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A number  of phenomena  in the ea r t h ' s  a tmosphere ,  of both na tu ra l  and a r t i f i c ia l  o r ig in  (for example ,  the 
in t rus ion  of meteor i t i c  and other bodies),  a re  accompanied by in tense  e l ec t romagne t i c  p r o c e s s e s  [1]. This  s ame  c l a s s  
of phenomena also includes  the explosion of condensed explosives  in the a tmosphere ,  which leads  to the appearance  of 
an e lec t romagne t i c  field. This effect was apparent ly  f i r s t  descr ibed  by Kolsky [2] and was subsequent ly  invest igated 
exper imen ta l ly  in [3,4]. In [2-4] a t tempts  were  also made to de t e rmine  the m e c h a n i s m  of occu r rence  of the 
e lec t romagne t i c  f ields assoc ia ted  with explosions.  

One such mechanism was formulated in [3], where it is suggested that the electromagnetic field is associated 

with the discharge that occurs when the conductive region of the explosion, polarized in the external field (the earth's 

electric field), is grounded. 

F r o m  this m e c h a n i s m  it follows, in pa r t i cu l a r ,  that an explosion oc c u r r i ng  d i rec t ly  on the e a r t h ' s  su r face  does 
not c rea t e  an e l ec t romagne t i c  field. This  approach seems  doubtful in a n u m b e r  of r e spec t s .  So far  the m e c h a n i s m  of 
occu r r ence  of f ie lds  in connect ion with explosions r e m a i n s  uncer ta in .  

Below we present certain results of an experimental study of the electromagnetic field accompanying the 
explosion of solid explosives with and without an external electric field, the object of the experiments being to 

establish the conditions and factors influencing the field-generation process and to obtain quantitative measurements of 
the nature of the interaction between spherical shock waves and an external electric field. 

1. Expe r imen ta l  method and r eco rd ing  apparatus .  In the exper imen t s  we used cas t  spher ica l  cha rges  of 
Composi t ion B (50% TNT, 50% RDX) weighing 52, 225, and 660 g. 

The explosion was ini t ia ted by a KD-8 blas t ing  cap located in the cen te r  of the charge and detonated e l ec t r i ca l ly  
or by means  of a fuse. The explosions and m e a s u r e m e n t s  were conducted in a be l l - shaped  chamber  15 m tal l  and 12 m 
in d i ame te r  shielded f rom the e a r t h ' s  e l ec t r i c  field. 

The pulses  of the e lec t romagne t ic  field of the explosion were rece ived  by ver t i ca l  rod an tennas  located at the 
level  of the explosion d i r ec t ly  in the explosion a r ea  at var ious  d i s t ances  f rom the cen te r  of the explosion within a 
range  of 5 m. The an tenna  s ignals  were  fed through three  ampl i f i e r s  to an OK-17 r eco rd ing  osc i l lograph  along an RK-1 
cable 10 m long. Synchroniza t ion  was achieved by means  of a var iab le  delay unit  us ing the light pulse  that occu r red  at 
the ins tant  the detonation wave reached the sur face  of the charge.  A genera l  block d i ag ram of the expe r imen t  is shown 
in Fig. 1, where ED is the e l ec t r i c  detonator ,  F the fuse, EX the charge ,  CS the t r igger ing  contact  s e nso r ,  PM the 
t r igger ing  photomul t ip l ie r ,  SU the synchroniza t ion  unit ,  PT p iezoe lec t r ic  t r a n s d u c e r s ,  EP the e l ec t r i c  probe,  A i. . .  
. . . .  A 4 the rod antennas ,  M 1 and M2 magnet ic  an tennas ,  and P the antenna p reampl i f i e r s .  
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Fig. 1. 

For  the charges  invest igated the dura t ion  of the e lec t r i c  field pulse  was 2 - 3  msec .  A theore t ica l  ana lys i s  of the 
t r an s i en t  r e s p o n s e s  of the equivalent  c i r cu i t  of a shor t  rod antenna showed that for pu l ses  of this dura t ion to be 
recorded  without d i s to r t ion  the input r e s i s t a n c e  of the p r e a m p l i f i e r  would have to be on the order  of 10 i~ ohm (at an 
antenna  se l f - capac i t ance  of about 3 pF). Accordingly ,  as p r eampl i f i e r  we used two s e r i e s - c o n n e c t e d  cathode fol lowers ,  
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the first of which was connected in a "floating grid" circuit [5]. 

A direct experimental investigation of the transient response of the entire recording channel by registering tbe 
signal from a nearby antenna excited by a square current pulse lasting 3 msec showed that the receiving channel 

recorded such signals with an error not exceeding 15%. Below, this measuring circuit is referred to as the 
"broadband" circuit. 

In addition, we used antennas in a "narrowband n variant with a preamplifier input resistance of the order of 1 

Mohm, which, as an additional theoretical investigation and direct experimental verification showed, differentiate 
signals of the duration in question. 

In order to measure the magnetic field we used ferrite antennas (ten turns of insulated conductor on a core 
consisting of several cylindrical ferromagnetic rods) with a preamplifier and integrator. Calibration of the magnetic 

antennas in Helmholtz coils showed that when an integrator is used the minimum measurable magnetic field strength 

does not exceed 10 -30e. The instants of arrival of the shock wave and explosion products at different distances were 

registered by means of a system of piezoelectric transducers and electric probe. Where necessary a constant electric 
field was created between the ground and a horizontal grid 2a = 1.5 m in diameter charged to a potential on the order of 

(-i0 to +3) kV. The effective field Eel f on a vertical axis through the center of the grid can be found from the relation 

Ee~ -- (t z (Z0---- 

Here, z is the distance from the grid to the point in question, ~ is the grid potential, and h is the distance 
between the grid and the surface of the earth (h = 3 m). 

Although the experimental conditions were not favorable (effect of chamber walls), nevertheless the results 

make possible a number of specific conclusions relating to the physics of the processes involved. 

2. Experimental results. The full set of measurements of the electromagnetic field of the explosion with 
simultaneous registration of the motion of the shock front and the boundary of the explosion products can be divided 

into two groups. The first comprises the series of explosions without an external electric field. In this case the 

explosive was detonated both electrically and with a fuse. It was found that in the case of electrical detonation the 
presence of the conductors had an important influence on the phenomenon. After this was discovered all the 
experiments were conducted with a fuse. Both narrowband and broadband recording apparatus were employed. 

Fig.  2 

Figure 2 presents a typical oscillogram of a field pulse (upper trace) from the explosion of a charge weighing 
225 g at a height of 30 cm above the earth's surface recorded using the narrowband apparatus. The lower trace is the 

signal from a piezoelectric transducer located 43 cm from the charge (sweep time 500 #sec). Clearly, at the instant 

the shock wave touches the earth an electric pulse occurs, even in the absence of an external electric field. 

A series of oseillograms and their copies are presented in Figs~ 3 and 4: 

a) copies of oscillograms of field pulses in volts from broadband antennas without an external electric field; 
oscillogram of pulses from broadband antenna (lower trace) and narrowband antenna (upper trace), m = 225 g R = 
= 250 era; 

b) copies  of o s c i l l o g r a m s  of pu l ses  f r o m  broadband antennas with an ex te rna l  e l e c t r i c  field; o s c i l l o g r a m  of 
pu l ses  f r o m  broadband antennas ,  m = 225 g, +3 kV, R = 250 cm (upper t r ace ) ,  R = 330 cm ( lower  t race) ;  

c) copies  of o s c i l l o g r a m s  of pu l ses  f r o m  broadband antennas with an ex te rna l  e l e c t r i c  f ield,  m = 52 g; 
o s c i l l o g r a m s  of pu l ses  f r o m  broadband antenna ( lower  t race)  and nar rowband  antenna (upper t race) ,  m = 52 g, +5 kV, 
R = 250 cm. 

As may be seen from Figs. 3 and 4, the pulse is characterized by a relatively stable shape. The polarity of the 
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ol the pu lses  va r i e s  f rom exper imen t  to exper iment .  A cha rac t e r i s t i c  fea ture  of the pulses  f rom all the explosions 
without an externa l  field is the absence  of a s ignal  unti l  the shock wave r eaches  a d is tance  20r0, where r 0 is the in i t ia l  
rad ius  of the charge (this occurs  for explosions of d i f ferent  energ ies .  * The pulses  have max ima  (see Figs.  3a and 4a) 
reached at t imes  t o and t~ (here and in what follows t o is understood to r e p r e s e n t  the ra t io  of t ime tse c to (ml~/~); for 
charges  weighing f rom 50 to 660 g t~ = 7.4" 10 -4 and t~ = 2 .1 .10  -3. 

Fig~ 3 

The second m a x i m u m  is c l e a r l y  expressed  in all  the exper iments .  However,  the f i r s t  m a x i m u m  together  with 
the subsequent  m i n i m u m  in some cases  degenera tes  into a point of inflection.  We note that under  the exper imen ta l  
condit ions the shock wave reached  the ground at t ime  t = 1.6 msee  and that this t ime co inc ides  only by chance with.the 

m i n i m u m  at t = t 3 (m = 225 g). 

0 r ' 
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Fig. 4 

The r e su l t s  of the m e a s u r e m e n t s  with a magnet ic  antenna indicate  that the ampli tude of the magnet ic  field did 
not exceed 10 -~ Oe. The second group of expe r imen t s  cons is ted  of explosions in an ex te rna l  e l ec t r i c  field c rea ted  by 
means  of a charged gr id located at a height of 3 m. The magni tude and d i rec t ion  of the ex te rna l  field were  var ied  by 

vary ing  the potent ial  on the gr id  in the range  ( -10  to +3) kV. 

*On this t ime in te rva l  the ampli tude of the e lec t r i c  pulse  is negl igibly  sma l l  as compared  with the ampl i tude  of 
the pu lse  at the m a x i m u m  of the same osc i l l og ram or as compared  with the ampl i tude  of the pulse  on the same t ime 
in te rva l  for explosions in an ex te rna l  e l ec t r i c  field. 
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The e lec t r i c  pu l ses  were  r eco rded  by four rod antennas  (length 20 cm) located at d i s t ances  of 250, 330, 430, and 
490 em. Osc i l l og rams  of the pu l ses  r eco rded  at var ious  d i s t ances ,  for var ious  charges ,and  at d i f ferent  va lues  of the 
ex te rna l  field a re  p r e sen t ed  in Figs .  3b, c and 4b, e. 

Clearly, in the time interval 0 _< t --- t o a nonstationary electric field is recorded. In every case without exception 

(total of 60 explosions) on this time interval the polarity of the signal was opposite to that of the external field. Outside 

this time interval the pulses are practically the same as the pulses without an external field. 

Experimental values of the electric field E, measured at different values of the external field Eeff, different 
explosion energies,and different distances R on the time interval 0 ~ t < t o are presented in Fig. 5 in the form of the 

dimensionless combination 

.... ~E (t ~ . 
(l, ] =, 2ro3 Eel/ 

In calculating E (t ~ it was assumed that the effective height of the antenna was equal to half its length. In the 

same figure we have plotted the relations 

L ro j '~ 

characterizing the law of variation in time of the volume of the regions encompassed by the shock wave and the leading 

boundary of the explosion products, respectively. 

5"10~ r 6 I /0" 2 3 r 6 I t0 

Figl 5 

The time dependences of the radius of the shock front r" (t ~ and the explosion products r r (t ~ were calculated 

f rom the emp i r i c a l  fo rmulas  obtained in [6]: 

r ~ 7, ~ 

r--'~'=[3.tOS(t~176 i] ~176176 I ~ - ~ 0  ~<12 

Here, A is the distance between the shock front and the leading edge of the explosion products. These relations 

were obtained in [6] for Composition B charges weighing 50-135 g. As our measurements showed, these relations are 

also applicable to charges weighing 225-600 g. 

3. Di scuss ion  of the r e su l t s .  In our expe r imen t s  we observed ,  on the one hand, a field pulse when the shock 
wave touched the e a r t h ' s  sur face  in the absence  of an ex te rna l  field and, on the other ,  a field pulse in an externa l  
e l ec t r i c  field before the conduct ive reg ion  of the explosion was grounded (see previous  section). These  two 
obse rva t ions  do not conf i rm the m e c h a n i s m  proposed in [3] to explain the format ion  of a field in connect ion with the 
explosion of sol id explos ives .  

The occurrence of a field pulse at the instant the shock wave touches the surface of the earth is evidently 
associated with the presence of an ambipolar radial field in or beyond the strong front, where a considerable ionization 

gradient exists. Until the shock wave reaches the underlying surface, this field is localized in a certain spherical 
double layer. Henceforth from the instant of contact the conditions of ambipolar-field formation due to the gradients at 
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the "explosion products-earth" interface are different. For this reason the entire region of explosion acquires a 
certain effective dipole moment, which leads to the appearance of a field in the external region. 

The appearance of an electromagnetic field associated with an explosion in an external electric field is obviously 
a consequence of the polarization of the conductive region of the explosion in that field. 

The coincidence of the slopes of the functions ~" (t~ ~ '  (t~ and ~ (t ~ indica tes  the p r e sence  of an expanding 
spher ica l  volume,  within which the ex te rna l  field does not pene t ra te  and whose boundary  moves  in accordance  with the 
law of mot ion of the shock front  and the explosion products .  As seen  f rom Fig. 5, this boundary  is always located 
between the shock f ront  and the explosion products .  It should be noted, however,  that this fact was es tab l i shed  with 
l e s s  cer ta in ty ,  s ince  J rwas  obtained on the bas is  of ce r t a in  addit ional a s sumpt ions  (for example,  concern ing  the 
effective height of the r ece iv ing  antenna in the nea r  zone of the radia tor)  which r e qu i r e  fur ther  study. 

The spher ica l  volume with compensa ted  ex te rna l  field c r e a t e s  a field at sma l l  d i s t ances  above the flat sur face  of 
the ear th ,  which for the given f requenc ies  may be a s sumed  perfec t ly  conducting,  

(to) - -  2e,i , 

which cor responds  to the re la t ion  r (t ~ in Fig.  4. It is perfect ly  unders tandable  that the rad ius  r(t) of a conduct ing 
sphere  with compensa ted  e lec t r i c  field should be located between the shock front  and the explosion products  on the t ime 
in te rva l  in quest ion,  s ince ,  for example,  at r"  = 20r 0 the t empera tu re  d i rec t ly  behind the shock front  is about 800 ~ K 
and is insuff ic ient  to c rea t e  apprec iab le  t he rma l  ionizat ion,  while the a i r  t e m p e r a t u r e  n e a r  the leading edge of the 
explosion products  is about 3800 ~ K, which leads  to an e lec t ron  dens i ty  of about 1013 1/cm ~ (see [7-9]).  

The law of mot ion of the boundary  sur face  is more  co r r ec t l y  de t e rmined  by the condit ion that by the t ime t in 
quest ion the ex te rna l  field Eeff is a t tenuated in a region with conductivi ty a ( r ,  t) to, say,  0.1 of i ts  in i t ia l  value 

t 

Ia(r, t')dt" ~2.3 
o 

Obviously,  in the case  of a s t rong  shock r(t) ~ r"(t);  for  a weak shock r(t) < r"(t) .  The s p a c e - t i m e  d i s t r ibu t ion  
of conduct ivi ty  behind the spher ica l  shock front ,  which d e t e r m i n e s  the r e l a t ion  r(t) ,  is affected by the t e m p e r a t u r e  
d i s t r ibu t ion ,  the nonequ i l ib r ium c h a r a c t e r  of the ionizat ion p rocess ,  and a n u m b e r  of other  fac tors .  

A subsequent ,  m o r e  deta i led expe r imen ta l  study of the law of motion r(t) for explosions in an ex te rna l  e l ec t r i c  
field may make  it poss ib le  to obtain addit ional  data on these p roces ses .  Diff icul t ies  may  a r i s e  in connect ion with the 
effect of the e l ec t r i c  field that occurs  even at Eeff = 0. Obviously, the r e l a t ive  inf luence of this factor  can be made  as 
sma l l  as des i r ed  by i nc r ea s ing  the ex te rna l  field. 

In this connect ion  it might  be poss ib le  to use the cons iderab le  f ields occu r r ing  in s t o r m  clouds. Suppose an 
explosion c a r r i e d  out at a height of 10 km in a field Ee l  f = 105 V/m compensa tes  the field in a volume of radius  10 m. 
Then at the e a r t h ' s  sur face  the quas i - s t a t i c  component  (the induction and wave components  a re  much less)  will be E = 
= 0.1 mV/in,  which is per fec t ly  measu rab l e .  

As for the field pulse  at t > to, not assoc ia ted  with an ex te rna l  e l ec t r i c  field or with the in te rac t ion  of the shock 
wave and explosion products  with the ea r t h ' s  sur face ,  its na tu re  r e m a i n s  obscure  and r e q u i r e s  fur ther  invest igat ion.  

In conclus ion we thank V. F. Kore t s  for a s s i s t i ng  with the o rgan iza t ion  of the expe r imen t s  and V. M. Dmi t r i ev  
for a s s i s t i ng  in c a r r y i n g  them out. 
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