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Abst rac t  

Explorer  35 was i n j e c t e d  i n t o  a s e l e n o c e n t r i c  o r b i t  on J u l y  2 2 ,  1967. 

Analysis  of  measurements near  per icynth ion  (2500 Km) whi le  t h e  moon i s  

w i t h i n  t h e  geomagnetic tail suggest  t h a t  t h e  moon i s  n o t  magnetized and t h a t  

i t s  moment i s  less  than  4 x lo2' cgs.  u n i t s  

d i f f u s i o n  of  i n t e r p l a n e t a r y  magnetic f i e l d  l i n e s  through t h e  luna r  body l i m i t s  

t h e  average e l e c t r i c a l  c o n d u c t i v i t y  t o  a maximum value  of mhos/meter. 

Thus c a p t u r e  of i n t e r p l a n e t a r y  magnetic f i e l d  l i n e s  by t h e  moon and formation 

of a lunar  magnetosphere a s  theor ized  by Gold i s  n o t  s u b s t a n t i a t e d .  A l u n a r  

bow shock wave has  n o t  yes been observed when t h e  moon i s  l o c a t e d  i n  t h e  

i n t e r p l a n e t a r y  medium o r  t h e  magnetosheath of  t h e  e a r t h .  

o f  t h e  e a r t h ) .  Rapid 



I n t r o d u c t i o n  

The NASA Explorer  35 was launched from t h e  E a s t e r n  T e s t  Range Cape 

Kennedy, F l o r i d a  on J u l y  1 9 ,  1967 a t  14:19:02 UT. The p r i n c i p a l  o b j e c t i v e  

was t o  p lace  t h e  s p i n  s t a b i l i z e d  IMP type s p a c e c r a f t  i n t o  a lunar  o r b i t  t o  

i n v e s t i g a t e  t h e  magnetic f i e l d  of t he  moon and t h e  i n t e r a c t i o n  of  t h e  s o l a r  

wind w i t h  t h e  luna r  body. The secondary o b j e c t i v e  i s  a s s o c i a t e d  w i t h  t h e  

o r b i t  o f  t h e  moon which permits  monitor ing of t h e  i n t e r p l a n e t a r y  medium and 

t h e  e a r t h ' s  magnetic t a i l  once each lunar  month. 

t h e  i n f l u e n c e  of t he  moon i s  n e g l i g i b l e  dur ing  a p o r t i o n  of  t h e  s a t e l l i t e  

o r b i t .  

This  i s  p o s s i b l e  only i f  

The t r a n s f e r  t r a j e c t o r y  was very c l o s e  t o  nominal and i s  shown p r o j e c t e d  

on t h e  e c l i p t i c  plane i n  F igure  1. Analysis  i n  r e a l  time of  range and range 

r a t e  t r a c k i n g  da ta  i n d i c a t e d  t h a t  a s u c c e s s f u l  lunar  o r b i t  was p o s s i b l e  wi th  

i n j e c t i o n  t i m e s  between 66 .5  t o  68.5 hours  a f t e r  l i f t o f f .  The r e s t r i c t i o n s  

of t h e  launch v e h i c l e  on s p a c e c r a f t  weight (104 Kg) precluded use of a 

midcourse maneuver c a p a b i l i t y .  Thus t h e  range of o r b i t a l  parameters p o s s i b l e  

depended upon t i m e  of f i r i n g  t h e  r e t r o  motor t o  anchor t h e  s p a c e c r a f t  i n t o  

a s t a b l e  l u n a r  o r b i t .  R e s t r i c t i o n s  of t e c h n i c a l  f a c t o r s  r e l a t e d  t o  t h e  

performance of  t h e  s p a c e c r a f t  power system r e q u i r e d  c o n s i d e r i n g  o r b i t s  w i t h  

p e r i o d s  approximately 12 hours  o r  g r e a t e r .  Without r e o r i e n t a t i o n  of t h e  

s p i n  axis, p a r a l l e l  t o  t h e  r e t r o  t h r u s t  v e c t o r ,  t h i s  would have l i m i t e d  

l u n a r  o r b i t s  t o  t h o s e  of moderate e c c e n t r i c i t y  w i t h  a minimum p e r i c y n t h i o n  

of  3,000 Km. 



- 2 -  

8 

The i n t e r a c t i o n  of  t he  super  A l fven ic  s o l a r  wind w i t h  the  moon might 

be expec ted  t o  produce a lunar  bow shock wave a t  a d i s t a n c e  from t h e  l u n a r  

s u r f a c e  of 500 t o  800 K m .  Hence i t  was d e s i r a b l e  t o  dec rease  t h e  p e r i -  

cynth ion  d i s t ance  i n  o r d e r  t o  perform measurements nea r  t h e  s t a g n a t i o n  p o i n t  

of  plasma flow c l o s e  t o  the moon. I t  was necessa ry  t o  u t i l i z e  the  

s p a c e c r a f t  a t t i t u d e  c o n t r o l  system s o  t h a t  t h e  two requi rements  on s a t e l l i t e  

o r b i t  parameters ,  s c i e n t i f i c  and t e c h n i c a l ,  could  be s a t i s f i e d .  A s u c c e s s f u l  

r e o r i e n t a t i o n  of t h e  s a t e l l i t e  s p i n  a x i s  o f  5.5' was performed on J u l y  20 

between 2000-2200 UT. The s e l e c t e d  t i m e  t o  f i r e  the  f o u r t h  s t a g e  was chosen 

a s  67.0 hours a f t e r  l i f t - o f f  which s t a t i s t i c a l l y  guaranteed a luna r  o r b i t  

w i th  a dynamical l i f e t i m e  i n  excess  of s e v e r a l  y e a r s ,  a p e r i c y n t h i o n  less  

than  2600 Km. and an  o r b i t a l  pe r iod  of approximate ly  12 hour s .  Exp lo re r  35 

was i n j e c t e d  i n t o  a captured  lunar  o r b i t  on J u l y  22 a t  09:19:25. The o r b i t a l  

parameters  ob ta ined  from a n a l y s i s  o f  e a r l y  t r a c k i n g  d a t a  i n d i c a t e  a n  

apocynthion of - 9400 Km, p e r i c y t h i o n  - 2500 Km, e c c e n t r i c i t y  - 0 . 6 ,  and 

an  o r b i t a l  per iod of 11.5 h r s .  (See F igure  2 ) .  The o r b i t a l  p lane  i s  i n c l i n e d  

a t  166O t o  the e c l i p t i c  plane thus  l ead ing  t o  a r e t r o - g r a d e  o r b i t  when compared 

wi th  p l ane ta ry  motions about t h e  sun.  The i n i t a l  apocynthion-moon-sun ang le  , 

GSSE i s  304' e a s t  o f  the  sun  as measured i n  s e l e n o c e n t r i c  s o l a r  e c l i p t i c  

coord ina te s  (X ? x i s  d i r e c t e d  from moon t o  s u n ,  Z a x i s  from moon t o  n o r t h  

e c l i p t i c  po le ,  Y a x i s  forming r igh thanded  c o o r d i n a t e  system).  This  ang le  w i l l  

decrease  by approximately 1. l0 /day d w t o  t h e  h e l i o c e n t r i c  motion of  t h e  e a r t h  

about  the  sun and t h e  p e r t u r b a t i o n s  by t h e  g r a v i t a t i o n a 1 , f i e l d s  of  t he  sun  

;Ind e a r t h .  

.. 
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Subsequent t o  the  luna r  o r b i t  i n j e c t i o n  and fo l lowing  s u f f i c i e n t  

o r b i t a l  t r a c k i n g  t o  e s t a b l i s h  t h e  s t a b i l i t y  o f  t he  o r b i t a l  parameters ,  a 

f i n a l  r e o r i e n t a t i o n  maneuver was conducted. The o b j e c t i v e  was t o  r e o r i e n t  

t he  s p i n  a x i s  t o  be perpendicular  t o  t h e  p lane  of  the e c l i p t i c  f o r  t e c h n i c a l  

and s c i e n t i f i c  r easons .  A f ixed  o r i e n t a t i o n  of  t h e  s p i n  a x i s  r e l a t i v e  t o  the  

spacec ra f t - sun  l i n e  e l i m i n a t e s  t h e  seasonal  e f f e c t  o f  v a r i a t i o n s  i n  tempera tures  

and s o l a r  pane l  power ou tpu t  a s s o c i a t e d  wi th  non-or thogonal i ty .  A more 

impor tan t  c o n s i d e r a t i o n  r e l a t e s  t o  the angu la r  acceptance  cone o f  c e r t a i n  

in s t rumen t s  on the  s p a c e c r a f t  such a s  t h e  plasma probe whose view i s  pe r -  

pend icu la r  t o  t h e  s p i n  a x i s  i n  the  e q u a t o r i a l  p lane  of t h e  s p a c e c r a f t  w i t h  a 

f u l l  ang le  of  - 60°. Th i s  f i n a l  r e o r i e n t a t i o n  maneuver would thus  permi t  

cont,inuous moni tor ing  of the  s o l a r  plasma f l u x  w i t h  a cons t an t  viewing angle  

a t  t h e  optimum a s p e c t  f o r  the  plasme probe.  

The f i n a l  r e o r i e n t a t i o n  w a s  accomplished i n  two phases ,  t h e  f i r s t  

o c c u r r i n g  between 2106 J u l y  25 - 0143 J u l y  26 and t h e  second between 1521 - 

1722 J u l y  26. 

d i r e c t e d  w i t h i n  P few degrees  of t h e  south  e c l i p t i c  po le  (RA = g o ,  DEC = 66.5'). 

Throughout t h e s e  a t t i t u d e  maneuvers the  s p a c e c r a f t  s p i n  r a t e  decreased  s l i g h t l y  

due t o  the  loss of  angu la r  momentum a s  the  gas j e t s  were a c t i v a t e d .  The f i n a l  

s p i n  r a t e  of  26 .1  RPM should remain cons t an t  s i n c e  the  s o l a r  r a d i a t i o n  p res su re  

sp in-up  and spin-down, c h a r a c t e r i s t i c  o f  prev ious  s p a c e c r a f t  w i th  s o l a r  paddles  

i n  the Explorer  s e r i e s ,  i s  avoided w i t h  t h e  90' a spec t  t o  t h e  sun .  

A t o t a l  pngular  excurs ion  of 101O placed the  s p i n  a x i s  

I n v e s t i g a t i o n  o f  t he  magnetic f i e l d  environment of t h e  moon has  been 

conducted by t h e  USSR wi th  i t s  space probe Luna 2 (Dolginov e t  a l . ,  1961) 

and Luna 10 which o r b i t e d  t h e  moon w i t h  i n t e r m i t t e n t  d a t a  t r ansmiss ions  f o r  



- 4 -  

two months beginning i n  A p r i l  1966 (Dolginov e t  a l . ,  1966; Zuzgov e t  a l .  , 

1966). 

of  t h e  instrument  t h e r e  was no d e t e c t a b l e  l u n a r  magnetic f i e l d .  This  l e d  

t o  a n  upper e s t i m a t e  of t h e  magnetic moment of  t h e  m ~ o n = l O - ~  t h a t  of t h e  

e a r t h  ( 8 . 1  x c g s .  u n i t s ) .  The p o s s i b l e  d e t e c t i o n  of  t he  magnetohydro- 

dynamic wake of t he  moon, observed by IMP 1 i n  1963, was r e p o r t e d  by Ness 

( 1 9 6 5 4 .  

From Luna 2 i t  was concluded t h a t  w i t h  t h e  2 50 gamma accuracy 

Mppping of t he  d i s t p n t  geomagnetic t a i l  by IMP 1 (Ness, 1965b) and more 

r e c e n t l y  Explorer  33 (Behannon, 1967; Ness e t  a l . ,  1967) h a s  shown t h e  

e x t e n s i o n  o f  the geomagnetic f i e l d  forming a magnetic t a i l  po in ted  i n  t h e  

p n t i s o l a r  d i r e c t i o n  ex tending  beyond t h e  o r b i t  of t h e  moon. A w e l l  d e f i n e d  

imbedded f i e l d  r e v e r s a l  r e g i o n  r e f e r r e d  t o  a s  a n e u t r a l  s h e e t  h a s  a l s o  been 

d e t e c t e d  and anplyzed (Speiser  and Ness, 1967) .  I n  a d d i t i o n  t h e  d e t e c t i o n  

o f  t he  plasma s h e e t  a s s o c i a t e d  wi th  t h i s  f i e l d  r e v e r s a l  r e g i o n  h a s  been 

r e p o r t e d  by the Vela 3 experiment of  Bame e t  a l . ,  (1967).  

Measurements ob ta ined  on the  Luna 10 s p a c e c r a f t  r e p o r t e d l y  f a i l e d  t o  

d e t e c t  t h e  e a r t h ' s  magnetic t a i l  w i t h i n  2 days of f u l l  moon, when i t  would 

be expec ted ,  and a r e i n t e r p r e t a t i o n  of  t he  r e s u l t s  h a s  been presented  by 

Ness (1967).  Dolginov e t  a1.,(1967) have sugges ted ,  however, t h a t  t h e  moon 

possesses  a magnetosphere and t h u s  even when i t  i s  w i t h i n  t h e  geomagnetic 

t a i l ,  l u n a r  o r b i t i n g  s p a c e c r a f t  do n o t  d e t e c t  t h e  geomagnetic t a i l  f i e l d .  

This  paper p r e s e n t s  e a r l y  r e s u l t s  and p r e l i m i n a r y  i n t e r p r e t a t i o n s  o f  

d a t a  obta ined  with t h e  NASA-GSFC t r i - a x i a  1 f l u x g a t e  magnetometer experiment  

dur ing  the  f i r s t  12 o r b i t s  o f  t h e  moon d u r i n g  22-27 J u l y  1967. The p o s i t i o n  
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o f  t h e  moon changed from being imbedded i n  t h e  e a r t h ' s  magnetic t a i l  t h r u  

t r a n s v e r s a l  o f  t h e  e a r t h ' s  magnetosheath and f i n a l l y  passage i n t o  t h e  

i n t e r p l a n e t a r y  medium. The d a t a  presented covers  t h e  t i m e  i n t e r v a l  from 

the  t r a n s f e r  t r a j e c t o r y  J u l y  20 through t h e  t h i r d  l u n a r  o r b i t  on J u l y  2 3 .  
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Ins t rument  and Data P r e s e n t a t i o n  

The NASA-GSFC magnetic f i e l d  experiment on Explorer  35 is  s i m i l a r  

t o  t h a t  instrumented f o r  t h e  Explorer  33 s p a c e c r a f t  (Behannon, 1967). 

B r i e f l y ,  t he  f l u x g a t e  sensor  i s  mounted a t  t h e  end of a boom 2 ,2  meters 

from t h e  sp in  a x i s  t o  reduce contamination by magnetic f i e l d s  a s s o c i a t e d  

wi th  t h e  s p a c e c r a f t  t o  less than  0.25y. A combination of t h e  i n t r i n s i c  

s p i n  of the  s p a c e c r a f t  and a f l i p p e r  dev ice  pe rmi t s  c a l i b r a t i o n  of t h e  

zero  levels of t h e  t h r e e  senso r s  once every 24 hours .  A t  t h i s  e a r l y  

d a t e  t h e  zero l e v e l s  a r e  known t o  an accuracy of approximately _+ 0 . 3 ~ .  

Subsequent a n a l y s i s  and process ing  of improved q u a l i t y  product ion  d a t a  

t a p e s , a s  opposed t o  quick  look d a t a  t a p e s , w i l l  reduce t h i s  u n c e r t a i n t y .  

A new f e a t u r e  of t he  Explorer  35 ins t rument  i s  t h e  i n c o r p o r a t i o n  

of an automatic  range swi tch  which changes t h e  s e n s i t i v i t y  on t h e  b a s i s  

of i n f l i g h t  measurements. The two ranges s e l e c t e d  were 2 24y and 2 64y 

on each a x i s ,  w i t h  a s e n s i t i v i t y  of  f: 0 , l  and & 0 . 2 5  gamma, r e s p e c t i v e l y ,  

f o r  t he  8 b i t  q u a n t i z a t i o n  employed. A t  i n t e r v a l s  of  81.82 seconds 

t h e  instrument  determines whether o r  no t  t h e  preceding  16 measurements 

( a t  5.11 second i n t e r v a l s )  permi t ted  o r  r e q u i r e d  a change i n  t h e  range. 

A separate f l a g  b i t  i s  te lemetered  once each  sequence t o  provide  unique 

i d e n t i f i c a t i o n  of t he  c o r r e c t  scale f a c t o r  t o  apply  i n  conve r t ing  t h e  

engineer ing  u n i t s  t o  phys i ca l  q u a n t i t i e s .  This  range  swi t ch  f e a t u r e  

improves t h e  s e n s i t i v i t y  of t h e  experiment by a f a c t o r  of 2.5 when 

compared t o  the  prev ious  Explorer  33 experiment .  

scale from high range t o  low range a t  a g e o c e n t r i c  r a d i a l  d i s t a n c e  of 

The range  swi t ch  changed 
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magne to ta i l  and has remained i n  t h e  low range  subsequent ly .  The 

d a t a  p re sen ted  h e r e i n  are thus  made with a s e n s i t i v i t y  of 5 0.1~. 

(4010 UT J u l y  20) dur ing  t h e  outbound t r a v e r s a l  of t h e  
E 

The magnetic f i e l d  d a t a  t o  be presented  and d i scussed  i n  t h i s  

i n i t i a l  r e p o r t  r e p r e s e n t  averages of t h e  magnetic f i e l d  components 

computed over  i n d i v i d u a l  sequences of 81.8 seconds.  The d a t a  i s  

p resen ted  i n  e i t h e r  a g e o c e n t r i c  o r  s e l e n o c e n t r i c  coord ina te  system. 

moon-earth d i s t a n c e  i s  such a s m a l l  f r a c t i o n  of t h e  ea r th - sun  d i s t a n c e  

t h e  two coord ina te  systems are i d e n t i c a l  f o r  d i s c u s s i n g  magnetic f i e l d  

d i r e c t i o n s .  Component averages of t h e  o b s e r v a t i o n  are used t o  r e c o n s t r u c t  

a v e c t o r  magnetic f i e l d  magnitude and d i r e c t i o n ,  I n  a d d i t i o n  a 

computation of t h e  average RMS component d e v i a t i o n  is  obta ined  by l i n e a r l y  

averaging  t h e  t h r e e  or thogonal  component RMS d e v i a t i o n s  ob ta ined  i n  

computing t h e  component averages.  

i n d i c a t i n g  r eg ions  i n  which t h e  magnetic f i e l d  f l u c t u a t e s  on t i m e  scales 

4 . 2  - 80 seconds.  

S ince  t h e  

This parameter is d i a g n o s t i c  i n  

A t  t h i s  e a r l y  d a t e  it has  not  been p o s s i b l e  t o  s u b j e c t  a l l  of t h e  

d a t a  t o  a d e t a i l e d  c r i t i c a l  a n a l y s i s  and e l i m i n a t e  spu r ious  d a t a  p o i n t s .  

However, such r e f i n e d  a n a l y s i s  is not expected t o  a l t e r  t h e  p r i n c i p a l  

conc lus ions  which have been reached from t h i s  i n i t i a l  a n a l y s i s .  The 

r e a d e r  w i l l  r e a d i l y  i d e n t i f y  such d a t a  p o i n t s  i n  t h e  p r e s e n t a t i o n  

p a r t i c u l a r l y  when t h e  ve ry  s t eady  magnetic f i e l d s  i n  t h e  e a r t h ' s  magnetic 

t a i l  and i n  t h e  i n t e r p l a n e t a r y  medium are being measured. Data obta ined  

when t h e  moon and hence Explorer  35 i s  imbedded w i t h i n  t h e  n e u t r a l  shee t  

r e g i o n  of t h e  e a r t h ' s  magnetic t a i l  o r  t h e  magnetosheath p r e s e n t s  a more 

d i f f i c u l t  t a s k  because of the  ambient f i e l d  f l u c t u a t i o n s  c h a r a c t e r i s t i c  

of t h e s e  r eg ions ,  
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Observat ions 

During the  e a r l y  p o r t i o n  of t h e  t r a n s f e r  t r a j e c t o r y ,  shown i n  

F igure  1, the measured magnetic f i e l d  d i r e c t i o n  approached t h e  s u n - e a r t h  

l i n e  c h a r a c t e r i s t i c  of t h e  geomagnetic t a i l  a t  d i s t a n c e s  g r e a t e r  than  15 RE.  

The d a t a  f o r  J u l y  20, 1967 fol lowing the  range change t o  t h e  ins t ruments  

most s e n s i t i v e  s c a l e  i s  shown i n  F igure  3 .  Here t h e  f i e l d  d i r e c t i o n  c l o s e l y  

p a r a l l e l s  t he  e a r t h - s u n  l i n e  ( 8  = O o ,  @ = 180°) and i s  v e r y  s t e a d y .  

I n  a d d i t i o n  the sense of  t h e  f i e l d  away from t h e  sun i n d i c a t e s  t h a t  Explorer  35 

i s  l o c a t e d  wi th in  t h e  lower p o r t i o n  of  t h e  geomagnetic t a i l .  F i e l d  magnitudes 

observed,  between 15 - 25Y, a r e  i n  e x c e l l e n t  agreement wi th  prev ious  r e s u l t s  

ob ta ined  wi th  o t h e r  s p a c e c r a f t  mapping t h i s  r e g i o n  of  s p a c e .  Spurious d a t a  

p o i n t s  a r e  ev ident  because of t h e i r  l a r g e  RMS v a l u e s .  

As t h e  s a t e l l i t e  cont inued outbound i n  i t s  t r a n s f e r  t r a j e c t o r y  t h e  f i e l d  

d i r e c t i o n  remained e s s e n t i a l l y  c o n s t a n t .  Dpta f o r  J u l y  2 1 s t  i s  presented  

i n  F igure  4 and shows a c o n t i n u a t i o n  of  t h e  c h a r a c t e r i s t i c  t a i l  f i e l d  

geometry a t  r a d i a l  d i s t a n c e s  of  40 t o  55 R E .  

g e n e r a l l y  of  10 t o  20 minutes d u r a t i o n  and correspond t o  i n t e r v a l s  when t h e  

range and range r a t e  system i s  e x e r c i s e d  and t r a n s m i s s i o n  o f  s c i e n t i f i c  d a t a  

i s  temporar i ly  suspended. 

Caps i n  t h e  d a t a  a r e  observed ,  

The genera l  f e a t u r e s  of t h e  o b s e r v a t i o n s  a r e  s i m i l a r  t o  t h o s e  r e p o r t e d  

f o r  J u l y  20 with c h a r a c t e r i s t i c  t i m e  v a r i a t i o n s  and i n c r e a s e s  i n  f l u c t u a t i o n s  

corresponding e i t h e r  t o  i d e n t i f i a b l e  " i s land"  e v e n t s  (Anderson and Ness, 1966) 

o r  poor q u a l i t y  d a t a  a s  i n d i c a t e d  by anomalously l a r g e  ws v a l u e s  and 

i n c o n s i s t e n t  v a r i a t i o n s  of f i e l d  magnitude and d i r e c t i o n .  A t  approximately 

1200 UT on July 2 1  i t  i s  noted t h a t  t h e  f i e l d  magnitude d e c r e a s e s  f r e q u e n t l y  
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t o  r e l a t i v e l y  small  v a l u e s .  A t  t h i s  t i m e  t h e  s p a c e c r a f t  was approximately 

0.5 RE below t h e  s o l a r  magnetospheric e q u a t o r i a l  plane and probably c l o s e  

t o  t h e  n e u t r a l  s h e e t ,  

DPta f o r  J u l y  22 i s  presented  i n  F i g u r e  5 which inc ludes  i n j e c t i o n  o f  

Explorer  35 i n t o  l u n a r  o r b i t  and t h e  f i r s t  1-i. l u n a r  o r b i t s .  Genera l ly  t h e  

magnetic f i e l d  d u r i n g  t h i s  t i m e  i n t e r v a l  i s  observed t o  be s i m i l a r  t o  t h a t  

p r e v i o u s l y  d e t e c t e d  c h a r a c t e r i s t i c  of t h e  s o u t h e r n  p o r t i o n  o r  lower h a l f  o f  

t h e  geomagnetic t a i l ,  0 - O o ;  $I - 180O. A t  t h e s e  g r e a t  d i s t a n c e s  from t h e  

e a r t h  .60 R E ,  t h e  f i e l d  magnitude of 10 - 12y appears  t o  be s l i g h t l y  l a r g e r  

than  t h e  average of  8y observed by Explorer  33 (Behannon, 1967). Fol lowing 

i n j e c t i o n  a s  shown i n  F igure  2 ,  t h e  s a t e l l i t e  i s  o c c u l t a t e d  by t h e  moon 

f o r  t e l e m e t r y  t r a n s m i s s i o n s  t o  e a r t h .  Subsequent ly ,  i t  i s  seen i n  F igure  5 

t h a t  t h e  d a t a  obta ined  i n  c l o s e  luna r  o r b i t  a f t e r  per icynth ion  is  e s s e n t i a l l y  

unchanged from t h a t  ob ta ined  p r i o r  t o  o c c u l t a t i o n  and dur ing  t h e  t r a n s f e r  

t r a j e c t o r y .  The f i e l d  magnitude remains c o n s t a n t  and t h e  d i r e c t i o n  

(8 - O o ,  0 = 180°) does n o t  change. 

magnitude and d i r e c t i o n  a f t e r  1700 UT J u l y  2 2  a r e  i n t e r p r e t e d  t o  r e p r e s e n t  

immersion of  bo th  t h e  moon and Explorer  35 i n  t h e  e a r t h ' s  n e u t r a l  s h e e t  

r e g i o n  i n  the  geomagnetic t a i l .  General ly  the  d a t a  correspond remarkably 

w e l l  t o  o b s e r v a t i o n s  obta ined  one year  e a r l i e r  on Explorer 3 3  i n  s t u d y i n g  

t h e  geomagnetic t a i l  and n e u t r a l  shee t  r e g i o n s  a t  and beyond t h e  moon's 

o r b i t a l  d i s t a n c e .  There appear t o  b e  no i d e n t i f i a b l e  changes a s s o c i a t e d  wi th  

proximi ty  t o  t h e  moon s i n c e  t h e r e  a r e  no coherent  v a r i a t i o n s  of t h e  d a t a  with 

o r b i t a l  p o s i t i o n  o r  d i s t a n c e  w i t h  r e s p e c t  t o  t h e  moon. This  sets a n  upper 

l i m i t  of a few gammas f o r  t h e  lunar  magnetic f i e l d  a t  p e r i c y n t h i o n  (1.4 RM).  

The f l u c t u a t i o n s  observed i n  t h e  
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O r b i t s  2 and 3 a r e  cont inued i n  F igure  6 on J u l y  23, 1967. Here t h e  

c h a r a c t e r  of t h e  d a t a  i s  n o t a b l y  d i f f e r e n t  than  t h a t  on 20-22 J u l y .  The 

d i r e c t i o n  of t h e  f i e l d  i s  observed t o  g e n e r a l l y  be i n c l i n e d  a t  a l a r g e  

a n g l e  t o  the e c l i p t i c  plane and i n  a sense towards t h e  sun w i t h  l a r g e  

ampli tude v a r i a t i o n s .  I n  a d d i t i o n  t h e  magnitude o f  t h e  f i e l d  i s  much weaker, 

be ing  7 - 1Oy throughout most of t h i s  t i m e .  

a r e  d e t e c t e d  i n  the  RMS d e v i a t i o n s  and are  a f a c t o r  of 2 t o  5 l a r g e r  than ob- 

served previous ly  i n  t h e  t a i l  a t  t h e s e  d i s t a n c e s  (Behannon,l967).  The d a t a  

i s  very c h a r a c t e r i s t i c  of t h e  e a r t h ' s  magnetosheath r e g i o n  i n  which t h e  

magnetic f i e l d  of  i n t e r p l a n e t a r y  o r i g i n  i s  convected around t h e  magnetosphere 

by t h e  supersonic  s o l a r  wind. An i n t e r e s t i n g  f e a t u r e  of  t h e s e  d a t a  i s  t h a t  

a g a i n  t h e r e  appears t o  be  no th ing  uniquely d i s c e r n i b l e  i n  t h e  d a t a  which can 

be a s s o c i a t e d  wi th  the  o r b i t i n g  o f  t h e  moon. It i s  t o  b e  noted t h a t  t h e  RF 

o c c u l t a t i o n s o f  the  s a t e l l i t e  by t h e  moon a r e  n o t  c o i n c i d e n t  w i t h  o p t i c a l  

shadows SO t h a t  f o r  s h o r t  per iods  of  t i m e  t h e  s p a c e c r a f t  i s  b a t t e r y  powered 

and t r a n s m i t t i n g  measurements ob ta ined  w i t h i n  t h e  l u n a r  penumbra and umbra. 

The i n t e r p r e t a t i o n  of  c e r t a i n  of t h e  f l u c t u a t i o n s  observed i n  the  d a t a  

Higher frequency f l u c t u a t i o n s  

presented  i n  t h i s  e a r l y  r e p o r t  r e f e r e n c e  t h e  proximity o f  t h e  s a t e l l i t e  t o  

t h e  n e u t r a l  sheet imbedded i n  t h e  e a r t h ' s  magnetic t a i l .  A p l o t  o f  t h e  

v a r i a t i o n  o f  the perpendicular  d i s t a n c e  of t h e  moon and Explorer  35 from t h e  

s o l a r  magnetospheric e q u a t o r i a l  plane i s  presented  i n  F i g u r e  7 .  Here i t  is 

noted t h a t  t h e  s a t e l l i t e  i s  c l o s e  t o  t h e  t h e o r e t i c a l  n e u t r a l  s h e e t  a t  1200 

on JU y 21 2nd a l s o  1200 Jllly 22. Since t h e  measurements a r e  o b t a i n e d  

s h o r t  y a f t e r  summer s o l s t i c e  the i n c l i n a t i o n  of  t h e  geomagnetic d i p o l e  a x i s  

t o  t h e  s o l a r  wind v e l o c i t y  changes t h e  r e l a t i v e  p o s i t i o n  o f  t h e  n e u t r a l  s h e e t  
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by only  a small amount. It is  known t h a t  on average du r ing  the  n o r t h e r n  

hemisphere summer the  r e a l  n e u t r a l  shee t  i s  loca ted  s e v e r a l  e a r t h  r a d i i  

above t h e  t h e o r e t i c a l  p o s i t i o n  def ined by the  s o l a r  magnetospheric 

e q u a t o r i a l  p lane  (Ness ,  1967) .  A t  the  time t h e  s a t e l l i t e  appears  t o  pass  

i n t o  the  magnetosheath,  between 2130 - 2400 UT J u l y  2 2 ,  the  moon i s  loca ted  

- 18 RE from the sun-ear th  l i n e .  This i s  i n  good agreement wi th  p rev ious  

measurements of t h e  d iameter  of  t he  geomagnetic t a i l ,  40  R E ,  by Explorer  33 

a t  XSE = -50 t o  -70 RE i n  t h e  s o l a r  magnetospheric e q u a t o r i a l  p l ane .  
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I n t e r p r e t  at ion  

It appears from t h e  i n t i a l  i n s p e c t i o n  of t h e  d a t a  obta ined  when 

t h e  moon and t h e  Explorer  35 a r e  imbedded i n  the  e a r t h ' s  magnetic 

t a i l  t h a t  t h e r e  i s  no d e t e c t a b l e  luna r  magnetic f i e l d  a t  t h e  p e r i c y t h i o n  

d i s t a n c e  of 2500 k i lometers .  Temporal v a r i a t i o n s  a s s o c i a t e d  w i t h  

t h e  proximity t o  t h e  n e u t r a l  shee t  l i m i t  t h e  magnitude which can  be  

s e t  t o  approximately a few gamma. On t h e  assumption t h a t  t h e  moon 

posses ses  a s imple d i p o l e  magnetic f i e l d  a conse rva t ive  upper l i m i t  

t o  t h e  a f f e c t i v e  magnetic moment can be  set .  The v a l u e  ob ta ined  is  

4 x 10 cgs.  u n i t s  and is  a f a c t o r  of 10 less than  t h a t  se t  by t h e  

ear l ier  Russian measurements ob ta ined  from Luna 2. 

Explorer  35 data i n d i c a t e s  t h a t  t h e  i n t r i n s i c  l u n a r  magnet ic  f i e l d  

on t h e  su r face  of t h e  moon i s  approximately 8y o r  less. P o s s i b l e  l o c a l  

v a r i a t i o n s  of l i m i t e d  s p a t i a l  e x t e n t  could l ead  t o  l a r g e r  s u r f a c e  magnetic 

f i e l d s  observable  du r ing  t h e  fou r  day i n t e r v a l  cen te red  on f u l l  moon 

when it i s  imbedded i n  t h e  e a r t h '  magnetic t a i l .  T h i s  absence of any 

i n t r i n s i c  lunar  magnetic f i e l d  obvious ly  p rec ludes  t h e  e x i s t e n c e  of 

a t rapped  r a d i a t i o n  environment of t h e  moon. 

20 

This  a n a l y s i s  of  

From the  obse rva t ions  ob ta ined  when t h e  moon is  immersed w i t h i n  

t h e  magnetosheath i t  appears  t h a t  t h e r e  i s  no obv ious  d i s t u r b a n c e  

a s s o c i a t e d  wi th  t h e  moon. 

t h e r e  i s  no lunar  bow shock wave developed around t h e  l u n a r  body. 

f u r t h e r  sugges ts  t h a t  t h e  important  f e a t u r e  of a scale f a c t o r  d i f f e r e n c e  

of 50 t o  1 between the  e a r t h ' s  magnetosphere and t h e  moon is  significant 

This  i n d i c a t e s  t ha t  i n  t h e  e a r t h ' s  magnetosheath 

Th i s  

I 
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i n  de te rmining  the  i n t e r a c t i o n  c h a r a c t e r i s t i c  of the  s o l a r  wind 

w i t h  t h e  moon. 

o r  no t  a shock wave would always develop about t h e  moon under va ry ing  

s o l a r  wind cond i t ions  when imbedded i n  t h e  i n t e r p l a n e t a r y  medium. It  

should be noted however, a t  t h i s  e a r l y  d a t e  t h a t  t h e  l i m i t e d  ana lyses  

performed f o r  t h e  few o r b i t s  of d a t a  a v a i l a b l e  may not  be s u f f i c i e n t  t o  

reveal t h e  presence  of a r e l a t i v e l y  low mach shock which encompasses 

t h e  moon when it  i s  i n  t h e  e a r t h ' s  magnetosheath. 

t o  t h e  r e l a t i v e l y  h igh  mach shock which develops  

magnetosphere a t  a l l  t i m e s  r ega rd le s s  of  t h e  i n t e r p l a n e t a r y  medium 

cond i t ions .  

w i t h i n  t h e  i n t e r p l a n e t a r y  medium do not  r e v e a l  t h e  presence  of any d i s -  

t u rbance  c l e a r l y  a s s o c i a t e d  w i t h  the moon which appears  t o  be  a bow 

shock wave 

Prev ious ly  it  had been ques t ioned  by Ness (1965) whether 

Th i s  i s  i n  d i s t i n c t i o n  

around t h e  e a r t h ' s  

Ana lys i s  of d a t a  from la ter  o r b i t s  when t h e  moon is  loca ted  

The absence of any d e t e c t a b l e  change i n  t h e  f i e l d  magnitude 

a s s o c i a t e d  w i t h  t h e  moon when it i s  immersed i n  t h e  magnetosheath and 

when t h e  s a t e l l i t e  i s  behind t h e  moon i n d i c a t e s  t h a t  t h e  d i f f u s i o n  of 

i n t e r p l a n e t a r y  f i e l d  l i n e s  through t h e  moon is  r ap id .  

l eakage  of  i n t e r p l a n e t a r y  f i e l d  l i n e s ,  when compared w i t h  t h e  convec t ive  

s o l a r  wind v e l o c i t i e s  pe rmi t s  an  upper l i m i t  t o  be set on t h e  e f f e c t i v e  

e l e c t r i c a l  c o n d u c t i v i t y  of t h e  lunar  body. I n  f i g u r e  8 a v a r i a t i o n  of 

t h e  l u n a r  body d i f f u s i o n  t i m e  i s  presented  f o r  e f f e c t i v e  c o n d u c t i v i t i e s  

of mater ia l  which are t y p i c a l l y  thought t o  form t h e  moon. The e x i s t e n c e  

of a ve ry  s m a l l  co re  of h igh ly  conducting material would only  marg ina l ly  

a f f e c t  t h e  convec t ion  of i n t e r p l a n e t a r y  f i e l d  l i n e s  through t h e  moon and 

This  ra te  of 
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cannot be r e j e c t e d  a t  t h i s  e a r l y  d a t e .  However, i t  can reasonably  be 

concluded t h a t  t h e  d i f f u s i o n  time of  i n t e r p l a n e t a r y  f i e l d  l i n e s  must be  

on t h e  order  of t h e  convect ion t i m e  of t h e  s o l a r  plasma pass  t h e  moon 

s i n c e  the re  is  no n o t i c a b l e  d i s tu rbance  of t h e  magnetic f i e l d  i n  t h e  

lee of t h e  moon. S ince  t h e  d iameter  of t h e  moon is  3476 K m .  an 

assumed plasma v e l o c i t y  of 300 Km/sec. y i e l d s  a t i m e  scale of 12 

seconds,  This  cor respondingly  y i e l d s  an upper conduc t iv i ty  l i m i t  of 

mhos/meter assuming t h e  magnetic pe rmeab i l i t y  of t h e  moon t o  be 

t h a t  of f r e e  space.  I n  a computation of t h e  d i f f u s i o n  t i m e  t h e  p, and u 

appear  as a product  so  t h a t  t h e  diagram i n  f i g u r e  8 shows t h e  a b s c i s s a  

as t h e  product of t h e  r a t i o  of t h e  real  magnetic pe rmeab i l i t y  of t h e  

moon t o  f r e e  space t i m e s  conduc t iv i ty  as t h e  v a r i a b l e  parameter .  

The d i s t r i b u t i o n o f  e l e c t r i c a l  c o n d u c t i v i t y  w i t h i n  t h e  moon i s  unknown, 

but  t h e  average va lue  ob ta ined  c a n  be r e l a t e d  to t h e  average  

thermal  regime of t h e  luna r  body. It is  w e l l  k n o w t h a t  t h e  p r i n c i p a l  

f a c t o r  a f f e c t i n g  low frequency conduct ion of e lec t r ica l  c u r r e n t  i n  

t y p i c a l  earth materials below t h e  c r u s t  depends p r i n c i p a l l y  upon 

tempera ture  and only  t o  second o r d e r  on p r e s s u r e  v a r i a t i o n s .  Thus an 

a c c u r a t e  measure of t h e  e l e c t r i c a l  c o n d u c t i v i t y  of t h e  moon (and i t s  

composition) would permit  a p r e d i c t i o n  of t h e  i n t e r n a l  tempera ture  of 

t h e  moon. From t h e  l i m i t e d  ana lyses  of  d a t a  performed t h u s  f a r ,  

s e t t i n g  an upper l i m i t  of 

dependence similar t o  p e r i c l a s e  and o l i v i n e  (Hami l ton ,  1963) y i e l d s  a 

maximum average temperature  of t h e  moon of less than 1000°. 

mhos/meter and assuming a tempera ture  
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Conclusions 

I n i t i a l  ana lyses  of e a r l y  r e s u l t s  ob ta ined  from t h e  Explorer  35 

magnetic f i e l d  experiment of t h e  NASA-GSFC i n d i c a t e s  t h e  absence of  an 

i n t r i n s i c  l una r  magnetic f i e l d .  These obse rva t ions  are performed whenthe 

moon i s  imbedded i n  t h e  e a r t h ' s  magnetic t a i l  and t h u s  i n  a most f avorab le  

cond i t ion  f o r  d e t e c t i o n  of  any ambient l u n a r  magnetism. An upper l i m i t  of 

4 x lo2' cgs .  u n i t s  is obta ined  which y i e l d s  a maximum s u r f a c e  magnetic 

f i e l d  of approximately 8y. 

The apparent  absence of a d e t e c t a b l e  bow shock wave encompassing t h e  

moon i n  t h e  magnetosheath i n d i c a t e s  t h a t  t h e  d i f f e r e n c e  i n  s i z e  of t h e  

l u n a r  body and t h e  e a r t h ' s  magnetosphere i s  important  i n  cons ide r ing  t h e  

i n t e r a c t i o n  of t he  s o l a r  plasma wi th  t h e  moon. A c h a r a c t e r i s t i c  scale 

l e n g t h  u s u a l l y  chosen i s  a p ro ton  Larmor r a d i u s  which i s  approximately 500 

Km. Th i s  i s  of  t h e  o r d e r  of t h e  s tandoff  d i s t a n c e  from t h e  luna r  s u r f a c e  

and hence t h e  s o l a r  wind may not  be a b l e  t o  develop a f l u i d  flow type 

bow shock wave, 

The magnetic f i e l d  obse rva t ions  suggest  t h a t  t h e  moon does not 

accumulate i n t e r p l a n e t a r y  magnetic f i e l d  l i n e s  because of i t s  low 

c o n d u c t i v i t y .  This  sets an upper l i m i t  of 

average  e l e c t r i c a l  conduc t iv i ty  of t h e  moon A l u n a r  magnetosphere,  a s  

proposed by Gold (1966) ,  does not  appear  t o  be formed. 

mhos/m f o r  an e f f e c t i v e  

Dolginov e t  a l . ,  (1967) suggest  t h a t  t h e  moon posses ses  a magnetosphere 

based upon t h e i r  experimental  obse rva t ions  which r e p o r t  t h a t  t h e  magnetic 

f i e l d  w a s  observed t o  always l i e  between 24-40y r e g a r d l e s s  of t h e  p o s i t i o n  

o f  t h e  s a t e l l i t e  r e l a t i v e  t o  t h e  moon and t h e  e a r t h .  The e a r l y  exper imenta l  
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r e s u l t s  from Explorer  35 do not  confirm such l a r g e  f i e l d s  r epor t ed  i n  t h e  

v i c i n i t y  of the moon. 

2700 Km, per icynth ion= 2100 Km) i t  is  d i f f i c u l t  t o  r e c o n c i l e  t h e  

exper imenta l  d a t a  of  Luna 10 wi th  those  from Explorer  35. 

Although Luna 10 i s  i n  a c l o s e r  o r b i t  (apocynthion = 

The low conduc t iv i ty  i n f e r r e d  from t h e  absence of a luna r  

magnetosphere formed by acc re t ed  i n t e r p l a n e t a r y  f i e l d  prec ludes  a moon 

whose i n t e r i o r  i s  very  h o t .  The sugges t ion  from t h e s e  d a t a  i s  t h a t  

t h e  moon i s  now cold w i t h  a average temperature  

s imi l a r  conclusion has  been reached by MacDonald (1963) from a s tudy  

of t h e  p o s s i b l e  thermal  h i s t o r y  and p r e s e n t  f i g u r e  of t h e  moon. I f  

t h e  moon were of uniform composition s imi l a r  t o  c h o n d r i t i c  m e t e o r i t e s  t h e n  

t h e  major f r a c t i o n  of t h e  i n t e r i o r  would be a t  ve ry  h igh  tempera ture  

and unable  t o  support  non-equi l ibr ium f i g u r e  observed. The a l t e r n a t i v e  

i s  e i t h e r  a non-chondr i t ic  composition o r  a c o n c e n t r a t i o n  of t h e  

h e a t  sou rces  near  t h e  luna r  s u r f a c e ,  The p r e c i s e  a n a l y s i s  of an 

extended s u i t e  of obse rva t ions  w i l l  L provided  more d e f i n i t i v e  answers 

t o  the  ques t ion  of  t h e  e f f e c t i v e  e l e c t r i c a l  c o n d u c t i v i t y  of t h e  moon 

and i t s  thermal regime. 

less than  l , O O O ° K ,  A 

The  

These e a r l y  r e s u l t s  r e f l e c t  t h e  i n i t i a l  i n t e r p r e t a t i o n s  of  d a t a  on ly  

r e c e n t l y  obta ined ,  

ana lyses  are performed, i t  i s  a n t i c i p a t e d  t h a t  t h e  c o n s e r v a t i v e  e s t i m a t e s  

on l u n a r  magnetism and e l e c t r i c a l  c o n d u c t i v i t y  can be improved. 

and i n t e r e s t i n g  ques t ion  which t h e s e  measurements raise i s  t h e  t r u e  

n a t u r e  of t h e  solar  wind flow around t h e  moon and t h e  fo rma t ion  of a 

luna r  wake. An answer t o  t h i s  q u e s t i o n ,  bo th  expe r imen ta l ly  and t h e o r e t i c a l l y ,  

w i l l  a l s o  he lp  t o  a s s e s s  the  prev ious  r e p o r t  o f  a p o s s i b l e  magnetohydrodynamic 

wake of t h e  moon by Ness (1965a).  

A s  b e t t e r  q u a l i t y  d a t a  are r ece ived  and more e x t e n s i v e  

The new 
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FIGURE CAPTIONS 

F igure  1 

F igure  2 

F igu re  3 

F i g u r e  4 

F i g u r e  5 

F i g u r e  6 

P r o j e c t i o n  of t h e  t r a n s f e r  t r a j e c t o r y  of  Explorer  35, t h e  

o r b i t s  of  t h e  moon and Explorer  33 on t h e  e c l i p t i c  p l ane  

between J u l y  19-27, 1967. Average p o s i t i o n  of  t h e  e a r t h ' s  

magnetic t a i l  and bow shock wave are inc luded  f o r  r e fe rence .  

P r o j e c t i o n  on e c l i p t i c  p lane  i n  s e l e n o c e n t r i c  coord ina te s  

of i n j e c t i o n  and f i r s t  o r b i t  of moon by Explorer  35. 

Magnetic f i e l d  d a t a  obtained by NASA-GSFC experiment on 

20 J u l y  1967 dur ing  Explorer  35 t r a n s f e r  t r a j e c t o r y  phase 

i n  geomagnetic t a i l .  Geocentr ic  s o l a r  e c l i p t i c  coord ina te s  

are shown a t  t h e  bottom, 

Magnetic f i e l d  d a t a  obta ined  by NASA-GSFC experiment on 

2 1  J u l y  1967 dur ing  Explorer  35 t r a n s f e r  t r a j e c t o r y  phase i n  

geomagnetic t a i l .  

are shown a t  t h e  bottom. 

Magnetic f i e l d  d a t a  obta ined  by NASA-GSFC experiment on 

22 J u l y  1967 dur ing  Explorer  35 t r a n s f e r  and l u n a r  o r b i t  phases  

i n  geomagnetic t a i l .  The i n j e c t i o n  of t h e  s p a c e c r a f t  i s  

i n d i c a t e d  as a r e  o r b i t a l  apocynthion (A) and p e r i c y t h i o n  (P)  

and t e l eme t ry  t r ansmiss ion  o c c u l t a t i o n s  by t h e  l u n a r  body 

( c r o s s  hatched reg ion)  

Magnetic f i e l d  d a t a  obtained by NASA-GSFC experiment on 

23 J u l y  1967 dur ing  Explorer  35 luna r  o r b i t  phase i n  

geomagnetic t a i l .  

t h e  moon when t h e  moon i s  imbedded w i t h i n  t h e  magnetosheath 

Geocent r ic  s o l a r  e c l i p t i c  coord ina te s  

These d a t a  inc lude  o r b i t s  2 and 3 of 

of t h e  e a r t h .  



Figure  7 V a r i a t i o n  of t he  d i s t a n c e  (ZSM) t o  t h e  s o l a r  magnetospheric 

e q u a t o r i a l  p lane  ( Z  = 0) as measured i n  du r ing  t h e  t i m e  

i n t e r v a l  19-23 J u l y  1967 when Explorer  35 and t h e  moon were 

immersed w i t h i n  t h e  geomagnetic t a i l .  I n j e c t i o n  i n t o  lunar  

o r b i t  i s  i n d i c a t e d  and observed i n  t h e  merging of t h e  

p o s i t i o n s  as measured i n  g e o c e n t r i c  coord ina te s .  

SM 

F igure  8 T h e o r e t i c a l  l una r  d i f f u s i o n  t i m e  as f u n c t i o n  of e f f e c t i v e  

e l e c t r i c a l  conduc t iv i ty .  

T1 and 7 

assumed of e i t h e r  l u n a r  r a d i u s  (RM) o r  l una r  d iameter  (%). 

The range of t i m e  c o n s t a n t s ,  

corresponds t o  t h e  d i f f e r e n t  s c a l e  l e n g t h s  2 ’  
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