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The methods of la teral  and overrun  unloading are  cur ren t ly  used to measure  the speed of sound in shock- 
c o m p r e s s e d  mater ia l s  [1]. In the la tera l  unloading method a high-speed s t reak camera  is cus tomar i ly  used to 
a s s e s s  the dimensions of the  la teral  unloading zone in the investigated samples,  and then the speed of sound is 
ca lcula ted f rom those dimensions.  

In the technique proposed here ,  a res i s tance- type  sensing element  is used, and the recording instrument  
is an osci l loscope.  An abrupt change in the res is tance  of the element due to interaction with the investigated 
sample  and high-speed sweep on the par t  of the osci l loscopes  distinguish the proposed technique favorably 
f rom the photochronographic method. 

Let a stepped cyl indrical  sample be subjected to shock compress ion  by a plane shoekwave (Fig. 1). 
Af te r  the shockwave passes  the co rne r  O, the shock front begins to be attenuated near  point O by lateral  un- 
loading, thereby diminishing the shock velocity in this zone. The centra l  par t  of the shock front,  on the other 
hand, being unaffected by the unloading process ,  remains  planar,  At a time t af ter  passing the c o r n e r  O, the 
shock wave moves away with velocity D to a distance Dt, and the mater ia l  is t ranspor ted ahead at the part icle 
veloci ty  u to a distance ut. 

The ear l ies t  dis turbances,  which ar i se  at the instant of passage of the  shock wave past the co rne r  O and 
propagate with the speed of sound c, at  this instant reach  the sphere of radius ct  descr ibed around point A. 

Thus, the attenuation of the shock wave at time t begins at  point B. 

It is evident f rom an inspection of the t r iangles  OBF and ABF that the speed of sound i~ related to the 
veloci t ies  D, u and the unloading angle a :  

1 

The position of point B is determined from the change in res is tance of a sensing element placed above 
the surface of the investigated sample due to the bridging of the conducting par t  of the element by the driven 
sur face .  

The sensing element compr i ses  ei ther  a flat thin-film res is tance  or  a piece of Kh20N80 0 .06-mm-diam.  
wire .  The tes t  a r r angement  is shown schemat ical ly  in Fig. 2: 1) p re s su re  plate; 2) sample;  3) outer  e lec-  
trode; 4) substrate;  5) conducting part; 6) inner  electrode.  The thin-fi lm element is made by spray-deposit ing 
f i r s t  a layer  of chromium and then, coaxially,  two cbpper e lectrodes  onto a glass substrate  (Fig. 2a). The 
res i s tance  of the e lec t rodes  is negligible in compar ison  with the res i s tance  of the chromium layer.  For  the 
wi re  e lement  (Fig. 2b) a Nichrome wire is s t re tched between two coaxial b rass  e lect rodes  and is soldered to 
them. 

Fig. I 
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Fig .  2 

TABLE 1 

Thickness 
of 5O-ram- 
diam, cop- 
per sam- 
pie, mm 

13,98 
14,00 
13,97 
i3,96 
t3,95 
t3,98 

Fig.  3 

Measured 
radius r, 
m 

t6,40 
t6,30 
t6,37 
i6,55 
t6,73 
i6,92 

tan 

0,6t6 
0,621 
0,6t8 
0,606 
0,593 

�9 0,578 

;ound 
peed c. (m/sec 

5,39 
5,4i 
5,40 
5,37 
5,32 
5,28 

Average 
sound speed, 
km/sec 

5,36:t:0,05 

r Sound 
speed in 
[1], kin/ 
s e e  

5,30 

The conductance of the th in - f i lm e l emen t  is  ca lcu la ted  accord ing  to Govorkov [2]. The conductance be-  
f o r e  the t e s t  is  

I =. 2n? 
V~= v--~ 1" ~ 

r 1 

(z) 

and a t  the ins tan t  of shor t ing  by the d r iven  su r face  it is  

x 2~  

r 3 

(2) 

whe re  I is  the cons tan t  c u r r e n t  hhrough the sens ing  e l emen t  f rom a pulsed source  of the type no rma l ly  used in 
shock  conductance  m e a s u r e m e n t s  [3], U 1 and U 2 a r e  the vol tages  m e a s u r e d  by the o sc i l l o scope  before  shock 
d r iv ing  and at  the ins tan t  when the su r f ace  is  d r iven  toward the sensing e lement  (Fig.  3, which gives  an o s c i l -  
l o g r a m  obtained in an exp los ive - load ing  t e s t  on a copper  sample  having a d i a m e t e r  of 50 mm and a th ickness  
of 14 mm; the r e f e r e n c e  s ine  wave has a f requency of 10 MHz), T is the conduct ivi ty  of the s p r a y - d e p o s i t e d  
l a y e r ,  r t and r 2 a r e  the r a d i i  of the inner  and ou te r  e l e c t r o d e s ,  and r 3 is  the rad ius  of the c e n t r a l  zone unaf- 
fec ted  by l a t e r a l  unloading. 

u~ r.._~_~. In m e a s u r e -  The pos i t ion  of point B is obtained f rom e x p r e s s i o n s  (1) and (2): In r~ = In r 2 - - # I n  rl 

men t s  with the wi re  e l emen t  the posi t ion of point B is  de t e rmined  f rom the d i r e c t  p ropor t i ona l i t y  between the 
m e a s i l r e d  vol tage and the length of the wi re  fo r  the same  supply source:  

1"8 = r~  - -  ( U 2 / U I ) ( r ~  - -  1"1). 

T e s t s  we re  conducted on cha rges  of a l loy  TG50/50 with a d i a m e t e r  of 120 ram. A plane shock wave was 
gene ra t ed  in an a luminum p r e s s u r e  p la te  having a th ickness  of 10 mm by stopping of the explosion products  
f r o m  a h igh -exp los ive  cha rge  with a length of 220 ram. 
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The state in the copper  samples  on the p res su re  plate was determined by the reflection method with the 
use of the resul ts  of [4]: p=368 kbar,  D=5.15 k m / s e c ,  u=0.80 km/ sec ,  P0=8.93 g / c m  3. A flying indicator 
was used for  better  observat ion of the motion of the surface.  It was made of copper  foil with a thickness of 
0.03 mm and was attached to the sample surface by rubbing it on VM-4 oil. The measurements  were ca r r i ed  
out with an $1-24 osci l loscope.  The supply source  was a 10-~uF capaci tor ,  which was discharged into the sen- 
sing element c i rcu i t  with a l imiting res i s tance  R = 4 0 0 ~ . T h e  initial res is tance  of the elements in the test  was 
10-12 ft. 

The initial data and experimental  resul ts  a re  summar ized  in Table 1. Also given in the table is the r e -  
sult  of A l ' t shu le r  et al. [1], which exhibits good agreement  with our  result .  

It is evident f rom the given example that the proposed method can be used successful ly in investigntions 
of the proper t ies  of mater ia l s  under high p r e s su re s .  The application of the proposed method affords the pos-  
sibil i ty of determining unloading angles in complex shock waveforms and of determining wave profi les.  
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ASYMPTOTIC OF THE FLOW IN THE NEIGHBORHOOD 

OF A CENTER DURING COLLAPSE OF A SPHERICAL 

Ya. M. Kazhdan 

C A V I T Y  
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1. The problem of the collapse of a spher ical  cavity is examined in [1, 2] and the limit mode for  gas 
flow outside the cavity in the neighborhood of the center  is presented as the cavity radius tends to zero R--* 0. 
The equation of state of the gas in the cus tomary  notation has the form 

C 2 

p = p0 ~ - l ) ,  

where  p is the p re s su re ,  p is the density,  6 = P / P o ,  c i s t h e  speed of sound, Sin an entropy quantity, and the sub- 
s c r ip t  0 cor responds  to the unperturbed state.  The flow up to the time of collapse was assumed isentropic 
S =S o in the approximation under considerat ion.  Zero p ressure ;  and therefore ,  constant,  nonzero specific den-  

si ty 8 = 80 and speed of sound c0/4~0 cor responded to the cavi ty boundary, where 80~ 0 = 1. Without limiting 
the general i ty,  it can be considered that S o =50 =1 and, correspondingly,  the sound speed on the free boundary 
equals c o because the gasdynamics  equations in combination with the equation of state (1.1) are  invariant re la -  
tive to a s imi la r i ty  t ransformat ion:  

r = rot, t = tot, u = uou, 8 = 808, S = S o S ,  

where 

Uo = ro/to; So8~ = 1; Uo = i/]/8o. 

*All  the personal  re fe rences  associa ted  with the s eK-s imi l a r  solution of the appropriate  problem are  pre-  
Sente~ in [1]. 
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