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LUNAR EXPLORER 35 

Norman F. Ness 
NASA-Goddard Space F l i g h t  Center 

Greenbel t ,  Maryland USA 

Abs t r ac t  -- 
Lunar Explorer 35, a 104 Kg s p i n  s t a b i l i z e d  s p a c e c r a f t ,  was placed i n  

luna r  o r b i t  on 22 J u l y  1967 with period = 11.5 hours,  i n c l i n a t i o n  = 169O, 

aposelene = 9388 2 100 km, per i se l ene  = 2568 +lo0 km, and i n i t i a l  aposelene- 

moon-sun angle  = 304 E. 

plasma probes,  e n e r g e t i c  p a r t i c l e  and cosmic d u s t  d e t e c t o r s .  Bi -s ta t ic  

r a d a r  measurements of t h e  electromagnetic p r o p e r t i e s  Qf t h e  lunar  su r face  

have been s tud ied  by moniCoring the transmitted and reflected RF s i g n a l .  

The s p a c e c r a f t  has operated continuously s i n c e  launch and has provided 

new and i l l umina t ing  da ta .  During i ts  o r b i t  about t h e  e a r t h ,  t h e  moon 

is  immersed i n  e i t h e r  i n t e rp l ap - tq ry  s p a c ~  or t h e  geomagnetosheath-geo- 

magnetotai l  formed by t h e  s o l a r  wind i n t e r a c t i o n  wi th  t h e  e a r t h .  I n  t h c  

geomagnetotail  no evidence is found for P 1una.r magnetic f i e l d  l i m i t i n g  

t h e  magnetic moment t o  lo2') c g s  u n i t s  ( less than 

t h e  i n t e r p l a n e t a r y  me Lium no evidenre js foi nd f o r  a bow shock wave due 

t o  supersonic  s o l a r  w.nd flow. The moon docs not  a c c r e t e  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  'is theorl 'zed by Gold iLnd Tozer,  2nd aS reported 

from Luna 10 measuremmts. A plasma shadow OK c a v i t y  develops on t h e  

a n t i - s o l a r  s i d e  of th-. moon. Small magnetic- f i e l d  p e r t u r b a t i o n s  c o n s i s t i n g  of  

penumbral i nc reases  aad decreases  but only umbral i n c r e a s e s  are observed 

due t o  t h e  diamagnetic p r o p e r t i e s  of t h e  plasma. 

f i e l d  l i n e s  through t h e  luna r  body ind ica t e s  a l o w  e l ec t r i ca l  conduc t iv i ty  

f o r  t h e  o u t e r  l a y e r s  of t h e  moon, I.ess than mhos/m., and correspondingly 

low body temperatures.  

t h i s  s a t e l l i t e  mission. 

0 
The experiment r e p e r t o i r e  i nc ludes  magnetometers, 

of t he  e a r t h ) .  I n  

Q i f f u s i o n  of i n t e r p l a n e t a r y  

This paper reviews t h e  s c i e n t i f i c  r e s u l t s  from 
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1.0 In t roduc t ion  

During 1963-1965 the  s m a l l  s p i n  s t a b i l i z e d  s a t e l l i t e s  Explorers  18, 

21  and 28 represented the  i n i t i a l  phase of t h e  USA IMP ( I n t e r p l a n e t a r y  

Monitoring Platform) program t o  s tudy t h e  geophysical environment of 

t h e  e a r t h  from highly e c c e n t r i c  o r b i t .  These sa te l l i t es  provided 

d e f i n i t i v e  measurements of the i n t e r p l a n e t a r y  medium, the  i n t e r a c t i o n  

of the s o l a r  wind wi th  t h e  geomagnetic f i e l d  forming a c o l l i s i o n l e s s  

detached MHD bow shock and t h e  extension of t he  geomagnetic f i e l d  i n t o  

i n t e r p l a n e t a r y  space forming the geomagnetic t a i l .  

The i n i t i a l  at tempt t o  s tudy t h e  environment of t h e  moon by 

anchoring an IMP type s a t e l l i t e  i n  lunar  o r b i t  i n  1966 f a i l e d  w i t h  

Explorer 33 placed in s t ead  i n t o  an extremely high apogee-perigee e a r t h  

o r b i t  from which s i g n i f i c a n t  s c i e n t i f i c  r e s u l t s  have been obtained.  

The second attempt on 19 J u l y  1967 w a s  s u c c e s s f u l  w i t h  Explorer  35 

placed in to  luna r  o r b i t  on J u l y  22 wi th  o r b i t a l  pe r iod  11.53 hours,  

i n c l i n a t i o n  169O wi th  r e spec t  t o  t h e  e c l i p t i c  plane,  aposelene = 9388 & 

100 km ( 5 . 4  RM, RM = Radius of Moon = 1738 km) p e r i s e l e n e  = 2568 f. 100 km 

(1.4 RM) and i n i t i a l  apxelene-moon-sun angle  = 304O East. 

Figure 1 p resen t s  t h e  p r o j e c t i o n  of t h e  o r b i t  on a plane passing 

through the c e n t e r  of t he  moon and pa ra l l e l  t o  t h e  e c l i p t i c  plane,  

which def ines  a 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  coordinate  system w i t h  

the X S s ~  axis d-irected from t h e  moon t o  the  sun and t h e  ZSSE a x i s  

perpendicular t o  the  e c l i p t i c  plane.  The v a r i a t i o n  of t h e  o r b i t  geometry 

is due t o  the h e l i o c e n t r i c  motion of t h e  earth-moon system and l eads  

t o  an apparent westward p rogres s ion  of t h e  l i n e  of aps ides  of approximately 

1.1' per  day. 

, 
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I .  

, 

Explorer  35 i s  s p i n  s t a b i l i z e d  a t  25.6 A 0.4 RPM wi th  the  s p i n  

0 
a x i s  perpendicular  t o  the  e c l i p t i c  plane 2 . The spacec ra f t  is 

powered p r imar i ly  by s o l a r  c e l l s  on four paddles which provide 70-80 

w a t t s  of power, s u f f i c i e n t  t o  permit continuous t ransmission of 

s c i e n t i f i c  da t a .  During passage through t h e  o p t i c a l  shadow of the  

moon, l a s t i n g  f o r  i n t e r v a l s  up t o  60 minutes,  b a t t e r y  power i s  s u f f i c i e n t  

t o  cont inuously t ransmi t  s c i e n t i f i c  da ta .  The experiment r e p e r t o i r e  

i nc ludes  two f luxga te  magnetometers, two plasma probes, two e n e r g e t i c  

p a r t i c l e  d e t e c t o r s  and one cosmic dust d e t e c t o r .  Two pass ive  experiments 

u t i l i z e  the  spacec ra f t  f o r  a s tudy  of t h e  g r a v i t a t i o n a l  f i e l d  of t he  

moon by a n a l y s i s  of i t s  o r b i t a l  c h a r a c t e r i s t i c s  and b i s t a t i c  r ada r  

measurements of t he  electromagnet ic  p rope r t i e s  of t he  luna r  s u r f a c e  

by monitoring the  d i r e c t l y  t ransmi t ted  and lunar  su r face  r e f l e c t e d  

RF s i g n a l  a t  136 mHz.  

of the  spacec ra f t  and t h e  te lemet ry  system, d a t a  readout  and the  

experiments is given i n  (14). 

A d e t a i l e d  d iscuss ion  of t he  t e c h n i c a l  a spec t s  

The spacec ra f t  has opera ted  continuously s i n c e  launch and s u c c e s s f u l l y  

surv ived  t h e  complex and extended shadow per iods  during t h e  luna r  e c l i p s e s  

of 18 October 1967 and 13 A p r i l  1968. 

than 600 o r b i t s  of t he  moon and as noted i n  f i g .  1 has provided d i r e c t  

measurements i n s i t u  of t he  lunar  environment over a l a r g e  reg ion .  A 

d i s c u s s i o n  of t h e  d e t a  led performance of t he  spacec ra f t  i s  a v a i l a b l e  

i n  (13 ) .  

P r e s e n t  r e p r e s e n t a t i v e  d a t a  concerning the  s c i e n t i f i c  r e s u l t s  and 

conclus ions  obtained thus  far .  

The spacec ra f t  has completed more 

It is  t h e  purpose of t h i s  paper t o  b r i e f l y  summarize and 



- 4 -  

2 . 1  NASA-GSFC Low Energy Plasma Measurements 

Measurements of t h e  magnitude and p o l a r i t y  of t h e  plasma c u r r e n t s  

f o r  energies  between - + 50 v o l t s  were performed by means of a p laner  

geometry mul t ip l e  g r i d  r e t a r d i n g  p o t e n t i a l  ana lyser  (22) .  

Representat ive r e s u l t s  obtained both i n  s u n l i g h t  and shadow a r e  

shown i n  f i g .  2 .  A two component Maxwellian d i s t r i b u t i o n  of t he  

e l e c t r o n  spectrum is  observed wi th  the  e n e r g e t i c  component corresponding 

t o  s o l a r  wind e l e c t r o n s  a t  a temperature of 7 . 1  x 1 0 4 0 K  and d e n s i t y  

6/cm3. 

A low energy component i s  a l s o  observed wi th  a temperature of 

1 0 4 0 K  and is i n t e r p r e t e d  as a photo-e lec t ron  cloud enveloping t h e  

spacecraf t  due t o  s o l a r  u l t r a v i o l e t  i l l umina t ion .  The low energy 

component observed i n  lunar  shadow may p o s s i b l y  be due t o  high energy 

e l e c t r o n  bombardment. The ion  mode cu r ren t  i s  v i r t u a l l y  zero  i n  

lunar  o p t i c a l  shadow, equal  t o  the  instrument  no i se  l e v e l .  

From t h e s e  d a t a ,  a measurement of spacec ra f t  t o  plasma p o t e n t i a l  

i s  obtained which i n d i c a t e s  a change from -2  v o l t s  i n  s u n l i g h t  t o  -4 

v o l t s  i n  shadow. This  is  cons i s t en t  w i th  t h e  expec ta t ion  t h a t  s o l a r  

W causes a r i s e  i n  s a t e l l i t e  p o t e n t i a l  due t o  photo-e lec t ron  emission 

from t h e  sur face  of t he  spacec ra f t .  

A s e r i e s  of e l e c t r o n  mode s p e c t r a  obta ined  as t h e  s p a c e c r a f t  

passes  through lunar  shadow is  shown i n  f i g .  3. The numbers a long 

the  o r b i t a l  p a t h  r e f e r  t o  t h e  s e q u e n t i a l  t i m e  o rder  i n  which t h e  s p e c t r a  

were obtained. 

8 . 4  x lo4% i s  obtained f o r  s p e c t r a  1 (one) and 2 which i n d i c a t e s  no 

A measure of t h e  s o l a r  wind e l e c t r o n  temperature  Of  
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apprec iab le  cool ing of t h e  e l e c t r o n  component of t h e  plasma as  it  

expands i n t o  the  lunar shadow. The r e l a t i v e  d e n s i t y  of t h e  

e l e c t r o n s  wi th  r e spec t  t o  t h e i r  value i n  t h e  i n t e r p l a n e t a r y  medium 

decreases  from 7% at 1 (one) t o  3% a t  2 and a minimum of less than 

1% a t  l o c a t i o n s  3 and 4 .  This dens i ty  decrease towards a minimum 

almost coincident  w i th  the  geometric core  of t h e  umbra i s  

c h a r a c t e r i s t i c  of t h e  luna r  shadow. No evidence is  found i n  t h i s  

experiment f o r  t h e  ex i s t ence  of a lunar bow shock which would g ive  

r ise t o  a thermalized sheath of plasma o r  p a r t i c l e  f l u x e s  a s soc ia t ed  

w i t h  t h e  moon. 

2.2 MIT-High Energy P l a s m a  Measurements 

The MIT p la sma  experiment employs a Faraday cup type d e t e c t o r  

w i t h  a s p l i t  c o l l e c t o r  t o  measure the f l u x  of both p o s i t i v e l y  and 

nega t ive ly  charged p a r t i c l e s  i n  t h e  energy (E) t o  charge (Q) r a t i o  

o f  50 S E / Q ~ ;  5400 v o l t s  (11 ,12 )  a The d e t e c t o r  is mounted w i t h  t h e  

cup axis perpendicular  t o  the spacec ra f t  s p i n  a x i s  and t h e  response 

i n  t h e  meridian plane f a l l s  t o  0 a t  2 60°. 

wave form appl ied t o  t h e  mul t ig r id  d e t e c t o r  provides energy d i sc r imina t ion .  

A series of 7 d i f f e r e n t i a l  energy spectra measurements are made as 

w e l l  as an i n t e g r a l  mode which measures t h e  t o t a l  f l u x  a t  27 s e q u e n t i a l  

d a t a  p o i n t s  each separated by 0.16 seconds. The s a t e l l i t e  r o t a t e s  

approximately 27' between successive p o i n t s  and t h i s  provides  360 

d i r e c t i o n a l  information of t h e  bulk flow a t  164 second i n t e r v a l s .  

A 1 (one) KHZ modulated 

0 

A series of i n t e g r a l  d a t a  samples i n  the  ion  mode obtained on 

27 J u l y  1967 i s  shown i n  f i g .  4 .  A t  t h i s  t i m e ,  t h e  moon w a s  imbedded 
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wi th in  the  undis turbed s o l a r  wind and t h e  r o l l  modulation of t h e  

measured current  i s  c l e a r l y  ev ident  i n d i c a t i n g  a d i r e c t e d  flow of 

s o l a r  plasma. 

te lemet ry  readout ,  t he  peak cu r ren t  appears  a t  a p rogres s ive ly  

d i f f e r e n t  t i m e  w i th in  success ive  readouts .  

is e s s e n t i a l l y  cons tan t  u n t i l  sequence 22867 when a decrease  t o  a 

minimum value a t  t he  ins t rumenta l  no i se  l e v e l  i s  reached a t  sequence 

22875. The cu r ren t  remains below noise  l e v e l  u n t i l  sequence 22897 

when the  cur ren t  recovers  t o  t h a t  p r i o r  t o  t h e  shadow passage. 

These d a t a  do not show any evidence of a change i n  c h a r a c t e r  which 

can be i n t e r p r e t e d  a s  a passage through a bow shock encompassing 

the  moon. 

Because of t he  asynchronism between the  s p i n  r a t e  and 

The peak cu r ren t  measured 

P ro jec t ion  of t he  corresponding o r b i t a l  d a t a  is given i n  f i g .  5 

wi th  the  decimal t i m e s  corresponding t o  the  l o c a t i o n s  on t h e  o r b i t  

i nd ica t ed  by d o t s .  

f i g .  4 a r e  ind ica t ed  and compared t o  t h e o r e t i c a l  models of nonmagnetized 

cold s o l a r  wind flow aS6ming a bulk v e l o c i t y  of 350 km/sec and t o  

a moderately hot  s o l a r  wind flow wi th  a thermal speed of 50 km/sec. 

The i n i t i a l  conclusions drawn from these  d a t a  a r e  t h a t  the  moon carves  

out  a cavi ty  i n  t h e  s o l a r  wind by absorbing t h e  impacting plasma and 

t h a t  t h i s  plasma c a v i t y  c loses  behind the  moon i n  a manner c o n s i s t e n t  

The per turbed per iods  of plasma flow taken from 

wi th  the  expected p a r t i c l e  thermal speeds. Occas iona l ly  t h e r e  appear 

t o  be temporary "puffs"  of plasma observed when t h e  s p a c e c r a f t  is 

wel l  wi th in  the  lunar  plasma wake, 

cond i t ions  a r e  in t ima te ly  r e l a t e d  t o  t h e  i n t e r p l a n e t a r y  magnetic 

f i e l d  topology and i t s  temporal behavior .  

It is expected t h a t  t hese  anomalous 
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Data obtained from passage through t h e  lunar  wake region on 

November 27-28, 1967 a r e  shown i n  f ig .  6 .  Here the  s p l i t  c o l l e c t o r  

"A+B" and "A-B" cu r ren t  samples  a r e  p l o t t e d  as i n  f i g .  4 bu t  w i t h  

compressed h o r i z o n t a l  t i m e  s c a l e s .  A f t e r  a c a r e f u l  s tudy  it has 

been determined t h a t  t he re  i s  no s i g n i f i c a n t  change i n  t h e  plasma 

flow c h a r a c t e r i s t i c s  from s o l a r  wind condi t ions.  This  appears 

t o  i n d i c a t e  t h a t  t h e  lunar  wake i s  e s s e n t i a l l y  not observable  more 

than  5-10 RM downstream from the lunar body. 

2 I 3 NASA-GSFC Triaxial  Fluxgate Magnetometer 

A s e n s i t i v e  t r i a x i a l  f luxgate  magnetometer w i t h  automatic 

range switching provides d e t a i l e d  measurements of t h e  v e c t o r  magnetic 

f i e l d  a t  i n t e r v a l s  of 5.12 seconds and a s e n s i t i v i t y  of 2 0 . 1 ~  (19,  

20,21). Reduction of d i r e c t i o n a l  references on the  s p a c e c r a f t  during 

l u n a r  shadow are complicated due t o  t h e  l o s s  of timing r e fe rence  

s i g n a l s  w i t h  r e s p e c t  t o  a spacec ra f t  sun d i r e c t i o n .  

sun p u l s e  system providing an approximate t iming r e f e r e n c e ,  t h e  a n a l y s i s  

is f u r t h e r  complicated by a variable s p i n  r a t e  of  t h e  s p a c e c r a f t  i n  

shadow due t o  thermal c o n t r a c t i o n  and conservat ion of angu la r  

momentum. 

a n a l y t i c a l  technique f o r  r e c t i f i c a t i o n  of d i r e c t i o n a l  measurements 

i n  t h e  o p t i c a l  shadow of the  moon has been conducted (24). 

I n  s p i t e  of a pseudo- 

A d e t a i l e d  study of  t h i s  phenomenon and a numerical 

Vector measurements are presented i n  f i g .  7 f o r  two o r b i t a l  

p a s s e s  through t h e  lunar  shadow on 31 J u l y  and 4 August 1967. 

These d a t a  i l l u s t r a t e  t h e  d i f f e r e n t  types of magnetic f i e l d  anomalies 
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de tec t ed  in  luna r  o r b i t  while  t h e  moon is  loca ted  i n  the  i n t e r p l a n e t a r y  

medium. I n  t h e  upper ha l f  e s s e n t i a l l y  no p e r t u r b a t i o n  of t h e  

i n t e r p l a n e t a r y  magnetic f i e l d  i s  observed i n d i c a t i n g  t h a t  t h e  moon 

does not permanently a c c r e t e  t h e  i n t e r p l a n e t a r y  magnetic f i e l d  as 

theo r i zed  (7,25) and reported experimental ly  from Luna 10 ( 6 ) .  

The d a t a  presented i n  t h e  lower p o r t i o n  of f i g .  4 show t h a t  

as t h e  spacec ra f t  passes  through t h e  d i s t u r b e d  plasma wake region 

pe r tu rba t ions  of t he  i n t e r p l a n e t a r y  magnetic f i e l d  magnitude a r e  

observed. C h a r a c t e r i s t i c a l l y  inc reases  i n  t h e  magnitude are observed 

i n  the lunar umbral core  while  i n  t h e  penumbral r eg ion  dec reases  

and some t i m e s ,  as h e r e ,  e x t e r i o r  i nc reases  a r e  also observed. No 

evidence i s  found f o r  t he  occurrence of a luna r  bow shock wave i n  

some 150 i n t e r p l a n e t a r y  o r b i t a l  passes  which have been analyzed thus 

f a r  (19,20). The i n t e r p l a n e t a r y  magnetic f i e l d  appears t o  be 

convectively t r anspor t ed  p a s t  t he  moon by t h e  s o l a r  plasma wi th  

small pe r tu rba t ions  due t o  t h e  lunar  wake evident  i n  varying degrees  

depending upon i n t e r p l a n e t a r y  condi t ions (21). 

Data obtained on t h e  o r b i t a l  pas s  of 4 December 1967 when Explorer  35 

passed through t h e  downstream wake a t  -5 Q are presented i n  f i g .  8. 

Observations from t h e  NASA-GSFC experiment on Explorer  33 are super-  

imposed with a time o f f s e t  determined by t h e  d i r e c t i o n a l  d i s c o n t i n u i t i e s  

simultaneously de t ec t ed  near 0400. 

decrease i n  t h e  magnitude of t h e  f i e l d  is evident  i n  the lunar wake 

wi th  a broad minimum near 0530. Since t h e  s p a c e c r a f t  does n o t  pass 

A s m a l l  b u t  c l e a r l y  ev iden t  
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through t h e  umbral core  of t h e  lunar wake no inc rease  i s  de tec t ed .  These 

d a t a  a l s o  show t h a t  t h e r e  appears t o  be no d e t e c t a b l e  shock wave t r a i l i n g  

t h e  moon as r e c e n t l y  theo r i zed  (15,16). These r e s u l t s  do not support  t h e  

t e n t a t i v e  IMP-1 observat ions ( 1 7 )  of a lunar  a$sqc&gfed wake a t  150 RM. 

When t h e  moon i s  imbedded i n  t h e  geomagnetic t a i l  i t  is  

optimumly poss ib l e  t o  d e t e c t  any i n t r i n s i c  magnetic p r o p e r t i e s  of 

t h e  lunar  body. Data obtained from a d e t a i l e d  s tudy  (3) a r e  shown 

i n  f i g .  9 f o r  a "quiet" time as the s p a c e c r a f t  passes  through p e r i s e l e n e .  

The t h e o r e t i c a l  curve shown corresponds t o  supe rpos i t i on  of a geomagnetic 

t a i l  f i e l d  of 9y and a lunar  magnetic moment of 1 e ' c g s . u n i t s .  

I n s p e c t i o n  i n d i c a t e s  t h e  observed pe r tu rba t ions  are less than would 

be p red ic t ed  wi th  the parameters. 

e s t a b l i s h e d  by t h e  Luna 2 r e s u l t s  and t h e  prel iminary Explorer  35 

r e s u l t s  (4,19). This  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  magnetic f i e l d  of 

t h e  moon i s  less than 4y on t h e  surface and t h a t  i n  gene ra l  t h e  lunar  

magnetic f i e l d  environment on t h e  su r face  i s  dominated e i t h e r  by t h e  

geomagnetic t a i l ,  magnetosheath o r  i n t e r p l a n e t a r y  magnetic f i e l d  

depending upon t h e  p o s i t i o n  of t h e  moon relat ive t o  t h e  geomagnetosphere. 

I n  a d d i t i o n ,  t h e s e  d a t a  can be analyzed f o r  magnetic s u s c e p t i b i l i t y  

and t h e  r e s u l t  obtained is t h a t  pM is less than  1.Q0 i f  t h e  luna r  

body i s  homogeneous (3). 

This r e s u l t  i s  a f a c t o r  of 60 lower than 
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2.4 NASA-ARC T r i a x i a l  Fluxgate Magnetometer 

Measurements of t h e  near  lunar  magnetic f i e l d  were made by 

a second t r i ax ia l  f luxga te  magnetometer w i t h  t h r e e  range$ t h a t  was s e q u e n t i a l l y  

programmed once every 6.1 seconds w i t h  maximum s e n s i t i v i t y  of 

- + 0.2 y ( 4 , 5 ) .  

of an appreciable  lunar  f i e l d  due t o  t h e  moon a t  s a t e l l i t e  a l t i t u d e s  

of a few gammas, l i m i t i n g  t h e  magnetic moment t o  6 x l@Ocgs u n i t s  ( 4 ) .  

.: i 

Resu l t s  from t h i s  experiment i n d i c a t e  t h e  absence 

Representat ive d a t a  i n  August 1967 are presented i n  f i g .  10 

as t h e  spacec ra f t  passes  through the  luna r  wake i n  t h e  i n t e r p l a n e t a r y  

medium. Noted he re ,  r e l a t i v e  t o  t h e  t i m e  of e n t r y  i n t o  t h e  o p t i c a l  

shadow, a r e  t h e  increased magnitude of t h e  f i e l d  i n  t h e  umbral region 

and the  decreases  i n  the penumbral region. The d a t a  are normalized 

t o  a mean i n t e r p l a n e t a r y  f i e l d  magnitude of 6 . 6 ~  f o r  o r b i t s  28, 32, 

35, and 38. The c r i t e r i a  f o r  supe rpos i t i on  emphasized t h e  re la t ive 

p o s i t i o n  of t h e  d i p s  a t  t h e  edges of t he  shadows and t h e  corresponding 

spread of p p t i c a l  shadow t i m e s  is shown by v e r t i c a l  b a r s .  N o  evidence 

f o r  a bow shock i s  obtained from these  d a t a  (4,5). 

A summary of f e a t u r e s  observed during t h e  luna r  o r b i t s  when 

t h e  moon i s  o u t s i d e  t h e  e a r t h ' s  bow shock is shown i n  f i g .  11. The 

absc i s sa  r ep resen t s  t h e  o r b i t  number wi th  t h e  o r d i n a t e  r ep resen t ing  

the  time of obse rva t ion  r e l a t i v e  t o  t h e  time of  en t r ance  of t h e  

s p a c e c r a f t  i n t o  o p t i c a l  shadow. 

through the  shadow a t  g r e a t e r  lunar  d i s t a n c e s  and a l s o  f a r t h e r  n o r t h  

from t h e  moon-sun l i n e .  P l a t e a u  edges are i d e n t i f i e d  i n  cases where 

The higher  numbered o r b i t s  p a s s  
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t he  f i e l d  magnitude peak is broad and r e l a t i v e l y  f l a t  and where the  

p l a t e a u  edges a r e  r e l a t i v e l y  i so l a t ed  from o t h e r  f e a t u r e s .  The 

d i p s  r ep resen t  those pos i t i ons  where the  f i e l d  magnitude minima 

a r e  observed near t he  boundary of t he  lunar  shadow. Peaks of t he  

magnitude e x t e r n a l  t o  t h e  d i p s  a re  a l s o  i d e n t i f i e d  e i t h e r  by the  

l o c a t i o n  of t h e  maxima o r  i n  some cases  by the  l o c a t i o n  of t h e  

sharp ou te r  boundary ( 5 ) .  

2.5 U. of C a l i f o r n i a ,  Berkeley-Energetic P a r t i c l e  Measurements 

Deta i led  measurements of energe t ic  e l ec t rons :  protons and 

X-rays have been performed by two experiments on Explorer  35. The 

Un ive r s i ty  of C a l i f o r n i a ,  Berkeley experiment c o n s i s t s  of a 4" Neher 

type i n t e g r a t i n g  ion chamber and two t h i n  windowed Geiger-Mueller 

tubes  (10). One GM tube observes the p a r t i c l e  f l u x  s c a t t e r e d  o f f  

a gold f o i l  and hence i t s  response is l imi t ed  t o  e l e c t r o n s  Ee > 45 kev. 

A second GM tube con ta ins  a 0.7 mg/cm2 mica window and responds t o  

pro tons  Ep 2 300 kev and e l e c t r o n s  Ee 2 22 kev. The ion chamber 

i s  s e n s i t i v e  p r imar i ly  t o  protons Ep > 15 MeV.  

axes a r e  approximately p a r a l l e l  t o  t h e  s p a c e c r a f t  s p i n  axis wi th  70' 

full-width-half-maximum d i r e c t i o n a l  response c h a r a c t e r i s t i c s .  

Ene rge t i c  p a r t i c l e  counts a r e  accumulated over many s p i n  per iods  of 

t he  s p a c e c r a f t  . 

Both GM tube view 

N o  lunar  a s soc ia t ed  energe t ic  p a r t i c l e  f luxes  which might be 

expected i n  t h e  case of an i n t r i n s i c  o r  an accre ted  lunar  magnetic 

f i e l d  have been i d e n t i f i e d .  However, e n e r g e t i c  p a r t i c l e  f luxes  

a s soc ia t ed  wi th  t h e  e a r t h ' s  bow shock, magnetosheath and magnetic 

t a i l  a r e  observed when the  moon t raverses  these  reg ions  (2 ) .  
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The moon i s  observed t o  a c t  a s  a pass ive  s h i e l d  and absorber  

of charged p a r t i c l e s  and decreases  i n  these  f luxes  a r e  observed by 

Explorer  35 a t  favorable  loca t ions  i n  the  s a t e l l i t e  o r b i t .  The 

sh ie ld ing  e f f e c t  o f  t he  w o n  f o r  e n e r g e t i c  p a r t i c l e s  depends on 

t h e  s i z e  of  t h e i r  g y r o r a d i i ,  hence t h e i r  energy and p i t c h  angle  

d i s t r i b u t i o n .  For i s o t r o p i c  f l u x e s ,  such as g a l a c t i c  cosmic r ays ,  

t he  decrease i n  f l u x  observed i s  simply the  percentage of t he  

s o l i d  angle subtended by the  moon a t  t h e  s a t e l l i t e  o r b i t .  

p re sen t s  t he  ca l cu la t ed  v a r i a t i o n  of t h e  g a l a c t i c  cosmic r ay  

background as t h e  spacec ra f t  passes  through p e r i s e l e n e  a s  we l l  a s  

t h e  observed ion  chamber count r a t e  f o r  s e v e r a l  o r b i t s .  The 

t h e o r e t i c a l  c a l c u l a t i o n  omits any c o n t r i b u t i o n  of cosmic r ay  luna r  

albedo and p r e d i c t s  a decrease  of 13% s i n c e  t h e  moon subtends 

approximately 1.69 s t e r a d i a n s  a t  pe r i se l ene .  

Fig.12 

S o l a r  f l a r e  e l e c t r o n  f luxes  have been shown t o  be h ighly  

an i so t rop ic  and thus when the  moon is  on the  s a m e  magnetic f i e l d  l i n e  

as the  s a t e l l i t e ,  i t  can completely absorb a l l  of t h e  e l e c t r o n s  

which propagate from a d i r e c t i o n  oppos i te  t o  t h e  sa te l l i t e .  The 

geometry of f i e l d  l i n e s  threading  t h e  m o n  is  shown i n  f i g .  13. 

A r e p r e s e n t a t i v e  sample of o c c u l t a t i o n  of s o l a r  e l e c t r o n  

f l u x  by t h e  moon i s  shown i n  f i g .  14. Here p a r t i c l e  and magnetic 

f i e l d  da ta  a re  compared. The s c a t t e r  counter  shows a decrease  i n  

count r a t e  t o  a l e v e l  corresponding t o  p e n e t r a t i n g  cosmic r ay  background 

indica t ing  e s s e n t i a l l y  no e l e c t r o n s  observed dur ing  t h e  o c c u l t a t i o n  

when D < 1650 km and A < -10'. This  shows t h a t  t h e  f i e l d  l i n e s  are 

threading the  moon and t h a t  i n  t h e  lunar wake they have a t  most a 
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small  curvature  s i n c e  t h e  assumption of  r e c t i l i n e a r  f i e l d  l i n e s  

i s  made t o  compute D and A. 

Simi la r  observat ions have been conducted i n  t h e  geomagnetic 

t a i l  regions following s o l a r  f l a r e s .  When the  spacec ra f t  i s  i n  

f r o n t  of t h e  moon w i t h  respect t o  the sun and e a r t h ,  decreases  

are observed which have been in t e rp re t ed  (10) t o  i n d i c a t e  t h a t  t h e  

e l e c t r o n s  ga in  access  t o  the geomagnetic t a i l  a t  a p o i n t  beyond t h e  

luna r  o r b i t .  These s o l a r  f l a r e  e l ec t rons  normally propagate up t h e  

t a i l  towards the  magnetosphere and presumably are l o s t  c l o s e  t o  t h e  

earth. 

2 . 6  U .  of Iowa-Energetic P a r t i c l e  Measurements 

The Un ive r s i ty  of Iowa ene rge t i c  p a r t i c l e  experiment u t i l i z e s  

GM tubes and s o l i d  s ta te  d e t e c t o r s  to measure t h e  f l u x  of e l e c t r o n s  

E e  > 45 kev and protons Ep 2 322 kev ( 2 7 ) .  D i r e c t i o n a l  measurements 

i n  t h e  e c l i p t i c  plane are obtained through the  use of 4 s e p a r a t e  

coun te r s ,  each having an azimuthal acceptance angle  of 90'. 

thorough a n a l y s i s  of more than 350 o r b i t s  about the moon has 

e s t a b l i s h e d  t h e  absence of de t ec t ab le  i n t e n s i t i e s  ( j  2 5 / c d  sec 

s t e r a d )  a s soc ia t ed  wi th  t h e  moon. The conclusion is reached t h a t  

t h e r e  are no s t r o n g  shock e f f e c t s  associated w i t h  the  i n t e r a c t i o n  

of t h e  s o l a r  wind wi th  t h e  moon t h a t  generate  e n e r g e t i c  pa r t i c l e  

s p i k e s  such as a s soc ia t ed  wi th  the  e a r t h ' s  bow shock f r o n t  and w i t h i n  t h e  

magnetopause of the e a r t h .  

A 
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Shadowing e f f e c t s  of t he  moon on protons a r e  c o n s i s t e n t  w i th  

pure ly  geometric cons idera t ions  c o n s i s t e n t  w i t h  t h e i r .  l a r g e  g y r o r a d i i  

(RL) i n  t h e  ambient i n t e r p l a n e t a r y  o r  geomagnetic t a i l  f i e l d  (RL > 10 G).  
However, shadowing e f f e c t s  on e l e c t r o n s  a r e  much more complex due t o  

t h e i r  s m a l l  gy ro rad i i  (< 0.1 %). 
method of magnetic f i e l d  l i n e  t r a c i n g  

moon and prel iminary r e s u l t s  (27)  i n d i c a t e  t h a t  

Such e f f e c t s  have provided a 

from the  spacec ra f t  t o  t he  

(a )  Magnetic f i e l d  l i n e s  pass  through t h e  moon o r  a t  

l e a s t  d i r e c t l y  t o  i t s  su r face  wi th  an angular  d e v i a t i o n  

of less than 0.1 r ad ian  i n  a d i s t a n c e  of 1.5 % and, 

(b) E lec t rons  appear t o  d i f f u s e  t r ansve r se  t o  t h e  

magnetospheric t a i l  wi th  vI s 100 km/sec i n  t h e  r eg ion  

between t h e  e a r t h  and t h e  moon. Th i s  implies  an upper 

l i m i t  on the  t r ansve r se  component of t h e  e l e c t r i c  

f i e l d  l e s s  than vo l t s /me te r .  

Shor t ly  a f t e r  t he  onse t  of a s o l a r  e l e c t r o n  event ,  t he  angular  

d i s t r i b u t i o n s  a r e  usua l ly  markedly a n i s o t r o p i c  w i t h  a maximum 

i n t e n s i t y  well co l l imated  along a l o c a l  magnetic f i e l d  v e c t o r  and 

flowing qutward from the  sun. This  angular  d i s t r i b u t i o n  g e n e r a l l y  

r e l a x e s  toward a n  i s o t r o p i c  one wi th in  1 t o  2 hours.  An e s p e c i a l l y  

va luable  sequence of such events  were observed dur ing  late J u l y  and 

e a r l y  August from McMath plage reg ion  8905 and are s u m a r i z e d  i n  

Table I. Many of these  events  have been observed s imultaneously 

wi th  Explorer 33 and t h e  h e l i o c e n t r i c  s p a c e c r a f t  Mariner 5 .  
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A study of  t h e  t i m e  h i s t o r y ,  i n t e n s i t y  and angular  d i s t r i b u t i o n  

of  s o l a r  emit ted protons and alpha pa r t i c l e s  has been conducted f o r  

t h e  per iod 19 J u l y  t o  31 December 1967. 

during t h i s  per iod i n t e r p l a n e t a r y  space is seldom f r e e  of a measurable 

i n t e n s i t y  ( j  2 O.l/cn?sec s t e r a d )  of protons (Ep 2 322 kev). 

examples of c o r o t a t i n g  beams of s o l a r  protons extending over l a r g e  

h e l i o c e n t r i c  longi tudes are found i n  a d d i t i o n  t o  many cases of a 

d i f f e r e n t  na tu re  suggesting simultaneous emission of par t ic les  

over  l a r g e  angular  spreads exceeding 60' as measured by h e l i o c e n t r i c  

longi tude.  

A noteworthy f ind ing  i s  t h a t  

Clear 

A continuous recording of the abso lu te  i n t e n s i t y  of s o l a r  

X-rays from t h e  d i s k  of t he  sun i s  obtained except during o p t i c a l  

e c l i p s e s  of Explorer  35 by the  moon. A j o i n t  study of t h e  s o l a r  

X-ray and r a d i d  emissions i s  being conducted w i t h  emphasis on 

cond i t ions  i n  t h e  s o l a r  atmosphere. A d e t a i l e d  p r o f i l e  of t h e  X-ray 

e c l i p s e s  observed on 18 October 1967 and 13 A p r i l  1968 i s  being 

used t o  determine t h e  d i s t r i b u t i o n  of X-ray emhssivity on t h e  s o l a r  

d i s k .  

The abso lu te  i n t e n s i t y  and angular d i s t r i b u t i o n  of a lpha 

p a r t i c l e s  2.0 15 E, < 10.2 mev has been obtained by a s o l i d  s ta te  

d e t e c t o r  making i t  p o s s i b l e  t o  es t imate  t h e  emis s iv i ty  of  a lpha 

p a r t i c l e s  from t h e  r ad ioac t ive  gases thoron and radon of t h e  tenuous 

l u n a r  atmosphere. 

two months of d a t a  i s  t h a t  

A prov i s iona l  upper  l i m i t  from the  a n a l y s i s  of  

CT 5 10-'/cn?sec s t e r a d .  
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2.7 Stanford-Lunar Ionosphere and Radio Wave Propagation Experiment 

Monitoring of t he  t e l e m e t r y  t r a n s m i t t o r  of Explorer  35 a t  

136 mHZ has been conducted by Stanford Un ive r s i ty  using t h e  t r a n s m i t t e r  

as a radar  beacon t o  remotely probe the  electromagnet ic  p r o p e r t i e s  

of t h e  moon's su r f ace  (26). Radio s i g n a l s  which o r i g i n a t e  on t h e  

spacec ra f t  are  r e f l e c t e d  from t h e  lunar  s u r f a c e  and both d i r e c t l y  

t ransmit ted and lunar  su r face  r e f l e c t e d  s i g n a l s  are received a t  t h e  

Stanford antenna f a c i l i t i e s .  The experimental  geometry is  i l l u s t r a t e d  

i n  f i g .  15 f o r  s e v e r a l  p o s i t i o n s  of t h e  s a t e l l i t e  r e l a t i v e  t o  the  

moon-earth l i n e .  

a t  t h e  lunar su r face  and it is seen t h a t  i t  varies depending upon 

t h e  p o s i t i o n  of t h e  s p a c e c r a f t  i n  s e l e n o c e n t r i c  o r b i t .  

The angle d corresponds t o  t h e  angle  of incidence 

As t he  s p a c e c r a f t  revolves  around t h e  moon the  r e f l e c t i o n  

po in t  moves ac ross  t h e  lunar  s u r f a c e  a t  varying angles  of incidence.  

Because the moon appears t o  be r e l a t i v e l y  smooth a t  t h e  wave l eng ths  

employed, t h e  r e f l e c t i o n  c h a r a c t e r i s t i c s  are p r i n c i p a l l y  dependent 

upon a small a r ea  only a few ki lometers  i n  e x t e n t .  As t h e  s p a c e c r a f t  

passes  behind and i s  occul ted by the  moon5 a d i f f r a c t i o n  

p a t t e r n  i s  observed i n  t h e  received s i g n a l .  A comparison of t h e  

t h e o r e t i c a l  p a t t e r n  due t o  a k n i f e  edge wi th  t h a t  observed by Explorer  35 

is  shown in f i g .  16. These o c c u l t a t i o n  immersion and emersion 

observations a r e  important w i t h  r e s p e c t  t o  t h e  determinat ion of  

t h e  tenuous p r o p e r t i e s  of a luna r  ionosphere. 

as y e t  have been obtained although t h e  d i sc repanc ie s  observed i n  

f i g .  16 c l e a r l y  i n d i c a t e  t h a t  a k n i f e  edge approximation is  no t  s u f f i c i e n t .  

N o  p o s i t i v e  r e s u l t s  
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The v a r i a t i o n  of t he  r e f l e c t i v i t y  versus  angle  of incidence 

is shown f o r  both r i g h t  and l e f t  hand c i r c u l a r  p o l a r i z a t i o n s  i n  

t h e  upper p o r t i o n  of f i g .  170 

e x a c t l y  one luna t ion  apart  w i th  t h e  v a r i a t i o n  i n  t h e  response 

c o r r e l a t i n g  wi th  movement of  the  r e f l e c t i o n  po in t  from highlands 

t o  t h e  maria and back. A g r e a t e r  r e f l e c t i v i t y  i s  found i n  the  maria 

and t h e  gene ra l  t rend  upward i n  r e f l e c t i v i t y  corresponds t o  motion 

of t h e  r e f l e c t i o n  po in t  onto r e l a t i v e l y  younger maria m a t e r i a l  i n  

t he  region of Flamsteed. I t  i s  concluded t h a t  on the  whole, t h e  

moon is a remarkedly homogeneous body wi th  r e s p e c t  t o  r e f l e c t i o n  of 

e lec t romagnet ic  s i g n a l s  a t  136 mHZ. Typical  v a r i a t i o n s  a r e  on 

the  order  of 30% al though l a r g e r  changes a r e  occas iona l ly  observed. 

These v a r i a t i o n s  a r e  one o rde r  of magnitude l e s s  than what would be 

The da ta  were obtained on two days 

observed on t h e  su r face  of t h e  ear th .  

I n  the  lower ha l f  of f i g .  1 7  a r e  presented r e s u l t s  p e r t i n e n t  

t o  measurement of t h e  Brewster angle of t he  lunar  sur face .  This  

curve is t h e  sum of the  two c i r c u l a r l y  polar ized  s c a t t e r e d  waves. The 

Brewster angle  corresponds t o  t h a t  angle a t  which t h e r e  is  t o t a l  

absorp t ion  of l i n e a r l y  po la r i zed  waves and is  found t o  be approximately 

60'. This  implies  a d i e l e c t r i c  constant s . f o r  t he  luna r  su r face  of 3.0 e o .  

2.8 Baylor and Temple U. - In te rp lane tary  Dust 

Measurements concerning the  f l u x  and v e l o c i t i e s  of aggregates  

of minute p a r t i c u l a t e  mat te r  i n  se lenocent r ic  space have been obtained 

from a l a r g e  a r e a  a c o u s t i c a l  transducer p l a t e  wi th  a s e n s i t i v i t y  of  
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approximately 5 pg a t  a v e l o c i t y  of 10 km/sec (1).  

deposited on t h e  impact s i d e  of t he  p l a t e  provides  a s i g n a l  from t h e  

device when the  capac i to r  i s  completely pene t ra ted .  Data from these  

two sensors a r e  presented  i n  Tables I1 and 111. I n  Table  I1 a 

comparison i s  made from Explorer  35 r e s u l t s  w i th  those  obta ined  from 

Lunar Orbi te r  and Mariner 4 which used a s i m i l a r  a c o u s t i c a l  t ransducer  

i n  in t e rp l ane ta ry  space. These r e s u l t s  appear t o  be c o n s i s t e n t  when 

cons idera t ion  is  given to  the  d i f f e r e n c e  i n  mass threshold  s e n s i t i v i t i e s .  

A second te lescope  d e t e c t o r  measures t h e  v e l o c i t i e s  of p a r t i c l e s  i n  

a small  time of f l i g h t  a n a l y s i s  system. P a r t i c l e  v e l o c i t i e s  as low 

as  1.5 km/sec have been measured and i n t e r p r e t e d  t o  r ep resen t  lunar  

e j e c t a .  

A capac i to r  

The his togram shown i n  f i g .  18 d e p i c t s  t he  v a r i a t i o n  of impact 

events  between 2 8  J u l y  1967 and 28  February 1968. Three- four ths  of 

t he  peaks i n  t h i s  his togram occur during t h e  pe r iods  of known major 

meteor showers .  Pre l iminary  i n d i c a t i o n s  a r e  t h a t  t h e  instrument  

i s  measuring shower r e l a t e d  luna r  e j e c t a  r a t h e r  than an enhancement 

of t he  background event r a t e s  due t o  minute p a r t i c l e s  i n  t h e  shower 

s t ream i t s e l f .  

3 .0  Theore t ica l  Considerat ions and Resu l t s  

Early models of t he  s o l a r  wind i n t e r a c t i o n  wi th  t h e  moon (7 ,25)  

suggested a c c r e t i o n  of t he  i n t e r p l a n e t a r y  magnetic f i e l d .  These r e s u l t s  

have not  been observed by Explorer  35 and no evidence for t he  ex i s t ence  

of a pseudo-magnetosphere has been found. These r e s u l t s  do not  confirm 
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, 
t h e  r e p o r t  by Luna 10 of t he  exis tence of a pseudo-magnetosphere ( 6 ) .  

The magnitude of t he  magnetic f i e l d  i n  t h e  v i c i n i t y  of 

t h e  moon l i e s  gene ra l ly  between 5 to 8 y when the spacecrafb 

the  undisturbed i n t e r p l a n e t a r y  medium and approximately 8 t o  12 y 

when t h e  s p a c e c r a f t  i s  r e s i d e n t  within t h e  geomagnetic t a i l .  

i s  i n  

The magnetic f i e l d  measurements combine wi th  the  p lasma 

measurements t o  i n d i c a t e  t h a t  t h e  s o l a r  wind d i r e c t l y  impacts t h e  

l u n a r  surface.  It appears t h a t  the i n t e r p l a n e t a r y  magnetic f i e l d  

d i f f u s e s  as r a p i d l y  through the  lunar body as it is convectively 

t r anspor t ed  p a s t  t he  moon by the solar wind. On t h e  b a s i s  of these  

cons ide ra t ions  a k i n e t i c  model of s o l a r  wind flow p a s t  t h e  moon has 

been developed (28,29). The s o l a r  wind is  approximated as a 

c o l l i s i o n l e s s  magnetized gas and the flow p a t t e r n  p a s t  t h e  moon is 

t r e a t e d  i n  t h e  guiding c e n t e r  l i m i t .  

I n  t h i s  t reatment  t he  lunar  wake behind t h e  moon is  not 

c y l i n d r i c a l l y  symmetrical but  a plane of symmetry is de f ined  by t h e  

d i r e c t i o n  of t h e  i n t e r p l a n e t a r y  magnetic f i e l d  and t h e  s o l a r  wind 

v e l o c i t y .  The he igh t  of t h e  lunar  wake remains cons t an t  a t  two luna r  

r a d i i  t r a n s v e r s e  t o  t h i s  plane while i n  t h i s  p l ane  the  width varies 

depending upon f i e l d  o r i e n t a t i o n  and t h e  temperature of t h e  plasma. 

An important parameter i n  t h i s  s t u d y  i s  t h e  speed r a t i o ,  S ,  defined 

by t h e  r a t i o  of t h e  s o l a r  wind v e l o c i t y ,  Vo, t o  t h e  ion thermal 

speed p a r a l l e l t o  t h e  f i e l d  l i n e s ,  V I I =  J2ktll/mi ; S = vo/VlI. 

The l eng th  of t h e  wake v a r i e s  depending upon t h e  f i e l d  o r i e n t a t i o n ,  

0 ,  w i t h  t h e  s h o r t e s t  wake obtained when t h e  f i e l d  l i n e s  are t r a n s v e r s e  
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t o  t h e  s o l a r  wind flow. An i n f i n i t e l y  long wake is pred ic t ed  f o r  

a f i e l d  l i n e  o r i e n t a t i o n  p a r a l l e l  t o  t h e  s o l a r  wind v e l o c i t y  w i t h  

intermediate lengths  obtained f o r  obl ique o r i e n t a t i o n s .  

An i t e r a t i v e  approach t o  t h e  s o l u t i o n  of t h e  MHD problem has 

been developed which begins with an ion wake computed on t h e  

assumption of  zero pe r tu rba t ion  of t h e  i n t e r p l a n e t a r y  f i e l d  (28) 

The ion wake obtained is  u t i l i z e d  i n  a s e l f - c o n s i s t e n t  s o l u t i o n  

of Maxwell's equat ions t o  determine the  p e r t u r b a t i o n  of t h e  

in t e rp l ane ta ry  magnetic f i e l d  (21,29). 

a r e  induced i n  the d i s tu rbed  p lasma flow d u e t o  d i a m a g n e t i q f i e l d  

g rad ien t  and cu rva tu re  cu r ren t s .  The most c r i t i c a l  parameter 

determining the  magnitude of t he  f i e l d  anomaly a t  a given speed r a t i o  

and o r i e n t a t i o n  i s  B ,  which is  a measure of t h e  diamagnetic p r o p e r t i e s  

of t h e  plasma given by the r a t i o  of perpendicular  plasma p r e s s u r e ,  

P, = MN,?~ ,  t o  magnetic f i e l d  p re s su re ,  B2/8n : B = 4TfnmivL2/B2. 

Secondary e l ec t r i ca l  c u r r e n t s  

Representat ive r e s u l t s  of t h e  k i n e t i c  theory are  shown i n  f i g .  19 

f o r  a t y p i c a l  f i e l d  o r i e n t a t i o n  a t  t h e  Archimedian s p i r a l  angle  

6 = 135' and S = 10 f o r  3 va lues  of 8 .  

enhanced pe r tu rba t ions  of t h e  f i e l d  magnitude and a r e . c o n s i s t e n t  

w i t h  observations.  The r e s u l t s  do not  p r e d i c t  t h e  l a r g e  amplitude 

o s c i l l a t i o n s  i n  t h e  penumbral region. It i s  expected t h a t  higher  

o rde r  i t e r a t i o n s  w i l l  be r equ i r ed  t o  e x p l a i n  t h e  p e r t u r b a t i o n s  

observed e x t e r i o r  t o  t h e  penumbral decreases .  

value of the i n t e r p l a n e t a r y  plasma obtained s imultaneously by 

Explorer 34 (21)  a t  t h e  t i m e  of observat ions presented i n  f i g .  7 y i e l d  

Large v a l u e s  of B lead t o  

Computations of t he  8 

. 
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p < 0.05 and fl = 1.9 r e spec t ive ly .  A s tudy  of many o r b i t a l  passes  

through t h e  luna r  wake simultaneous wi th  observa t ions  by o the r  

s a t e l l i t e s  ou t s ide  the  lunar  wake y i e ld  r e s u l t s  depending upon 

f i e l d  o r i e n t a t a t i o n  d and plasma diamagnetism, p ,  similar t o  t h a t  

p red ic t ed  by t h e  k i n e t i c  model. 

A l t e r n a t i v e  approaches t o  the s o l a r  wind flow p a s t  t h e  moon 

a t tempt  t o  u t i l i z e  an analogy wi th  f l u i d  dynamics (9,12,15,16).  

This  approaih p r e d i c t s  t he  exis tence of a t r a i l i n g  shock wave which 

has  not  been observed by e i t h e r  the ?!IT p l a s ~ s  probe or the ?USA- 

\ 

GSFC magnetometer ( s e e  f i g s .  6 and 9 ) .  I n  add i t ion ,  t hese  s t u d i e s  

cannot p r e d i c t  t h e  observed e x t e r i o r  penumbral i nc reases  of f i e l d  

magnitude. 
i 

A modif ica t ion  of t he  f l u i d  dynamic model has been suggested (12) 
*-. 

which r e q u i r e s  p a r t i a l  r e f l e c t i o n  of s o l a r  plasma a t  t h e  su r face  of t h e  

moon. It i s  assumed t h a t  t h i s  r e f l e c t i o n  occurs  along a narrow 

band near  t he  s o l a r  plasma terminator  on the  luna r  su r face .  While 

t h e  phys ica l  na tu re  of such a hypothe t ica l  i n t e r a c t i o n  is  s u b j e c t  

t o  cons iderable  deba te ,  i t  appears  t h a t  e i t h e r  s m a l l  angle  s c a t t e r i n g  

from a n e u t r a l  atmosphere o r  from a moderately enhanced l o c a l  

magnetic f i e l d  could account f o r  t h i s  e f f e c t .  The n e t  r e s u l t  i s  t o  

p r e d i c t  enhanced f i e l d  magnitudes and plasma d e n s i t i e s  i n  t h e  

penumbral reg ions  which have been observed (12). 

From simultaneous observat ions of the  propagat ion of t he  

i n t e r p l a n e t a r y  d i s c o n t i n u i t i e s  p a s t  t h e  moon i t  has been concluded 

(18) t h a t  t he  moon's average e l e c t r i c a l  conduct iv i ty  is l e e s  than 
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10-5mhos/m. i f  t h e  moon is  homogeneous and l e s s  than 10’4mhos/m. i f  

t h e  moon cons i s t s  of an i n s u l a t i n g  l a y e r  w i th  a conducting core of 

r ad ius  800 km. Complex e f f e c t s  of such a s t r u c t u r e  have been 

suggested (9)  and a f i n a l  conduct ivi ty  s t r u c t u r e  not y e t  der ived.  

A study of t h e  s teady s t a t e  conf igu ra t ion  suggests  t h a t  

t h e  e l e c t r i c a l  c u r r e n t s  generated have t h e  form of a simple l i n e a r  

unipolar  generator ( 2 3 ) .  From a cons ide ra t ion  of  t h e  maximum power 

a v a i l a b l e  from t h e  s o l a r  wind and f o r  a homogeneous moon, t he  l i m i t  

of s a t u r a t i o n  f o r  t y p i c a l  s o l a r  wind parameters occurs when t h e  

e l e c t r i c a l  conduct ivi ty  i s  i n  t h e  range of 10* t o  10-3qh0s/m. 

4.0 Summary 

The experimental  r e s u l t s  from Explorer  35 have d e f i n i t i v e l y  

e s t ab l i shed  t h e  na tu re  of t h e  luna r  environment and t h e  s o l a r  wind 

flow p a s t  t h e  moon. 

nonconducting and hence r e l a t i v e l y  cold d i e l e c t r i c  sphere which 

absorbs both s o l a r  wind plasma and e n e r g e t i c  p a r t i c l e  f l u x e s  which 

impact i t s  su r f ace .  A simplied diagram of t h e  flow and f i e l d  l i n e s  

i n  t h e  v i c i n i t y  of t he  moon is  given i n  f i g .  20. 

The moon a p p e a r s  t o  be a nonmagnetic, r e l a t i v e l y  

The e l e c t r i c a l  conduc t iv i ty  s t r u c t u r e  and i n t e r n a l  tempera twe 

of t he  moon may be very i n t e r e s t i n g  a d d i t i o n a l  r e s u l t s  obtained from 

Explorer  35. As a d d i t i o n a l  s t u d i e s  are conducted of t h e  experimental  

d a t a  and an accu ra t e  t h e o r e t i c a l  model developed f o r  t h e  propagat ion 

p a s t  t h e  moon of t r a n s i e n t  d i s t u r b a n c e s ,  such as MHD shocks and 

t angen t i a l  d i s c o n t i n u i t i e s ,  more p r e c i s e  i n s i g h t  i n t o  t h e  problem 

of the  present s t a t e  of t h e  luna r  i n t e r i o r  w i l l  be gained. 
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I1 

LUNAR EXPLORER 35 COSMIC DUST EXPERIMENT 
ACOUSTIC TRANSDUCER SENSOR 

DATA: Feriod from 208/'67 - - 058/'68 (11 days o f  d a t a  gaps) 
Time sampled i n  t h e  202 days of  d a t a  = 148.7 days 
Events de tec ted  = 375 
Rate = 2.5 events /day 
Projected number of h i t s  f o r  f u l l  202 days = 514 

Poisson-predicted d i s t r i b u t i o n  i f  random (2 day i n t e r v a l s )  : 

N o .  o f  h i t s  0 o r  1 2 3 4 5 6 7 8 9 o r  more 
Expected dis - 
t r y b u t i o n  of 4 9 14 18 18 15 11 7 7 
events  
Actual d i s t r i -  

events  
bu t ion  o f  *8 14 12 8 1 5  15  13 5 12 

Chi-squared = 20.46 Probab i l i t y  of randomness: 0.01 
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LUNAR EXPLORER 35 

Acoust ical  Transducer:  
( t h r e s h o l d  5 pg) 

2 Coincidence of Acoust ical  Trans- 
ducer and Impact Capaci tor :  @ ; 1.2  x events/m s e c  

( t h r e s h o l d  100 pg) 

LUNAR ORBITER 

P e n e t r a t i o n  Sensors:  
( t h r e s h o l d  g 1 ngj  

MARINER I V  - INTERPLANETARY SPACE 

Acoust ical  Transducer: 
( t h r e s h o l d  g 5 pg) 

-6 2 @ 1.8 X 10 penetrations/m sec 
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8.0 L i s t  of F igures  

1. 

from 1 August t o  31 December 1967. A s e l enocen t r i c  coord ina te  

system i s  employed wi th  XSSE z Moon-Sun l i n e .  

2 .  

i n  t he  i n t e r v a l  - 1 5 V  t o  +15V when Explorer  35 i s  i n  s o l a r  

i l l umina t ion  and lunar  shadow ( 2 2 ) .  

3. S e r i e s  of e l e c t r o n  mode spec t r a  obtained as Explorer  35 

passes  through lunar  wake i l l u s t r a t i n g  progress ive  changes of 

t he  i n t e r p l a n e t a r y  plasma as it flows p a s t  t he  moon ( 2 2 ) .  

4. Measurements of t o t a l  ion  cu r ren t  by MIT plasma cup i n  

range 50 <E/Q s 2850 ev a s  Explorer 35 passes  through luna r  

wake (11). 

5. 

plasma d a t a  obtained on 27 J u l y  1967, presented i n  f i g .  4 (11). 

6. Sum (A+B) and d i f f e r e n c e  (A-B) ion  c u r r e n t s  of MIT s p l i t -  

c o l l e c t o r  Faraday cup f o r  an o r b i t a l  pass a t  maximum d i s t a n c e  

behind moon ( 1 2 ) .  

7 .  

v e c t o r  f o r  two passes through lunar  wake. 

(a) i n d i c a t e  e s s e n t i a l l y  no e f f e c t  due t o  moon o r  l una r  wake 

whi le  4 A u g u s t  1967 d a t a  ( b ) . c l e a r l y  i l l u s t r a t e  c h a r a c t e r i s t i c  

+ - + - + per tu rba t ions  of f i e l d  magnitude. 

P r o j e c t i o n  on e c l i p t i c  plane of o r b i t s  of Lunar Explorer  35 

Measured i n t e g r a l  cu r ren t s  of t he  r e t a r d i n g  p o t e n t i a l  ana lyzer  

A logar i thmic  amplitude s c a l e  i s  employed. 

O r b i t a l  p o s i t i o n  of Explorer 35 and i n t e r p r e t a t i o n s  of MIT 

NASA-GSFC measyements of i n t e r p l a n e t a r y  magnetic f i e l d  

Data on 31 J u l y  1967 

6C and 6F r ep resen t  

d e v i a t i o n s  of components and magnitude computed over  8 1 . 9  

second i n t e r v a l  from 16 sample va lues  ( 2 0 ) .  
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8. NASA-GSFC measurements of i n t e r p l a n e t a r y  magnetic f i e l d  v e c t o r  

i n  lunar wake a t  maximum Explorer  35 d i s t a n c e  behind the  moon 

on 4 December 1967. Simultaneous d a t a  from Explorer  33 is  

shown f o r  comparison. 

9. NASA-GSFC measurements of magnetic f i e l d  vec to r  i n  geomagnetic 

t a i l  near f u l l  moon on 19 October a s  Explores  35 passes  through 

pe r i se l ene  (dSSE = 0' = 360') (3).  

10. NASA-ARC measurements of t y p i c a l  i n t e r p l a n e t a r y  magnetic f i e l d  

magnitude observed during 4 passes  through lunar  shadow (5). 

11. 

passes  through lunar  wake reg ion  and t h e  moon is o u t s i d e  the  

e a r t h ' s  bow shock (5) .  

12. U. C a l i f o r n i a ,  Berkeley r e s u l t s  from ion  chamber f o r  s e v e r a l  

o r b i t s  as func t ion  of t i m e  from p e r i s e l e w  (10) .  

13. Geometry of magnetic f i e l d  l i n e s  pass ing  near o r  through 

the  moon i n  the  context  of s tudying shadowing of e l e c t r o n  p a r t i c l e  

f l u e s  by the  moon (26) .  

14. Observations by U. C a l i f o r n i a ,  Berkeley GM tubes  of s o l a r  

e l e c t r o n  p a r t i c l e  f l u x  shadowing by moon when Explorer  35 and 

moon a r e  fn i n t e r p l a n e t a r y  space (10). F i e l d  l i n e  threading  

parameters D and A computed from NASA-GSFC measurements of 

vec to r  magnetic f i e l d  (27). 

15. Experimental geometry f o r  S tanford  Un ive r s i ty  b i s t a t i c  r a d a r  

measurements of e lectromagnet ic  p r o p e r t i e s  of l una r  s u r f a c e  (26). 

Features  observed by NASA-ARC magnetometer when Explorer  35 
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16. Observat ions ( s o l i d  curve) of o c c u l t a t i o n  immersion behind 

luna r  d i s k  of 136 mHZ spacec ra f t  t r ansmi t t ed  s i g n a l .  Theore t i ca l  

r e s u l t  is shown as dot ted  curve ( 2 6 )  f o r  a k n i f e  edge. 

17(a) .  R e f l e c t i v i t y  of lunar  sur face  ve r sus  angle  of incidence 

obtained by Stanford  U. 

(b ) .  Measurement of B r e w s t e r  angle  of lunar  s u r f a c e  (26) .  

18. 

t ransducer  p e r  8 day per iod 

1968 (1). 

19. Theore t i ca l  per turbed in t e rp l ane ta ry  magnetic f i e l d  F ,  r e l a t i v e  

t o  undis turbed value Fo, i n  symmetry p lane  a t  R/RM = 1 . 7  and 4.0 

f o r  3 values  of = 0.5, 1.0 and 2.0 (20).  

20. Schematic diagram of s o l a r  wind flow p a s t  moon forming 

s o l a r  plasma umbra wi th  increased f i e l d  magnitude and decreases  

i n  penumbral regions.  

Histogram of number of impact events  observed by a c o u s t i c a l  

from 27 J u l y  1967 t o  28 February 
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