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The art icle  proposes  a geometr ic  method, based on the superposit ion of e lementary  
momenta  with the repeated reflection of par t ic les  scat tered from the surface of the 
notch. The resul ts  of the calculation are in good agreement  with experiment .  

1. In a number  of cases ,  it is required to determine the p ressu re  pulse acting on some surface,  from 
a thin layer  of ma t te r  sca t te red  from the surface in the form of f ragments  and in a gaseous state; for  ex-  
ample, from an explosive with explosive stamping. This problem is usually descr ibed by the equations of 
gasdynamics,  which in a two-dimensional  region are solved in an electronic  computer .  However, an analy- 
sis of existing solutions [1-3] shows the possibil i ty of a simplified problem if the aim of the solution is 
mere ly  determination of the momentum.  

We assume that for a flat surface the momentum is unknown. Under analogous conditions for  a wedge- 
shaped notch it can be found approximately in the following manner .  

An element of a rea  of the explosive can be regarded as a part icle  with the momentum 

d r - -  ~d.,' ( 1 . 1 )  

in the direction of an external  normal  to the surface of the notch, where i is the known intensity of the im-  
pulse. If the notch is symmet r i ca l  (Fig. 1), then the motion of every  part icle is l imited by the plane of s y m -  
met ry  yz and the s tar t ing surface;  with a coll ision with the s tar t ing surface,  the vector  of the momentum of 
the part icle can change in value and direction, and the b a r r i e r  receives  a corresponding impulse. We shall 
assume the coll ision process  to be elast ic  and, neglecting the nonlinear problem, we shall admit the pos -  
sibility of e lementa ry  impulses.  In such a statement,  the problem is solved purely geometr ical ly .  

Par t ic les  sca t ter ing from the surface AB at the point C arr ive  at the plane of symmet ry  at the angle 
f l i  = ~ / 2  - o~. Since, with an elast ic collision, the angle of reflection from the plane of symmet ry  and from 
the face of the notch is equal to the angle of incidence (the mass  of the body having the notch is assumed 
to be infinitely great ,  considerably g rea te r  than the mass  of the explosive), the part icle  s t r ikes  the s t a r t -  
ing surface at the point E at an angle Y1 =7r/2 - 2~, and then s tr ikes  the point F at an angle offi 2 ---7r/2 - 3cy. 

and the point G at the angle ~/2 =7r/2 - 4a'. 

ing surface is at an angle Yk =v:/2 - 2kc~. 

the condition Ym =T~/2 -- 2mo~ >-0, whence 

Obviously, the k- th  collision with and reflection from the s t a r t -  

The maximal  possible number  of coll isions is determined f rom 

m = [a " 4~z} (1.2) 

(here, the square brackets  denote the whole part  of the number included in it). 

We note that collisions between par t ic les  and the start ing surface are  possible if 2G <7r/2; in the con-  
t r a r y  case,  par t ic les  from the plane of symmet ry  immediately depart to infinity, and the mutual effect of 
the faces of the notch is eliminated. 
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A f t e r  e a c h  c o l l i s i o n ,  t h e  n o r m a l  c o m p o n e n t  o f  t h e  v e c t o r  

o f  t h e  m o m e n t u m  of  a p a r t i c l e  c h a n g e s  s i g n  and,  c o n s e q u e n t l y ,  

t h e  b a r r i e r  r e c e i v e s  t h e  i m p u l s e  2 c o s  2ko~dr. 

T h e  t o t a l  i m p u l s e  f r o m  a p a r t i c l e  r e f l e c t e d  m t i m e s  is  

(dr) m = (t + 2  f cos2kct)dr. (1.3) 
h ~ l  

It  i s  w e l l  known t h a t  [41 

the re fore, 

cos2ku-- s i n (2m~l )  u 1 
2sina -- 2 " 

sin (2rn § t) 
(dr)m = ~ sin ~ ds . 

(1.4) 

(1.5) 

T h e  p r o j e c t i o n  o f  t he  i m p u l s e  (1.5) on t h e  v e r t i c a l  d i r e c t i o n  

(a long  the  y a x i s )  i s  

(dq)m = ~ sin (2m + 1)a ds . (1.6) 
F i g .  1 

T h i s  r e s u l t  c a n  be o b t a i n e d  in a d i f f e r e n t  way ,  i f  i t  is  t a k e n  

into consideration that the angle formed by the vector of the momentum of a particle with the plane yz, with 
the last reflection from the face, tim +I =7r/2- (2m + l)o~. 

We set 2~ <7r/2 and find the limiting distance AC from the vertex of the notch, with which a particle 
scattered from point C strikes the starting surface retirees. FromA ACD, AED, and AEF, we find 

.4D -- .4C/cos ~ (1,7) 
sin I.x/2 ~ u) 

1 E = A D  slaL.~/2--2~) - . tC /cos2u  . 

sin (.%2 ~ 2x) 
A F = . 4 E  sin(.~/2--3~) --AC/c~ . 

D e n o t i n g  t h e  d i s t a n c e  o f  t he  k - t h  p o i n t  o f  c o l l i s i o n  b e t w e e n  a p a r t i c l e  and  the  f a c e  by  b k, we o b t a i n  

b~ = AC /cos 2 ~  . (1.8) 

S ince  b k c a n n o t  e x c e e d  t h e  w i d t h  o f  t he  f a c e  l ,  t he  l i m i t i n g  d i s t a n c e  AC,  at  w h i c h  a p a r t i c l e  i s  r e -  

f l e c t e d  k t i m e s ,  is  

c~ = z cos 2J,~. (1.9) 

In p r a c t i c e ,  t h e  m o s t  i m p o r t a n t  c a s e  is  t h e  c a s e  w h e r e  t h e  l a y e r  o f  e x p l o s i v e  h a s  a c o n s t a n t  t h i c k n e s s  

o v e r  the  who le  n o t c h .  U n d e r  t h e s e  c i r c u m s t a n c e s ,  i = c o n s t ,  and the  t o t a l  v e r t i c a l  m o m e n t u m  o f  a p a r t i c l e  

r e f l e c t e d  m t i m e s  w i l l  be ( p e r  un i t  l e n g t h  o f  t he  no t ch )  

e m 

Q m = 2  f (dq),~ =2~lsin(2m--l)  ucos2m~. (1.10) 
0 

T h e  t o t a l  m o m e n t u m  o f  p a r t i c l e s  r e f l e c t e d  k t i m e s  is  

e k 

(1 o1~) Q~=2 f (dq)h = i~Isia~(2k~-l) usia 
ck+l 

k = 0, 1.2 . . . .  m -- i .  

T h e  t o t a l  m o m e n t u m  f r o m  a l l  t h e  p a r t i c l e s  i s  

Q = 2il 1_2 sin :~ ~ sin~ (2k + t) u + sin (2m + 1) ~ cos 2,nu~ . ( 1.12 ) 
k ~0 

G o i n g  o v e r  f r o m  t r i g o n o m e t r i c  f u n c t i o n s  to  i n d i c a t i n g  f u n c t i o n s ,  and u s i n g  the  f o r m u l a  of  t h e  s u m  of  
a g e o m e t r i c  p r o g r e s s i o n ,  a f t e r  t r a n s f o r m a t i o n s  we o b t a i n  

sin (2m § i) 2~] . (1.13) 
Q = ~l sin c, [2m -- 1 § ~-Ffi-~" j 
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The ra t io  of Q to the impu l se  f rom a l a y e r  of exp los ive  with a b r e a d t h  21 on a f ia t  s u r f a c e ,  

.-in ~ [ sin (2m -- l)2:t] (1.14) 
,D = "2 2.; - 1 -- T~=~ j ' 

c h a r a c t e r i z e s  the effect  of the prof i le  of the notch.  

A cu rve  of the funct ion  @ is shown in Fig.  2 (1 is a ca l cu l a t ed  cu rve ,  2 an e x p e r i m e n t a l  cu rve ) .  

At poin ts  where  7r/4~ is a whole n u m b e r ,  @ is con t inuous  a long with i ts  de r iva t i ve ;  in the i n t e r v a l s  
be tween  these  poin ts ,  @ has two e x t r e m a :  a m a x i m u m  and a m i n i m u m ;  4, t akes  on its l eas t  va lue  with c~ = 
0.707, and it is equa l  to 0.681. When p d e c r e a s e s  to zero ,  4, app roaches  the a sympto t i c  va lue  rr/4. 

2. Let  us  a s s u m e  that  a th in  l a y e r  of exp los ive  is loca ted  at only one face of the notch.  

Then  a p a r t i c l e  f rom point  C s t r i k e s  point  E ~ of the opposi te  face,  s y m m e t r i c a l  with r e s p e c t  to E, 
and is then  r e f l ec t ed  back  to point  G of the s t a r t i n g  su r f ace  (Fig. 1). Both faces  r e c e i v e  the same  v e r t i c a l  
impu l se  as a s ingle  face with a s y m m e t r i c a l  a r r a n g e m e n t  of the exp los ive ,  i .e . ,  Q / 2 .  

In addi t ion  to the v e r t i c a l  impu l se ,  t h e r e  is a l so  a ho r i zon t a l  impu l se  (along the x axis) .  

A pa r t i c l e  r e f l ec t ed  m t i m e s  f rom both faces  gives  thefo l lowing impul se  in a h o r i z o n t a l  d i rec t ion :  

(dr),,, = i co~ (2m + l)a d, (2.1) 

The to ta l  impu l se  of p a r t i c l e s  r e f l ec t ed  m t i m e s  is 

k times, 

" ,n ( 2 . 2 )  
Tm = I (dt)m = i l c~  (2m q- 1) u cos2m~ ; 

0 

7'~-= ~. (dt)h =~lstn(2h-- l)2~sin 

=0,1,2 . . . .  m--1 

(2.3) 

The to ta l  h o r i z o n t a l  impu l se  is 
m--i 

T = il ,-in : [ ~ sin (2k -= i) 22 - cos (2 ..... -iut)~ cos 2',,~ ] . (2.4) 
h = 0  

Afte r  t r a n s f o r m a t i o n s ,  ana logous ly  to (1.t3),  we find 

[ ' cos . . . .  ,)51 (2.5) 
T := il sin ~ "2~  ~ ~ i n 2 2  . j "  

A l a y e r  of explos ive  with a b read th  l at an inc l ined  su r f ace ,  co inc id ing  with the face of the notch, 
g ives  the fol lowing i m p u l s e  in a h o r i z o n t a l  d i r ec t ion :  

r : ,l cos ~ . (2.6) 

The ra t io  of (2.5) and (2.6), 

1 { [ cos(2,n= 1)~ ]~t (2.7) 
tF = -5- t - - co--Zs ~ 
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characterizes the effect of the profile of the notch on the value of the horizontal impulse. 

With m =0, ~P =I (there is no mutual effect of the faces), when c~ decreases to zero, �9 approaches a 

minimal value equal to 0.5. 

3. Let the width of the layer ~ be less than the width of a face of the notch, for example, 

c , ~ o < % _ ~  (,7~m§ , 

i .e . ,  

c o s 2 n ~ o / l ~ c o s 2 ( 7 ~ - -  t)~.  
(3.1) 

This is poss ib le  under  the condition 

[ I  ~ l  (3.2) 
n = i +  ~a rccos - -y -  . 

In such a case ,  the re  a re  no pa r t i c l e s  having n - 2 re f lec t ions ,  and only some having n - 1 re f lec t ions .  
Consequently,  the co r respond ing  impulses  mus t  be deducted f rom the total  ve r t i c a l  and hor izonta l  impulses .  

4. Exper imenta l  invest igat ions were  made on samples  with a r ibbed sur face ,  made of var ious  m a -  
t e r i a l s  (Fig. 3). A thin l aye r  of high explosive  was deposi ted uni formly  on the sur face  of the sample .  The 
sample  with a detonating device was fas tened to a bal l i s t ic  pendulum, f rom whose deviation the value of the 
impulse  was de te rmined .  The  impulse  f rom the detonating device was de te rmined  sepa ra t e ly .  The r ibbed 
samples  were  com pa red  with fiat s am p l e s  made of the same  m a t e r i a l .  The aim of the invest igat ions was 
to de te rmine  the profi le  of the notch (the angle ~) with which the impulse  a r r iv ing  at unit weight of exp los -  
ive is min ima l .  

The values  of r obtained expe r imen ta l ly  f rom the c h a r a c t e r  of the dependence on c~ coincide with the 
calcula ted va lues ,  somewhat  exceeding them in magnitude.  As an i l lus t ra t ion,  Fig. 2 gives expe r imen ta l  
va lues  of �9 (the mean  values  f rom five expe r imen t s  and t he i r  sca t te r ) ,  obtained on a s tandard  PS1-350 foam 
plas t ic .  

~o 
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