r  and had an inductance of 1.5 pH. For  a sens i -  
tivity of 5 �9 10 -5 V/G the magnet ic  probes  allowed field oscil lat ions having a f requency of up to 30 MHz to 
be r eco rded  without noticeable distortion. The signal f rom the magnetic probe was integrated by a RC c i r -  
cuit and r e c o r d e d b y  anOK-17M osci l loscope.  

2. In the acce le ra to r  the considered time for which an acce le ra ted  part icle  remained  inside the chan- 
nel was one o rder  shor te r  than the discharge time; therefore ,  in a well-known sense the flow could be a s -  
sumed quasis taf ionary.  The acce le ra ted  ionized gas undergoes the application of an e lect romagnet ic  and 
gasdyuami c applied force at the acce le ra to r  muzzle ,  which leads to a rotation of the s t r eam toward the axis 
and the formation of an oblique compress ion  shock. The end effects were considered theoret ical ly in [12]. 

Ahead of the shook wave the main s t r eam produces a weak luminescence.  An increase  in the t em-  
pera ture  behind the compress ion  shock leads to an abrupt  increase  in radiation and allows the s t r eam to 
be r eco rded  by means of s t reak  photography. Figure 2 shows a photograph obtained behind the acce le ra to r  
muzzle using an SFR s t reak  camera  with an exposure t ime of 0.6 #sec.  On the photograph the cone-shaped 
shock wave which develops in the s t r eam as a resu l t  of the flow past  the inner e lect rodes  is well visible.  
The shock wave caused by the end effect was observed  for all of the acce le ra to r  models considered here 

and in all of its operat ing modes.  

Slit scanning increased  the t ime resolut ion and allowed it to be revea led  that the flow in the zone be-  
hind the shock wave is inhomogeneous.  Figure 3 shows ver t ica l  slit  sweeps 1, 2 taken for acce le ra to r  model 
1 at distances of 1 and 10 cm f rom the acce le ra to r  muzzle .  The direction of the sweep and the flow veloc-  
ity is f rom left to right here .  Sweep 1 in Fig. 3 was obtained for a m i r r o r  speed of rotat ion equal to 
90,000 rpm,  while the remaining sweeps shown in the paper were  obtained at a speed of 45,000 rpm.  F rom 
sweep 2 (Fig. 3) it is evident that the flow behind the shock wave has a lamel la r  s t ruc ture  with waves having 
a shape close to planar .  The p rocess ing  of numerous  experiments  showed that the frequency of the light 
i r regula r i t i es  in the zone behind the shock wave is in the range f rom 5 to 20 MHz. For  a s t r eam velocity of 
6.5 �9 106 c m / s e c  the wavelength of the i r regula r i t i es  (the distance between two planar formations having an 
elevated luminosity which follow one another) is f rom 3 to 13 mm. 

The lamel la r  s t ruc ture  of the flow behind the end shock wave was r eco rded  at var ious  distances f rom 
the ends of the e lec t rodes  and in all operating modes of the acce le ra to r .  

The ver t ica l  sweep of the s t r eam 1 in the immediate vicinity of the muzzle (1 cm) shows (Fig. 3) that 
in a s t r eam flowing out into the shock-wave zone there are  l aye rs  having an inhomogeneous s t ruc ture .  These 
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l a y e r s ,  which have a thickness of s eve ra l  m i l l i m e -  
t e r s ,  appear  inside the a c c e l e r a t o r  channel and run 
off f r o m  the sur face  of the inner e l ec t rodes .  

F igure  3 shows the ve r t i c a l  s t r e a m  sweep 5 
obtained di rec t ly  at the a c c e l e r a t o r  muzz le  1 by pho- 
tographing at a smal l  angle between the optic axis  
of the SFR and the muzzle  plane.  The su r face  of 
the inner  e lec t rode  and a port ion of the inside s u r -  
face of the outer  e lec t rode  were  within the f ie ld of 
view of the SFR sl i t .  F r o m  the sweep 5 (Fig,  3) it 

is evident that in a narrow zone next to the inner electrode plane waves having a frequency of the order of 
5 MHz develop a short time after the beginning of the discharge. 

Sweeps taken through apertures in the outer electrode showed that there are no irregularities inside 
the channel. In order to illustrate this Fig. 3 shows a vertical sweep 3 taken from the first aperture (i cm 
from the insulator) of model 1 having a resolution up to 50 MHz. 

The fourth aperture (1 cm from the muzzle) is an exception. The sweep 4 taken through this aperture 
showed that the stream becomes inhomogeneous at the end of the accelerator channel (Fig. 3). 

The three vertical sweeps 5, 6, 7 taken under identical conditions in three successive experiments 
at a small angle on the accelerator muzzle 1 (Fig. 3) show that the time delay of the appearance of irreg- 
ularities near the inner electrode at the end of the channel varies from experiment to experiment. This 
effect is considered at the end of the present paper. 

A characteristic horizontal slit sweep 8 of the stream at the exit from the accelerator is likewise 
shown in Fig. 3. The slit of the SFR was situated at a distance of 1.2 cm from the accelerator axis at the 
level of the luminescent near-electrode layer. The direction of the sweep was from left to right, and the 
direction of the stream velocity was from the top down. 

From the SFR photogram it is evident that the irregularities move together with the stream at a ve- 
locityof60 to 80 km/sec while retaining their stability over the entire visible displacement path. In the 
zone of the end shock wave the brightness of the irregularities increases abruptly. 
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Exist ing theo r i e s  of the l a m e l l a r  s t r u c t u r e  of the flow in pulsed  a c c e l e r a t o r s  cannot explain the ex -  
p e r i m e n t a l  r e s u l t s  given he re  to a suff icient  degree .  The theory  of r epea ted  breakdowns on the insula tor  
behind a moving cu r r en t  f ront  [6] is inapplicable,  s ince no i r r e g u l a r i t i e s  w e r e  obse rved  in the initial s ec to r  
of the channel.  The theo ry  of sp i ra l  flow of e l ec t r i c  cu r r en t  [2] l ikewise  cannot explain the flow pat tern ,  
s ince the i r r e g u l a r i t i e s  usual ly have a p r o p e r  p lanar  f o r m  which is well  p r e s e r v e d  in the flow for  a p r o -  
longed per iod .  Fo r  the same  r ea sons  the explanation that  the i r r egu l a r i t i e s  cons ide red  he re  a re  genera ted  
by cutoffs of the cu r r en t  mic rop inches  [3-5] l ikewise  s e e m s  improbable .  

The end effect ,  which is e x p r e s s e d  in a depar tu re  of a por t ion of the e lec t r i c  c u r r e n t  beyond the l imi t s  
of the a c c e l e r a t o r ,  leads  to the fo rmat ion  of a shock wave .  However ,  the e l ec t romagne t i c  end ef fec t  extends 
over  a ce r t a in  dis tance into the in te r io r  of the channel a lso .  The poss ib le  deviation of the cu r ren t  l ines  
f r o m  the rad ia l  d i rect ion inside the channels  m u s t  lead  to the appea rance  of a rad ia l  component  of the e l ec -  
t romagne t i c  fo rce  which c o m p r e s s e s  the p l a s m a  agains t  the e l ec t rodes .  S imi la r ly  to osci l la t ions of the 
luminosi ty  behind the end shock wave,  the nonuniformity of the s t r e a m  at  the end of a coaxial  channel may  
be r e l a t e d  to the gasdynamic  condensat ion of the s t r e a m  at  the su r face  of the e l ec t rodes  due to the end e f -  
fect .  This  a s sumpt ion  al lows the appea rance  of i r r e g u l a r i t i e s  solely at the end of the channel in a nar row 
zone near  the e lec t rode  to be explained.  

In o rde r  to substant ia te  the a s sumpt ions  s ta ted ,  ce r ta in  e s t i m a t e s  and specia l  expe r imen t s  we re  p e r -  

fo rmed .  

3. In o rde r  to e s t ima t e  the penet ra t ion  depth of the end effect  into the in te r io r  of the coaxial  channel, 
the degree  of slope of the l ines  of e l ec t r i c  c u r r e n t  toward the axis ,  and the va r ious  dis tr ibut ion pa t t e rns  
of the cu r r en t  l ines  a t  the inner  and outer  e l ec t rodes ,  the model  e l ec t ros t a t i c  p rob lem of the distr ibution 
of e l ec t r i c  cu r r en t  between two p lanar  semi - in f in i t e  ideally conducting e l ec t rodes  (a continuation of one 
of these  e l ec t rodes  is the insula tor ;  Fig.  4a) was  solved.  The conductivity of the med ium in the ha l f - space  
y >  0 is  a s s u m e d  constant .*  

The p rob l em was  solved by the method of conformal  mappings  [14]. The absence  of a tangential  c u r -  
ren t  component  on the e lec t rodes  and the absence  of a normal  c u r r e n t  component  on the insula tor  we re  
adopted as  boundary conditions.  

Cer ta in  r e s u l t s  of solving the model  p rob l em a r e  displayed in Figs.  4b and 5. 

*The p r o b l e m  s ta ted  is a combinat ion of two c l a s s i ca l  p rob l ems  involving a capac i to r  and the cu r ren t  d is -  
t r ibut ion in a channel with p lanar  e l ec t rodes  and insulat ing b a r r i e r s  [13]. 
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Figure  4b is the diffusion of the absolute magnitude of the cu r r en t  on the su r face  of the e l ec t rodes  
and of the insula tor .  The d imens ion less  magnitude of the cu r r en t  j = j ,  �9 i/q~ o is  p lot ted along the axis of 
ord ina tes ,  while the modulus of the d imens ion less  coordinate  x = ] x , J / 1  is plotted along the axis  of a b s c i s -  
sas ;  he re  1 is the distance between e l ec t rodes ,  while ~P0 is the potential  difference.  The a s t e r i s k  denotes 
dimensioned quanti t ies .  

I t  is evident  that  the end effect  on the su r face  of the e l ec t rodes  pene t ra tes  into the in te r io r  of the chan-  
nel to an amount  which is  of the o r d e r  of one gauge.  

F igure  5 shows the dependences of the slope angle of the e lec t r i c  cu r ren t  l ines  (tg ~ =jx/Jy) on the 
d imens ion less  coordina tes  y =y, f l  with the x -coord ina t e  as the p a r a m e t e r .  F r o m  the g raph  it follows that 
the pa t t e rn  of the c u r r e n t  l ines  is n o n s y m m e t r i e a l .  The slope of the cu r r en t  nea r  the lower  e lec t rode  is 
s e v e r a l  t imes  m o r e  pronounced than it is  nea r  the upper  e lec t rode .  The min imum slope angle of the c u r -  
r en t  l ines  inside the channel is 45 ~ . 

The model  p rob l em shows that  the end effect  extends into the in te r ior  of the channel to a depth of 
s eve ra l  channel widths and is man i fes ted  nea r  the su r face  of the lower e lec t rode  (near the inner e lec t rode  
in the case  of a coax} s e v e r a l  t imes  m o r e  in tensively  than at the su r face  of the upper  (outer) e l ec t rode .  
Cons idera t ion  of the flow of the conducting medium,  the magnet ic  field,  and the coun te r - emf ,  jus t  as  con-  
s idera t ion  of the two-dimens ional  na ture  of the flow in a coaxial  channel,  mus t  m e r e l y  intensify the  depen-  
dences noted. 

The e s t ima te  which is c a r r i e d  out and the assumpt ions  which a re  made allow us to explain why the 
i r r e g u l a r i t i e s  appea r  only at  the end of the channel and a r e  man i fes t ed  cons iderably  m o r e  s t rongly n e a r  
the inner  e l ec t rodes  and weakly a t  the su r face  of the outer  e lec t rode .  

4. The m e a s u r e m e n t s  p e r f o r m e d  on model  2 by means  of magnet ic  p robes  showed that  the d i scharge  
and the magnet ic  f ie ld in an a c c e l e r a t o r  have good az imuthal  s y m m e t r y ,  while the magnet ic  probe  does not 
introduce substant ia l  d is tor t ion into the c u r r e n t  and magnet ic  f ield dis t r ibut ions.  Under these conditions 
the longitudinal and rad ia l  dis t r ibut ions of the magnet ic  f ie ld  in the region of the a c c e l e r a t o r  muzz le  we re  
used  to cons t ruc t  an approx imate  p ic ture  of the c u r r e n t  l o s s .  The p ic tu res  of the c u r r e n t  l ines  for  s e v e r a l  
c h a r a c t e r i s t i c  l ines  a r e  displayed in Fig.  6. The lower  region of the a c c e l e r a t o r  muzzle  r e l a t i ve  to the 
axis  is shown. The number s  indicate the magnitude of the cu r r en t  flowing to the r ight  of the c u r r e n t  l ine.  
The c u r r e n t  l ines  we re  found on the assumpt ion  of a l inear  va r i a t ion  of the f ie ld between two neighboring 
m e a s u r e m e n t  points .  The dis tances  between m e a s u r e m e n t  points we re  3 cm along the axis  and 2 cm along 
the r ad ius .  

F r o m  Fig. 6 it is  evident  that  as  a whole the e x p e r i m e n t e r s  found pa t te rns  of the c u r r e n t  l ines  to be 
in good a g r e e m e n t  with the e s t i m a t e s  p e r f o r m e d  above.  Actually,  the s teep  slope of the c u r r e n t  l ines  is  
obse rved  not only behind the a c c e l e r a t o r  muzzle  but a lso  at  a ce r ta in  distance into the in te r io r  of the chan-  
nel .  

F igure  7 shows a c h a r a c t e r i s t i c  o sc i l l og ram for  the total c u r r e n t  1 and a magne t ic  f ie ld 2 a t  a point 
s i tua ted  on the a c c e l e r a t o r  muzz le  1.6 c m  f r o m  the axis .  The init ial  vol tage is 3 kV; the m a x i m u m  va lues  
of the c u r r e n t  and magnet ic  f ie ld oa  the o s c i l l o g r a m  a r e  i70 kA and 5 - 103 G, r e spec t i ve ly .  A ha l f - cyc le  
of the c u r r e n t  on the o s c i l l o g r a m  amounts  to 37 psec .  Notwithstanding the high-quali ty f requency c h a r -  
a c t e r i s t i c s  of the magnet ic  probe  and the p lacement  of the probe d i rec t ly  in the zone of appearance  of the 
i r r e g u l a r i t i e s ,  the o sc i l l og ram of the magnet ic  f ie ld does not have h igh-f requency osci l la t ions  with a notice~ 
able modulat ion depth. The absence  of subs tant ia l  osc i l la t ions  of the magnet ic  f ie ld m a y  s e rve  as  an in- 
d i rec t  substant ia t ion of the fact  that the i r r e g u l a r i t i e s  in the e x p e r i m e n t s  concerned  a r e  not a s s o c i a t e d  with  
s t rong  cu r r en t  f luctuat ions.  
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5. The assumpt ion  of the influence of the end ef fec ts  on the development  of i r r egu l a r i t i e s  inside the 
channel was  checked in the following exper imen t .  Using a model  having an outer  e lec t rode  27 c m  long and 
an inner  e lec t rode  57 c m  long (model 3), the slope of the c u r r e n t  l ines a t  the sur face  of the inner  e lec t rode  
in the region of the muzzle  mus t  be p rac t i ca l ly  nonexistent .  The end effect  mus t  be mani fes ted  nea r  the 
su r face  of the outer  e lec t rode  m o r e  abrupt ly  in this  model .  In fact ,  the ve r t i c a l  s l i t  sweep 1, as obtained 
for  a smal l  angle on the muzzle  of the outer  e l ec t rodes ,  and the hor izontal  sweep 2 taken at  the output above 
the su r face  of the inner e lec t rode  (Fig.  8) show that  i r r e g u l a r i t i e s  which develop at  the outer  e l e c t r o d e w e r e  
not iceably intensif ied,  while they were  r educed  at the inner e lec t rode .  The frequency of the osci l la t ions 
in the outer  and inner  zones  amounted  to 1.1 and 4.5 MHz, r e spec t ive ly ,  for  an ave rage  ra t e  of d i sp lacement  
7 �9 106 c m / s e c .  Consequently,  the dis tance between i r r e g u l a r i t i e s  in the outer  and inner zones of the s t r e a m  
is  different  and amounts  to 6 and 1.5 cm,  r e spec t ive ly .  

Super imposed  osc i l la t ions  a t  two different  f requenc ies  a r e  v i s ib le  on the horizontal  s l i t  sweep, s ince 
both n e a r - e l e c t r o d e  reg ions  fall  in the f ie ld of the s l i t  s imul taneously .  

The gasdynamic  and e l ec t romagne t i c  ro ta t ion  of the s t r e a m  at  the exi t  f r o m  the channel at the inner 
e lec t rode  is absen t  by v i r tue  of the specif ic  f ea tu res  of the model ;  the re fo re ,  outflow, as is a l so  evident  
f r o m  the SFR pho togram,  takes  place without the fo rmat ion  of an end shock wave.  

6. As was  shown above,  the l amina r i t y  of the s t r e a m  in the n e a r - e l e c t r o d e  zone changes f rom d is -  
charge  to d i scharge .  With an increas ing  number  of s t a r t s  of the appara tus  the intensi ty of the i r r egu l a r i t i e s  
dec reased ,  the t ime  delay in their  appea rance  inc reased ,  and in a number  of c a se s  the i r r egu l a r i t i e s  van -  
ished en t i re ly  (Fig.  3). 

The r e su l t  noted may  be explained by deadsorpt ion of res idua l  gases  and vapo r s  of vacuum oil f r o m  
the su r face  of the e l ec t rodes  during the p r o c e s s  of e lec t rode  heating [8]. An indi rec t  substant ia t ion of de-  
adsorpt ion  l i es  in the fact  that  in the init ial  expe r imen t s  a f t e r  a prolonged b r e a k  the p r e s s u r e  in the w o r k -  
ing chamber  exceeds  the p r e s s u r e  which develops in the chamber  in subsequent  expe r imen t s  by one o rd e r .  
The deadsorpt ion has a noticeable ef fec t  on the in tegra l  c h a r a c t e r i s t i c s  a lso ,  reducing the energy  eff iciency 
by 20 to 30% and inc reas ing  the a c c e l e r a t o r  pulse in the f i r s t  e x p e r i m e n t  by 40 to 50%. 

The assumpt ion  that  deadsorpt ion and vapor iza t ion  affect  the development  of i r r egu l a r i t i e s  was made 
the bas i s  of the expe r imen t  on a r t i f i c ia l  intensif icat ion of the i r r e g u l a r i t i e s .  

The inner  a c c e l e r a t o r  e lec t rode  was  extended by means  of an insulating adapte r  (Fig. 1, model  4). 
The adapte r  m a t e r i a l  was  P lex ig las ,  Teflon,  or  a luminum oxide. 

High densi t ies  of the e lec t r i c  cu r r en t  on the e l e c t r o d e - a d a p t e r  in ter face  led to a cons iderable  e ros ion  
of the insu la tor .  According to weighing data the m a s s  of insula tor  evapora t ing  in one discharge amounted 
to a magnitude comparab le  to the m a s s  of the working subs tance  a c c e l e r a t e d  under  ord inary  conditions.  

The e x p e r i m e n t  with an insulat ing adapte r  was the continuation of an exper imen t  with an e longated 
inner e l ec t rode .  Bes ides  inc reas ing  the e ros ion ,  the purpose  of separa t ing  the e l ec t romagne t i c  and g a s -  
dynamic ro ta t ions  of the s t r e a m  at  the exi t  f r o m  the a c c e l e r a t o r  was  pursued.  I t  is c l ea r  that  bas ica l ly  
e l ec t romagne t i c  f o r ce s  ac t  on the s t r e a m  in the reg ion  of the e l e c t r o d e - a d a p t e r  in terface;  these fo rces  mus t  
p r e s s  the s t r e a m  agains t  the su r f aces  of the e lec t rode  and the adapter  due to the end effect  and thus cause 
the appea rance  of a shock wave.  The gasdynamic  ro ta t ion  of the s t r e a m  mus t  occur  independently of the 
e l ec t romagne t i c  ro ta t ion  a t  the end of the insula tor .  

The r e su l t s  of the expe r imen t  with a P lex ig las  adap te r  a r e  p re sen ted  in Fig. 9. The numbers  1, 2, 
and 3 show the v e r t i c a l  sl i t  sweeps taken at  d is tances  of 2.5, 4.5, and 6.5 cm f r o m  the end of the inner e l ec -  
t rode ,  while the number  4 indicates  the hor izontal  s l i t  sweep taken a t  a dis tance of 0.3 cm f r o m  the insu-  
l a to r  su r face .  The init ial  vol tage  was  5 kV. 

F r o m  the SFR photograms  it is evident  that in a na r row cyl indr ical  zone a t  the insula tor  sur face  a 
br ight  flow region develops behind the end of the shock wave.  For  the f i r s t  10 to 15 #sec  the flow r e m a i n s  
uni form.  Then plane waves  having a f requency of 0.5 to 1.5 MHz develop in the nea r -waU s t r e a m ,  which 
move in a s table  m anne r  along the a c c e l e r a t o r .  The boundary of the luminous zone begins to broaden and 
pulsate  under  these  conditions.  The plane s t ruc tu re  of the s t r e a m  i r r egu l a r i t i e s  is mainta ined fa r  beyond 
the l imi t s  of the insula tor .  
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Figure  9 shows the slit  sweep 3 taken behind the end of the insulator .  F rom this sweep it is evider~t 
that near  the s t r e a m  axis plane waves undergo s t ra t i f icat ion which is caused by the re ta rda t ion  of the s t r e am 
during flow past  the end of the insulator .  The curving and s t ra t i f icat ion of the s t r ips  of i r r egu la r i t i e s  sub- 
s tant iates  the re la t ionship between the i r r egu la r i t i e s  and the s t r eam and the influence of the gasdynamic 
action on the rota t ion of the s t r e am behind the a c c e l e r a t o r  muzzle .  

The ar t i f ic ia l  exci tat ion of i r r egu la r i t i e s  in a s t r e a m  by the method descr ibed  did not depend on the 
t ime elapsing between exper iments  (i .e. ,  on the degree  of deadsorption of gas by the e lec t rodes) .  

The i r r egu la r i t i e s  obtained in exper iments  with Plexigtas  and Teflon adapters  were  prac t ica l ly  iden- 
t ical .  For  a m ore  r e f r a c t o r y  insulator ,  such as aluminum oxide, an increase  in the f requency of the appea r -  
ance of i r r egu la r i t i e s  to 10-12 MHz was noted. 

The ar t i f ic ia l  exci tat ion of i r r egu la r i t i e s  is accompanied by intense vapor izat ion and a s t r e a m  r e -  
tardat ion which is g r ea t e r  than under conventional conditions (this is evident f rom the curves  for  the t ime 
var ia t ion  of the veloci ty  shown in Fig. 10). The veloci ty  was de termined  according to the slope of the s t r ips  
of the horizontal  s l i t  sweep on the axis of the model 1 (curve 1) and above the inner e lec t rode  of model 4 
(curve 2). The difference in initial ve loc i t ies  can be explained by the re ta rda t ion  of the s t r e a m  during flow 
pas t  the end of the inner e lec t rode  in model 1. F r o m  Fig. 10 it follows that the vapor iza t ion  of the insulator  
leads to a reduct ion of the s t r e a m  veloci ty  f r o m  8 - 10 ~ to 2 �9 106 c m / s e c .  Since the vapor iza t ion  p roces s  
is dist inguished by i ts  iner t ia ,  it follows that the re ta rda t ion  of the s t r e am  and the appearance of i r r e g u l a r -  
i t ies have a ce r t a in  t ime delay. 

The reduct ion of the s t r e a m  veloci ty  allows the SFR s t reak  cam era  to be used to obtain an overa l l  
photograph of the propagation of the i r r egu la r i t i e s .  Severa l  photographs f rom the f r a m e - b y - f r a m e  SFR 
photogram, as obtained behind the muzzle  of model 4 having a Plexiglas adapter  on the inner e lec t rode ,  
a re  shown in Fig. 11. The sequence of f r ames  here  is f rom the bottom up and f rom left  to r ight .  The pho- 
tographing f requency was 3 �9 10~ f r a m e s / s e c .  The s t r e a m  photographs which are  given show that the i r -  
r egu la r i t i e s  have a f iat  ax i symmet r i c  shape, a re  genera ted  in the zone between the end of the shock wave 
and insulator, and move with an interval  of 3-4 cm, while expanding, along the s t r e am  at  a veloci ty  of the 
o rde r  of 2.5 - 106 c m / s e c .  

Thus,  exper iments  on the ar t i f ic ia l  exci tat ion of i r r egu la r i t i e s  in a pulsed e ros ion  a c c e l e r a t o r  have 
substant ia ted the assumption of the re la t ionship of the i r r egu la r i t i e s  mentioned in the paper  given to v i sc id  
gasdynamic re ta rda t ion  of the s t r e am,  vapor izat ion,  anddeadsorpt ion on the surface  of the e l ec t rodes .  
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