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The main  c h a r a c t e r i s t i c  of the Tunguska me teo r i t e  was the l ibera t ion of E =101~-1017 J of ene rgy  into the 
a t m o s p h e r e  at an alt i tude of not l e s s  than 5000 m [1-4]. The resu l t ing  des t ruc t ion ,  desc r ibed  by the genera l ly  
accepted  t e rmino logy  "co l lapse  of the fo res t , "  had an approx ima te ly  cen t ra l ly  s y m m e t r i c  shape,  and in addi- 
t ion, t r e e s  without b r anches  r ema ined  standing, a so -ca l l ed  " t e l egraph  fo res t , "  at the cen te r  of the zone [1, 2]. 
The des t ruc t ion  zone turned  out to be the s ame  as  ff a s t a t ionary  sphe r i ca l  charge  was exploded at an altitude 
above 5000 m [3, 4]. T h e r e  were  no t r a c e s  of the me teo r i t e  and a c r a t e r  on the ea r th .  The puzzling nature of 
the Tunguska  ca tas t rophe  a t t r ac ted  the at tention of sc ien t i s t s  m o r e  than 10 y e a r s  a f t e r  it happened. Before  
that,  the Tunguska ca tas t rophe  was not thought to d i f fe r  f rom many o ther  previous  wel l -known landings of 
l a rge  m e t e o r i t e s .  As new puzzling f ac to r s  re la t ing  to the Tunguska me teo r i t e  were  made known, the number  
of invest igat ions ,  expedit ions,  and publicat ions concerned with this phenomenon began to i nc rea se  rapidly .  

In 1952 Academic i an  M. A. L a v r e n t ' e v  s ta ted two ve ry  impor tant  pr inc ip les  re la t ing  to the fo rma t ion  of 
a shock wave.  

1. In the col lapsed fo re s t  zone the p a r a m e t e r s  of the shock wave c rea ted  by a fas t  moving dust cloud 
would not d i f fer  f r o m  the p a r a m e t e r s  of a shock wave formed by a gas cloud with identical  veloci ty  and den- 
s i ty f ie lds .  

2. At the boundary of the reg ion  of des t ruc t ion  (in the col lapsed fo res t  zone), the shock wave contours  
showing equal values  o f  the p a r a m e t e r s  will have a cen t ra l ly  s y m m e t r i c  shape with a cen te r  d isplaced by a 
dis tance l f r o m  the location of the in te rac t ion  of the cloud with the a tmosphe re  in the d i rec t ion  of mot ion of the 
cloud. The magnitude of l was de te rmined  in the expe r imen t s  desc r ibed  below and it depended on the m a s s  of 
the cloud. 

In o rde r  to obtain a gas or  a dust cloud, moving in a fo rward  direct ion,  it turned out to be ea s i e s t  to 
explode a thin disk of explosive  in front  of a sc reen .  It is known that  when such an explosive is detonated,  the 
act ion of the explosion is well  d i rec ted .  The detonation products  move p r i m a r i l y  in a d i rec t ion  perpendicu la r  
to the su r face .  At the init ial  instant,  the energy  of the explosion is t r a n s f o r m e d  into kinetic ene rgy  of t r a n s -  
la t ional  mot ion of the detonation products .  The gas cloud gradual ly  gives  up its kinet ic  ene rgy  to an inc reas ing  
quantity of a i r .  A shock wave with the m a x i m u m  degree  of c o m p r e s s i o n  ( T + 1 ) / ( 7 - 1 ) - 6 ,  where  ? is the adia-  
bat ic  index for  a i r ,  moves  at a high veloci ty  in front  of the products .  The t r a j e c t o r i e s  of the product par t i c les  
o r  of the pa r t i c les  in the dust cloud fo rmed  by the l aye r  of sand on the disk,  as well  as a i r  behind the wave 
front ,  depend insignif icant ly on the ini t ial  ve loc i t ies ,  to the extent  that  the degree  of c o m p r e s s i o n  is constant .  
F o r  this  reason ,  exper imen t ing  with re la t ive ly  low veloci t ies ,  obtained with the explosion of a TG 50/50 charge  
in f ront  of a s c r e e n  (~ 2.5 km/sec) ,  it is poss ib le  to model  veloci t ies  on the o r d e r  of the o rb i t a l  veloci ty.  

In o rde r  to m e a s u r e  the magnitude of the posi t ive half wave of the pulse momentum,  we used mechanica l  
~0 

p u l s i m e t e r s  m e a s u r i n g  I = ~ pdt/(p(to) = 0). The p u l s i m e t e r s  were  intended to p e r f o r m  m e a s u r e m e n t s  at a d i s -  
0 

tance  on the o r d e r  of 50r 0 and g r e a t e r  f rom the charge  L~c 0 is the radius  of the charge  with the s ame  m a s s  as  
in the case  of the  disk).  They were  posit ioned in a zone where  the l a t e ra l  pulse on the housing did not effect  
the p rec i s ion  of the m e a s u r e m e n t s .  

It is c l e a r  that  with the explosion of a spher i ca l  explos ive  charge ,  the equal pulse momen tum lines f o r m  
c i r c l e s .  F igu re  1 schemat i ca l ly  shows equal  pulse momen tum l ines,  r eco rded  in the exper iment ,  for  the ex-  
plosion of a cha rge  at a s c r e e n  at the point O. It is evident that they r e p r e s e n t ,  to within a known degree  of 
p rec i s ion ,  a r c s  of concent r ic  c i r c l e s  cen te red  at the point O 1. Control  expe r imen t s  with spher i ca l  charges  
having the s ame  m a s s  showed that  a flat  charge  at the s c r e e n  gives at l a rge  d i s tances  the s ame  pulse m o m e n -  

t u m  field as a sphe r i ca l  charge  with the s a m e  m a s s  d isplaced along the axis by a d is tance  l -  50r 0. 
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Now, let  us proceed  f r o m  the model  to nature .  F o r  the o rb i t a l  velocity,  the Tunguska me teo r i t e  mus t  
have a m a s s  exceeding 109 kg. In o r d e r  to de t e rmine  the d i s p l a c e m e n t  in the cen te r  of the explosion of the 
m e t e o r i t e  (L =50R0), we find the radius  R 0 of a sphe r i ca l  TG 50/50 cha rge  with a m a s s  of 109 kg. It should be 
noted he re  that  it is the m a s s  that  is important  for  the quantity L and not the energy.  These  calcula t ions  give 
L ~  3000 m.  

If it is a s sum ed  that  at an alt i tude of 12,000 m the cloud will begin to d i spe r se  according  to the laws of 
hydrodynamics ,  then the magnitude of the d i sp lacement  L 1 i n c r e a s e s  in propor t ion  to the square  root  of the 
ra t io  of the dens i t ies  of a i r  under no rma l  conditions and under the conditions at an alt i tude of 12,000 m.  This  
c o r r e c t i o n  doubles  the d i sp lacement .  Thus,  a dust  cloud with a m a s s  g r e a t e r  than 109 kg, en te r ing  into the 
upper ,  r e l a t ive ly  dense  l aye r s  of the a t m o s p h e r e ,  c r e a t e s  the effect  of a sphe r i ca l  explosion at a point d i s -  
placed by a d is tance  L 1 =6000 m along the flight path f rom the locat ion at which it en t e r s  the dense l ay e r s  of 
the a t m o s p h e r e .  Taking into account  the angle at which the me teo r i t e  en t e r s  into the a tmosphe re  (a - 17~ the 
cen te r  of s y m m e t r y  of the pulses  will  occu r  at an alt i tude of about 10,000 m f r o m  the e a r t h ' s  su r face  [3, 4]. 

In o r d e r  to obtain an addit ional check on the fo rma t ion  of a shock wave due to the act ion of a dust  cloud, 
we c a r r i e d  out a s e r i e s  of explosions of extended cha rges  with a m a s s  of 10 kg in a shel l  made of sand. The 
coeff ic ient  k, equal  to the ra t io  of the weight of the explosive  charge  to the to ta l  weight of the charge  and the 
shel l ,  in the expe r imen t s  const i tuted 20, 30, 50, and 100%. The cha rges  were  placed in a ve r t i c a l  position; 
co r respond ing ly ,  the shock wave had an a x i s y m m e t r i c  shape.  F igu re  2 shows the r e su l t s  of expe r imen t s  for  
m e a s u r e m e n t s  with the cha rge  length to charge  d i a m e t e r  ra t io  equal  to 5. The numbers  1, 2, 3, and 4 denote 
the points co r r e spond ing  to cha rges  with k=20 ,  30, 50, and 100%. As these  data show, the pulse m o m e n -  
tum field r e m a i n s  unchanged with the introduction of a sand shel l  at a sufficient d is tance  away f rom the charge .  
S imi l a r  r e s u l t s  were  obtained with e x p e r i m e n t s  using a r e l a t ive  elongation of the cha rge  equal to 1.5. 

De te rmina t ion  of the peak p r e s s u r e s  in the shock wave by computing them f r o m  the veloci ty  f ields behind 
the wave front  shows that  beginning at the d is tance  60r0, cha rges  with equal fil l ing f ac to r s  have equal peak 
p r e s s u r e  f ie lds ,  i .e . ,  the posi t ive half waves  r e m a i n  identical  with equal ene rg ies  for  different  dust clouds at 
d i s t ances  exceeding 60r  0. 

Thus,  the r e s u l t s  of the expe r imen t s  p resen ted  above support  the pr inc ip les  a s s e r t e d  above and show that  
in o r d e r  fo r  the pulse m om en t um  fields to be equal,  it is enough for  the products  and the dust  cloud to have the 
s a m e  kinet ic  energy .  Due to the coincidence of the peak p r e s s u r e s  at d i s t ances  exceeding 60%, we can a s s u m e  
tha t  in view of the equal i ty of the pulse m om e n ta  the wave prof i les  coincide as well .  F o r  compar i son ,  we note 
that  the f o r e s t  co l lapse  o c c u r r e d  at d i s tances  exceeding 100r 0. 

In [5], the author  gives  a g rea t  deal  of at tent ion to the ana lys i s  of the fo res t  co l lapse ,  and taking into 
account  geomagnet ic  effects ,  he a s s e r t s  that  the ene rgy  was l ibera ted  at an alt i tude not l e s s  than 5000 m in a 
r eg ion  not l e s s  than 5000 m in s ize ,  and t h e r e f o r e ,  th is  mus t  be a sphe r i ca l  explosion.  In doing so, he s tub-  
born ly  looks for  a rgumen t s  support ing the l ibera t ion  of an unusual in terna l  energy  in the m e t e o r i t e .  

It is de s i r ab l e  to explain the Tunguska  ca tas t rophe  in t roduc ing  a min imum number  of unusual ideas .  
Academic i an  V. I. Vernadski i  f i r s t  s ta ted the ideal of a dust o r ig in  for  the Tunguska m e t e o r i t e  in 1941 [6]. 
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However ,  l a te r ,  he did not pe r s i s t  in his a s se r t ion .  Ih 1975, Academic ian  G. I. Pe t rov  [7] developed a theory  
of the Tunguska m e t e o r i t e  based  on the injection of a l a rge  snow m a s s  with a low densi ty into the a tmosphere .  
The mos t  probable  veloci ty  of the me teo r i t e  mus t  equal the orb i ta l  velocity,  taking into account the fact  that  
br ight  nights occu r r ed  in different  pa r t s  of the ea r th  even before  the Tunguska ca tas t rophe  [3, 4]. 

In o r d e r  to calcula te  the m a x i m u m  possible  path length (upper bound) t r a n s v e r s e d  by the dust m a s s  in 
a i r ,  taking into account the approx imate  nature of the quanti tat ive data used, the main  source  of e r r o r  for  
which s t e m s  f rom the imposs ib i l i ty  of de t e rmin ing  with g r e a t e r  p rec i s ion  the energy  l ibera ted  in the a tmo-  
sphere ,  andneglec t ing  s m a l l e r  sources  of e r r o r ,  such as the effect  of compress ib i l i t y  of a i r  and the shape of 
the me teo r i t e  along i ts  path length in the a tmosphe re ,  we used the exp re s s ion  (1), a fo rmula  of M. A. Lav-  
r e n t ' e v  for  the penet ra t ion  depth of a jet [8]: 

dl ; - ~  
- = I/ ~'0 (I) 
dh ~/ Pl 

where  dl is e lement  of path length in a i r  penetra ted by an e lement  of the me teo r i t e  d i a m e t e r  dh; P0, densi ty  of 
the meteor i t e ;  Pt, densi ty  of a i r .  

F o r  the d i a m e t e r  of the me teo r i t e  calculated f rom the condition E =1017 J, a bulk densi ty of 2000 kg/cm ~ 
and a veloci ty of 106 m/sec ,  the path length o v e r  which it d e c e l e r a t e s  in the upper  l aye r s  of the a tmosphe re  is 
.~104m. However , ,  actual ly,  this  dece le ra t ion  path length could be much sho r t e r .  Taking into account the fact  

that the dynamic p r e s s u r e  at ta ins  a m a x i m u m  in the f ronta l  region facing the a tmosphere ,  while on the pe r i -  
phery,  it p rac t i ca l ly  equals  zero ,  we can a s s u m e  that  the porous m a s s  of the me teo r i t e  will be exploded f rom 
within by c o m p r e s s e d  a i r  and will dece le ra t e  ove r  a path length that  is s e v e r a l  t imes  sho r t e r  than would follow 
f rom a ca lcula t ion involving a de fo rmab le ,  but i m p e r m e a b l e  body~ 

The p rob l ems  concerning the Tunguska me teo r i t e  that a re  difficult to explain include, in par t i cu la r ,  the 
or ig in  of the fo r c e s  prevent ing d i spe r s ion  of the par t i c les  under the act ion of e l ec t ros t a t i c  fo rces .  We cannot 
excIude the poss ib i l i ty  of a me teo r i t e  made up of pa r t i c l e s  having a magnet ic  moment .  A m a s s  made up of 
such magnet ic  dipoles mus t  have p r o p e r t i e s  s i m i l a r  to those of a liquid d rop  and a densi ty  c lose  to the bulk 
densi ty  of the consti tuent  pa r t i c l e s .  The force  lines will be closed within the m a s s .  

We should note that  the Tunguskame teo r i t e  must  b r e a k  apa r t  not under the action of slowly propagat ing 
heat wave,  but under the act ion of the oncoming a i r  p r e s s u r e .  If the me teor i t e  m a s s  has a low strength,  a 
s t r e s s  wave in the body of the m e t e o r i t e  p ropaga tes  s e v e r a l  t imes  m o r e  rapidly  than  a heat wave.  Af te r  d is -  
pers ing,  the dust cloud gives up its ene rgy  into a shock wave ove r  a re la t ive ly  shor t  path. 

Thus,  it has been  shown that  a shock wave formed by a d i spe r s ing  me teo r i t e  is equivalent to a point 
explosion with an ene rgy  equal to the kinetic ene rgy  of the me teo r i t e  (1017 J) at a point displaced in the d i r ec -  
t ion of its initial  veloci ty by a dis tance ~ 50r~ f rom the location at which it entered  the dense l aye r s  of the 
a t m o s p h e r e .  
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