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s a l i e n t  l u n a r  l i g h t  ref ' lecting p r o p e r t i e s  which are con t ro l l ed  
by the exact  na tu re  o f  the luna r  su r face  mic ro re l i e f '  mis 
summary p resen t s  a b r i e f  d i scuss ion  of a c u r r e n t l y  favored 
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i STJMMP-RY. OF BELLC0~- FEP0F.T e n t i t l e d  Photonetry and Po la r ine t ry  

of  the  Moon and Their  Relationship t o  t h e  Physical P r o p e r t i e s  
of t h e  Lunar Surface" 

, Descript ion of the Lunar Covering Surface 
L 

From a cons idera t ion  of  the experimental  l u n a r  
photometric and polar imet r ic  d a t a ,  l abo ra to ry  experiments and 
t h e o r e t i c a l  models, t h e  following l u n a r  su r face  p r o p e r t i e s  
are necess i t a t ed :  

I 

(A) Nearly t h e  e n t i r e  l u n a r  su r face  must have a 
uniform cover l a y e r  made up o f  nea r ly  opaque 
m a t e r i a l .  This  cover layer must have low 
su r face  r e f l e c t i v i t y  and possess  an extremely 
porous and interconnected s t r u c t u r e  g iv ing  i t  
complex shadow-casting p r o p e r t i e s  i n  order  t o  
e x h i b i t  the c h a r a c t e r i s t i c  l una r  photometric 
behavior.  
I n  a d d i t i o n  t o  these p r o p e r t i e s  t he  layer-vacuum 
i n t e r f a c e  must be made up of h igh ly  i r r e g u l a r  
granule  agglomerations, having mean dimensions 
of the order of a t e n t h  of a m i l l i m e t e r  and 
s i m i l a r  spacings i n  o r d e r  t h a t  i t  e x h i b i t  t h e  
l u n a r  p o l a r i z a t i o n  c h a r a c t e r i s t i c s ,  e s p e c i a l l y  
the co r rec t  so-cal led negat ive p o l a r i z a t i o n  
behavior.  

(B) 

Laboratory s tud ie s ,  a t  atmospheric pressures ,  have 
shown t h a t  i t  i s  poss ib l e  t o  f o r m  a su r face  composed o f  complex 
overlapping d e n d r i t i c  s t r u c t u r e s  of opaque g r a i n s  having 
average dimensions of a jout  1/50 mm ( i f  l a r g e r  g r a i n  s i z e s  
are used t o  form t h e  s t r u c t u r e ,  consol ida t ion  r e s u l t s ) .  T h i s  
su r f ace  has  been found experimentally to c l o s e l y  apprGximate 
t h e  photometric p r o p e r t i e s  of t he  luna r  su r face ;  however, 
t h i s  a r t i f i c i a l  su r f ace  does - not d i sp l ay  the same po la r ime t r i c  
behavior as the luna r  sur face .  
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A complex low-density n a t r i x  r e s u l t s  ilhen the bonding 
f o r c e s  between t h e  contac t  f a c e s  of  g ra ins  a re  l a r g e r  than the 
g r a v i t a t i o n a l  body fo rces  ac t ing  on the  g r a i n s .  
bonding fo rces  are small, consol ida t ion  o r  a t i g h t  packing o f  
g r a i n s  r e s u l t s .  On t h e  moon, t h e  bondin2 fo rces  between 
g r a i n s  may r e s u l t  f rom a cementing process,  where such a 
process  could be due to t h e  g r a i n s  being sprayed.with hot  
vapors from micrometeorite explosions on t h e  sur face ,  vc l a -  
t i l e  materials being slowly evolved from t h e  l u n a r  i n t e r i o r ,  
o r  s p u t t e r i n g .  The in t e rg ranu la r  bonding f o r c e s  a l s o  may 
r e s u l t  simply from u l t r a -c l ean  g r a i n  f a c e s  being i n  c lose  

s t r e n g t h  p r o p e r t i e s  of such a poorly organized mat r ix  will 
depend pr imar i ly  upon the exact na ture  of  t h e  bonding fo rces .  

When t h e  
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Information Mot Obtainable From Present Study 

It should be s t r e s sed  t h a t  c e r t a i n  types of i n f o r -  
mation cannot be obtained from an a n a l y s i s  of l una r  
photome-polarimetric, and co lor imet r ic  data:  

( 3 )  

(4) 

(5) 

E s s e n t i a l l y  no information r e l a t i n g  t o  t h e  
c o r r e l a t i o n  d i s t a n c e s  of  l una r  sur face  
i r r e g u l a r i t i e s  smaller  than about 660 feet  
can be obtained s ince  t h i s  i s  t h e  lower l i m i t  
of earth-based t e l e scop ic  r e s o l u t i o n .  
No information concerning the nature  of the 
underlying s t r u c t u r e  of the  lunar  su r face  can-  
be obtained, s ince  v i s i b l e  l i g h t  can pene t r a t e  
at  most  a few mi l l imeters  i n t o  even a q u i t e  
porous surface l a y e r .  
Although t h e  r e f l e c t i o n  c o e f f i c i e p t s  o f  t e r r e s -  
t r i a l  ma te r i a l s  a r e  h e l p f u l  i n  determining 
t e r r e s t r i a l  ma te r i a l  types,  t h i s  has  not been 
found t o  be t r u e  i n  t he  case o f  t he  noon. 
Even though d i f f e r e n t  l una r  regions have s l i g h t  
c o l o r  d i f f e rences ,  t hese  s m a l l  d i f f e r e n c e s  have 
been of l i t t l e  value i n  searching f o r  terres- 
t r i a l  analogues of l u n a r  m a t e r i a l s .  
any o r i g i n a l  co lo r  of l una r  ma te r i a l s  probably 
has  been d r a s t i c s l l y  m d i f i e d  due t o  boxbard- 
ment by s o l a r  x-rays,  s o l a r  f l a r e  p r o t o n s ,  t h e  
solar wind, micrometeoroids, ekc.  
No information concerning albedo d i f f e r e n c e s  
on a s c a l e  l e s s  than about 660 f e e t  ( l o v e r  
l i m i t  on t e l e scop ic  r e so lv ing  power) can be 
obtained.  Hence, t he  1-mar photoxet r ic  
function. does n o t  take i n t o  account l o c a l  
albedo d i f f e rences  o r  gross sh?adov:ing. 

Furthermore, 



Conclusions 

One can reasonably conclude, on the basis of the pre- 
vious considerations, that the lunar> surface is ,'not covered 
with loose dust, in any ordinary sense, but in fact is covered, 
to at least millimeter depths, with an intricate matrix.made 
up of small adhesive grains, probably resulting from pulveri- ._ 
zation of lunar surface material by micrometeoroid Donbardmen$,: 
The strength properties of such a matrix on the lunar 
environment can only be poorly estimated at this time. 

--- 

It is recommended that serious attempts be made t o  
simulate, under ultra-high vacuum conditions 
an artificial surface matrix having lunar photometric and 
polarimetric properties.' 

value to Project Apollo in two ways: 

mm of Hg), 

- 
Such an artificial surface layer would be of great 

( A )  

(B) 

Lunar surface lighting condition simulators 
could be made more realistic. 
The bearing strength properties of such a 
layer could' be analyzed in detail, both 
experimentally and theoretically. 
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