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The t r a n s f e r  o f  t h e r m a l  e n e r g y  i n  t h e  l u n a r  s u r f a c e  h a s  been t h e  s u b j e c t  
o f  s t u d y  by a number o f  i n v e s t i g a t o r s  f o r  some t i m e .  I t  i s  b e l i e v e d  t h a t  t h e  
two main s o u r c e s  o f  t h e r m a l  e n e r g y  a r e  (1 )  s o l a r  e n e r g y  w h i c h  i m p i n g e s  on t h e  
l u n a r  s u r f a c e  and i s  a b s o r b e d ,  and  ( 2 )  e n e r g y  f rom t h e  d e c a y  o f  l o n g - l i v e d  
r a d i o i s o t o p e s  i n  t h e  l u n a r  m a t e r i a l .  The p rogram e n t i t l e d  "Comprehensive 
S t u d y  o f  Thermal  P r o p e r t i e s  o f  L u n a r  Core  Samples"  (Dr.  K i - i t i  H o r a i  and 
Dr .  M. G .  L a n g s e t h ,  C o - P r i n c i p a l  I n v e s t i g a t o r s )  h a s  a s  i t s  o b j e c t i v e  t o  
c h a r a c t e r i z e  and i n t e r p r e t  t h e  n a t u r e  o f  h e a t  f l o w  i n  t h e  l u n a r  s u r f a c e .  The 
measurement  p rogram d e s c r i b e d  i n  t h i s  p a p e r  i s  a p a r t  o f  t h i s  c o r e  s a m p l e  
m e a s u r i n g  p rogram.  It i s  s p e c i f i c a l l y  d e s i g n e d  t o  p r o v i d e  i n d e p e n d e n t  measure -  
m e n t s  o f  t h e  p e r t i n e n t  p r o p e r t i e s ,  s u c h  as t h e r m a l  c o n d u c t i v i t y  and  t h e r m a l  
d i f  f u s i v i t y  and t o  d e t e r m i n e  t h e  e f f e c t s  on t h e s e  p r o p e r t i e s  o f  p a r a m e t e r s  
s u c h  a s  s a m p l e  b u l k  d e n s i t y ,  t e m p e r a t u r e ,  p a r t i c l e  s i z e ,  and i n t e r s  t i  t i a l  
g a s e s .  

The s a m p l e s  u s e d  i n  t h i s  p rogram a r e  g r a n u l a t e d  b a s a l t  r o c k  o f  v a r i o u s  
p a r t i c l e  s i z e  d i s t r i b u t i o n s .  The measurements  a r e  made i n  a n  o i l  f r e e  i o n i -  
z a t i o n  vacuum s y s t e m  a n d  t h e  method u s e d  i s  d e s c r i b e d  i n  t h e  1 i t e r a t u r e . l  I n  
a  p r e v i o u s  s t u d y 2  i t  was shown t h a t  t h e r m a l  c o n d u c t i v i t y  o f  a b a s a l t  sample  
w i t h  a p a r t i c l e  s i z e  o f  37-62 m i c r o m e t e r s  v a r i e d  w i t h  t h e  i n i t i a l  tempera-  
t u r e  o f  t h e  s a m p l e  and  t h i s  v a r i a t i o n  was d e s c r i b e d  a d e q u a t e l y  by t h e  equa-  
t i o n  K  = A  + BT + C T ~ ,  where  K i s  t h e  t h e r m a l  c o n d u c t i v i t y ,  A, B ,  and C a r e  
c o n s t a n t s ,  and T  i s  t h e  a b s o l u t e  t e m p e r a t u r e .  Thermal  c o n d u c t i v i t y  was a l s o  
shown t o  i n c r e a s e  w i t h  d e n s i t y  i n  t h e  f o l l o w i n g  manner :  

The measurements  d e s c r i b e d  i n  t h i s  p a p e r  were  c a r r i e d  o u t  w i t h  a s a m p l e  
w i t h  p a r t i c l e  s i z e  o f  74-149 m i c r o m e t e r s .  The minimum d e n s i t y  w h i c h  c o u l d  

3  be  o b t a i n e d  w i t h  t h i s  s a m p l e  was 1 . 2 5  g/cm3 and  t h e  maximum was 1 . 9 5  g/cm . 
The r e s u l t s  a r e  shown i n  F i g u r e  1. I t  i s  a p p a r e n t  t h a t  a  change  i n  d e n s i t y  
f rom 1 . 2 5  g/cm3 t o  1 . 7 5  g/cm3 d o e s  n o t  c a u s e  a s i g n i f i c a n t  change  i n  t h e r m a l  
c o n d u c t i v i t y .  However, a t  t h e  h i g h e r  d e n s i t i e s ,  even  s m a l l  d e n s i t y  c h a n g e s  
( 1 . 9 0  g/cm3 t o  1 . 9 5  g/cm3) c a u s e  a n  i n c r e a s e  i n  c o n d u c t i v i t y .  

D e n s i t y  (g/cm3) 

0 . 7 9  
1 . 5 0  

I n  t h e  f o l l o w i n g  d i s c u s s i o n ,  f i g u r e s  a r e  n o t  shown i n  t h i s  a b s t r a c t  b u t  
w i l l  b e  p r e s e n t e d .  F o r  e a c h  measurement  o f  t h e r m a l  c o n d u c t i v i t y ,  a v a l u e  f o r  
t h e r m a l  d i f f u s i v i t y  is  a l s o  d e t e r m i n e d .  Thermal  d i f f u s i v i t y  is  shown t o  b e  
t e m p e r a t u r e  a n d  d e n s i t y  d e p e n d e n t .  

Thermal  C o n d u c t i v i t y  (watt/cm°K x 10-5)  
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The v a l u e s  o f  t h e r m a l  c o n d u c t i v i t y ,  t h e r m a l  d i f f u s i v i t y  and d e n s i t y  a r e  
u s e d  t o  c a l c u l a t e  s p e c i f i c  h e a t  f o r  e a c h  measurement .  S p e c i f i c  h e a t  i s  shown 
t o  b e  s l i g h t l y  t e m p e r a t u r e  d e p e n d e n t  o v e r  t h e  r a n g e  t e s t e d  and  i n d e p e n d e n t  o f  
d e n s i t y .  The v a l u e s  a r e  i n  good a g r e e m e n t  w i t h  o t h e r  i n v e s t i g a t i o n s .  

I n  o r d e r  t o  make t h e  measurements  a p p l i c a b l e  t o  o t h e r  a s t r o n o m i c a l  b o d i e s ,  
s u c h  as p l a n e t s ,  t h e  dependence  o f  t h e  t h e r m a l  p r o p e r t i e s  o f  e a c h  sample  on g a s  
p r e s s u r e  was d e t e r m i n e d .  T e s t s  w e r e  t a k e n  p e r i o d i c a l l y  a t  s p e c i f i c  p r e s s u r e s  
a s  e a c h  s a m p l e  was b e i n g  r a i s e d  f rom vacuum c o n d i t i o n  t o  a t m o s p h e r i c  p r e s s u r e .  
The r e s u l t s  show t h a t  t h e r m a l  c o n d u c t i v i t y  shows some d e n s i t y  dependence  a t  
a l l  p r e s s u r e s ,  a n d  t h a t  c o n d u c t i v i t y  is  i n d e p e n d e n t  o f  p r e s s u r e  f rom 10-8  t o r r  
up  t o  a b o u t  t o r r .  I n  t h i s  vacuum r e g i m e ,  t h e  c o n d u c t i v i t y  v a l u e s  of  t h e  
s a m p l e  a t  t h e  f i v e  d e n s i t i e s  l i e  i n  t h e  r a n g e  f rom 1 x 1 0 - 5  w a t t / c m O ~  t o  
5  x 10-5  watt/cmoK. I n  t h e  p r e s s u r e  r a n g e  f rom 10-2  t o r r  t o  1 0 - I  t o r r  t h e  
v a l u e s  o f  t h e r m a l  c o n d u c t i v i t y  b e g i n  t o  i n c r e a s e  and  a t  a t m o s p h e r i c  p r e s s u r e  
a r e  a b o u t  1 x l o m 3  watt/cm°K. 
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THERMAL CONDUCTIVITY OF BASALT 
VERSUS 
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- SAMPLE: KNIPPA BASALT 
PARTICLE SIZE: 74-149prn 

- CHAMBER PRESSURE: < 1x10-' TORR (1.3 X ~ / r n ~ )  
CURVE FIT: K = A + B T  + cT3 
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