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Residual  b r i g h t n e s s  temperatures  i n  samples of q u a r t z ,  f o r s t e r i t e ,  and 
Bamble b r o n z i t e ,  shocked t o  p r e s s u r e s  i n  t h e  range 5-30 GPa (50-300 kbar )  have 
been measured us ing  a  r e c e n t l y  developed exper imental  technique.  I n i t i a l  re- 
s u l t s ,  based on t h e  assumption t h a t  t h e  shocked samples r a d i a t e  a s  b lack  
bod ies ,  i n d i c a t e  t h a t  temperatures  a r e  h igher  than would be c a l c u l a t e d  us ing  
t h e o r i e s  based on t h e  hydrodynamic i r r e v e r s i b l e  work model. 

The exper imental  appara tus  i s  i l l u s t r a t e d  schemat ica l ly  i n  Figure  1; t h e  
exper imental  technique,  and i t s  a p p l i c a t i o n  t o  aluminum and s t a i n l e s s  s t e e l ,  
i s  desc r ibed  i n  d e t a i l  i n  Raikes and Ahrens [ I ] .  B r i e f l y ,  a known shock 
s t a t e ,  determined us ing  t h e  impedance match method, i s  produced i n  a  sample 
by t h e  impact of a  gun-launched f l y e r - p l a t e .  The back ( f r e e )  s u r f a c e  of t h e  
sample i s  monitored by an i n f r a r e d  r a d i a t i o n  d e t e c t o r  whose ampl i f ied  output  
i s  recorded by an o s c i l l o s c o p e ,  t r i g g e r e d  by t h e  impact of t h e  p r o j e c t i l e  wi th  
t h e  s h o r t i n g  t a r g e t ,  w r i t i n g  a t  5  ps ld iv .  I n i t i a l  experiments were performed 
using a  f i l t e r e d  InSb d e t e c t o r ,  r i s e  t ime $0.5 ps, o p e r a t i n g  i n  t h e  wavelength 
band 4.5-5.75 p, and temperatures  determined assuming t h a t  t h e  s i l i c a t e  be- 
haved a s  a  b lack  body. This  i s  a  reasonable  assumption f o r  quar tz  [2] ;  any 
c o r r e c t i o n s  necessary  f o r  t h e  o t h e r  m a t e r i a l s  w i l l  be determined by measure- 
ments of t h e i r  e m i s s i v i t i e s ,  which a r e  now i n  progress .  I n  a d d i t i o n ,  non-black 
body e f f e c t s  and p o s s i b l e  e m i s s i v i t y  changes under shock a r e  c u r r e n t l y  being 
i n v e s t i g a t e d  by t h e  use  of a  second d e t e c t o r ,  HgCdTe, opera t ing  i n  t h e  band 
7-13 p ,  t o  determine f u r t h e r  b r i g h t n e s s  temperatures and a l s o  two-color tem- 
p e r a t u r e s  ( see ,  e.g. [ 3 ] ) .  (This band inc ludes  t h e  s i l i c a t e  absorp t ion  peak 
a t  ~9 p . )  

The records  of d e t e c t o r  ou tpu t  a r e  extremely reproducible .  I n  t h e  s i l i -  
c a t e s  they show, t y p i c a l l y ,  a  sharp  peak a t  approximately t h e  a r r i v a l  t ime of 
t h e  shock wave a t  t h e  f r e e  s u r f a c e ,  followed by rap id  decay t o  a  cons tan t  
l e v e l  taken t o  r e p r e s e n t  t h e  r e s i d u a l  temperature.  Temperatures determined 
f o r  q u a r t z  ( n a t u r a l  s i n g l e  c r y s t a l ,  c u t  I c-axis) ,  f o r s t e r i t e  ( s y n t h e t i c  
s i n g l e  c r y s t a l ,  c u t  -L c-ax i s ) ,  and Bamble b r o n z i t e  a r e  p l o t t e d  i n  Figure  2. 
The o r i g i n  of t h e  peak is n o t  c l e a r l y  understood; i t  may be r e l a t e d  t o  tri- 
boluminesence [ 4 ]  o r  perhaps t o  t h e  shock temperature.  Also shown i n  Figure  
2a) a r e  Wackerle's [5]  c a l c u l a t e d  va lues  f o r  shock and post-shock temperatures, 
co r rec ted  f o r  an i n i t i a l  temperature  of 23OC. Since t h e s e  were c a l c u l a t e d  
us ing t h e  equ i l ib r ium Hugoniot, assuming hydrodynamic cond i t ions ,  and do n o t  
inc lude  t h e  e f f e c t s  of t h e  Hugoniot e l a s t i c  l i m i t ,  o r  t h e  p r o p e r t i e s  of t h e  
high p r e s s u r e  phase,  t h e  c loseness  of t h e  va lues  i s  s u r p r i s i n g .  S imi la r  c a l -  
c u l a t i o n s  f o r  f o r s t e r i t e  and e n ~ t a t i t e ~ y i e l d  temperatures  s u b s t a n t i a l l y  lower 
than those  measured. 
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Figure  1. Schematic diagram of  exper imental  apparatus .  
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Figure  2.  Measured va lues  of post-shock temperatures.  Open symbols i n d i c a t e  
t h e  peak va lue ,  and c losed  symbols t h e  r e s i d u a l  temperature.  

a )  Values f o r  q u a r t z .  Also shown a r e  Wackerle's c a l c u l a t e d  va lues  
f o r  shock (dashed l i n e )  and post-shock ( s o l i d  l i n e )  temperatures .  

b) Values f o r  f o r s t e r i t e  and Bamble e n s t a t i t e  ( b r o n z i t e ) .  
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