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Several experiments have been i n i t i a t e d  t o  measure physical propert ies  
of returned lunar  samples under varying thermodynamic conditions. These 
measurements include d i e l e c t r i c  propert ies ,  molecular flow of gases, thermal 
d i f f u s i v i t y  and sonic ve loc i t i e s  i n  lunar  s o i l s .  The topics  t o  be discussed 
i n  the  present b r i e f  paper a re  t h e  molecular flow of gases and d ie l ec t r i c  
propert ies  of lunar  s o i l .  Dielectr ic  propert ies  of lunar samples have impor- 
t a n t  applicat ions f o r  in t e rp re ta t ion  of such data as  ea r th  based radar 
observations, the  Apollo 17 surface e l e c t r i c a l  propert ies  experiment, and the  
Apollo lunar sounder experiment. The d i e l e c t r i c  propert ies  of lunar s o i l  
sample 72441,12 have been measured a s  a function of v e r t i c a l  ressure t o  29 
psi ,  temperature t o  2 0 0 0 ~  and densi ty from 1.56 t o  1.87 gm/cm$ i n  vacuum over 
the  frequency range ZQ0 - 105 Hz. A molybdenum three electrode arrangement 
was used i n  a specia l ly  designed vacuum system capable of applying a uniaxial  
load t o  the  s o i l  sample while under vacuum. The minimum pressure t h a t  could 
be applied t o  the  sample was t h a t  due t o  the  weight of the  top  electrode 
assembly (po=. 52 p s i )  and the  maximum, without external  equipment, was 29 
psi .  Since the  data show the  usual observed temperature dependence, values 
w i l l  only be given a t  room temperature where pressure t e s t s  were performed. 
As shown i n  Figure 1, f o r  frequencies of 1 Khz and 100 Khz and dens i t ies  of 
1.63 and 1.68 gm/cm3, the  d i e l e c t r i c  constant of the  s o i l  var ies  with pres- 
sure, t he  most dramatic e f f e c t  occuring within the f i r s t  6 - 8 ps i .  Due t o  
the  sequence of data col lec t ion ,  data i n  t h i s  graph was recorded from higher 
t o  lower pressures. For densi ty of 1.63, the  applicat ion of pressure was 
repeated (pin,) a s  va r i f i ca t ion  of t h i s  phenomenon, i n  t h i s  case, t he  meas- 
urements being performed with increasing pressure. Upon reaching Pmax, the 
pressure was released and a f i n a l  data point recorded. The los s  tangent was 
found t o  be e s sen t i a l ly  independent of pressure and densi ty i n  the  range 
measured, These measurements indica te  t h a t  while the d ie l ec t r i c  propert ies  
i n  each sub-layer of t h e  lunar  r ego l i th  w i l l  vary according t o  the  e l e c t r i c a l  
propert ies  i n  each sub-layer, pressure w i l l  always increase with depth and, 
therefore, increase the  value of the  d i e l e c t r i c  constant.  The los s  tangent 
w i l l  vary i n  each sub-layer primarily due t o  temperature variat ions,  sug- 
gest ing a possible cons t ra in t  on models of temperature vs depth. A sol id 
t e r r e s t r i a l  basa l t  sample was ground t o  a powder and separated t o  a gra in  
s i ze  d i s t r ibu t ion  s imi lar  t o  t h a t  of a seived Apollo 1 5  s o i l  (1) .  Measure- 
ments showed a pressure dependence of the  d i e l e c t r i c  constant s imilar  t o  t h a t  
observed on t h e  lunar  s o i l .  Two faces on a remaining slab of the  sol id 
basa l t  were ground f l a t  and, with the  s o i l ,  provided the  bas i s  f o r  measure- 
ments over a la rge  density range. The va r i a t ion  of d i e l ec t r i c  constant with 
density f o r  lunar  sample 72441~12 and the  basa l t  s o i l  are shown i n  Figure 2 
f o r  frequencies of 1 and 100 Khz. To eliminate pressure e f fec t s ,  a l l  data i n  
t h i s  graph a re  given a t  P = Po, Using the  d i e l e c t r i c  data f o r  the so l id  
basa l t ,  the  Rayleigh (2) and Lichtenecker (3) mixing formulas have been used 
t o  ca lcula te  d i e l e c t r i c  constant a s  a function of density and a re  a l so  shown 
i n  Figure 2. Comparison of t h e  calculated and measured values demonstrates 
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t h a t  ne i ther  mixing formula f i t  the  measured basa l t  data except over a l imited 
densi ty range. Attempts were made t o  f i t  t he  measured data using t h e  
d i e l e c t r i c  constants obtained a t  dens i t ies  of 1.75 and 1.96 a s  t h e  high 
density end point  t o  examine possible usefullness of the  mixing formulas 
over a small densi ty range. Although nearly iden t i ca l  calculated r e s u l t s  
were obtained using the  two mixing formulas, t he  calculated and measured 
values were i n  major disagreement. 

The measurement of molecular flow of gases through lunar  s o i l  i s  import- 
an t  t o  develop an understanding of the  nature of gases beneath the  lunar  
surface and t h e i r  r a t e s  of movement through the  r ego l i th ,  These parameters 
may be useful i n  understanding t h e  high anornolous argon 40 content of lunar 
s o i l s  and the  tenuous lunar  atmosphere, both of which are  probably re la ted  
t o  seepage of gases from deep i n  the  regol i th .  Measurements a re  being 
performed using three  gases, He, Ar, and K r ,  selected t o  provide data over a 
wide range of molecular weights. Preliminary t e s t s  were performed on a 
t e r r e s t r i a l  basa l t  sample having a gra in  s i z e  d i s t r ibu t ion  s imi lar  t o  an 
Apollo 15  s o i l  (1) .  This data and the  s ingle data point recorded, t o  date, 
f o r  lunar s o i l  71501,35, i s  i l l u s t r a t e d  i n  Figure 3. It i s  in t e res t ing  t o  
note t h a t  the lunar  sample data i s  very close t o  the  curves obtained using 
the  lunar simulant. The major percentage of gra in  s i z e  i n  the  basa l t  simu- 
l a n t  i s  150 microns and below which i s  comparable t o  the  gra in  s i z e  d i s t r i -  
bution i n  the  submillimeter s o i l  a l loca t ion  under study. Furthermore, the  
major components of 71501,35 i n  the  90 - 150 and 250 - 500 micron gra in  s i ze  
range a re  basa l t  s and agglut inates   p pol lo 17 Lunar Sample Information 
catalog).  Therefore s i m i l i a r i t y  of data f o r  the  simulant and lunar s o i l  has 
a qual i ta t ive  in terpre ta t ion .  Tests t o  extend the  density range f o r  the  
lunar s o i l  a re  i n  progress. 
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