
b) small  inhomogeneities,  whose spatial frequencies are  g rea te r  than r l . + h  "-~ 3.2a- ' ,  make no con- 
tr ibution to the value of the scat ter ing of the signal of the instrument;  

c) inhomogeneities,  whose spatial frequencies are  smatl in compar ison with r~ , ~  1.8a-1~ do not, ";n 
pract ice ,  have any effect on the scat ter ing of the signal. 

1. 

2. 

3. 

4. 

5. 

6. 
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L A G  T I M E  OF T H E  B R E A K D O W N  O F  P R E S S E D  L E A D  A Z I D E  

V.  V .  S t e n ' g a c h  UDC 537.529 : 662.413 

Data are  obtained on the lag t ime of the breakdown arid the dielectr ic  strength of a solid 
porous dielectr ic  with a poros i ty  of 0.4 (pressed lead azide) with different durations of a 
rec tangular  voltage pulse f rom 10 -8 to 2 �9 10 -G SeCo 

Important  cha rac te r i s t i c s  of the pulsed breakdown of dielectr ics  are  the lag t ime of the breakdown and 
the dielectr ic  strength.  A lag of the breakdown is observed both for gases and for  solid d ie lec t r ics .  It con- 
sists  of the stat is t ical  lag and the t ime of formation of the discharge.  In gases a lag of the breakdown of 
10 -4 sec and more  has been observed [1-3]. In solid dielectr ics ,  the lag of the breakdown is considerably 
less  (1-8) �9 10 -8 sec [4, 5]. With such small  exposures,  in solid dielectr ics  an increase  in the e lect r ical  
s trength has been observed [6]. While in gases  a considerable par t  of the lag t ime of the breakdown con- 
sists  of the stat is t ical  lag, and only with s trong ionization of the spark gap will the lag t ime consist  only 
of the t ime of format ion of the discharge,  in solids the lag t ime consists mainly of the format ion t ime of 
the discharge.  

Data on the lag t ime of two-phase die lect r ics  consist ing of a solid body and a gas are  of interest .  A 
representa t ive  dielectr ic  of this type is p ressed  lead azide, consisting of crys ta l l ine  lead azide and air, 
which is investigated in the present  work. A study of the breakdown of lead azide and an explanation of its 
mechanism is also of interest  for  a study of its sensit ivity to an electr ic  spark. 

M e t h o d  o f  E x p e r i m e n t  

Powdered lead azide with a c rys ta l  s ize of 1-3# was pressed  between steel e lect rodes  to a density of 
2.8 g / c m  3. Under these c i rcumstances ,  in the solid dielectr ic  a porosi ty  of 0.4 was set up (40% of the 
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volume was occupied by a i r ) .  In the samples  the radius  of the rounding-off  of the e lec t rodes  was cons ider -  
ably l e s s  than the dis tance between the e lec t rodes ,  so that, in the thinnest  point of the spa rk  gap, a field was 
set  up which was c lose  to homogeneous.  

The breakdown of the s amples  was effected in pulses  of r ec tangu la r  fo rm with different  durat ions.  
The vol tage in a s amp le  was r a i sed  s tepwise .  F igure  1 shows typical  o sc i l l og rams :  a) voltage pulse  with 
a durat ion of 7 �9 10 -? sec; b, c, d) breakdown with a lag of 5.9 �9 10 -?, 1.3 "10 -~, 10 -8 sec .  

The e l ec t r i ca l  s t rength  E was de te rmined  for  different  durat ions of the r ec t angu la r  pulse,  f rom the 
values of the b reakdown voltage and the dis tance between the e l ec t rodes .  With each durat ion of the pulse,  
the value of E was de te rmined  as the mean  a r i thmet ic  value f rom 10 exper iments ;  each sample  broke  down 
only once, s ince repea ted  breakdowns occur  with higher  vol tages .  

The lag t ime  of the breakdown t was defined as the t ime  interval  f r o m  the moment  when the voltage 
at the e lec t rodes  of the sample  at tains the value of the stat ic  breakdown voltage to the moment  of actual 
breakdown, fixed by the s t a r t  of a sharp  drop in the voltage on the osc i l logram.  

R e s u l t s  o f  E x p e r i m e n t s  

With an i n c r e a s e  in the durat ion of the r ec tangu la r  voltage pulse  in the in terval  10 -8 - 2 . 1 0  -6 sec,  
the re  is an i n c r e a s e  in the mean  a r i t hme t i ca l  and the maximal  lag t ime  observed  in the exper iments  for  
p r e s s e d  lead azide with a poros i ty  of 0.4. The max imal  value of the lag t ime  of the breakdown can r each  
a lmos t  the total  durat ion of the pulse  (Fig. 2, which shows the dependence of the lag t ime  of the breakdown 
t on the durat ion of the pulse  to, 1 is the max imal  value, and 2 is the mean  value).  The mean a r i thmet ic  
value of the lag t i m e  of the breakdown is less  than half of the duration of the pulse .  The dependence of the 
e lec t r i ca l  s t rength  of p r e s s e d  lead azide E on the duration of the r ec tangu la r  pulse  t o is shown in Fig. 3. 
With a d e c r e a s e  in the durat ion of the r ec tangu la r  voltage pulse,  the re  is at f i r s t  only an insignificant r i s e  
in E. Start ing f r o m  a duration of the voltage pu lse  equal to 2- 3 �9 10 -8 sec,  with a fu r ther  dec rease  in the 
durat ion of the pulse ,  the re  is  a rapid r i s e  in E. 
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Figure  4 shows a h is togram of the distr ibution of the lag t ime of breakdown with a determined dura-  
tion of the pulse (7 �9 10 -? sec) and intensity of the field (300 kV/cm),  with a breakdown probabil i ty of 90%. 
The solid line i l lus t ra tes  the exponential curve 

f(t)=~0exp(-k* ~), (1) 

where n o = 100%; t is the lag time; k*= l / t* ;  t* is the mean ar i thmet ic  lag t ime (from an analysis  of osci l lo-  
g rams  of the breakdown of 200 samples ,  t* = 1.1 �9 10-7)o F r o m  a compar ison  of the his togram of the dis- 
tr ibution and the exponential curve it can be seen that, with a determined duration of the rectangular  voltage 
pulse, the distribution of the lag t ime is descr ibed by an exponential law. 

Figure  5 shows the dependence of the lag t ime of the breakdown of p ressed  lead azide on the p r e -  
breakdown intensity of the e lect r ical  field, with a duration of the voltage pulse of 7 "10 -7 sec (1 is the max-  
imal observed value; 2 is the mean ar i thmet ical  value). An increase  in the intensity of the field in the 
pulse leads to a situation in which there  is a decrease  in the mean and the maximal  observed lag t ime.  
The dependences t =f(E) have the form of exponents. 

The dependence of the mean ar i thmet ic  lag t ime of the breakdown t* (nsec) on the overvoltage (%) is 
shown in Fig. 6. The t r iangles  cor respond  to a duration of the pulse of 2 �9 10 -7 sec, and the c i rc les  to 
7 �9 10 -7 sec.  The mean ar i thmetic  lag t ime of the breakdown decreases  with an increase  in the overvoltage 
(or the intensity of the e lec t r ica l  field). The points for  the above two durations of the pulse lie on one 
curve.  

D i s c u s s i o n  of  R e s u l t s  

A porous die lect r ic  in which a l a rge  par t  of the volume is occupied by the solid body (pressed lead 
azide with a poros i ty  of 0.4), with respec t  to the value of the lag t ime of the breakdown (2 �9 10 -6 sec) and 
the law of the distribution of the lag t ime (the exponent), is s imi la r  to a i r  [7]. In a solid dielectric,  the 
lag t ime of the breakdown is considerably less  [4]. 

The distribution of the lag t ime of the breakdown, which consists  of the s tat is t ical  lag t ime and the 
t ime of format ion of the breakdown, obeys an exponential law (1), which indicates that the lag t ime of the 
breakdown with a length of the voltage pulse of 7 �9 10 -~ sec consists  of the s tat is t ical  lag t ime. 

The exponential law of the distribution of the lag t ime of the breakdown follows f rom the fact  that the 
appearance of an e lectron anywhere nea r  the cathode in the a i r  gap, required for the s tar t  of the breakdown, 
is a random phenomenon. The probabil i ty w(t) that the breakdown will set in not ea r l i e r  than after  a given 
interval of t ime t is expressed by the exponential function [7] 

w(t)=exp(--k*t), 

where k* is a constant, equal to the rec iprocal  of the mean lag t ime of the breakdown. The number  of 
samples  n, breaking down with a lag in the interval f rom t~ to t 2, out of the total number  of samples Lested 
N, has the form 

n=N[ exp(--k*tl) --  exp(--k*t2) ] . 

The t ime of format ion of the discharge can be evaluated f rom the dependence of the e lect r ical  strength 
E on the duration of the action of the e lec t r ica l  field, if it is assumed, as is done for  liquid dielectr ics  [8], 
that a sharp r i se  in E s tar ts  when the lag t ime of the breakdown is approximately equal to the t ime of for-  
mation of the discharge.  F r o m  Fig. 3, it can be assumed that the formation t ime of p r e s s e d  lead azide 
with a thickness of 0.2 mm is approximately 2 "10 -8 sec.  

The decrease  in the lag t ime (maximal and mean) with an increase  in the intensity of the e lec t r ica l  
field (see Fig. 5) is connected with a dec rease  in the stat is t ical  lag time. The format ion t ime of the dis- 
charge  also, of course,  decreases ,  but its fract ion in the total lag t ime of the breakdown is not great .  The 
shortening of the stat is t ical  lag t ime with an increase  in the intensity of the field in the pulse E* obviously 
takes place since, with an increase  in E*, there  is an increase  in the probabili ty of the appearance of a 
p r e c u r s o r  e lect ron at the required place (for example, due to an increase  in the cur ren t  of the field emis -  
sion). 

With a determined intensity of the field, the mean lag t ime does not depend on the duration of its 
action, if it is g r ea t e r  than the format ion t ime of the discharge,  which can be seen in Fig. 6, where the 
points with a duration of the pulse of 2 �9 10 -7 and 7" 10 -7 sec lie on one curve,  
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An evaluation of the mean rate of propagation of the discharge,  using the formula v =d/ t f  (d is the 
distance between the electrodes,  tf is the formation t ime of the discharge) gives a value of v = 106 c m / s e c .  
This value of the rate  is considerably tess  than the rate of propagation of an e lectron avalanche or a 
s t r e a m e r  under experimental  conditions [9, 10]. It is approximately equal to the rate of propagation of 
posit ive ions in the a i r  pores  of a substance.  

The experimental  data and the evaluation of the rate  of propagation of the discharge provide a basis 
for  the assumption that the breakdown of a porous dielectr ic  with open poros i ty  s ta r t s  with the appearance 
of an e lec t ron at the cathode and ends when the posit ive ions, formed in the air  pores  at the anode with 
shock ionization, reach  the cathode and effect the formation of a p lasma filament.  
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VERIFICATION OF THE 

OF BALL LIGHTNING 

V. V. Balyberdin 

CASE OF THE ORIGIN 

UDC 533.98 +551.594 +537.523 

In [1] there  is a descr ipt ion of a case  of the origin of a luminescing sphere in an S-shaped bend of a 
lightning rod. Under these c i rcumstances ,  it is assumed that this sphere was ball lightning. 

The presen t  author has made a model verif ication of this observation, in a th ree -cascade  pulse volt- 
age genera tor ,  with a working voltage of 150 kV in an air  a tmosphere  at a p r e s s u r e  of 730-750 mm Hg. 
Under these c i rcumstances ,  the S-shaped bend was effected by installing dielectr ic  bodies made of vinyl 
plast ic and celluloid in a d ischarge  gap of the " r o d - r o d "  type; the bodies a re  bent according to the law 
x =e -ay2. The e lect rodes  of the discharge gap were ar ranged at the axis. For  control of the initial break-  
down, in the plane of the electrodes,  along the surface of the body and its apex, there  was led a graphite 
line with a thickness of 0.001 m, falling short  of the electrodes by 0.01-0.015 m on each side. 
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