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The a r t i c l e  p r e s e n t s  some  r e s u l t s  of osc i l lographic  invest igat ions of an e l ec t r i c  d i scharge  in pen ta -  
e ry th r i to l  t e t r a n i t r a t e  (PETN) powder of density (0.5-1.2) g - cm-3.  A hydrodynamic  model  of the develop-  
m e a t  of the cur ren t -conduc t ing  channel was  used;  e s t i m a t e s  of the r a t e  of i ts  development  and va lues  of 
i ts  rad ius  and of conductivity in it a r e  given.  I t  is  shown that the t r ans fo rma t ion  products  of PETN have 
a conductivity not above 7 -10  ~ sec  -1. 

A zone of r a t h e r  high e l ec t r i ca l  conductivity is r e co rded  in a s ta t ionary  detonation of condensed ex -  
p los ives .  In [1] an e s t ima te  is given of the conductivity of explosion products  which was  de te rmined  by 
t h e r m a l  ionization f r o m  the exper imenta l ly  m e a s u r e d  t e m p e r a t u r e  of the detonation products  of exp los ives .  
I t s  value l ies  within 107 and 10 ~ s e c - l .  The authors  of [2] m e a s u r e d  the conductivity of explosion products ,  
which p roved  to be cons iderably  higher  than the e s t ima ted  values  in [1] and amounted to (0.23-5.00) "1012 
sec-1.  However ,  an ana lys i s  of the o s c i l l o g r a m s  given in [2] shows that  a na r row zone in the front  of the 
detonation wave has a high conductivity,  and the products  t hemse lves ,  if they conduct at  all,  then the i r  con-  
ductivity is apparent ly  not higher  than the e s t i m a t e s  in [1]. The effect  of the detonation f ront  on the m e a -  
s u r e m e n t  p r o c e s s  can be e l imina ted  by igniting powdered explos ives  with an e l ec t r i ca l  d i scharge .  

Resul ts  of invest igat ing an e l ec t r i c  d i scharge  in PETN powder of low density (0.5-1.2 g / c m  3) enc losed  
in a P lexig las  shel l  a r e  p r e sen t ed  below. I ts  d i a g r a m  is shown in Fig.  1, where  1 is the housing, 2 is the 
cover ,  and 3 is the e lec t rode .  It  is shown that the t r an s fo rma t ion  products ,  which a r e  under  a high p r e s -  
su re ,  have a conductivity not exceeding 7.106 sec-1.  

During the invest igat ion we changed the density and d i spers i ty  of the PETN pa r t i c l e s .  The c u r r e n t  
and vol tage of the d ischarge  were  m e a s u r e d  by the osc i l lographic  method with the use  of a compensa t ion  
c i rcu i t  (Fig. 2). The use  of known c i rcu i t s  for  measu r ing  the cu r r en t  and voltage was  h a m p e r e d  in the given 
case  by the high c o r r o s i v e n e s s  of the explosion.  

The c i rcu i t  opera ted  as  fol lows.  On d i scharge  of capac i to r  C practical2y the en t i re  d i scharge  c u r r e n t  
f lowed through sect ion AOB of the c i rcu i t ,  s ince the r e s i s t a n c e s  of r 1 and r 2 a r e  much  l e s s  than those of 
R 1 and Rz, r e spec t ive ly .  We will  take the potent ial  of point O as the z e r o  potential .  At a ce r ta in  instant  the 
potent ial  of point A re l a t iv6  to  O will  be equal to 

= r~I Jr" L1 -~t Us 

and the potent ial  of point B re la t ive  to O will be 

t l ~ = - - ( r d  + L, ~ )  

Here  I i s  the c u r r e n t  in the c i rcu i t  and L1, L 2 a r e  the inductances of c i rcu i t s  AOO'A '  and 13OO'B' r e -  
spec t ive ly .  The p a r a m e t e r s  of c i rcu i t s  AOO'A'  a n d B O O ' B ' w e r e  se lec ted  so that  L 1 =L  2 and r 1 r r 2. 

Then the vol tage  drop in sect ion AB will  be 

u =  t I l +  tz~= (r~+ r~)X 
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The signal f rom re s i s to r  R 6 is proport ional  to U. In most  cases  we can 
set  r 2 = 0 (copper wire) with a sufficient degree of accuracy .  A res i s to r  co-  
inciding with r 2 in rat ing and form is connected into the measuring a rm  in 
place of r e s i s t o r  r 1 to check the balance of the circuit .  If the circui t  is bal-  
anced, the osc i l logram of the cu r ren t  coincides with the zero  line of the given 
t race .  

The circui t  for measur ing the voltage is constructed on the same pr in-  
ciple as the cu r ren t  circuit ,  f rom which it differs only by the magnitude of the 
res i s tances  in the compensating a r m s .  The circui t  is balanced with the in- 
ves t igated gap shor t -c i rcu i ted .  In this case the osc i l logram of the voltage 
should coincide with the ze ro  line of the given t race .  

The pa rame te r s  of the discharge circuit  were the same in all exper i -  
Fig. 3 ments and were  C N0.1 pF and L N4 pH. A change of the initial voltage at the 

capaci tor  made it possible to obtain var ious  power and energy re leased  in 
the investigated gap, which was 2 mm in all exper iments .  Examples  of the osc i l lograms of the cur rent  and 
voltage of the discharge in PETN powder are  shown in Fig. 3a, b, c. 

The general  course  of the gap voltage during discharge in PETN powder of the investigated density 
and dispers i ty  can be represen ted  by a sequence of four s tages.  The f i r s t  three stages are  s imi la r  in their 
cha rac t e r  to the three stages of discharge in air  under normal  conditions, but substantial differences begin 
as ear ly  as in the second stage which a re  charac te r i zed  by a slower voltage drop in the gap andby its g rea te r  
magnitude. The durations of the f i r s t  three stages and the magnitudes of the voltage in them are  determined 
by the pa rame te r s  of PETN (density and dispersi ty)  and by the initial voltage ac ros s  the discharge capac-  
itor and amount to (0.5-1) �9 10 -6 sec for the second stage and (0.5-1.2) �9 10-6 sec for the arc  stage.  The char -  
ac t e r  of the discharge a rc  in PETN powder depends on the energy re leased  in the investigated gap by this 

t ime.  

If the energy re leased  is sufficient for the occur rence  of self-sustaining t ransformat ion  of PETN, 
the a rc  stage passes  into the fourth stage, which is absent in d ischarges  in gases .  The f i rs t  three stages 
occur  only in the f i rs t  hal f -per iod of the discharge.  The fourth stage occurs  ei ther  at the end of the f i r s t  
hal f -per iod or at the end of the second depending on the pa rame te r s  of PETN and the initial voltage ac ros s  
the discharge capaci tor .  At the end of the f i r s t  half-per iod it occurs  during discharge in PETN powder of 
density 0.5-0.6 g / e m  3 and initial voltage of 8-10 kV and also at a density of 1-1.2 g / e m  3 and initial voltage 
of 13-15 kV (Fig. 3a, where 1 is the voltage in the investigated gap and 2 is the current  in the circuit).�9 In 
this case a charac te r i s t i c  feature of the fourth stage is a rapid (within 0.5 �9 10 -s sec) increase  of voltage 
f rom the a rc  voltage to 1.5-2 kV and higher, then an abrupt drop within ~10 -7 sec.  As a rule,  breakdown 
of the gap does not occur  in the second half-period,  and a voltage of 3-6 kV remains  in the gap. The dis-  
charge ceases .  

An increase  of the initial voltage ac ros s  the capaci tor  during discharge in PETN powder of density 
0.5-0.6 g / c m  3 leads to a shift of the fourth stage into the second half-period,  beginning with 11 kV (Fig. 3b). 
In the second hal f -per iod it occurs  also during discharge in PETN powder of density 0.7-0.9 g / c m  3 at a 
capaci tor  voltage of 10-15 kV. In this case,  at  the beginning of the second half -per iod the voltage in the 
investigated gap increases  to 1-1.5 kV within ,~2.10 -7 sec,  then slowly drops by 300-400 V by the middle 
of the half-period,  and again inc reases ,  reaching 1.5-2 kV at the end of the half-period.  In some cases  
(Fig. 3c) the voltage at the s ta r t  of the fourth stage increases  more  slowly and reaches  5-6 kV, then drops 
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to 2-4  kV within 10-~ sec .  In this  c~se the d ischarge  dies out in the middle of the second ha l f -per iod .  Ex-  
t inct ion of the d ischarge  is r e c o r d e d  with r e s p e c t  to the ze ro  value of the cur ren t .  

An ana lys i s  of the o sc i l l og rams  shows that the cu r ren t  of the f i r s t  ha l f -pe r iod  in all  ca ses  is d e t e r -  
mined  by the p a r a m e t e r s  of the d i scharge  c i rcui t  and coincides in magnitude with the cu r r en t  of a gas  d i s -  
charge .  If the four th  s tage takes  place  in the second ha l f -per iod ,  the c u r r e n t  in this case  is by a f ac to r  of 
2-3  l e s s  than the c u r r e n t  of a gas  d i scharge .  

F r o m  the c u r r e n t  and vol tage o s c i l l o g r a m s  we can calculate  the energy  r e l e a s e d  in the gap and the 
gap r e s i s t a n c e  as a function of t ime;  the cor responding  dependences a r e  p resen ted  in Fig. 4, where  curves  
1 and 1' a r e  for  pc=0.6 g / c m  3, U0=10 kV and curves  2 and 2'  a r e  for  P0=0.5 g / c m  3, U0=10 kV. I t  should 
be noted that during e l e c t r i c a l  d i scharge  in PETN powder the energy r e l e a s e d  in the gap is by a f ac to r  of 
3-5 g r e a t e r  than the ene rgy  of a gas  d i scharge  under  n o r m a l  conditions.  

The deve lopment  of an e l ec t r i ca l  d i scharge  in gases  exhibits  a hydrodynamic  c h a r a c t e r .  The energy  
r e l e a s e d  in the d ischarge  gap leads  to the appearance  of a s t rong divergent  cyl indrical  shock wave which 
a l m o s t  comple te ly  ionizes the gas  [3]. The wave front  in this case  is the boundary of the cur ren t -conduc t ing  
zone of the channel which develops in the second stage [4]. 

In the case  of an e l ec t r i c a l  d i scharge  in PETN powder the density of the energy  in the gap within 0 . 2 -  
10-6 sec  a f t e r  the s t a r t  of d i scharge  (when, if judged by the o sc i l l og rams ,  the ene rgy  r e l e a s e d  by PETN 
can be cons idered  insignificant)  is 102 c a l / c m  3, i .e . ,  of the s ame  o rde r  as the energy  density of l ow-ca l -  
or i f ic  exp los ives .  T h e r e f o r e ,  we can a s s u m e  that the development  of the discharge in PETN powder,  just  
as  in g a s e s ,  occurs  in the manner  of a hydrodynamic  model .  However ,  in this case  the shock wave f o r m e d  
upon breakdown of the gap apparent ly  is not the boundary of the cur ren t -conduc t ing  channel.  The channel  
is bounded by m a t e r i a l  a c c e l e r a t e d  by the shock wave,  and i ts  development  is accompl i shed  by ionizat ion 
of gas  in the vo lume f r e e d  by the rad ia l ly  expanding PETN,  the veloci ty  of which is de te rmined  by the in-  
t ens i ty  of the shock wave and the energy  r e l e a s e d  in the gap. 

The value Of the energy  density was  obtained f r o m  the magnitude of the energy  r e l e a s e d  in the gap 
and f r o m  the e s t i m a t e s  of the rad ius  of the cur ren t -conduc t ing  channel (Table 1). I t  should be noted that  
the energy  densi ty in the gap d e c r e a s e s  with the cour se  of t ime ,  and consequently immedia t e ly  a f t e r  b r e a k -  
down its va lue  is apparen t ly  not l e s s  than 102 ca l /cm~.  

Tim duration of the second stage of the d ischarge  in PETN powder (stage of development  of the c u r -  
ren t -conduct ing  channel) is by an o rde r  g r e a t e r  than the second stage of a gas d i scharge .  This  is probably  
r e l a t ed  with the fact  tha t  the ve loc i ty  of the shock wave in PETN is  much  l e s s  than the ve loc i ty  of a shock 
wave in a i r ,  despi te  the g r e a t e r  (by a f ac to r  of 3-5) ene rgy  r e l e a s e d  in the gap. Knowing this  ene rgy  f r o m  
e x p e r i m e n t s ,  we can e s t ima t e  the r a t e  of development  of the cur rent -conduct ing  channel on the bas i s  of the 
p roposed  hydrodynamic  model .  

Table  1 p r e sen t s  e s t i m a t e s  of the r a t e  of development  of the cur ren t -conduct ing  channel and the value 
of i ts  rad ius  and conductivity in the channel.  As was  suggested,  the r a t e  of development  of the c u r r e n t -  
conducting channel in the case  cons idered  is  a l m o s t  an o rde r  l e s s  than the r a t e  of development  of a channel 
upon d i scharge  in gas  [4]. 

The va lues  in Table  1 w e r e  e s t i m a t e d  on the assumpt ion  that  the channel is cyl indr ica l  and the shock 
wave was  cons idered  sufficiently s t rong to neglec t  the initial  p r e s s u r e  but insufficient for  c o m p r e s s i n g  the 
c rys ta l l ine  m a t e r i a l  and for  excit ing detonation t r a n s f o r m a t i o n  of PETN.  The la t t e r  a ssumpt ion  is  just i f ied 
by the fact  that  the c h a r a c t e r  of the o sc i l l og rams  of the gap vol tage begins to change only a f t e r  the a r c  s tage .  
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TABLE I It was assumed fur ther  that in the shock transi t ion zone, 
t.t07 == 2 4 6 8 10 . (see) the PETN is compres sed  to a density close to a single 

v = 650 560 500 460 450 (m/sec) c rys ta l ,  the mate r ia l  beyond the shock t ransi t ion was 
r . i O ~ = l . 7  2 .9  4 .0  5 .0  5 .7  (cm), 

~.10 -~4 = 0.40 0.46 0.47 0.49 0,47 (see'9 cons idered  incompress ib le ,  and the development of a 
current -conduct ing channel due to an increase  of the 

degree of ionization of gas in it was neglected (an es t imate  of conductivity gives a pract ica l ly  constantvalue  
(Table 1)). The las t  assumptions  a re  r a t he r  a rb i t r a ry .  

The conductivity of the discharge p lasma was calculated f rom the es t imated  values of the radius  of 
the cur rent -conduct ing  channel on the assumption that the cur ren t  density is  ze ro  in the region occupied 
by PETN.  It p roved  to coincide with the conductivity of gas -d i scharge  p lasma [5], which can indicate in-  
d i rec t ly  in behalf  of the assumption made above.  

In the arc  stage the gap r e s i s t ance  is cons idered  prac t ica l ly  constant and amounts to 0.3-0.5 ~2. Ap- 
parent ly  by this t ime the development of the current -conduct ing  channel ends, and the incipient t r ans fo r -  
mation of PETN sti l l  cannot substantially affect  ionization of the a rc  plasma.  A par t  of the energy r e l ea sed  
in the gap is concentra ted  as  heat  in the heated l aye r  of PETN par t i c les .  This resu l t s  in t h a t  on reaching 
a ce r ta in  t empera tu re  the r a t e  of t r ans format ion  of PETN is such that the t ransformat ion  products  affect  
considerably  the d ischarge  p a r a m e t e r s .  This  moment  can probably be re la ted  with the moment  of t r ans -  
ition of the d ischarge  f rom the a rc  stage to the fourth stage.  The place of the fourth stage in the discharge 
will be de te rmined  by the heating t ime of the PETN par t ic les  and the ra te  of its t ransformat ion.  Both these 
fac tors  should depend on the s ize  of the par t i c les  and charge density, which is observed  in exper iments .  

As was indicated above, one of the cha rac t e r i s t i c  fea tures  of a discharge i n  PETN powder is cutoff 
of the c u r r e n t  e i the r  at  the end of the f i r s t  ha l f -per iod  or  in the second. Cutoff of the cu r r en t  occurs  owing 
to the interact ion of the highly conducting zone of the channel with the t ransformat ion  products  of PETN, 
which a re  under  a high p r e s s u r e .  Apparently the t ransformat ion  products  by this t ime have a low conduc- 
t ivity.  To es t imate  this conductivity we at tempted to measu re  the cu r r en t  at the end of the fourth stage of 
the discharge.  The signal of the c u r r e n t  pickup was sent  through a diode c l ipper  to the input of the ampli-  
f i e r  of an OK-17M osci l lograph.  On the ose i l logram (Fig. 5, where  t is the voltage in the investigated 
gap and 2 is the cu r r en t  in the circui t ,  r e c o r d e d  through the clipper) we see that within 8- 10 -6 sec af te r  
the s t a r t  of discharge the cu r r en t  cannot differ  f rom zero ,  for  the given measuremen t  accuracy.  (The non- 
agreement  of the phase of the cu r r en t  and voltage in the 4- 10-6 sec port ion at the end of the discharge is 
explained by the poor t r ans ien t  cha rac t e r i s t i c s  of the cl ipper.)  F o r  the upper  es t imate  of the conductivity 
we suggest  that the possible zone of conductivity is bounded by a region equal in d iameter  to the discharge 
e lec t rode  (1 mm).  In this case  the conductivity of the products  is not more  than 7.106 see-1.  
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