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ABSTRACT 

Recent es t imates  of t h e  i n t e r n a l  e l e c t r i c a l  con- 
d u c t i v i t y  and temperature of t h e  moon, made by N e s s  [1969c;  
1 9 6 9 b ;  19701 a r e  based on t h e  assumption t h a t  t h e  response 
of t h e  moon t o  d i s c o n t i n u i t i e s  i n  t h e  i n t e rp l ane ta ry  f i e l d  
w i l l  l ead  t o  an increase  i n  t h e  risetime of t h e  d i scon t inu i ty  
a s  observed i n  t h e  lunar  wake. Calcu la t ions  of t h e  t i m e  
domain response of t h e  moon show t h a t  t h e  response i s  
charac te r ized  by a r ap id  inc rease  with t h e  same t i m e  scale 
a s  t h e  d i scon t inu i ty ,  followed by an overshoot and then a 
decay. This r e s u l t  i s  i n  con t r ad ic t ion  t o  t h e  i n t e r p r e t a t i o n  
of N e s s  e 

The inc rease  i n  risetime t h a t  i s  observed must be 
a t t r i b u t e d  t o  o the r  e f f e c t s  and t h e  es t imates  of t h e  conduc- 
t i v i t y ,  based on t h i s  i n t e r p r e t a t i o n ,  must be discounted. 
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MEMORANDUM FOR FILE 

: W. R e  S i l l  

In t roduct ion  

I n  seve ra l  r ecen t  papers ,  N e s s  [1969a; 196933; 19701  
has reported es t imates  of t h e  i n t e r i o r  l una r  conduct ivi ty  and 
temperature based on h i s  i n t e r p r e t a t i o n  of t h e  response of t h e  
moon t o  d i s c o n t i n u i t i e s  i n  t h e  i n t e r p l a n e t a r y  magnetic f i e l d .  
Figure 1 shows t h e  d a t a  used by N e s s  [1969a; 1 9 7 0 1 .  The curves 
show a d i scon t inu i ty  i n  t h e  z (normal t o  t h e  e c l i p t i c )  component 
of t h e  i n t e r p l a n e t a r y  f i e l d  a s  observed by Explorer 3 3  i n  t h e  
s o l a r  wind, and a s  observed by Explorer 3 5  i n  lunar  o r b i t ,  when 
t h e  spacec ra f t  was i n  t h e  plasma void behind t h e  moon. The 
increase  i n  t h e  risetime of t h e  event from 1 0 . 2  seconds a t  
Explorer 33  t o  56.2 seconds a t  Explorer 3 5  i s  a t t r i b u t e d  t o  t h e  
induct ion of eddy cu r ren t s  i n  t h e  lunar  i n t e r i o r .  From t h i s  a 
decay t i m e  of less than 20 seconds and an i n t e r i o r  conduct ivi ty  
of l o m 4  mho/m i s  estimated [ N e s s ,  1969a ;  19701 .  A s i m i l a r  
d i scon t inu i ty ,  with a risetime of 40  seconds, showed no inc rease  
i n  risetime i n  t h e  plasma void [ N e s s ,  19701.  

The purpose of t h i s  note i s  t o  p o i n t  o u t  t h a t  ca lcu la-  
t i o n s  of t h e  po lo ida l  (eddy cu r ren t )  response of t h e  moon t o  
d i s c o n t i n u i t i e s  i n  t h e  in t e rp l ane ta ry  magnetic f i e l d  do not  sup- 
p o r t  t h i s  i n t e r p r e t a t i o n .  N e i t h e r  t he  form nor t h e  magnitude of 
t h e  induced f i e l d s  could lead  t o  t h e  inc rease  i n  t h e  risetime 
observed i n  Figure 1. 

Induced Lunar Magnetic F i e l d  

Figure 2,  taken from Blank and S i l l  [ 1 9 6 9 ] ,  shows t h e  
moon i n  t h e  s o l a r  wind environment and t h e  induced polo ida l  
magnetic f i e l d .  The f i g u r e  i l l u s t r a t e s  t h e  confinement of t h e  
induced f i e l d  on t h e  s u n l i t  hemisphere by t h e  k i n e t i c  pressure  
of t h e  s o l a r  wind. This compression and ampl i f ica t ion  of t h e  
f i e l d  has been confirmed by t h e  observat ions of t h e  Apollo 1 2  lunar  
su r face  magnetometer [Sonett  e t  a l . ,  19701 .  On t h e  dark s i d e  of 
t h e  moon t h e  induced f i e l d  i s  shown expanded i n t o  t h e  plasma void.  
This f e a t u r e  of t h e  i n t e r a c t i o n  has  a l s o  been confirmed by t h e  
lunar  su r face  magnetometer. Observations of t h e  magnetic f i e l d  
during t h e  lunar  n igh t  show some induct ive  e f f e c t s  bu t  very l i t t l e  
ampl i f ica t ion  [Sonett  e t  a l e  , 19701 
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The data  of F igure  1 w a s  recorded when Explorer  35 
w a s  i n  t h e  plasma void  behind t h e  moon a t  a d i s t a n c e  of 
1.48 Rm (Rm = l u n a r  r a d i u s ) .  The f i e l d  i n  the void i s  a sum- 
mation of t h e  solar  wind f i e l d ,  a f i e l d  due t o  t h e  absence of 
t h e  diamagnetic plasma and t h e  f i e l d  induced i n  t h e  l u n a r  
i n t e r i o r .  For t h e  purposes of t h i s  paper  w e  w i l l  n e g l e c t  t h e  
diamagnetic f i e l d  i n c r e a s e  and t h e  compression effect  on t h e  
induced d i p o l e  caused by t h e  confinement w i t h i n  t h e  c y l i n d r i c a l  
plasma void.  Therefore, w e  assume t h a t  t h e  f i e l d  a t  t h e  
a l t i t u d e  of Explorer  35 (0.48 Rm) i s  given by t h e  source  f i e l d  
and an unconfined induced d i p o l e  f i e l d .  

F igure  3 shows t h e  t i m e  domain response of a core- 
c r u s t  l u n a r  conduc t iv i ty  model t o  a s t e p  f u n c t i o n  i n c r e a s e  i n  
t h e  source  f i e l d .  The t i m e  domain response i s  c a l c u l a t e d  by 
mul t ip ly ing  t h e  spectrum of t h e  i n p u t  s i g n a l  by t h e  spectrum 
of t h e  p o l o i d a l  response and then  t ransforming  t h e  product  back 
i n t o  t h e  t i m e  domain. T h i s  i s  equ iva len t  t o  convolving t h e  
impulse response wi th  t h e  i n p u t  s i g n a l .  T h e  spectrum of  t h e  
p o l o i d a l  response i n  t h i s  example i s  c a l c u l a t e d  by a technique 
s imi la r  t o  t h a t  of S i l l  and Blank [ 1 9 7 0 ]  us ing  t h e  boundary 
condi t ions  a p p r o p r i a t e  f o r  an unconfined secondary f i e l d .  

The i n t e r i o r  conduc t iv i ty  i n  t h e  model i s  mho/m, 
as suggested by N e s s .  The t o p  curve shows a d i s c o n t i n u i t y  i n  
t h e  source  f i e l d  modeled a f t e r  F igu re  1; i . e . ,  a r a p i d  i n c r e a s e  
i n  t he  f i e l d  by 7y i n  1 0  seconds. The second curve shows t h e  
induced f i e l d  a t  t h e  l u n a r  s u r f a c e .  T h e  t h i r d  trace shows t h e  
t o t a l  f i e l d  (source  p l u s  induced) a t  a p o i n t  0.48 Rm above the 
l u n a r  s u r f a c e ,  assuming t h e  induced f i e l d  f a l l s  o f f  as a d ipo le .  
W e  no te  t h a t  t h e  response i s  characterized by an overshoot  of 
smal l  magnitude (%.6y) followed by a decay. I n  a d d i t i o n  t h e  
decay is  not  a s imple exponent ia l .  F o r  example, t h e  i n v e r s e  of 
t h e  normalized s l o p e  B / ( d B / d t )  , i n c r e a s e s  from 20 seconds a t  
t h e  peak, t o  about  35 seconds a f t e r  20 seconds. 

S ince  n e i t h e r  t h e  form nor  t h e  magnitude of t h e  
c a l c u l a t e d  response could lead t o  t h e  i n c r e a s e  i n  risetime seen  
i n  F igu re  1, I conclude t h a t  t h e  i n c r e a s e  i n  risetime cannot be 
due t o  induc t ion  of eddy c u r r e n t s  i n  t h e  l u n a r  i n t e r i o r .  In- 
c r eas ing  t h e  i n t e r i o r  conduc t iv i ty  by many orders. of magnitude 
does no t  a l t e r  this conclusion.  

T h e  absence of an apprec i ab le  t o r o i d a l  response fo r  t h e  
moon [Sonet t  e t  a l . ,  19701 i n d i c a t e s  t h a t  t h e  observed e f f e c t  can- 
n o t  be due t o  t h i s  mode. I n  any even t ,  t h e  t o r o i d a l  response i s  
i n d i c a t i v e  of t h e  nea r  s u r f a c e  conduc t iv i ty  [ S i l l  and Blank, 19701 
and it a lso  leads t o  a response,  i n  t h e  void ,  c h a r a c t e r i z e d  by an 
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overshoot .  The  observed effects could be due t o  t i m e  and/or 
s p a t i a l  changes i n  t h e  f i e l d  between Explorer  33 and 35, a 
p o s s i b i l i t y  which i s  dismissed by N e s s  [1969a]’. 

2015-WRS-gmr W. R. S i l l  

Attachments 
References 
F i g u r e s  1-3 
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FIGURE 1 -SIMULTANEOUS MEASUREMENTS OF THE MAGNETIC FIELD AT EXPLORER 33 
IN THE SOLAR WIND AND AT EXPLORER 35 IN THE PLASMA VOID BEHIND 
THE MOON 
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FIGURE 2 - SCHEMATIC ILLUSTRATlON OF THE CONFINEMENT BY THE SOLAR 
WIND OF A HARMONIC COMPONENT OF THE INDUCED LUNAR 
MAGNETIC FIELD 
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