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Abst rac t  

Recent measuremencs s ince  J u l y  1967 from lunar  o r b i t  by Explorer 35 

have provided s i g n i f i c a n t  d a t a  on the  moon and its environment. When 

the  moon is imbedded i n  t h e  geomagnetic t a i l ,  no i n t r i n s i c  lunar  

6 
magnetic f i e l d  i s  de tec ted ,  l imi t ing  i t s  magnetic moment t o  lo2' cgs 

u n i t s ,  less than  of t h e  e a r t h ' s .  This corresponds t o  an i n t r i n s i c  

lunar  f i e l d  of less than 40 F Gauss on the  lunar  surface.  The magnetic 

s u s c e p t i b i l i t y  of the  moon is  less than 1.8 i f  the i n t e r i o r  is 

below the  Curie poin t .  I n  in t e rp l ane ta ry  space no evidence is found 

0 

f o r  a bow shock wave due t o  the  flow of the  supersonic  s o l a r  wind 

p lasma p a s t  the  moon. 

n ights ide  of the  moon as  the  moon absorbs the  plasma with s m a l l  

per turba t ions  of the  magnitude and d i r e c t i o n  of the  in t e rp l ane ta ry  

magnetic f i e l d .  The imbedded in t e rp l ane ta ry  magnetic f i e l d  appears 

A s o l a r  plasma shadow o r  c a v i t y  evolves on the  

,-, 

t o  d i f f u s e  a s  r ap id ly  through t h e  i n t e r i o r  of the  moon as the  s o l a r  

wind convectively t r anspor t s  it p a s t  t he  moon. This precludes acc re t ion  

of the  magnetic f i e l d  as theorized by Gold and Tozer and is  due t o  the  

l o w  e f f e c t i v e  e l e c t r i c a l  conduct ivi ty  of the  moon, less than  mhos/meter. 

This value suggests  r e l a t i v e l y  low temperatures of t he  i n t e r i o r  of 

approximately 1000°K. This  assumes a temperature dependency of e l e c t r i c a l  

conduction of lunar  material similar t o  t e r r e s t r i a l  magnesium-iron 

si l icates.  The moon appears t o  be a nonmagnetic, r e l a t i v e l y  non- 

conducting, d i e l e c t r i c ,  cold sphere. 



1.0 In t roduct ion  

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

18, 21 and 28 represented the i n i t i a l  phase of the  USA IMP ( In t e rp l ane ta ry  

Monitoring Platform) program t o  study the  geophysical environment of 

the  e a r t h  from highly eccen t r i c  o r b i t .  P r inc ipa l  r e s u l t s  were 

d e f i n i t i v e  measurements of the s o l a r  wind i n t e r a c t i o n  with the  

geomagnetic f i e l d  and a s tudy of the  in t e rp l ane ta ry  magnetic f i e l d .  

The s o l a r  wind is  the  supersonic expansion of t he  s o l a r  corona 

plasmainto in t e rp l ane ta ry  space.  It i s  composed pr imar i ly  of protons 

and e l ec t rons  with a small (less than 10%) admixture of doubly 

ionized helium and smaller  amounts of heavier  elements i n  var ious 

s t a t e s  of ion iza t ion .  A t  the  o r b i t  of e a r t h  the  s o l a r  wind v e l o c i t y  

v a r i e s  between 300 t o  800 km/sec wi th  a t y p i c a l  dens i ty  of 5 protons/  

cm3. 

a f l u x  of approximatdy 3 x 10 

* 

This represents  a proton energy of from 400 eV t o  4 keV and 

8 2 protons/cm /sec.  Imbedded i n  t h i s  

-5 
plasma is  an extended s o l a r  magnetic f i e l d  of 3 t o  8y (ly=lO oersted) .  

The e l ec t ron  and ion  temperatures a r e  not equal and the  

6 thermal motion of  t he  ions an iso t ropic  . The temperature of t he  ions 

i s  approximately lo5 OK with T1l/TL varying between 1.5 and 4 .  

e lec t ron  temperatures a r e  found t o  be 1-3 times the  ion  temperatures. 

The 

The length sca l e s  of i n t e r e s t  i n  t he  s o l a r  wind vary from a 

c o l l i s i o n  length  of the order  of 1 AU t o  the  ion  gyroradius of t he  

order  of 50 km and the  Debye length  of t he  order  of 10 meters. Both 

the  AlfvGn and ion  thermal v e l o c i t i e s  i n  c i s luna r  space a r e  
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approximately 50 km/sec so  t h a t  the  Mach number of s o l a r  wind 

flow i s  approximately 10. 

Because of t he  d i f f e r e n t  magnetic p rope r t i e s  of the  moon and 

the  e a r t h ,  t h e  i n t e r a c t i o n  of the  s o l a r  wind wi th  these  two bodies 

i s  v a s t l y  d i f f e r e n t .  The main f ea tu res  of t h e  e a r t h ' s  case are:  

( i )  t he  formation of a magnetosphere around which t h e  bulk of the  

s o l a r  plasma flows, (ii) the  development of an extended magnetic 

t a i l  i n  the  a n t i s o l a r  d i r e c t i o n ,  and ( i i i )  the  presence of a 

detached, c o l l i s i o n l e s s  bow shock wave upstream from the  magnetosphere. 

Ear ly  r e s u l t s  i n  1959 from Luna 2 indicated the  absence of a 

s t rong lunar  magnetic f i e l d ,  s e t t i n g  an upper l i m i t  of lOOy f o r  t h e  

magnitude on the  lunar  surface.  Gold and subsequently Tozer and 

Wilson16 postulated t h a t  i n  the  absence of a s u f f i c i e n t l y  in tense  

5 

lunar  f i e l d  the  s o l a r  wind would d i r e c t l y  impact the  lunar  sur face  

and the  imbedded in t e rp l ane ta ry  magnetic f i e l d  would be captured 

due t o  the  high e l e c t r i c a l  conduct ivi ty  of t he  lunar  i n t e r i o r .  A 

pseudo-magnetosphere and attached shock wave would be formed a s  shown 

f o r  t h i s  model i n  Figure 1. Measurements by Luna 10 i n  1966 were 

in te rpre ted  a s  ind ica t ing  the  ex is tence  of a pseudo-magnetosphere 

although no evidence f o r  a shock wave w a s  reported - 3 

This paper summarizes the  r e s u l t s  f romExplorer  35 which show 

the  absence of both a pseudo-magnetosphere and a shock wave. I n  

addi t ion  these  measurements have been used t o  study the  magnetic 

s u s c e p t i b i l i t y ,  e l e c t r i c a l  conduct ivi ty  and i n t e r n a l  temperature of 

the  moon. 
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2.0 S a t e l l i t e  and Orbi t  

The i n i t i a l  at tempt t o  s tudy the  environment of t he  moon by 

anchoring an IMP type sa te l l i t e  i n  lunar o r b i t  i n  1966 f a i l e d  with 

Explorer 33 placed ins tead  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  successful  with 

Explorer 35 placed i n t o  lunar  o r b i t  on J u l y  22 wi th  o r b i t a l  period 

11.53 hours, i n c l i n a t i o n  169O with respec t  t o  the  e c l i p t i c  plane,  

aposelene = 9388+100 - km (5.4 %, RM = Radius of Moon = 1738 km) 

per i se lene  = 2568+100 km (1.4 RM) and i n i t i a l  aposelene-moon-sun 

angle = 304' East .  

Figure 2 presents  the  p ro jec t ion  of the  o r b i t  on a plane passing 

through the  center  of the  moon and p a r a l l e l  t o  the  e c l i p t i c  plane,  

which def ines  a se lenocent r ic  s o l a r  e c l i p t i c  coordinate system with 

the  XSSE axis  d i r ec t ed  from t h e  moon t o  the  sun and the  ZSSE ax 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 he  o r b i t  

geometry is  due t o  the  he l iocen t r i c  motion of the  earth-moon system 

and leads t o  an apparent westward progression of  the  l i n e  of apsides 

of approximately 1.1 per  day. 0 

Explorer 35 is  s p i n  s t a b i l i z e d  a t  2 5 . e 0 . 4  RPM with the  sp in  

ax i s  perpendicular t o  t h e  e c l i p t i c  plane &2O. 

powered by s o l a r  c e l l s  on four paddles although during passage through 

the  o p t i c a l  shadow of the  moon f o r  i n t e r v a l s  up t o  60 minutes, 

ba t t e ry  power is  required t o  continuously t ransmit  s c i e n t i f i c  data .  

The spacecraf t  i s  
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The experiment r e p e r t o i r e  includes two f luxgate  magnetometers, two 

plasma probes, two ene rge t i c  p a r t i c l e  de t ec to r s  and one cosmic dus t  

de tec tor .  Two passive experiments u t i l i z e  the  spacecraf t  f o r  a 

study of t he  g r a v i t a t i o n a l  f i e l d  of the  moon by ana lys i s  of i ts  

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  radar  measurements of the  

electromagnetic proper t ies  of t he  lunar  sur face  by monitoring the  

d i r e c t l y  t ransmit ted and lunar  sur face  r e f l e c t e d  RF s i g n a l .  

The spacecraf t  has operated continuously s ince  launch and 

successfu l ly  survived the  long shadow periods during the  lunar  

ec l ip ses  of 18 October 1967 and 13 A p r i l  1968. It has completed 

more than 900 o r b i t s  of  the  moon and as  noted i n  Fig.  2 has 

provided d i r e c t  measurements i n s i t u  of the  lunar  environment above 

700 km. 
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3 . 0  Observations of Near Lunar Magnetic F ie ld  

A s  they o r b i t  the  e a r t h , t h e  moon and Explorer 35 are immersed 

r e p e t i t i v e l y  i n  in t e rp l ane ta ry  space, the  geomagnetosheath and 

the  geomagnetotail.  Data taken while the  spacecraf t  i s  i n  the  

geomagnetic t a i l  have been used t o  s tudy the  magnetostatic proper t ies  

of the  moon and while i n  in t e rp l ane ta ry  space t o  study i t s  

e l e c t r i c a l  conduct ivi ty .  

When the  moon is  imbedded i n  the  geomagnetic t a i l  it is  optimumly 

poss ib le  t o  d e t e c t  any i n t r i n s i c  magnetic p rope 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 a r e  shown i n  Fig.  3 

f o r  a "quiet" t i m e  as  the  spacecraf t  passes through per i se lene .  

The t h e o r e t i c a l  curve shown corresponds t o  superposi t ion of a 

geomagnetic t a i l  f i e l d  of 9y and a lunar  magnetic moment of 10 20 

cgs un i t s .  Inspect ion ind ica t e s  the  observed per turba t ions  a r e  less 

than would be predicted wi th  these  parameters. This  r e s u l t  i s  a f ac to r  

of 60 lower than es tab l i shed  by the  Luna 2 r e s u l t s  and the  preliminary 

Explorer 35 r e s u l t s  . 
magnetic f i e l d  of the  moon i s  less than 4y on the  sur face  and t h a t  i n  

general  the  lunar  magnetic f i e l d  environment on the  sur face  is  dominated 

e i t h e r  by the  geomagnetic t a i l ,  magnetosheath o r  i n t e rp l ane ta ry  magnetic 

f i e l d  depending upon the  pos i t i on  of t he  moon r e l a t i v e  t o  the  

geomagnetosphere. I n  addi t ion ,  these  da t a  can be analyzed f o r  

magnetic s u s c e p t i b i l i t y  and the  r e s u l t  obtained is t h a t  pM is l e s s  

than 1 . 8 ~ ~  i f  the  lunar body i s  homogeneous and i t s  temperature 

1 below the  C u r i e  poin t  . 

This suggests t h a t  t h e  i n t r i n s i c  11 



\ 

- 6 -  

Of s p e c i a l  i n t e r e s t  i n  t h i s  study a r e  the  per iods when the  moon 

i s  outs ide  the  e a r t h ’ s  bow shock i n  the  s o l a r  wind. 

measurements of t he  magnetic f i e l d  i n  the  v i c i n i t y  of t he  moon have 

been made during hundreds of spacecraf t  o r b i t s ,  

of a bow shock (v i z .  a jump i n  f i e l d  magnitude by a f a c t o r  of 2-4 

and s u b s t a n t i a l  increase  i n  f luc tua t ions  accompanying the  heat ing 

of the  plasma) have not been observed. The in t e rp l ane ta ry  magnetic 

f i e l d  i s  observed t o  be only s l i g h l y  perturbed by the  presence of 

During such t i m e s  

The c h a r a c t e r i s t i c s  

2 .  11, 1 2 ,  15 
the  moon I n  t h e  core of the  lunar  wake 

observat ions c h a r a c t e r i s t i c a l l y  show an increase of t he  magnetic f i e l d  

5 € 30% of the  unperturbed value.  

t h i s  core ,  both p o s i t i v e  and negative per turba t ions  of the  

in t e rp l ane ta ry  f i e l d  s t r eng th  a r e  o f t e n  observed. The magnitude and 

geometry of the  per turba t ions  vary with condi t ions i n  the  undisturbed 

s o l a r  wind, v e r i f i e d  by simultaneous measurements with o ther  

s a t e l l i t e s  i n  c i s luna r  space. 

I n  the  penumbral regions,  around 

The major e f f e c t  of the  moon on the  in t e rp l ane ta ry  medium is  

the  c rea t ion  of a plasma cavi ty” 13’ I4 ; the  e l ec t rons  and ions 

impacting the  sur face  are absorbed by the  lunar  body. There i s  a l so  

no evidence f o r  t he  development of a boundary l aye r  analogous t o  

the e a r t h ’ s  magnetosheath. 

penumbral region has been interpretad14 as giving evidence of de f l ec t ion  of 

a s m a l l  amount of plasma from the  limbs of the  moon. 

A s m a l l  increase i n  the  plasma f l u x  i n  the  

A sample of magnetic f i e l d  measurements i n  the  lunar  wake 

displaying r e l a t i v e l y  la rge  per turba t ions  of t he  magnetic f i e l d  i s  

shown i n  Figure 4. 

t he  e c l i p t i c  plane i n  the  upper l e f t  hand corner and pos i t i ona l ly  

The spacecraf t  t r a j e c t o r y  i s  shown projected on 
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corre la ted  with the  d a t a  through UT annotation. A s  the  spacecraf t  

e n t e r s  the  lunar  wake region,  an o s c i l l a t i n g  p a t t e r n  of + - anomalies 

i s  detected.  Subsequently a f t e r  egression from the  core region 

where a pos i t i ve  anomaly some 30% above the  undisturbed f i e l d  

magnitude of approximately 5,7y w a s  de tec ted ,  only a negative anomaly 

i s  again observed. Note t h a t  the  l a t i t u d e  angle,  8 ,  and longi tude 

angle,  4, i n  se lenocent r ic  s o l a r  e c l i p t i c  coordinates ,  i nd ica t e  the  

absence of appreciable  d i r e c t i o n a l  v a r i a t i o n s  of t he  f i e l d s  through 

the lunar  wake region. 

Such l a rge  v a r i a t i o n s  of t h e  magnetic f i e l d  i n  the  lunar  wake 

are  not always observed. Frequently it is  necessary t o  use 

simultaneous c o r r e l a t i v e  d a t a  from another spacecraf t  i n  c i s luna r  space 

t o  p o s i t i v e l y  i d e n t i f y  the  umbral increase.  With these  r e s u l t s ,  it 

is c l e a r  t h a t  t he  theory shown i n  Fig. 1 is not v a l i d  and t h a t  t he re  

i s  no pseudo-magnetosphere formed s ince  the  in t e rp l ane ta ry  magnetic 

f i e l d  i s  not accreted by the  moon. 

A s  noted by Johnson and Midgely7 , e f f e c t s  of a sur face  l aye r  

of low e l e c t r i c a l  conduct ivi ty  may d r a s t i c a l l y  al ter the  s teady 

s t a t e  condi t ions of s o l a r  wind flow p a s t  the  moon. I n  order  t o  study 

t h e  i n t e r n a l  e l e c t r i c a l  conduct ivi ty  of  the  moon, it is  necessary 

t o  inves t iga t e  i t s  dynamic response t o  d i s c o n t i n u i t i e s  o r  sudden 

changes i n  the  s o l a r  wind. The decay of eddy cur ren ts  assoc ia ted  

with such t r a n s i e n t s  can t t , n  i n d i c a t e  the  c h a r a c t e r i s t i c  d i f f u s i o n  

t i m e  of t he  lunar  i n t e r i o r  and thence i ts  e l e c t r i c a l  conduct ivi ty .  
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Severa l  l a rge  and very abrupt changes i n  t h e  in t e rp l ane ta ry  

magnetic f i e l d  occurred i n  September 1967 when Explorer  35 w a s  

i n  t h e  lunar  wake c l o s e  t o  the  moon and Explorers  33 and 34 were 

simultaneously monitoring t h e  in t e rp l ane ta ry  medium i n  c i s luna r  

space. A sample r e s u l t  is shown i n  Fig.  5 where it is seen t h a t  sudden 

changes occur i n  t h e  lunar  wake wi th  t i m e  scales less than 5 seconds, 

and wi th  a t i m e  s igna ture  near ly  i d e n t i c a l  t o  t h a t  observed i n  the  

in t e rp l ane ta ry  medium unaffected by the  moon. 

An estimate of the  e lec t r ica l  conduct ivi ty  is poss ib le  i f  i t  i s  

assumed t h a t  t h e  t i m e  f o r  convection of t h e  s o l a r  wind d i s c o n t i n u i t y  

pas t  t he  moon, pc, e s t a b l i s h e s  an upper l i m i t  f o r  t h e  length  of 

per turba t ions  of t he  f i e l d  due t o  eddy cur ren t  decay. A s  shown i n  

Fig.  6 ,  T~ ranges from 6-10 seconds so t h a t  depending upon t h e  s i z e  

of  t he  conducting i n t e r i o r ,  t h e  conduct ivi ty  ranges from t o  

(fi-m)-'. The d a t a  i n  Fig.  5 imply t h a t  'rD 5 5 seconds. 

England e t  a l .  have s tudied  var ious  models of the e l e c t r i c a l  

conduct ivi ty  s t r u c t u r e  of t he  moon, a summary is shown i n  Fig.  7. Their  

work shows t h a t  i f  aM < (fi-m) then  t h e  i n t e r i o r  of t h e  

moon i s  r e l a t i v e l y  cool ,  less than 1O0Ooc. 

concentrations of r ad ioac t ive  hea t  sources s i m i l a r  t o  chondr i t i c  

-1 

I n  the  case of 

meteor i tes ,  only a young moon has t h i s  property.  I f  non-chondrit ic 

than t h e  moon could be much o lder .  

low conduct ivi ty  deduced from these  observat ions s t rong ly  suggests  

a r e l a t i v e l y  cool lunar  i n t e r i o r .  

I n  any event ,  the apparent ly  
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4.0 Electromagnetic P rope r t i e s  of Lunar Surface 

Monitoring of the  te lemetry t r ansmi t t e r  of Explorer 35 a t  

136 mHZ has been conducted by Stanford Universi ty  using t h e  

t r ansmi t t e r  as a radar  beacon t o  remotely probe tlie electromagnetic 

p rope r t i e s  of the  moon's sur face  17. Radio s igna l s  which o r ig ina t e  

on the  spacecraf t  are r e f l e c t e d  from t h e  lunar  sur face  and both 

d i r e c t l y  t ransmit ted and lunar  sur face  r e f l ec t ed  s igna l s  are received 

a t  the  Stanford antenna f a c i l i t i e s .  

A s  t he  spacecraf t  revolves around the  moon the  r e f l e c t i o n  poin t  

moves across  the  lunar  sur face  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  the  wave lengths  

employed, t he  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  a r e  p r i n c i p a l l y  dependent 

upon a small  a rea  only a few kilometers i n  ex ten t .  A s  t he  spacecraf t  

passes  behind and i s  occul ted by the  moon, a d i f f r a c t i o n  p a t t e r n  i s  

observed i n  the received s igna l .  

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 

i s  shown f o r  both r i g h t  and l e f t  hand c i r c u l a r  po la r i za t ions  i n  

the  upper po r t ion  of Fig.  8. 

exac t ly  one luna t ion  apa r t  wi th  the  v a r i a t i o n  i n  the  response 

c o r r e l a t i n g  with movement of t he  r e f l e c t i o n  poin 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 the  general  t rend upward i n  r e f l e c t i v i t y  corresponds t o  motion 

of the  r e f l e c t i o n  poin t  onto r e l a t i v e l y  younger maria mater ia l  i n  

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

The da ta  were obtained on two days 
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moon i s  a remarkedly homogeneous body with redpect t o  r e f l e c t i o n  of 

electromagnetic s igna l s  a t  136 mJZ. Typical v a r i a t i o n s  are on 

the order  of 30% although l a r g e r  changes a r e  occasional ly  observed. 

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

observed on the  su r face  of the  ear th .  

I n  t h e  lower ha l f  of Fig. 8 a re  presented r e s u l t s  pe r t inen t  

t o  measurement of t h e  Brewster angle of the  lunar  surface.  This 

curve i s  the  sum of the  two c i r c u l a r l y  polar ized sca t t e red  waves. 

The Brewster angle  corresponds t o  t h a t  angle a t  which the re  i s  t o t a l  

absorpt ion of l i n e a r l y  polar ized waves and is found t o  be approximately 

60°. This implies a d i e l e c t r i c  constant  e f o r  the  lunar sur face  

of 3.0e0 a t  these wavelengths, 2.2 meters. 
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5.0 Kine t i c  Theory and Model of  S o l a r  Wind Flow Pas t  Moon 

A s t eady- s t a t e  model f o r  t he  plasma and f i e l d  i n  t h e  v i c i n i t y  

of t h e  moon is  considered here.  Because t h e  Larmor rad ius  of 

charged p a r t i c l e s  i s  s m a l l  (< 3%) compared wi th  t h e  dimension of t he  

moon, each pa r t i c l e  may be approximated by a guiding-center  par t ic le  19 . 

The lowest-order guiding-center  gas has thermal motion 

only along the  f i e l d  l i n e s ,  and thus under t h i s  approximation, t h e  

problem is  reduced t o  t h e  i n t e r a c t i o n  between a sphere and a 

supersonic one-dimensional guiding-center gas.  

I n  the  i n t e r a c t i o n  region,  t h e  guiding-center  t r a j e c t o r y  of 

ions is de f l ec t ed  s l igh t ly  from a s t r a i g h t  l i n e  by v a r i a t i o n s  of the 

magnetic and the  e l e c t r i c  f i e l d s .  Simple a n a l y t i c a l  r e s u l t s  f o r  

t he  ion flow i n  t h e  i n t e r a c t i o n  reg ion  have been obtained 

by approximating the  ion  guiding-center  t r a j e c t o r i e s  by s t r a i g h t  

l i nes .  The important f e a t u r e  of t h e  ana lys i s  i s  t h e  t runca t ion  

of the  d i s t r i b u t i o n  func t ion  due t o  absorpt ion of p a r t i c l e s  by t h e  

sur face  of t he  moon. Under t h i s  assumption the  guiding-center  

d i s t r i b u t i o n  func t ion  f o r  ions can be ca lcu la ted  everywhere. 

13 , 19 

I n  order  t o  compute the  per turba t ions  of the  in t e rp l ane ta ry  

magnetic f i e l d ,  it is  assumed t h a t  t h e  t o t a l  e lec t r ic  cur ren t  

induced i n  the  per turbed lunar  wake i s  composed of a) magnetization 

20 cu r ren t ,  b) g rad ien t  d r i f t  cur ren t  and c) curvature  d r i f t  cur ren t  . 
# 
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I n  t h i s  treatment the  lunar  wake behind the  moon is not c y l i n d r i c a l l y  

symmetrical but  a plane of symmetry i s  defined by t h e  d i r e c t i o n  of the  

in t e rp l ane ta ry  magnetic f i e l d  and t h e  s o l a r  wind ve loc i ty .  The height  

of the  lunar  wake remains a constant two lunar  r a d i i  t ransverse  

t o  t h i s  plane. 

f i e l d  o r i e n t a t i o n  and t h e  temperature of the  plasma. An important 

parameter i s  the  speed r a t i o ,  S ,  defined by the  r a t i o  of t h e  s o l a r  

wind ve loc i ty ,  Vo, t o  t he  ion thermal speed paral le l  t o  the  f i e l d  

I n  t h i s  plane the  width v a r i e s  depending upon 

l i n e s ,  V I I =  ,/- : s = V,/VII.  

The length of the  wake v a r i e s  depending upon the  f i e l d  

o r i en ta t ion ,  4, with  t h e  s h o r t e s t  wake obtained when the  f i e l d  

l i n e s  a re  t ransverse  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  predicted 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  the  

s o l a r  wind v e l o c i t y  with intermediate  lengths  obtained f o r  obl ique 

o r i en ta t ions .  

The most . .cr i t ical  parameter determining the  magnitude of the  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  is  @, which i s  a 

measure of the  diamagnetic p rope r t i e s  of t he  plasma given by the  r a t i o  

of perpendicular plasma pressure ,  P, = nkTI,to magnetic f i e l d  

2 2 
pressure ,  B /an :@ = 8 n n k T I l ~  

Representat ive r e s u l t s  of the  k i n e t i c  theory are shown i n  Fig.  9 

f o r  a t yp ica l  f i e l d  o r i e n t a t i o n  a t  the  Archimedian s p i r a l  angle 

4 = 135 and S=10, @ = 1.0. Larger values  of $ lead t o  enhanced 

per turba t ions  of the  f i e l d  magnitude and a re  cons is ten t  wi th  experimental 

observations.  

0 
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6.0 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  

es tab l i shed  the  na ture  of the  lunar  environment and the  s o l a r  wind 

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

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 ene rge t i c  p a r t i c l e  f luxes  which 

impact i t s  sur face  8,18 

The e l e c t r i c a l  conduct ivi ty  s t r u c t u r e  and i n t e r n a l  temperature 

of the  moon may be very i n t e r e s t i n g  addi t iona l  r e s u l t s  obtained from 

Explorer 35. A s  addi t iona l  s tud ie s  a r e  conducted of the  experimental 

d a t a  and an accurate  t h e o r e t i c a l  model developed f o r  the  

propagation pas t  the  moon of t r a n s i e n t  d i s turbances ,  such a s  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 rec i se  in s igh t  i n t o  

the  problem of the  present  s t a t e  of the  lunar  i n t e r i o r  w i l l  be 

gained. 
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SUMMARY OF LUNAR EXPLORER 35 RESULTS 

Magnetic Moment M < 1020 cgs 

Magnetic S u s c e p t i b i l i t y  Pm < 1.8 P, 

< mhos/meter 
Om 

Elec t r ica l  Conductivity 

Surface Dielectric Constant ES = 3 eo 

N o  bow shock wave o r  lunar  pseudo-magnetosphere. Absorption of s o l a r  

wind by surface.  



FIGURE CAPTIONS 

Figure 1 

Figure 2 

Figure 3 

Figure 4 

Figure 5 

Figure 6 
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Figure 7 

Figure 8 

Figure 9 

Gold and Tozer-Wilson theory of s o l a r  wind flow pas t  moon. 

Lunar Explorer  35 o r b i t s  J u l y  1967-May 1968. 

Measurements of near lunar  magnetic f i e l d  i n  October 1967 

while i n  geomagnetic ta.il. 

Measurements of near lunar  magnetic f i e l d  i n A p r i l  1968 

while i n  in t e rp l ane ta ry  space. 

Simultaneous in t e rp l ane ta ry  magnetic f i e l d  measurements by 

Explorers  33, 34 and 35 i n  September 1967. A t  t h i s  t i m e ,  

SEQ 73096 Explorer 35 i s  located a t  (-2.68, 0 . 3 4 ,  0.14) 

i n  SSE coordinates .  

Diffusion-Convection t i m e  s ca l e s  as func t ion  of bulk 

e 1 e c t r i c  a1 conduc t i v  it y o f moon . 
E l e c t r i c a l  conduct ivi ty  versus  depth f o r  var ious  models of 

i n t e r n  a 1 temp e r a t  u r  e s . 
R e f l e c t i v i t y  of lunar  sur face  a t  136 Megahertz and measurement 

of B r e w s t e r  angle.  

Resul t s  of K ine t i c  theory of s o l a r  wind flow p a s t  nonmagnetic 

nonconducting cold moon. 
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