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SUKtmirry -- ----- 

This is the final technical report on thc Lunar Data 

Analysis and Synthesis Proqrnm Grant No, NSG-07025 awarded to 

Rice University by the Lunar Programs Office of thc National 

Aeronautics and Space Administration. T ~ L  purpose of the 

research was to use data from the ALSEP/CPLEE instrument along 

with other lunar-surface snd lunar-orbiting instruments to study 

interactions between the moon and its space plasma environment. 

Principal research accomplishments under this grant wexc: 

1. Study of lunar nightside electron fluxes and identifi- 

cation of three distinct classes of flux events, The 

events were shown to be due to a) electrons propagating 

upstream from t h e  earth's bow shock; b) electrons 

thermalized and scattered to thc lunar surfac by 

disturbances alonq the boundary of the lunar solar- 

wind cavity; c) solar wind electrons scattered to the 

lunar surface by lunar limb shocks and/or comprassional 

disturbances. 

2. Identification of these lunar nightside electrons as 

a causative agent of the high night surface negative 

potentials observed in the AZSEP/SIDE ion data. 

3. Study of the shadowing of mzgnetotail plasma sheet 

electrons by interactions between the lunar body and 

the ambient magnetic field and by interactions between 

charged particles and the lunar remnant magnetic fields 

in the vicinity of t h e  instrument. These shadowing 

effects were shown to have important effects in modifi- 

cation of the lunar-surfacc and near-lunar potential 

distributions. 



These  s t u d i s s  will be described in detail i n  this report. 

Tha NASA Technical  O f f i c o r  f o r  this grant  is Dr. Desirce 

Stuart-Alexander, Code SM, NASA Lunar Programs O f f i c e .  



Int roduct irm --- ----.-- 

The Charqcd Part iclc Lunar Envi ronmimt Kxy(.tr iment  (CPLEE) 

was deployed on t h e  l u n a r  su r f ace  d u r i n g  t h e  Apollo 1 4  mission 

on February  6, 1971. Over a lifetime of approximately 2 1/2 

years t h e  i n s t r u m e n t  r c t u r n c d  I T I U C ~  va luab le  da ta  c o n c e r n i n g  thc  

charged pqrticlc e n v i r o n m e n t  of the moon and the interactions 

between space  plasmas and  t h e  lunar body and surfacc. Thc initial 

hardware and data analysis contract (NAS9-5884) continued until 

March 1974 and t h e  final r epor t  f o r  that contract contains the 

scientific justification, i n s t r u m e n t  descriptian, and scientific 

research a c t - i v i t y  of the CPLEE program up to that time. Briefly, 

the initial period of data a n a l y s i e  : o n c e n t r a t e d  upon analysis 

and u n d e r s t a n d i n g  of charged particle f l u x a s  t o  t h e  dayside 

l u n a r  surface. We investigated the lunar surface photoclcctron 

layer, t h e  properties of the plasma sheet in thc geomagnetic 

tail at lunar d i s t a n c e ,  properties of magne toshea th  particle 

populations, r e l a t i o n s  between charged p a r t i c l e  e v e n t s  observed 

a t  t h e  moon and e v e n t s  observed closer t o  t h e  earth by o ther  

satellites, and changes i n  the magnetotail geometry during magnetic  

storms. Other investigations included particle fluxes due to 

artificial l u n a r  s u r f a c e  impact e v e n t s  and cosmic r a y  particles 

from t h e  August  1 9 7 2  so l a r  f l a r e s .  The reader  s h o u l d  re fc r  to 

the N A S 9 - 5 8 0 4  final report for a complete bibliography. 

In our  s t u d i e s  of CPLEE d a t a ,  i t  became o b v i o u s  t h a t  many 

of the phenomena observed w e r e  not an intrinsic feature of the 

l u n a r  envi ronment  b u t  rather were t h e  r e s u l t  of i n t e r a c t i o n s  

between the moon and its space plasma environment. One such 



example i s  t h e  layer  of phnt :ocl t~ct rons  which forms on t h r  

s u n l i t  l u n a r  s u r f a c e  and which cr~atcr a pas i t i vc !  surface 

potential ranging up to 200 v o l t s  (Rcasonclr and Burke ,  1 9 7 2 )  . ---- - p- 

Siynificant f l u x e s  of a l cc t rons  were ahscrvcd t h r o u q h o u t  the 

l u n a r  n i g h t  when t h c  moan was upstream of t h e  e a r t h  i n  t h e  

so l a r  wind and t h e  CPLEE i n s t r u m e n t  was vicwinq into thr 

downstream l u n a r  wake c a v i t y .  That any f l u x e s  were observed 

a t  all was i ndeed  s u r p r i s i n g ,  f o r  p r e v i o u s  models of l u n a r -  

so l a r  wind i n t e r a c t i o n s  predicted that t h e  c a v i t y  should be 

empty of plasma. 

The Post-Apollo Data Analysis and S y n t h e s i s  Program 

af forded  an opportunity to make a s t u d y  oi p la sma- luna r  

i n t e r a c t i o n s  u s i n g  da ta  from t h e  CPLEE i n s t r u m e n t ,  the 

ALSEP/SIDE i n s t r u m e n t ,  and  t h e  Explorer 35/Ames Research 

Center Magnetometer i n  l u n a r  orbit. We proposed to make 

s u c h  a study and  t h e  g r a n t  was awarded i n  March 1 9 7 4 .  A 

one-year e x t e n t i o n  was g r a n t e d  i n  March 1 9 7 5 .  

The s c i e n t i f i c  r epor t s  and  pub l i ca t i ons  are listed 

i n  Appendix A .  One s t u d e ~ l t ,  D r .  Patricia El. R e i f f ,  recelved 

her Ph.D. degree from research conducted under t h i s  g r a n t .  



I n s t r w r l a n t s  dnd Uatd n;isa ------- 

Data f r o m  t h c  ALSEP/CPLEE ( p r i m a r y ) ,  t he  A p o l ~ o  1 4  

ALSFP/SIDE, and t h c  Explorer 35/ARC Magnetometer  were used 

in these s t u d i e s .  The ALSEP/SIBE d a t a  were s u p p l i e d  by nr, 

J. W. Freeman, Jr, , of R i c e  U n i v e r s i t y .  Data f rom thc Dx- 

p l o r e r  35 Magn~tometcr had been  supp l i ed  t o  us earlier by 

Dr. D. S. Colburn  of A m e s  Research Center, and we continued 

to use t h e  data i n  thesc s t u d i e s .  

The CPLEE and SIDE i n s t r u m e n t s  have been described 

extensively in other p u b l i c a t i o n s .  See, for example, the 

Apolls 14 P r e l i m i n a r y  Science Repor t ,  NASA SP-272. B r i e f l y ,  

t h e  CPLEE i n s t r u m e n t  is  an ion-electron spectrometer which 

covers the energy r ange  40  eV - 2 0 , 0 0 0  c V  i n  1 5  s teps .  The 

i n s t r u m e n t  c o n t a i n s  two i d e n t i c a l  a n a l y z e r s ,  one l o o k i n g  

toward local  lunar vertical (Analyzer A) and  the a ther  loolcing 

60° from loca l  vertical t o w a r d  l u n a r  west ( A n a l y z e r  B ) .  The 

CPLEE completes a comple t e  measurement cycle i n  1 9 . 2  seconds. 

The SIDE i n s t r u m e n t  contains an ion e n c r q y  a n a l y z e r  c o v e r i n g  

the energy range LO - 3500 cV in 20 steps with a c y c l c  time 

o f  ximataly 1 . 5  m i n u t e s .  The i n s t r u m e n t  a l s o  c o n t a i n s  a 

mass ~ n a l y z e r ,  b u t  no mass analyzer d a t a  were used i n  thcsc 

s t u d i e s .  

The Explorer 35/ARC Magnetometer i s  a three-axis i n s t r u -  

ment w i t h  a bas i c  resolution of 0.125 y (1 y = Gauss). 

The data were suppli2d to us in the form of d i g i t a l  magne t i c  

tapes c o n t a i n i n g  82 second averages o f  t h e  magnetic field v a l u e s .  



Other ancillary data inoLudud s o l a r  wind condi t ions  and 

t h e  geornagr~etic activity indcx Kp from archived sources af  the 

National Space Science Data C e n t e r  and publiohcd ddz.1 from 

tho Lunar Por tab le  Magn~tomctur Experiment (&dl, - ct - -- al., 1971). 



In t h i s  scction we discuss t-hc? s c i ( : n t i f i ~  r ~ s u l t s  of t h ~ :  

CPLEE Past-Apollo Data A n a l y s i s  and S y n t h e s i s  Program, A s  t h i s  

rc?por.t: contains r t -?pr inks  OF many of t h c  s c i c n t i  f i c  publications, 

only summaries will be p r e s e n t e d  here. 

I .  Lunar Night Elactran Fluxes 

Figure 1 shows an example of t h e  data which motivatcd this 

s tudy.  The c o u n t i n g  ra tes  due t o  300 e V  e l e c t r o n s  are plotted 

as a f u n c t i o n  of tintc f o r  a period a r o u n d  l u n a r  sunsct. The 

exact t i m e  s f  s u n s c t  ( t e r m i n a t o r  crossing)  is marked by t h e  

vertical. arrow. The r e l a t i v e  h i g h ,  s t a b l e  fluxes during the 

f i rs t  p a r t  of t h e  period are l u n a r  surface photoelectrons 

(Reasoner  - and -I Burkc 1972). As the solar illumination a n c l e  

increases, t h e  photoelectron f l u x e s  decrease ( h o u r  4 of day 49) 

and the f luxes  between t h i s  time and lunar s u n s e t  are a mix- 

ture of p h o t o e l e c t r o n s  and solar wind electrons, which t e n d  t o  

be more erratic i n  n a t u r s .  I~owever ,  i n  c o n t r a s t  t o  classical 

predictions t h e  e l e c t r o n  f l u x e s  d o  n o t  v a n i s h  at sunsot b u t  

r a the r  persist  l a n g  a f t e r  s u n s e t ,  In f a c t ,  as will be seen i n  

subsequent f i g u r e s ,  sporadic through s i g n i f i c a n t  fluxes persist 

t h roughou t  t h e  l u n a r  n i g h t .  Solar wind a b e r r a t i o n  (the shift 

i n  t h e  salar  wind direction caused by the  mo t ion  of the car th-  

moon system through the i n t e r p l a n e t a r y  medium) could account 

f o r  f luxes  persisting up to q112 hours f o l l o w i n g  t e r m i n a t o r  

c ross ing ,  but the e f fec t  would be asymmetrical re la t ive  to t h e  

dawn and dusk  terminators. In  fact, ~o such  effect could be 

discerned; that is, t h e  fluxes disp layed  no p r e f e r e n c e  toward 

e i t h e r  terminator. 



Figure 1 

An example of electron flux data observed near lunar sunset. 

Sunset is marked by the vertical arrow. It is seen that signifi- 

cant fluxes persist long after s u n s e t .  
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Figurc 2 i s  a11 axamplo (bottom panca.) of fluxes obscrvcd 

near l u n a r  m i d n i g h t ,  Thc t o p  two paric?ls show tllc latitude 1 4  

and t h e  long i tude  @ of t h r  i n k c r p l a n c t a r y  magnctlc f i e l d  

measured w i t h  t h e  E x p l o r e r  35/AhC Magnetometer. T h c  data yaps 

in the magnetometer record arc due to thca c r ~ ~ , ? ~ - a t l o n a l  chriractar- 

istics of the Explorer 35 Satcllitc. Tt was observed,  ;n a 

study of 4 months of da ta ,  t h a t  there scemcd  t r l  bn+ ?.referred 

d i r e c t i o n s  of t h e  1.dF for  t h e  occurrcncc of s .  ,., '-he fluxes. 

The p r e f e r r e d  directions seemed t o  be nrtar a 1 * nr c L i n g  

L, t h e  earth t o  the moon. Accordingly, a m o t  . '  * r c h t s  bow 

shock  surface was c o n s t r u c t e d  ( a  hyperbol-ULU - t - ; r . - . ~  ution) and 

for each position of t h e  moon t h e  zone i n  N - $ space where  the 

IMF would c o n n e c t  the moon to the bow snock  were  computed. The 

dotted line on t h e  @ p l o t  represents t h e  b o u n d a r i e s  of t h e  IMF 

earth-moon c o n n e c t i o n  zone. The zone boundary  lines a r e  i r r e g u -  

l a r  s i nce  t h e  width of t h e  zone i n  9 i s  a function of the latitude 

0 .  We see t h a t  t h e  e lec t ron fluxes are s i g n i f i z a n t l y  l a r g e r  

whenever @ f a l l s  i n t o  t he  c o n n e c t i o n  zone ( e . g . ,  a t  0215 -0230  

a n d  0 3 0 5 - 0 4 0 5 ) .  I n  a l l ,  14 such  e v e n t s  were i d e n t i f i e d  i n  the 

data set. There were undoubtedly more, b u t  could  not be uniquely 

i d e n t i f i e d  because of m i s s i n g  n~agne tome te r  d a t a ,  T h e  f l u x  even t s  

which are correlated with IMF d i r e c t i o n  wcre labeled Type I and 

the o t h e r ,  lower i n t e n s i t y  events wcre l a b e l e d  Type 11. The Type I 

events therefore mus t  o r i g i n a t , -  a t  t h e  ear t i l l s  bow shock  and 

propagate back upstream in the s o l a r  wind  to impact  the nightside 

l u n a r  surface. We w i l l  return t o  the Type I1 e v e n t s  later. 



Examplcs of Type 1 and Type I1 l u n a r  n i g h t  flux events .  The 

lower pane l  is t h e  c o u n t i n g  rate due t~ 200 eV electrons and t h e  

t o p  two p a n e l s  are the l a t i t u d e  0 and  longitude @ af the IMF. 

The dctted l i n e s  on the $I plot show t h e  zones where t h e  IMF 

connects t h e  moon to the earth's acw s h a c k .  Thc h i q h e r  i n t e n s i t y  

Type I cvents are seen to occur only when $ is within t h e  connec- 

tion zones .  
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Scuddc!r ct a l .  (1973) I-cportcd c~h.;r!rvntions of s o l a r  wind -- 
electron temp~raturos with OGO-5 .  Thcy found t h a t  a n  t h e  avt.?raqca 

t h e  solar wind electron temperature  was h i g h c r  when the satellite 

was connected to the bow shock alonq IMF l i n e s ,  They attributed 

the higher tcrnpernturas to s non-Maxwcllian component with a 

temperature on the order of 100 cV, In Figure 3 is shown a 

superposition of a t y p i c a l  solar wind e l ec t ron  spectrum with a 

characteristic temperature of -10 eV and a typical s p e c t r u m  of 

a Type I event. It is seen that the addition of Type I fluxes 

to the so l a r  wind electrons resul ts  in a flux enhancement a t  

higher energies which would be interpreted an a solar wind 

e l e c t r o n  temperature increase, b u t  that the t r u e  nature of the 

additional flux would not be seen by a detector exposed to the 

d i rec t  solar wind. However, for this s t u d y  t h e  moon acted to 

shield the instrument from the d i r e c t  solar wind and allowed 

a n  uncontamina ted  measure of these elec t rons .  

F i g u r e  4 shows an example of a t h i r d  t y p e  o f  lunar  nightside 

e lec t ron  f l u x  event. Here, a s  in Fig. 2, the counting rate of 

khe 200 eV e l e c t r o n  channel is displayed. Also shown is the 

geomagnetic disturbance parameter Kp. The d a t a  displayed cover 

t h e  period from 1 2 0 0  U.T. on May 18, 1971 (Day 138) to 0000 U.T. 

on May 2 3  (Day 143). Lunar s u n s e t ,  marked by an arrow and the 

corresponding disappearance of lunar photoelectron fluxes, 

occurred at 1930 U.T. on May 18 (Day 138) . E l c ! c t r o n  f l u x e s  are  

s e e n  a t  t h e  terminator and to persist i n t o  the lunar night period 

for approximately 4 days but with gradually decreasing intensity. 

The corresponding behavior is also seen prior to dawn terminator 



F i g u r e  3 

A composite spectrum of solar  wind e lec t rons  and a Type I even t ,  

showing that the superposition of t h a  t w f i  resu l t s  i n  an apparent 

h ighe r  temperature for t h e  solar wind electrons. 
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F i g u r e  4 

Examples of Type 111 lunar night f l u x  events, showing t h e i r  

co r re la t ion  w i t h  distance from the lunar terminator (marked with 

the vertical arrow) and with t h e  geomagnetic activity index Kp. 





crossing, i . c. t h e s e  f luxos fir!;t clppcar I ~ J ~ Y ~ , > C  imaf-i3ly 4 r lays 

p r i o r  t o  crossinq. Then11 fluxt~:; ;irrx d i  stlnqulshclrl lly I hr!i r 

y rca ta r  intensity t h i n  cithrr t h e  Typc I or Typc 1 1  <:vent :- 

discussac1 cdrlier; and, unlike the other two types, t h ~ y  are 

stronqly correlated with Kp. As can h~ scrsn from t hc .  f i y u r r ,  t h ( l  

fluxes are absent when Kp is belaw I+. Although the connection 

between the geomagnetic activity index Kp and events at t h ~ l  moon 

Ear upstream of the e a r t h  may not ba obvious ,  Kp has bccn shown 

to be a n  indirect indicator of the velocity of thc solar wind 

(Snyder -- et a l . ,  1963). T h u s  thcsc Type I11 fluxes appear to 

originate at or near the l u n a r  terminators and arc i n f l u e n c e d  

by solar-wind conditions. The occurrence, if any, of t h e s  

f l u x e s  a t  t h e  lunar daysi.de surface is impossible to determine 

s i n c e  they are considerably weaker than the photoelectron fluxes 

observed at the s u r f a c e  o n  t h e  s u n l i t  hemisphere (Reasoner and 

Burke, 1972) and would be masked by tho photoelectrons. 

It was argued (Reasoner, 1975) that the Typc I1 and Typc I11 

events  were the r e s u l t  of interactions between t h e  s o l a r  wind 

and t h e  l u n a r  body which served to decauple and/or thcrmalize 

electrons out of the solar wind and scatter them to the lunar 

surface. It was further a rqued  that the Type111 events, due to 

their c o r r e l a t i o n  w i t h  distance f rom t h e  terminator and with Kp, 

were a consequence of an i n t e r a c t ~ o n  at or nea r  the lunar limb 

with the solar wind. Parenthetically, it is expected that many 

of the questions concerninq detailed interaction mechanisms 

c o u l d  be answered w i t h  proper  plasma and m a q n e t i c  ficld detectors 

on board t h e  proposed Lunar Polar Orbiter. 



IT. Implications of: t h e  L u n n r  Miqhf. F l u x  Evarlt:r; 

These l u n a r  n i g h t  flux r ? v t ? n t s ,  ~ l t l i o u q h  wf.~i11.: i n  maqnitludc 

cornparod to sources such a s  the c'iircct solar wind, m a q n p t ~ ~ h t : c i t h ,  

and  plasma shee t ,  arc nonsthalcss significant in vicw of tho f a c t  

that l u n a r  photoelectrons arc  not available to provide a r e t u r n  

current. Cof isequant ly ,  these electrons silauld be c a p a b l e  of 

affecting t h e  lunar n i g h t s i d e  surface potential, Theoreticdl 

calculations of Manka ( 1 9 7 3 )  based on plasma probe theory r e s u l t  

in a value of -38 volts f o r  t h e  lunar nightside s u r f a c e  potential 

when t h e  moon is in the so l a r  wind. E x p e r i m e n t a l  m~asurcments 

of p o s i t i v e  ion fluxes to l u n a r  n i g h t  sur face  by t h e  ALSEP/Suprs- 

t h e r m a l  Ion Detector Experiment  (SIDE) (Freeman  and Ibrahi .m,  19741 

indicate that the lunar nightside potential is actually consider- 

ably h i g h e r ,  on t h e  order  of a few hundred volts. We s u g g e s t  

t h e r e f o r e  t h a t  t h e  lunar night electrons flux events ,  with mean 

energies  in the ranqe of 100-200 volts, are responsible fo r  

driving the l u n a r  surface p o t e n t i a l  to t h e  large negative values 

i n f e r r e d  by the S I D E  measurements. W e  n o t e  t h a t  t h e  measured 

ion densities were i n  t h e  range 0 . 0 5  ions /crn\  which  would be of 

the correct order to provide flux balance to the l u n a r  surface. 



1x1. Par t ic le  Shadowing 

Placement of charged pdrticlc dctcctors on thu lunar  

surface by  t h e  Apollo/ALSEP program prcscntcd many un ique  

problems in data eva lua t ion .  We have already refarred t o  t h e  

problems associa ted  w i t h  contaminating photae lcc t rons  (Reasoner 

a n d  B u r k e ,  1972) which prevented maasurament of thc lowest 

e n e r g y  p o r t i o n  of t h e  ambient e lec t ron  spectrum. Another 

problem, t h a t  of p a r t i c l e  shadowing,  ar ises  because t h e  size 

of the l u n a r  body i s  l a r g e  compared t o  t h e  scale s i z e  of 

p a r t i c l e  c y c l o t r o n  o r b i t s  i n  the rnagnet~c f i e l d ,  p a r t i c u l a r l y  

i n  t h e  case of electrons. For c e r t a i n  o r i e n t a t i o n s  of the a d j c n t  

magnetic f i e l d ,  particles cannot reach t k C P L E E  analyzers because 

their s p i r a l i n g  t r a j e c t o r y  i n  the a a g n e t i c  field carrieL them 

i n t o  t h e  l u n a r  surface. 

As a first s t ep ,  computations were done assuming a f l a t ,  

uniform lunar surface with o n l y  e x t e r n a l  magnetic fields. Local 

remnant magnetic f i e l d s  and surface e l e c t r o s t a t i c  potentials 

were neglected. P a r t i c l e  t r a j e c t o r i e s  were computed for various 

o r i e n t a t i o n s  i n  l a t i t u d e  9 and longitude $ of t h e  external 

magnetic field. In t h i s  coordinate system 0 - 0 was t h e  lunar 

e q u a t o r i a l  p lane and 4 = 0 w a s  the d i r e c t i o n  o f  loca l  v e r t i c a l .  

The r e s u l t s  of this computation are shown i n  Figure 5 .  The  "open 

zones" for both t h e  A and B analyzers are shown. It is seen t h a t  

t h e  open zones are r'oughly circles centered around t h e  analyzer 

look d i r e c t i o n s .  The analyzes B zone i s  distorted since t he  look 

d i r e c t i o n  i s  not symmet r i ca l  r e l a t i v e  t o  t h e  sur face .  



F i g u r e  5 

Zones of a l l o w e d  direction of the external  magnetic field for 

detection of e lec t rons  by t h e  CPLEE A and B a n a l y z e r s .  
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The next stop was t~ includc t h ~  affects crt local remnant  

m a g n e t i c  fiolds . Althouqh there ware no magnstometcr mcasurcrnsnts  

at t h o  ALSEP site on Apollo 14, L u n a r  Portable M:iynotcsmcter 

mcasurcmants  (Dyal  ct dl., 1971) wcre mnda a t  two s i tes  i n  thc - .-.- 
v i c i n i t y  from which an ALSEP site field was computed undcr t h e  

assumption t h a t  the r cmnan t  field could bc represented by a d i p a l e  

s o u r c e .  The geometry and  magnetic field v a l u e s  used i n  the 

calculation are shown in Figure 6. The i n f e r r e d  f i e l d  a t  t h e  

ALSEP site was a 75 y ficld directed g c n c r a l r y  downward and 

to t h e  southeast .  Particle t r a j e c t o r i e s  were traced i n  the 

c o m b i n a t i o n  of a 5 y external field and the i n f e r r e d  local  

dipolar ficld to y i e l d  the "open zones"  in B - $ space shown 

in Figure 7. Comparing t h i s  f i g u r e  w i t h  F i g u r e  5 ,  t h e  d i s t o r t i o n s  

c a n  be easily d i s c e r n e d ,  Also i n c l u d e d  i n  t h e  f i g u r e  are the 

open zones  f o r  a mythical C a n a l y z e r  which i s  o r i e n t e d  60' from 

local  v e r t i c a l  toward lunar cas t ,  i.e. a complementary d i r e c t i o n  

t o  t h e  B a n a l y z e r .  For t h e  moon immersed i n  a n  i s o t r o p i c  plasma, 

t h e  amaunt of f l u x  a c t u a l l y  r a a c h i n g  t h e  s u r f a c e  w i l l  be a f u n c t i o n  

of t h e  external m a g n e t i c  field d i r e c t i o n .  Fo r  o x t e r n a l  f i c l d  

directions within the i n t e r s e c t i o n  of zones  A ,  B ,  and C t h e  particle 

flux r e a c h i n g  the surface should be a: a maximum. T h i s  f a c t  

has i ndeed  been v e r i f i e d  i n  s t u d i e s  of plasm3 s h a c t  p a r t i c l e  f l u x e s  

( R e i f f ,  1 9 7 5 )  . 
These s t u d i e s  of p a r t i c l e  trajectory m o d i f i c a t i o n s  by t h e  

l oca l  remnant fields have a l l o w e d  r e s o l u t i o n  of some puzzling 

q u e s t i o n s  c o n c e r n i n g  the photc~elactran layer and t h e  p o t e n t i a l  

d i s t r i b u t i o n  nea r  the lunar s u r f a c e .  Theoretical calculations of 

the expected l u n a r  surface potential i n  the p r c s e n c e  of plasma 

s h e e t  fluxes by flux b a l a n c e  techniques (c. f. Burke et -- al. , 1 9 7 5 )  



F i g u r e  6 

Geometry of the kpnllo 14 ALSEP site and vicinity showinq 

maqnetic f i e l d  vectors measured by the Lunar  Portahlc Maqneto- 

meter and the inferred magnetic f i e l d  at the AIJSEP site unde r  

the assumption that the remnant f i e l d  source could be rcprescantcd 

by an equivalent 3ipole. 
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Figure 7 

Zones of allowed direction of the external magnetic f i e l d  with 

the local remnant field superimposed for detection of electrons 

by the CPLEE A and B analyzers and a ficticiaus " C  analyzer" 

oriented 60' from local vertical toward lu r ia r  eas t .  Flux 

access to the lunar surface is maxinurn when the external field 

direction lies within the intersection of +:he three zones .  
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have u s u a l l y  r e s u l t e d  i n  a lower v a l u e  t h a n  t n a t  actually ohscrv~d 

by observing r e t u r n i n g  photoelectrons. However, t h e  effect of 

t h e  l o c a l  remnant  m a q n c t i c  f i e l d  is  t a  a f f e c t  the t r a j c c t a r i ~ s  

o f  incoming e lec t rons  much more than thase of incoming ions, 

which l eads  t o  t h e  c r e a t i o n  of a charge s e p a r a t i o n  e lec t r ic  f i e l d .  

This charge separation f i e l d  produces a n  a d d i t i o n a l  p o t e n t i a l  

b a r r i e r  t o  escaping photoelectrons and r e s u l t s  in an apparent  

surface p o t e n t i a l  h i g h e r  t h a n  t h a t  g i v e n  from t h e o r e t i c a l  f l u x  

balance c a l c u l a t i o n s .  The s i t u a t i o n  i s  d e p i c t e d  s c h e m a t i c a l l y  

i n  F i g u r e  8 .  Near t h e  surface t h e  e l e c t r i c  field i s  due  mainly 

to the photoelectron layer with a scale l e n g t h  of only a few 

meters. The photoelectron layer p o t e n t i a l  $J is  given by the 
PC 

flux b a l a n c e  c a l c u l a t i o n .  However, e x t e n d i n g  out t o  -1 km above 

t h e  s u r f a c e  (the scale Lcnqth of the l oca l  m a g n e t i c  f i e l d )  l i es  

a charge s e p a r a t i o n  p o t e n t i a l  $ produced  by  modification of the 
CS 

t r a j e c t o r i e s  of the incoming i o n s  and e l e c t r o n s .  A s u r f a c e -  

generated p h o t o e l e c t r o n  must th( ; I  s u r m o u n t  t h e  total b a r r i e r  

+ $,, i n  o r d e r  t o  e s c a p e ,  a n d  w i t h o u t  t h e  r e s u l t  o u t l i n e d  h e r e  

it would be i n c o r r e c t l y  conc luded  €,om o b s e r v a t i o n a l  d a t a  that t h e  

p o t e n t i a l  barrier due t o  p h o t a e l e c t r ~ n s  a l o n e  was t h e  t o t a l  

barrier h e i g h t .  



F i g u r e  8 

A schematic of the electrostatic potential distribution when 

the sunlit moon is i n  the plasma sheet. See t e x t  for  an 

explanation. 
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C o n c l u s i o n s  ------ 

The i n t e r a c t i o n  of space plasmas w i t h  t h i ?  moon has indeed 

becn  s f a s c i n a t i n q  a r e a  of study, f o r  t h e  moon is  unlike m y  

o t h ~ r  so lar  system body whose interactions have becn  s t u d i e d  

i n  situ. The  moon passasscs n o  sensible atmosphere or large- -- 
scale m a g n e t i c  f i e l d ,  and hcnca tho i i ~ t c r a c t i o n s  arc  w e a k  t h o u g h  

nonetheless i n t e r a s t i n q .  

Charged p a r t i c l e s  and solar photons have d i r e c t  access t o  

the l u n a r  surface,  and the surface-based charged p a r t i c l e  dctectors 

have shown a number of i n t e r e s t i n g  phenomena; for  example, c l c c t r o -  

s t a t i c  s u r f a c e  p o t e n t i a l s ,  c h a r g e  s e p a r a t i o n  potentials caused by 

p a r t i c l e  i n t e r a c t i o n s  w i t h  local remnant m a g n e t i c  fields, 

d i s t u r b a n c e s  of t h e  solar wind a t  t h e  l u n a r  limb, and  modif icat ion 

of t h e  lunar night surface p o t e n t i a l  by t h e  impact of thermalized 

so la r  wind e l e c t r o n s .  
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Observations of Low-Energy Elcctruns Cipstrc;i111 (I [ '  \ l ~ c  1::lrtIl's 13ou Sllr~cli 

Ub~crv~I ic tn~ I)! clcc[rt~n tItixc> %+t(h t ~ ~ r i ~ ~ l . l ~ , ~ + r ~ !  C*ICL t f ~ a r ,  * l ~ ~ t .  I IOIIIL I L , ~  4 ,  ! , ( , : I  I ~ I L .  I I I~ I~ I I I  .&.I ~I~I>III,,IITI 

ul  ~ h c  cilrth have 611(1 f i i1  ~hdi ;I auI$\cf t ~ t  r ~ i i ~ c r \ c t 1  1 t r 1 \ 1 * \  .IIL - I I ~ I I ~ ~ I \  L . ~ I I I ~ ~ I I I L , ~ ~  I;\ I ~ I C  I I I ~ c ' ~ ~ ~ , ~ I I c I . I ~ ~  

nl,ll!nctrv field (lMI.)tIlrcc!i~~~l T h c  t!ur;i.r iiccl~r r l ~ ~ l \  ut1l.11 lilt- 1 4 1 1  r t l ~  . , 1 1 1 1 1 1  L I  1 1  I L  h 111 I / IC c.111t i  . i i , i~ .  

shr)c.k. O ~ T E I ~ C ~  Jcnsittc> ,lr~d !cri~lrur~t~~rv~, \sc.rt. III 1t1c r . t l ~ , ~ ( . .  2 .4 . 11: ' r l :, I I I +' I '  k 1 1  
1s rh i~un !hut t h c ~  clc~lrun\ uicll ,tciount f ~ r r  I I ILrc~isch III C~ICIIIIC WII.II \ \ I I I ~  ~ l ~ ~ ~ l r t r ~ ~  II.IIIIICI.~IIIIL,< 1 1 1 1  

hr~o bhock ct~nnc~lcd ilcid 111ic\. Y~~IUII I W ~ C  ~IUUII ,rhs~r\. t l  lircr~.~,~,,lr I>! 111111.r 1 1 1 : ~  ..II+!.,I~SI, It I <  IIIII~ICI 
shown ~ILII if  a mudcl 01 the t i t ~ \ v  \IVIL~ ~ 4 1 i t 1  ,111 c I c ~ t r o ~ ~ ~ r \ ~ ~  potc1111~11 li,tr:tcr I, ,I,~LIII IL,L~ 111 i  ~ ~ ~ ~ I L I I \ I , I ~  L A I I  

be est~rniticd to be 500 V.  

Obscrvutions of charged pnrtlclcs upstrean1 In the holar 
w~nd,  whose origin w *  5 ilppatently at the how shock, htuvc 
been reported by sevi 11 nuthors (see, c , ~ , .  Ander.rmtr (l~iOOj. 
Lln el al. (19741, and rcfcrcnces thcrcin). Thc ctrltlrnon lcilturc 
of thcsc observation\ is that therc is un interpluncti~r> vhurpud 
particle component !hat is strongly ~ont tu l lcd hq thc dlrrctlurr 
ot' the interplnnctury rnupnctic ficla (IMI.').  Thc p;!rtlclc~ wcrc 
only obscrvcd at ii particrllrtr llpqtrrir~n tncitt~nn uhcn ~ l l c  l i c l~ j  
l in t  through the observalion point intcrsccted thu .i\$unrc.d 
bow shock cnvclopc. I n  this pupcr ure pruscnted oh~c r t ; l ~~ t~ r i \  
o f  low-energy (40-100l) cV)  electrons [tom d iun;lr-hic$t-d rn- 
strumrnt during lunor night pcrirlds. Thc lnstrurncnt u;1s v w n -  
ing into the downstream solur wind cavity, and the moon  as 
upr,trrbani OF the bow shock. Spi~rudic low-energy flurc, wcrc 
oh5crved throughi,ut lunar -ight puriclds, and i t  i s  shrl\\n that 
a whset of these electron flux events occur only when ~IICIL: 15 

ticld linc connection to the how shock 

The particle mearurcmentr were mudr: *lth the chdrged p,ir- 
liclc ltlnnr environment experrmenl (C'l~l.l-.l:), a ctvrlpr>ncnt LJ! 

the Apollo 14 A kep system. ([;or an i~istrument dcscript~on st.6 
Blrrke attd Reasot~er [1972].) Mapnet~c field data from the t x -  
plorcr 35/Amcs Rescurch Center msgnetn~neter In lunar orhit 
provided field line gctlmctrv int'ormation, 

Data from four conti.pous lunar night pcriods in I.c.hruLlry to 
May 1971 were exdrnined for the presence uf'eluctror~ fluxc\ tllat 
exhibited control hy the I M F  direction, in particular Tor clec- 
tron fluxes that wcrc present only when the I M F  line pn\sinp 
through the moon intcrscclcd the earth'$ bow shock. Thc 1,o~ 
shock ~urface was rcprcsented by an aberratcd hyperboioid ot 
revoludon, n mndcl first proposed hq Scuddttr et ul. [1913]. Por i t  

given valuc or thc IMF latitude 0 the cquaticln fur the limit- 
ing valuvs ofthe [Mi: longitude $ rcsultcd in ,I  quar i i ~  in cot b .  
  his equation in turn was soIvcd for the l imi t l t~g balues of 0 
such thut the JMF was tnngcnt to the how shock rurt'iicu. 

Becausc of paps in the IMF data it wah not posslhlc to 
cateporizc all lunar night electran flux cvcnts acir1rdiny tkr [he 
criterion of whethcr or not the I M P  rntcrsevtcd thc tlou a h o i h  
Hr~wever, when an;ilyvs was restric;cd !u unl) thaw c\cri!h 
whcrc concurrent IMI-  data acre dva~lnhle. 11 ma\ po5s1hlc 1t1 

idcnt~fy from thc d ~ t n  ret u totul of ~Oclectron flur c icnt i  w 1111 
durat~ons of ',O mln or more uhetc  he electron flux cxhlh~tcd 
5trt)ng cunlrol hq thc IhlF dlrcctron, apperlrlng nnl) ~ l ~ c r i  thu 

'I)o\\ sttrjck cvcnts' ~n rtir rcmni~ldcr I ~ I  [tic. pitycr 
An cx;~~nplc. 01 ,I htnr 5hrrc.k c\cr~t  I \  +htw.rr 1 1 1  1.1rurc I 1 1 1  

~h15 I l r i ~ r c  \rc d15pl;l) 3-IIIIII ,lvcr;lpc\ 14 tllr ~ t ! i ~ i i l l np  I . ~ I L .  11uc 
t i r  fH)-cV clcctrtitis Iloircl p i ~ i e l r .  l t ~ c  131 1 i(11lp11111it. $+ ( 1 1 1 1 ~ 1  

dlu piirrclf. trnd !he IMI. 1:itlttrdc fi {uppr-r p;tncl I T tic i1ri11tlr1p 
~ d u c ~ ~  t)f I!,. \bti~,.t~, rcciill, :ire ii IU~C~ILI~I  o! 0 ,  +trc \~III\L 1 1  *I\ 

da5hc.d line\ ric;rr :?(I' 0 1 1  lhlr dii \ .  hI:iy 2 5 ,  1971, rtic \tll,lr 
ecllpilc lutipitudc o! 1I1e m t w n  viirled I'rtrrn 4 "  10 l(iL. I c . I!IC 

thu ttllsl sc't t ~ t  thcw binr \!rock c\t:ril\ 
'1 hcrc ale other ti)acr-ir~!cnhlt~ ciectrirn ercrit\ seer1 III t t i c  

t ip~~rc ,  hu; ni;lri> t 3 l '  lht\c ( i t v  cx:~ri~rilc. r~c;ir 14111)) O L L ~ I ~  ,il 

t1nie4 ibhun uithcr 0 t rr  13 iirr 21 ~ : : i h  ;1 \;IILIU ;I\ t o  p~ciI~111c I I I ~  

~cr\ec!~cin o f  thu 1hlt. llric \\irh rhe hou ' 1 1 1 ~ 1 ~ i i  'Jhc I ~ ~ I ~ I I I  1 1 1  

t h e w  fluxc\ rcn~.iin\ urihritlw n. althc~ilgh rhe! ni.i? ~ c l l  tic 
aswur;itcil \ \ l t i r  lou;ll sr~ldr ~ ind - l una r  iriter;~ctlirn* 1ltruc\rnr. 
the h~ l i r  \titlck c\t.iit\ ;ire di~.ttr~puishud not o r ~ l !  h! r t i w l r  

uo~lr~l ir lp rdt;l\ i r ~ v ~ ~ l b c d  1.1p1l'c ? shotrs t t ic cl~1ctr1111 i p r .~ !  rtrni 
fur ttic pcrlod O l l  7 ,0345 o n  klaq 25 ,  197 1 .  *:crrrc~p~ir~dlr~l~ r r l  

the scci71id I;lrpe cvcnt I ~ I  I lpurc I 111 tt11\ \pct.~rt~rri ilnd ~ l t l ~ c r  
rpci'tr,i thc data polrlts ;lrr t f  htanddrd i i c \~ , i t ~~ i r i \  \!c.rc cr i l l1-  

p11tcd t\11t1 t h  LI\U,II ~ I ; I~ I \~ IL~I I  ~ ~ ~ I I T I ~ ~ L I c ~ .  111 orcfrr ! \ I  c l r t c t .  

~ ~ l l i L i l l c r  1') t t ~ ~ i t i  111c \7:1ti\cll1,it1 !I I I IL,!I~~~ c f ~ t i  I tlr c>,, i l j l />i~. 
for thr. d;t!,t ptyirltz r r l  t lrurs ?. ;I I L I c ~ ~ \ \ ~ l I ~ i ~ ~ ~  t l t  ICILIIIC(I In l i i~  
pdratuclcrh 1 1  2.9 r I0 ". 7 1 , I  I '  ' h, I - [ I  . i l .  
uhcrciis ;I K iunct~i.~n t i t  rcsultcd in tt  3 5 * 1 1 )  ' . 7 2 5 
10' O K .  K .- 7.3. ;1nd x '  - (1 J). The ri~\ i ictf  Ilnc o n  llic flpurc 
thctl rcprestrlts il ic fitted A i'urict1t111 s l ~ ~ t r u r i ~  I I i c  i t i t c ~ i  

spcrtrd f ~ l r  lhc cvcnlr \ t i ~ i l ~ed  g,i\c dC1lhlllC"I 1,1 the f;itipc 2-4 
10 el cn,' arid lernpuraturch I thttrm;~l cncrglcs I in 1111' rliripc 
I .? r loo to 2.8  r I0"k (l5ll-251) cVl .  

7 



t~!sc-~!sslori 
St.trJ(/er ef 0 1  [I4731 report u \(udy id' soiar ulr~rl  clcc!ron 

tenipcruturcs with Ogo 5 wliercin thcg scp ; \ r i~ t~d  tl;c d ; ~ r i ~  XI 
into two subsets based on \cl~etlicr o r  nu1 thc Ihlf 
through the ohscrvalion pcllnt intersected thu hou \hclck. 'l'lrcj 
round 3 blight .cndcncy for the c.lectron tcmpcrature to Gc Iarpcr 
when thc ficld lines ~ntcrseclcd thc bolt shock, u l~hough tlic 

'atiscicul reliability of the stutcmcnt %as greater \ll.~n 511':; o!r 
only one out or five orbits .dudied (see their 'I'ahlc I and I.ipurc 
3) They attributed thcsc highc~ tcmpcratures ttr u non- 
Maxwcllian clcctron popululion with cncrgicb ( 1 1 '  I I I C  ordcr of' 
,cHl cV. It is therclr~re auggcsted thut the hou hllock ~lhsuciatud 

ELFCTRON Eh'Eh'GI ( 0 ' 1 )  

I 2 The clcctron energy spcctr::l Inr rtrc purt~rd 0 3 1 5 - 0 3 4 5  tin 

M i ~ j  2 5 ,  1971. cnrrcspondlng to the s ~ ~ o n d  I;brgc t l u k  vriha1lccm~~111 in 
f'igure I .  Thu d,lshcd fine is a M lurlctlurl fit lo the d i i t ~  poinc5 rcsultlep 
In thc puramelrrs 11 = 3 . 5  x 10 I, T, 2.5 x 108 'K ,  arid K ~ 3 .I 

clcctri~rr fluxcs rcpilrtcd hcrcin arc 11nc and the bamc \\iLh tlrc 
clzctrt~n flutes rcspc)nhit~lc for tile tetnperaturc incre;lbc> 
repurtetl by SrirrlJPr al. [1'17.7]. 

Ti1 cnlphilsilc lhis I a ~ t  pornl, in T-'iauru 3 rbc huvc plortcd it 

uupcrposit~on of a t \ p ~ c ; ~ l  wrlar w~rid ulcstron cncrgj \pcctl.uni 
a4 rcpvrted hq ,2ior11gotrrcr~~ et (11. 1 I970] with t7 = 5.5 ctn ' and 
7; - -  I .h  x 10' 'K and thu spectrum tittcd LO llrc ddtu (:I 1 tgurc 
2 .  T l ~ c  brlw sh~)ck uicctrons uppcar chscntiuliy as 3 sni;tIl Ii@- 

cncrpy I;III upon tlic rnitin spectrum. Thh higli-urrer~y tilt1 

\+auld result in $1 Irigher tclnpcruturz from a moment ca lcula~ 
tion, allliuugh its truc nature ~ n o l d  he cffcclivclj nlLtskcd. 
I loucvcr,  for this study the rnoun actcd to hllield the Instru- 
rncnt Irtrm the +olitr ~ i n d  clcc!ron+ ,lnd ullotced an  uncon- 
turn~natcd Inz,lsurc ~ h c  propertre\ r r l  tliew ho\c shock clcc- 
IrIIIIS. 

It ciln eiibily bc \lio\cn that the elTcctivu tcnlpcruturc ol tllc 
sum of tlro 3iatributiuirs/,(c) attd/,(c), 15 hcre r 7 ,  :.> n ,  dnd 7; 
1, T i ,  tun bc i1pprox1matr.d by T.!, : T, 4. 0t2T2;tr,). Pcrf'orni- 
ing the ca lc~~lot ion for the data shown ahovc gives 7;!, = 

1.62 x IO' versus I', - l.(lO 10" T l~ i s  small incrcasc In ci- 
fcciivc tcri1pcr;tturc IS t ~ f  ~ h c  + ; I ~ I I C  tlrdcr 01' rn;~gllitudc a ' \  that 
rcl?ortc~1 h! Aq~,~i(/(/cr cJt I / / .  11973) in therr atudj.  

BOW hf1iri.k oIrs~'rt;ltions hy I;miri~ak.r el 111. [1970] ~ n d ~ c a t c  
th;il tho shock nlay be slabhcd ar  turhr~lcn;, that 15. ion clcc- 
trtnlalic waves play :In irtrportant rulc in randllmiring :hc rn- 
cc>n~ing ion strcitm into poht~liock a~nd i t ions .  Yet tt must I>r 
kspk in mind tliat tlic shock drlus not act as d n  impc~lctrablc 
wnli hct!+uen tlie prcshock pl;~crna and thc postshock plithn~a. 
Rathcr, t t~crc  is intcrpenctratiirn irf  Ions I'ron~ each rcgion into 
the other, and in the shock trimsition itsclf the ion dlstrihution 
hccamcs bimodal. This can lead to grrrrc01 rr! $cave rnadc\ 
that act in a self-consisrent manner Lo c t~nvcr l  thc cool 
pr ts l~ock ion distrib~rtiorl inti) the hot j)[lslbh(~ck d i h t r ~ h ~ l ~ o n +  
T h l ~  inizrm;. ing of dislributicln functions auh  orig~nally dis- 
cussed h \  hlott-Stt~irh i l ' lSI]  in c~~nnccclon with clushici~i gila 
shocks. and ;I ciiscussion upp1ic;lhle t ~ l  colliric)nlcs~ plasma 
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Fig. 2. Unavcrnged differential flux versus time Tor thc chunnclsol 

unolyrer A with peak sensitivity nt 40 cV ( 3 8 4 3  cV] nnd 94 eV (Bl-110 
cV). Several bow shock crossings arc shown, indicafcd by the 
arrowheads. 

which boundary crossings were expected. The remaining 
crossings were used to compute the nlcans and standard 
deviations shown in  thc table, The longitude or bymmetry of 
the meun bow shock surface i s  176.3" f 3 . 2 O .  The longitude of 
symmetry of the mean magnetopause is 177.0" f 3.7'. Within 
the standurd deviations, thcrerore, the symmetry axes are coin- 

Fig. I .  Ecliptic plane projection of the orbit the moon. showing cident and arc consistent with an average solar wind aberra- 
thc look directions of the two nnelyrers. The nxis of symmetry or the 
figurc is the 'solar wind' x ax,s, 4' from thC line, 

tion angle 0' 3-4'. The nverage longitudes imply s magnetotnil 
diameter of 52 R& and a bow shock cross section o t  91 RE. 

lunar distance, is  readily distinguished by CPLEE proton data 
o r  by Explorer 35 magnetic field data. Therefore the criterion 
for magnetopause crossings is either a transition at low 
energies to the photoelectron spectrum reported by Reasoner 
and Burke [I9721 or a transition to boundary laycr conditions. 

Within the standard deviations of the measurements the 
average boundary locations observed by CPLEE arc in good 
agreement with the observations of Horve and Binsack [l972]+ 
Tablc 1 shows a monthly listing of the number of crossings 
observed nnd median crossing longitude in  solur ecliptic coor- 
dinates. Although portions o r  five lunar orbits are included in 
thc table, only the entries without an asterisk or n dngger arc 
included in  the avcrages. The entry with an asterisk indicates 
the instrument turned on past the mean boundary, ;ad 
the entries with a dngger refer to periods in which the in- 
strument was in standby mode during all or part of the time in 

We now turn l o  an cxum~naiion of  the plasma 
characteristics of the rnagnrtosheath efcctron populat~on. I n  
this section are presented overviews of a complete dusk (in- 
bound) nnd duwn (outbound) sheath passage. In the following 
section we show diiTerential flux spectra from selected times in 
the two passages and discuss thc distribution function tn 
dctoil. The April 1971 dusk ptlssuge and the February 1971 
dawn passnge were chosen because or the steadiness of thc 
solar wind both in dcnsily and in vefocity and because of the 
lack of exlrcrnc geomagnetic activity, as evidenced by low Kp. 

Figures 3 and 4 present numerically integrated prcssurc und 
density for the dusk and dawn sheath passages, respectively. 
The lop trace in each figure is computed uveiage encrgy pcr 
particle, i,e.. the energy density moment divided by the density 
moment of the observed distribution function, f he middle und 

TABLE I .  Boundary Crossing 1.ongltudes ( S E )  

, ~lsk Bow Shock Dusk Magnetopause Dnwn Mugnctopausc Dawn Bow Shock 

MCL MCL M C L  MCL 
Numbcr @ = 127.2, Numbcr (J 9 151.4. Numbcr @ = 102.5, Numbcr b = 225.3. 

Month. of a = 3.91, of o = 4.4), or a = 3.01, ol a - 2.61, 
1971Crassings deg Crossings dcg Crossings deg Crossings dcg 

Feb. 3* 142.95 I 1  153.18 9 201.30 5 223.75 
March 17 122.44 21 154.33 15 20 1 .st( 9 226.79 
April 15 126,2 1 27 152.17 t t 
May 1 1  130.99 I I 150.25 17 202.85 I I 225 45 
June 17 131.22 It 150.17 

k 

MCL stands for median crossing longitude. 
* Not included in nveroges bccnusc CPLEE turncd on pas[ meun boundnrj. 
t Not included in averages becausc CPLEE was in stundby made during all or pdrt  of 

boundary crossing. 



lower trut:es indicate the prcssurc iind dcnsity, rcsjtc~tir-el! All 
pur.lmetcrs itre cirlculated over thc uncrfiy range 40- 2clI~rl cV.  
Isotropy is ussulned and the flow velocity ncylccted. S ~ I I I : ~  the 
peak of thc distribution function prner;illy Iies at  or jubt b c l c ~  
the lowcr cnergy limit ol' I:tdI.I:E, it is typical th;it the 
nurncrically intcpr~ted density is significantl\. smalivr than thc 
actual dcnslty. This cll'ect is most pronounced in regions whcrc 
the plasma is caul, tag..  the solar wind. Cumpanhoo \crtli dcn- 
sitit5 calculated from fitted distritlutron I'ut~ctions ~rldlcates an 
crror of 3U-80fZ, in the solar wind and 5:3U''; rn tt tu 
rnt~gnctosheath. 

Figure 3 bcpir~s in the solar wind, with numcrrrdl) In- 
tcgri&d densities neur I crn and pressures n'ar I 5  cV cm ,', 
implying average energies ncar 22 eV. Correcting the deri5itq 
upward by 50% ~mplies average cncrgier clober to IS cV. 
Several bow shuck crossings are scen from about I600 UP. 
April 5, to DOOO UT, April 6. These crossings ore rcadrl) iden- 
t i h b l e  by the jump of about a fuctor of 3 in  numerically in- 
tegrated density nnd tl jump of ahnut 4 in pressure. In the nedr- 
shock magncloslieath rcglon the denslty is l'airiy stable at  5-1) 
~ r n - ~ .  'lhe pressure inages from 80 to In0 eV crn '. T h e  
nveruge encrgy is stuhle at 27-30 cV. As the moon progrevm 
throuah the sheath, v ~ r t a t ~ o n s  in density and pressure art. seen 
with various magnitudes and time runstants, but i n  general the 
trend i c  to lower and lov:er densities, The average cncrgy, 
hnwcvcr, is remarkably constant. 

The large-magnitude density variations from 0900 to 1900, 
April 6, are not bow shock crossings, judging from the gradual 
nature of the transitions and the constancy of the averiipe 
cncrpy. Instead they are  probably due  tn larpz-scalc 
longiludinul motion of the rnitgnetosbeuth. The denhity 
minimum at 1040 is, for example, colnparablc to tho densit) 
observed 14 hours latcr, around 0300. 4pril 7 .  l'hc perlad ui' 
roughly 90 min implies B minimum flapping vclocity of 5 
km/s, which is certainly not cxccssive for tail motion [Boirlit~g 
and Wo& 19741. 

Ncnr the mugnctopausc the dcnsity has I'allcn to ncarly 1t3 

solar wind value (around 0.8 c m a ) :  however, the mcnn cnergy 
is still well above its solar wind vulue, alter the latter has hren 
corrected by 50Pi.. Several magnetopause crossings arc shown 
in Figure 3 from about 2100, April 7, to 0000, April 8 .  and 
again at the end of the graph. The low density and low 
prcssurc indicate entry into the high-Iiititudc tilil. 

Figure 4 is a similar trace for a dawn rnagnetoshcath cross- 
ing, :rnd s imil~r  erects arc apparcnt. The moon begins in the 

AVERAGE ENERGY (IV) 

I ( j 4  t l ' I - - - L - I  lI-&-id 
1200 0000 IZC,C 0300 1200 300C 
APRIL 5, 1971 APRIL 6, 1371 APRIL 7, 1971 

TIME i h r  U T '  

I,rp 7 NumvricaII~ rntcpr.ltcd h-rnin ;.rcr;lge\ df ;j\crapc cnerg! 
pcr p~rl~clc ,  prr\\ure, and dcrrslty for .i dusk magnctoshuarh pohsapc. 
The .9 ~ n a I y z e r  uils used. and isotropy wrr  iissurncd 

12(10 a000 1200 rlow 1200 
FEB 12, 1971 FEB 13, 1971 FE 0 14, 1971 

TIME ( h r  U T  I 
t'ig. 4 .  Same I-ipurc 3 ,  hut diitii arc for  a dawn rndgnclorhcath 

p;tsr;LFc. 

high-latitude tail and undergucs ivvcral brlel' trarlaitions 
among the pt.tsrna sheel, boundary layer, and high-latitude tsrl 
bcfore crossing the magnclopausc at 0730, I;chru,~rq I?, I97 I .  
As was obscrved in thc dusk shoath, the density is ii mlnimum 
(ncar I c r r la)  :I[ the mopnetopnusc and riscs to a maxlrnum 
the how shock. Scvcral how shock crossing5 are seen at ahout 
0200, 050[1, and 1100. Fcbruary 14. Thesc 'rossings ilrc most 
cas~ly seen as a decrease in the average energy per particle (the 
denity jump IS somcwhat obscured by u temporal incruavc in 
the incident solar wind density). Two ditferences are nu:ablc 
from the dusk passage: first, the aver;Jpe cnerpy pcr particle 15 

rnt~rc vdrisble in thc dawn streath lhsn in the dusk shcalh, and 
sccond, thc averagc encrgy per particlc i s  greater on thc daNn 
side. Both (I!' ~hcst :  efTccts can be shown to be due io thc cx- 
tremely hrlt and variable high-energy tail that is obsvrvcd in 
the dawn sheath. 

We prcscnt several diflcrcntial flux spectra in  order lo study 
the electron distribution function Cor the various rcpions I n  

detail. Figure So s h o w  a spectrum in thc dusk mapnetoxheath 
just p3:;t 3 bow shuck crossing. We note the appeararlcc of 
enhanced fluxes nbrjvtr 200 eV, *ell above the nciir-back.- 
ground values for thcsc highe~energy channels in the soldr 
wind (cl. Figure Sh}, As will be scen later. this high-cnerpy 
exccsr is a persistent feature of the magnetosheath clsc- 
tron distribution function, although i t  varies both in absolute 
magnitude arid in relative ctmtrihutlon to thc cnerp! cicti~~ty ol 
the ctitire pc>pulation. Since the strcng!h or thls high-encrgj 
tall prtihibits a \ d i d  Mrrsuvllian fit to tho entirc spectrum, uc 
chcrosc to quantify ;he distr~hution runctirrn b d ~ v ~ d ~ n g  thc 
ipcctrum into t w o  sepmerits: 40-20r' eV (which u c  shali call 
'low-energy'). and 200-2000 cV ('high-cnergr'). 'I h ~ s  splitting 
praccrjurc is ~ucccssful in the dusk sheath and ~ndecd 
nt:Lcssary in the dawn sheath, where the high-energy tall oltcn 
h ; ~ s  a ditkrcnt anisotropy ratio ihan the low-energy portrnn o r  
else 1s inti strong to allow mcjre conventional funct~unrrl han- 
dling. ac, k ~ r  example, with the K I'unctlun [Lir.~jfliuna.r. 19hX; 
I-brnlisanu er a1 , 19731. Thercforc u c  shal! attempt a stparate 
Maxnel1i;ln d~strihution t'unctlon fit for thc high-errerg) por- 
tion whcncvcr p o ~ ~ l b l c ,  i.c , ifat least the first lour h~gh-cnerp) 
channels are well above b;~ckpround letcls. 

For these data (I-rgure 5a). all four d~strihu;icin funut~nn tits 
converged (with reduced x square less than U.lc), qrcldinp lua. 
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Fig. 50. Difir~:ntinl flux spectru rrom rhc dusk magnelosheuth just 

nher u bow shock crossing. Thc A nnalyzcr dalu u r t  indicu~ed by 
circles and the B onalyzer data by crosscs. Thc solid lincs indicate thc 
flux culculatcd rrom the best-fit Maxwellian distribution funct~ons. 
The density culeululed from the Maxweihon distribution lunct~un 111 
is indicated by n (in units of  electrons per cubic ccntlmetcr), and thc 
temperuturc is indicated by kT (in unlts oi clcctron volts). 

encrgy densities of 4.1 (5.1) cm-a all? :caiperatures of 75 (22) 
eV for the A (d)  analyzer. The high-energy portion convcrged 
to densities or 0.08 (0. l I )  cm-a and temperntures of 203 ( I  52) 
eV for the A (B) annlyzer. We notrce that in this case, the 
higher-energy clectrotls contribute about 14% of the observed 
encrgy density. 

A typicnl mid-magneioshcath spectrum from the dusk side 
is shown in Figure 6. The low-energy population is quite 
isotropic with a dcnsity or 3.8 cm-' ond a temperaturc of 20 
eV. The high-energy portion has a density of 0.018 ~ m - ~  for 
the A annlyzer and 0.012 cm-a for the B analyzer, both with 

ENERGY (eV1 
Fig. 6 .  Typicul dirrcmntial flux spectra frnrn midway through the 

drrsk mugncloshmlh. 

temperatures near 205 eV. Were the high-energy ctectrons con- 
tribute 5% (35) of the energy density for the A (U) anitly~er. 
The average encrgy per particle rcmains at 30 cV.  

A spectrum from near the magnctapausc (not shown hcrc) 
revcills a low-energy portion much decreased in  dens~ty (lo 
around I cm-') and temperaturc (to I6 eV). However, thc 
high-energy portion has remained nt nearly thc same level 
(density of around 0.02 cm-a nnd temperature ncar 200 eV).  
thus Iticrcasing its proport~onal contributron to thc encrgy 
density to nearly 20% and maintaining thc avcragc cncrgq pcr 
particle at  ncar 30 cV.  

Through the dusk sheath wc have observed the contribution 
of the high-cncrgy portion to the total energy denslty to wry  
from as little as 1% to as much as 2 5 8 .  Yet the avcrapccnergy 
per particle has rcmaincd in the range 27-30 eV. Thus n e  arc . . 
led to a remarkable conclusion: the high-cncrpy and 10%- 

energy portlons of the spectrum grow at the cxpcnsc of one 
another. This effect is especially apparent during periods of in- 
tense geomagnetic activity, when thc high-cnergy 11111 iill hut 
disappears, !caving an unusually hot low-enerey spcctrum. 

lo6 - The next series of spectra arc from sclccted pcriads in thc - 
L 4: 
m APRIL 5, 1971 2 

x dawn magnetosheath passage. Figure 7 i s  taken fromjust out- 
side the dawn magnetopause. As was observed in  the duhk 
hide, we nee a 10s-density, cool low-energy spectrum: ha%cver. 
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rn E 
3 the hiphmergy portion is extremely dense (0.35 ern-= for the 'x - - - A analyzer and 0.04 cm-= for the B analyzer) and more - - - 

T cncrgclic than the dusk side. Herc the high-energy portion 
contributes 78': of (he energy density observed by the A 
analyzcr and 26% for the B analyzer. 

A typical spectrum from midway through the dawn 5hcath IS 
shown in Figure 8. We see thnt in comparison with 2.1pure 7 
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the low-energy portion has became denser and warmer (2.4 
versus 1.5 urn-'  and 22 versus 18 eV), whereas the high-cncrpg 
portion has become less intcnsc (but not signtficanll) coolcr) 

, 1 1 1 , 1 , , ~  Thus the avcrage energy per particle, although it is not nearly 
10' lo2 so stable as  that in the desk sheath, remains the most stable of 

ENERGY (eV) the observed parameters. 

Fig. 5b. D~Ff~rcnttal flux spcctrn from thc solar wind just prior lo u A spectrum rrom near the dawn how shock i!~ shown in 
bow shock crossing. Ftgurc 9, f he low-energy flux in B is greater than the flux In A,  



slnsc ttlc l o t~k  diruutron 01 a n a l ~ r c r  13 is  ~l115cr I r l  ~ h v  cqrcctr-t! 
mat:ncttl~he:ith flou t l~rcc~lc ln  7'bu I~~ph.cacr'> p~~rtlcrll. 
I1owcvcr, hus the t~ppo\ i tc  $unhu thu tlux I I I  :I I>  gruiitcr t l ~ . i r i  

thc /lux in 13. Thus, uvcrull, thc prcssurc ri~tIi.rcncc hctwccri 111c 
A and lllc 13 nn;tlyrcr+ i\ only t !'.I, cr)rnp.irccj \vlttt tho 4 4  : 1111- 

pllril by thc !uw-cnergy ptrrtian ;llonc.. 

Thc rnltpncto+hcoth is highly timc \.irlahlc both In 11.r tiound 
.lr) Iocatlrlns i~lld ~n the hhapc , i r  mplr t~idt  o f  i t \  pLirt~clc 
di3trih1rtilu1 funcl~on. At lunar t i~h ; .~ r~cc  the I,ound;iriu~ ~ 1 1 1  

flap itir amplitude3 trrgre;iter thsn 10Vn l u n g ~ t i ~ d u  [Bttrkv rr 
ul . 197?]. The rnean t~oundar~cs ,  ht)ucvcr, tlrllo\\ itp- 
prt)rirnnituly thc locotions rJnc would expcct on ~ l l c  t ias~s of cx- 
t r i \ p i ) l d l l ~ ~ n ~  Crolrl tlhbervati~)ns a( diblilncc5 Itu;Irur thc ciirlh. 
Tlrc axes oCsymt11etry of both bound;trrcs arc aligned ui th  the 
abcrr;~tcd zi~tar wind Row direction. 

'The ovcrvicws prcscnt a magnctoshuath that IS wcll argd. 
nimd u l  lunar distance. Although mngncto~tieath model cat-  
culittlons [e.g.. Spr~ircr and Alkstte. Ir)69] did not cxtcnd 
hack to lunar distance, one expects monr~ton~callq clecre,~slnp 
density from bow shock to mupnctopousc. Our  data arc con- 
sistent ~ i t h  this expectfllion and In agrcerncnl with prt>ton 
observatinns 31 lunar d~s tance  [ I ~ i ~ ~ f i l e r .  1974; I f tr i t t~ .  I97 I ] .  T Ijr 
uncxpcctcd result is the remarkable constL~ncy 01 ~ h c  Jvrragc 
encrgy pcr particle, whereas monotonic cooling t'rt~ni b o a  
shock lo  tnsgnclopuuse is predicted I'rorn theury. 

Thc ~ndividui~l  mtlgnctoshcnth spectra reveal a liighf> 
variehle two-component plasma. Thc two componenls arc dl\- 
tinct bui not c~~rnpletcty ~ndcpendent; i.c., cll;rngcb in t)rle port 
of the spectrum urc at  least part~iilly compensitted hy cllangeS 
in the other p:~rt o f  the spectrum. The h igh-c r~c r~y  portion 15 In 
g c n c r ~ l  denher and mnrc energetic in  the d n u n  slic;lth t h ~ n  in 
(he dusk sheath. f he nvernge energy per particle i h  moru s!;lbie 
In thc dusk $heath than in the dawn sheath, but in b~>tIl  L ; ~ S C S  11 

is nloru stable thim cithcr the dens~t?  or t h t  prcssuru. 
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l ~ g .  X t y p ~ c d  titti'crunt~~l !lux 5pvutr;j i r r m  n ~ ~ d u , r l  thr~iuph thu 
d,iwn map;nct~i+hcir!h 

tho earth. However, t h ~ s  is the first obser ta~ir in  ol ;I 

magnetosheuth elcctron pc~pul;ltic)n simi1;lr to th;11 o l  lhc 
neighhiiring plasma sllect. U'c argue that !he hqh-uncrpy 
~napnctohhtath clectron popuia t~on o r ~ g i n u t c ~  111c bnw 
sht~ck rather than I'rum thc plasma shect fur thc ti1llou1r1p 
TCilbOnh' 

l ~ r s t ,  tile dunsit) of thcsc partrcleb that uc ~rhsarbc rn thc 
ddwn magnetosheath is compurahlc to and ol'tcn suh~lanti:iIl) 
greater ( u p  I cm 9 !hdn thc d c n s t j  observed In tllc ~ I , I \ I I I ~  
sheet, wh~ch  gcncruI1y ranges from 0 .05-0 .20  cm 1Rlc.lr P I  01.. 
19731. 

Second, the high-energy density 15 larger near the hou 
shock thdn ~ l i roug l~ou t  the rest crl  thc 'rhcitth p;is+apu. 

Third, the brrtual appeilranie and d~hiippcardnce ol thchc 
purtrclc5 , ~ t  thc how shook ~uggcs t  how shuck cnurgtra!~t)n and 
conliilnrncnr 4 contr ibul~np Ibc!nr in the procuss may he a 
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Fig D:~urt mapnu~oshc;lth diffcrcnt~ul f l ux  hpcctrd, n~c,~rurcd 111hl 1 ~p Y .  Il~tfcrcn~~al Hun *pectr;l from thc Jaun rnilpnetrlsh~~~~h .~dj,i+ 
ilutsirje the rnagnu~rrp~lu~c ccnr to rhc hoa shcrck 



t 1 1 i  r r  I t i  I I 1 j ~ i ~ r c l ~ f ~ , ~ l  rI,C 
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~ ~ I . I ~ ~ I I C ! I L  11cld ( l \ r  III+I~~IIC~IL. field p ~ i r ~ ~ l l c l  t ~ i  t11c \ I IOL~ I!II~III, I I ,  

l r ~ ~ ~ i l ~ i  ~ i j i i ~ p r c \ *  ; id  ~ I t w  !r9~;t~1iii~~r prtlto11\ , i ~ ~ t i  UI>UIL~ 
. ~ L L ~ I L , ~ , I ~  IIILIITI~III~ clcc!rc~ti\ ;I r1111iitl l t i r  ,$ti ~ I C C I ~ L ~ ~ I ~ I L I ~ ~  
s l ~ c ~ i h  u l t h  po~ l t \h<) ik  t t ; ~ p p c d  cltxtrtrns I+ d l ~ u \ \ c t !  I?! 
t r  I r I I . o r  ,i ni;rpncl~c. i r r l t l  [wrpcII- 
d~cu l i l r  to  tile \ t t r )~k  ntrrtn,il. Irt~ur.r.c.r, c le i ' l r t i r l~ rr l lu ld I! X 13 
dr i f t  IIII~I .I r c p l ~ ~ t l  f ~ ~ g t ~ c r  B ; i ~ i d  hc bc la t r i~ r i  I i c n i ~ c d  :I* LIIC 
j!,ir~jct~ IIOW' rntcrpl;~trc~,ir> rn;igrlctlL ! i t id  d i r c ~ t ~ < i r ~  I \  r l i t ir ib 
o l l en  p.lr;ilIr.l 11) rhc shill:k n t ~ r n l ~ l  a1 L I I ~  ti.!un l~i)\\ \ t ~ i ~ i h  \u r -  
f tbc !II,III d! !hc i l i~\h.  i h c  ' ~ u I I J N ; ~ ~ '  ~ t i n d ~ t i o r i  t b ~ ~ ~ i l d  Oc 11wt 
more 1rltc.n rllcrc.. d p c ~ ~ l h i u  cxpIilnvl1on t t ~ r  the c t r i ~ r ~ p c r  t l ~p l i -  
cnerp) 1,111 rn thc dd i r l l  magnctr)rhcdth. 

I:r~urth, thc oncrpj i lcn\it ics u f  11rc I r l r r -c~ lc r~ t !  J~IJ t r~p l l -  
energ) prrrlluris irf the m a ~ n c t u ~ h c ~ l l i  ~ l c c \ t r ~ t i  pr~pul; ir lulr ,ire 

no1 tndependcnr: r ~ l h r r  thcy (*e;tklj j r t n ~ ~ ~ . c ~ r r u l ; ~ t c  11ii\ 
supgusts .I pvcn ;Irnourr[ r)! cnurpy ~ I i 4 t r l h ~ l t ~ ~ i  ht:~\kc.cr~ ;wr) 
popul;~lions ruther thnri t i r o  ~rr i l tpcndcnt populaliclrls \ u p -  
ptncd r)r! onc ,lnt~thcr 

A I I I I I / : I I ~ I ~  Tltv ,iulhor\ \rtiuill I ~kc  to I~I, I I I~ \\IIII,~II~ 1 
nurku dnd Thtrtn.~r U H11I f t ~ r  thc~r hclrilul c~?ITltTlcrlL~ I tlr l~iili h 
\crl;!r u ~ n d  d,r!,r \\err problticd hy ( '  1 cldrndn. I ,\ lL~r~icr\ SLICII- 
t ~ f i ~  I l~hilrlltirr\ I1 S Ci*ihtlrn, % . \ $ I \  .\mu< I(c\c,tr~h ( clllcr. 
pro~r icd  Fxplorcr 15 nldpnulrc tirlrj lid13 onc thc .~\ith,lrr 11) 1 
l t c ~ t \ t ~ n c r ~  ) \  currcntlk ,i \enwr po+ td t i ~ i t~ r ,~ I  icIll)\\ ;it %I ~ r \ h , ~ I l  s p . 1 ~ ~  
I . l~ f t l r  I'cr~rur. llunls\~ll'. Alaharn.~ 35812, ?Il l+ ~ i ~ r h  ~ ~ ~ \ \ u p ~ i o r ! c d  
h! N A S A  i11ntr;iir NAS 9-Sti84 d n d  %ASl% Fr,tnt NS(;.L170?* 
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Tllc effect af locul ~rl:~gnctic ficltls on 
the Iu~iar p h o t r ~ c l v c t r o n  I:tycr while 

the nloon is i r ~  thc ptii.sllia shcct 

I N  l I ~ O l l L l t  I l(lt-4 

Folc ,r  ti^; rans I. I . r > o  t i  Y I : A I ~ S  chalgcrl p;rr ( iclc I lk t ic \  i t 1  t l ~ i *  i ~ r i r i l ~ ~ i l i ; t ! c -  k i ~  i t i i ty  of thu 
n i o o l ~  have ~WCII ~ n t > t i i t u ~ ~ ~ l  hy tht .  I\II~:\I. b;~\~ 'e l  SI I~~CI~~I~~II I I ; I~ JLIII I)C'!CC~OI 
Rxper in~cn t  (S11)11), t l lu Sol;lr Wirlr l  Spch~.lr1rll1c!cr (Sii'h), a r ~ d  tht. C:l~.tlgcd 
Particle I.unar Env i ror~r i i cn t  I<xpi-rirnc.nt (CI'I I:I:). I<;lch i r i \ t r ~ ~ l ~ i c ~ ~ t  h;t4 i i r l i r l~ lc  
dctcction c;lpi\!-riliiit$. I t  i s  only by coltip;iri i ig i~bftlr 1r i ;1 t i r111 s lo iv ly g : ~ j t i ~ * l I  frort i  t l lc  
various i n r t ~ ~ ~ ~ r i i u r i t s  I lral ;I COIICI cut p i c t i ~ ~ c  of P;III~L.IL* ~ ~ i t c ~ ; ~ c t i c ~ t l \  with ~ I I C  111i101! 

car1 hc c i r r ~ ~ t r u c t ~ ~ l .  I n  tllc r l t ~cs t  ~LII. b y ~ t t l ~ ~ ' \ i \ ,  IVC uril lt ' l I l lkc ;ill C X : L ~ I I ~ ~ I ; I ~ ~ ~ ) I ~  o f  L ~ C  

in tc t . i~c t i t~ns  of l hc  p l i r \n i :~ slr~.c.t i111~1 t l ~ c  I~III;II. ~ ) l ! t r t c~~* l cc t f . o~ l  I;LYCI. Tlie, Ap i l l l t i  1.3 
b;r\cil C i ' I  .[.I: i\ oLlr princ.i[l;ll sotl tcc of d,it,~. Yct. i t  cl!tcmrgcs f r  r ~ i n  ~,\ I I  an: i ly \ i \ .  
~ i l 1 i o 1 1 t  i f ~ f o ~ ~ ~ l i ~ t i k ~ ~ i  g;linviI S l l I l , :  i11)tI 1 1 1 ~ -  SLVS ~I IL~ WII~~IC \ tory  c , ~ ~ i r ~ i ) t  01. t ~ l k l  
I t 1  f i l ~ l ,  rl'l.l<l< ~ ~ ; l l ~ t  ; l l i l l lc lr:t61\ l l\ i 1 1 i i j  ;ill l l l ~ l ~ ~ ~ ~ ~ l \ ~ , t l l l ~ ~  p ~ l I , l i l ~ ~ \  

K c i t \ ~ n ~ * t .  unt l  Ilrrrkc (1'172) 11;1\1- lc.p<\c tc i l  011 !III~.~I r ~ I ~ i ~ t i r t l ~ i ~ ~ . t ~ ~ ~ \  o l n c . ~  c i l  11). 

('1'1 l:l*, ill l l ~ c  l i i g !~  ! ;~t i t~ lc lc I~II,L~\ or [Itc ~ ~ ~ t l ~ ~ t : ~ : : ~ t c ~ l i ~  [ # t i 1  'I l iv  ~ ~ I ~ I I ~ ~ . I L ~ L ~ ~ I ~ ~ I *  
sptclt ttrrl wi t% 5hrlit II to hc i\crtloilii, ;tliiI II;I\ ;I 11'1~cr I:IU ~ J i \ f l  i l ~ u t i o t i  ill f l i t .  (.IIc*I~!~ 
r'kl1L:c *I0 ?(I0 cV. 'l'hc ~ I \ \ C I  l;tw i i i \ t t  i \ 3 ~ 1 1 i t r 1 1  \vi\\ f011~itl tly c ; o l i l \ ! ~ . i ~ ~  (l(?.l.t)+ t ~ t i ~ t ; :  

sws (l;ll:i, to ~ ~ ~ 1 1 t i t l t l ~  ( lo\vl l  [{B 5 r\'. l . ; l t ~ l l l ~ l t i l l } ~  ~lll,l;l~, of ~ l l l t ~ l l l ~ l ~ L ~ f l ~ r t l 4  

l l t t ~ c l  ~IOIII !IIII,!I f i l i ~ \  51tgl!~'\t tl l, it Ihr. \ ~ L ~ c I ~ I ~ I I ~  l \ ; t %  ;I r i i : ~ \ i ~ i l ~ ~ r l ~  IIC!\\L'~*II I ; i ~ \ t f  

-'-' !I:ci~t.rh;ri.llrr rf i i f . ,  1972).  W i t h  ~ l j i \  h,ihc i t i f ~ l r ~ l i . ~ ! i i ) l ~  s l ~ t t t l l ~ l  111 ;1l1!c t t l  
. i11;itc 1hc p1itc11ti:lI LI~\[I i t x~ l i [ r t i  IIIIL!L*I :I 1% i ~ ! c  t i 1 1  it-!) c t f  ckttbt II~II p f : t .~~~ i t  

~ ~ l f i c I i t i o ~ ~ \  
I 2 i ~ i ~ ; t I  i i x l p . ~ ~ r t i c  f i c ! ~ ! ~ ,  OIT~LI~CLI by t h ~ ,  I 1111:tr 1'01 t , ~ l r I ~ ,  ~ I . I : . : I ~~~ IU I I~~~~  I ( I  l a k l }  

i l 1 1 ~ 1  [.IIII,II S L I I ~ ~ I ~ . ~  ~ ~ ; L ! : I I L * ~ ~ > I I I L * ~ ~ , I  ( l .S%l)  i l l  t l ~ t *  t l p ~ ~ l l t l  I ? ,  i.1, ~LII~I Is \~IL.,. l ~ , ~ \ t *  
b ~ c 1 1  l c a i i ~ 1 t  ~ C L !  h )  11) ill ct  ( 1 1  (lOJO$ 107 I ,  ! 0 7 ? ) .  [ .%\I IIIL*,I~,IIIL.IIIL~~I!\ , ~ t  t i i ~ .  : I ~ L ~ I I ~ ,  
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the plane tatigcrlt lo Ihc aurt;~vc Ihe licld g~- i \ d i~n t  is --  0 . 4  p,;llnnt;~lln, 'r,vo 
mcasurcments ~ ~ p i l r a t ~ t i  by 1 . I  k111 ;II I J ~ c  A p l ? l J ~  14 5ifc kll(r{\ I O C ~ I I  ri!~l~~l;t~lt fiL*!drj 
of 103 y diructcd tuwirrd Ilri: \urf;!cc. ;inti the ~c\rlrllzast, i ~ n d  1 3  y rlircctrd toward 
the surfacc irnd the 5ot1tllrr~est. A very wcak ficltl of 6 y, directcd toward the 
vertical and soulh sauthci~st, wits chwrvcd at thc ApolIo 15 site. 

In the following srctiori wc consldcr TI'LEE pl;isliia slluct dirl,l in comparison 
with the potential rniliimum mritiel proposcrl by G~rcrnscy i ~ n d  1:u (1970). Although 
the predictions of this model arc in accord with reccntly rcporled SIDE plilsma 
shcct observations (Prccmi~t~ and lbriihim, 1974) rniltlc at l11c Apollo 14 and 15 
sites they cannot txplain CPI,EE obrcrvatians. An a p ~ c n l  lo currcnls gcncri~tcd 
by secondary electrons is tlwn shown incnpablc of rewlving llic p;lr;ttfox. The 
effects of local nlagnctic fields on p;irticlc trajectories are thcn investigiltcd. It  is 
found lhal  duc to the diffurcnti;il stopping powcr of the tniignclic field with rcspcct 
to incidcnt protons and e l r c l r ~ ~ n s  a cli;~rge srpwalion 1;rycr must cxist nbnvc [he 
Apolln I4 site si111ilar to t \ \ i~t  dutluccd trclnl rr)lnparisons of Apnllo 12 SWS d;rta 
with satcllile (Ncugchaucr rt LI/., 1977,) ;1nd Apolln IS SWS ohscrv;~tions (Golds- 
tcin, 1974). The properties of the chi11ge x p a ~ i ~ t i o n  layrrr ilrc invurligatcd and are 
shown to be capable of rcrcllvi~ig thc SIDE-CIIJ.EE pi~radox. 

A complete description of the CI)l.I<R inslrumcnt has becn givcn by 1311rke 
and Rcasoncr (1972). Bricfly, C'I3IAEE c o n t i ~ i n ~  two idcnticnl sctr of clcclrostatic 
analyzers, A and B, capable of ~ncasr~ring a 15 point spcctrlrrn of cl~.crron and 
prolon fluxcs with energies bclwcen 40 eV and 20 kcV every 19.7, scc. Anillyzcr A 
looks toward local vertical and annlyzcr B looks in a dircclion 60' from vertical 
toward lunar west, The itlstrumcnt wiis dcploycd on Februrlry 5, 1971. An,llyzer B 
faired on April 4, 1971, while analyzcr A collecfed data unlit the ccntrnl stillicln 
failure in Marcb,  1975. 

A quiet time ptasrna shct:! spectrum, .lbscrvcd by CP1,EE's analyzer A, has  
been rcporled by Rich et nl. (19731, and is reprodr~ced as Fig. I .  During 
magnclically quiet times pa~ticle densities arc nbscrved to he approximately 
0.1 cm-'. The elcctron and proton lemperatures are - 20n cV and 2.5  keV, 
rcspeclively. Proton fluxcs i i rc foulld to bc the sirme in analyzers A and R. With 
notabld exceptions thc plasma shccl electron fluxes arc greater in  analyzer A and 
8. Because strong clcctron unisotropics are unslahlc, Hich el u / .  (1973) rnaintiiincd 
that at lunar distancc plasma !;hcet fluxes arc isotropic. 

The fluxes of clcctrons wit11 C I I C ~ ~ ~ C S  ;7 80 eV,  in Fig. 1 ,  are of pla$rna shcct 
origin while lhosc wilh cncrgies less than -- RO eV are pholoelcctrnns gencratcd at 
the Iimar sclrfncc. Gcnerrtlly ivllile in the plasnra \ l i c~ t ,  the phnloclcctron cciunting 
rates are elevated by % 50% relafive to their high-latitude tail v;llues. The 
disappearance of pholoelccrrons has hccn observed in the prewncc of inlcnse 
plasma sheet fluxes accompanying t h e  magllctic storms of April 9, 1971 (Rcasoncr 
and Rurke, 1372) and Jan\lary 19, 1973 (Moore ct al., 1974). Thc sin~plcst 
interpretation of the quiet and magnetically disturhcd observations is: Analyzer A 
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Fig. I .  Spectru111 uh~crretl hy 1'J'i.f-F:'\ ;rn.~ly/cr A wlailc ill Ilic 1)1.1*1rr.1 rl1t.c.t F l u \ c -  r ~ f  
clcztrt,ns with cnurgirr 6 R n r V  arc f c t r i ~ l  ph~iftlclrclrr~rr\ ufi111, tfltrhr aifh r n r . r ~ ; r . \  

b 8:lr.V arc  tr? pl,~\nt.i \hc:t o ~ i ~ i i i .  

is looking at downwclling flu\r:\ of phtqtoclcctron, v, t1i~11 r r i l ~ \ l  hc tr . ,~pp~.rI : ! - : ; < ~ g  
quict timeb b y  a s u r f i ~ c c  p n t c ~ ~ t i , ~ l  of 80 vt)lls J l i ! ~  i r~g  r l ~ \ f ~ ~ r t r c d  tililt*, ttlu tlll{:n%c 
fluxes of plasnla shret clec'tr~~ns drivc5 t h c  s i ~ r f , ~ ~ . ~  potr.tlti.il hclow 3 0 v o I t \  
allowing photoclcctrons with encrgies ohscrv,~hlc l ) y  I'l'1.l-1: to r \ci ipc.  111 urtlcr 
to lest this interpreti~tiori wc h:rvC cnlcul;lled t l ~ c  elcc!rilsl;ltir. piltcritial tli\!rit)u- 
tion near the surf;\c t.. of thc moon ur ing  Iht. Ciuthr n5c) anti  !;\I (1'170) potcrili.~l 
minin~urrr morlel. Tile plit5m;r shcc t  anit p h o ~ i r t . l c c t r r ~ ~ ~  di~>tr  i l r ~ ~ t i ~ , ~ ~ b  a r c  I.1kc.11 f r i ~ ~ r r  
CPLEE :ind S W S  n b ~ e r v a t i n t ~ s .  

For tile snke of siri~plicity ill our c ; ~ i c . ~ ~ l , ~ t i i i n \  of the. nr*;ir I I I I I . \ I  f a~c t '  ptrtl:liti,~l 



distribution, we as8,ulne that: 

(1)  'T'l~c surllit hcuii~phcrc 11r;iy h r  ;~pproxi!n;~tctt by ; I  fl.11 ~ ~ l ~ c ) t c l r . ~ l ~ i t ( ~ ~ ~ ~ !  ~ ~ l , i t ~ .  
'I'hus, the potr1rtlir1 is orily a funr.!.~,n of hcil:ht ,ibclve Il~c \urf;lce. 

(2) In the plasrna chcct 11ic ~ l i r l i ) l i  is t~~i~hclddcd i ~ i  il ni;ll:rirti~ ficlil with \lr;lil:ht 
line gctrn~ctry, rilii. pcrpc~rrIici~l.ir to tlie surfiicc. 

(3) All plrlsma sheet p'rl L ~ c l c s  sltikinf: thc I11nar \lrrfacc i t ru  iltrwrlrod. 
(4) Therc is :i continuour sl~ppty i)f pj:isr11;1 S ~ L ' U I  rIe~.lr[lns iind profrlns. 

Thc fourth :issumption confcjr~as to C'I1l.llE's ohscrvii~inr~ rrf pl i - \~i~a 5hcct 
particles far  periods ill exccss of ill1 hcl~ir. 

Thc GUC~~SCY-FU model iIs\urncs [hilt t h ~  S U I ~ ; I C C  potc~lli;rl t)f llrc \~~liIit  
hemisphere C#~';.O. Abrlve the rurfiicc tllc 11trIc:iitial f;~lls to  a rni~~ilnorn V;III ,C 
4, < 0. If #,, - 0, thc. pr)tenlial rt.rn;~ir~r ICTO :)s x * 'c. I f  4," 0 lhc I ~ I ~ I C I I ~ ~ ~ ]  
returns to rcro as  x i~pproilches m. [Ilere r rclnrescnts hciclrl i~brjvc ihc sr~rf;tcc.) 
Thc boundary conditions which the ~itf~l~lilt irlIl  must s~~ l i s fy  iirc 

(1) Equal dcnsitics or elcctrons and protons rit x 6;. 

(2) The curicnt density is zcro thraur:haui thc entire syslem. 
(3) The elccfric ficld vanishcs nt x - a;. 

At x -IW, the electron populaticrn ctrnsists of fr1,isrn;l shccl clcctrons ir~jccted inlo 
the tube of flux and those rcflccled by Ihc p o t ~ r ~ t i i ~ l  minimum hiirricr, rrlus 
photoelcctrans that havc escupcd thr: rlloon. T ~ L '  pro1~)1i populilrion consiqt'i of 
injcctcd and rcflcctcd plasma shcot p;ilticles. I'oiswn's rcji~atitm ;in(] the flux 
balance cquntiorr ilrc ncedcrl to c;ilculale [lie polcnli;il dislribu!iun. 'l'hc sol~rlinns 
depend only on the distrihuticrns nf thc plasma shcut pilrticlcs injecli.rf nt x and 
of the phatocleclrons crnitted at x 0. I n  conformity ~ i t h  ('PI.I!E oliserv;~tinns 
we represent the injec:ed elcctrons and prr~tuns with Mnxwclli.iri dislrihulions 
that arc isnfropic ovcr thc down mnving hcrilisptlcre 

where n , ( r )=n , (m)  0 . 1  c m  'I; lo, anti w, arc [he thcrnial vclncitics asst)c.i;ilcd with 
electron and proton temperatures of 200 cV and 3.5 IicV, rcspcctivcly. O is the 
angle betwecn the particle's vclncity and the pwitivc x axis. The power law 



spcctrunr ob.servcd in the SWS a1111 I'I'I.111. photi)~:li8cfir)~ ~!atii supgc'lt5 that the 
distritlutiorl of upivrllir~t: phtrttrt*lc~.tt~rri ;it t i l t !  .~r~rfact ciiri hc rcprcscntvri try il 

knpprr function (Viisyl iu~r~ir ,  1YciH) 

wherc w, i s  the most probablo thcrrnirl volt)city anrl K i s  the spectr;rl slopc at Ililrh 
energies. The energy spcctrurn rlcrived fro111 tfli'i di5trihuticlri with t z . (Oj  - 219. 
imw? := 0.EcV and K --- 3 i s  shown In Fig. 2. A comp;irison with I;~hc~r;itrrry anil in 



sifu ohscrvirtiiwi shows tlrirt for pitrticles 4 t h  cncl pic3 crciltcr t h ; ~ r ~  I0 v \ '  ~ h r  !it 
is cxccllent. Allhi,t~l:h rllc fit hitlr>w 10 c'J is ri~tllcr poor, f o r  %urf;~cc polcn~i;ils 
grcatcr th,rn 10 volts, thr lowc~ L ' I I C I . ~ ~  ~rirrlicl~s 110 1101 cont~illllte ti) Ihe ciirrt!t~t 
bel;incc calci~l:rtimnr. In this c;t,c thc tli\rril~r~liolr ill Eq. (3) c;ln he used with only d 

small error. 
Thesc dislributiuns have I>ccn uwtl lo strive ttie fli~x bitlance nrrtl Poi\\on 

cqunlions by numerical atinlysis. 'l'hc rcsults ~chown in  Fig. 3 p1d tllc p~ltcnlial 
minimum as a function of Ihc surincc pote~~tial .  7'Ire sirnu1t;inct~us st)lution of 1I1c 
two equations occurs a t  r f ro - 7.9 volts and 4," -: 3.6 vtrlls. 'Thus phott~clcctrnns 
wit11 IMV: > 11.5 volts cscarc the moon. On the hk~sis of this c;l;rlul:ttion, wc 
iirguc that thc spectrum of do\vnwcilin~ electrons should bc sin?ili~r l o  that 
sketched in I'ig. 4 rather than tnal observcd in Fig. 1. 

Thc rnost obvicrt~s esc;tpe from this iiilcn111lil is to argue that wc hnvc ignored 
the eflects of scct~ndiiry clccrruns ptotluccd by plasma shcct particlcb striking the 
lunar surface, CPL.RE data show that photoclcctrnns must ovcrctlmc n b:lrrier of 
-80 volts in order to escape the lunar s~~rf i icc ,  'I'hns only secondary clcctrons 
with cncrgics in excess of 80 e V  may contr ihutc to tlie return current. 1.sburatory 
studies of secondary clcclrons from l~ lnar  fincs ycnuratcd by prirnnry clcctrnns 
with plasma sheet encrgies have m;luilnl~~n ctlcrgics r 50 cV (Antleregg el al., 
1972). Protons with cnergics of a fcw kila clcct~nn volts, when  hornbarding ccrtirin 

li-.-.T-..T- -.- ,-- 
I ,  [. Surface and Undershoot Potential Salutlons ' h  

Using Guernsey - Fu Modal I 
-Flux Balance Solution " t  \ 

C P O ~ S O ~ S  Equation 
Solui io n 1 

Fig.. 3 .  Soluliirns of thc flux hnlancc ; I I ~ L ~  P ~ i \ b t ~ n  c q ~ ~ i l i i t ~ n s  f o r  the Gucrnscy . Fu model, 
Plasma and phoInctcctron parameters were taken Irrim CPI..F$ ilnd SWS nbscrva~ions. 
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Ftg 4 Sketch nl clectrot~ , p c ~ l r u r n  prvd~i k11 tly ( i u ~ r n . , ~ ~ y  Ju rtr~ldrl f i r r  I h t  mor!ir In 
t n t  plu\m.~ 4 r c c l  

dielectric and conducting surfirces, arc cfficictlt ~ ~ C I C I L I C L ' I  5 of S C C O ~ ~ ; I I . ~  cIcctr(~ns 
with energies in excess of 100 cV (C'arttrr arrd Colligon, 1968). CJnTiirtun;itely, thc 
spectrurn of secondary clectrvtts from l u r ~ ; ~  fi1rt.s dttc to iorl bull~hitrdm~nt ?us 
never been investigated. Our citlc~r1;itions show thrif pl;~sm;l shcct protons would 
have to produce 0.78 secor~ciat.y t-lectron\ with  cncigics grcittcr. than SO eV pt.1 
incident proton in order to brir~g CPI.Et'< u h s ~ . ~  V ~ I I ~ L I ~ S  in line with thc prcdictiot~s 
of the potential minim~rnl  niotlt.1. S~tch all efTicicncy is dccincil uirlikcly. 

Rer:cntly Frccnlari and Ibrahirri (197.1) h ; ~ v c  rcpclrtcd oh\t.~vic~g si~rfacc 
'@otcnli;ils near 10 volts with SI 1117 Lft:t~.~!ot L.I ilt t11c Ap~dIt i  14 arrd I5 sitcs w\rile the 
moon was in the plasllr;~ sheet. The SII)fI r ! ~ c t h t r t l  of n ~ r ~ ; ~ \ ~ ~ i i n g  surf;\cu potentials 
is described by Frecnian et nl (1973). I n  surl~nlnr y fort11. Ions itre crcatrd by Ihc 



photoinnizalion of thcrrn;il ncotrals In tilt luniir i1trntrsphcl.c. Wllr:~~ StlIE 
stepping plate is set at rre~stivc voltal:cs re1;ltive to grr~r~ntl, Ihcse iorls ;IIC 

accelerated inlo thl: detector wlicrc Ihcy arc c)hscrvcd i rs  a rFSOlliill<t i f  ~ I I C ~ S  i s  ;in 
energy chnnncl'ncar -- q(+, ,  + 4"). rfr,, is the stcppi~~k! pliltc pofcntiiil and +,, the 
surface potential. While it was gr;ilifying lo scc thiit thc polcntii~l ~rlinin~urn motirl 
ci~lculations wcrc ctlmpaliblc with SIDE data, thcsc observarions tcntlrd to 
undcrscorc thc mysterioirs triiturc of thc CI'1,EE ohscrvations. 

To this point in  our calctrl:itinn, Ihc cflecls of loc:11 magnctic ficlds llavc bcen 
igriored. This approximation is valid if thc gyroradii of  the cleclrons in clucslion 
are Iarge in conipnrison with the loc;~l niagnetir rtcld scillc size. 'Thc average value 
of the magnetic ficld rneilsurcd at two Apollo 14 silcs was -- 75 y with n scale 
length of - 0.8 km (Dyal el nl . ,  1972). Thus clcclrons with E -T; 320 cV are 
sufficiently perturbed by this field to make its tirglcct unwarri~nted in thc analysis 
of CPLEE data. 

In order to approximate the magnetic field in the vicinity of the AI.SEP site we 
assume that the two vcctor magnetic ficld measuremcnts rcsultcd from a dipnle 
beneath the lunar surfacc. 'The ~lipolc nccdcd to fit the rneitsurc~d ficltis tnust he of 
strength B,Ox 1O"auss-m', nricnled ~crticitlly down a1 a depth of - 1.1 krn 
brncnth thc intcrscction of the harizont;tl field cnnqlancnls rncasurcd ;it Siles A 
and C. The geometry of the 5itu;ition is skclchetl i n  Fig. 5. IJntlcr Ihc Jipole 
assumption the field strength of (:PI.EE is - 7.5 y with an  ciricnti~tion shown i n  
Fig* 5. 

HORIZONTAL 
MAGNETIC FfEL 

SOUTH +- 40 Y - ~  
Fig. 5. R e ~ n n n n l  mat;nclic fields in !he vicinity of Ihc Apnllo 14  site. Tile horizontal 
cornponcnls of rhc fields rncasuicd ot riles A and C' arc uicd !ij locate ~ h c  d l p ~ l c .  t l n d c r  

the dipole assumption a Rcld a1 75 y was ralcu1:lted ncar CP1.EE.  



The r l fert  r i l  lo1..11 ~nngl~r t i z  Lrl.lb 01, lhc. lurl,tr p h ~ ~ t ~ l ~ l e ~ t r u n  layer 2W3 

The meridians! plane Irajuctr)rics ~Stiirrncr, 1955) of elcctroiis reaching 
CPLEE's analyrcr A wcre curliputed (Kciff,  197.5). 'These cnlcul.itions strow that: 
( I )  all electrons reaching the detector a p p r ~ i t c h ~ d  i c  l r t ~ n ~  wcaher rcgiuns of dipolc 
field; (2) with some external ficltl orientatin~~v and a surface potential of 10 volt\, 
the Rux of photoelectrons with rnergics ne;lr 40 cV c u ~ ~ l d  he explain~d in tcrrns r ~ l  
magnetic mirroring. This mechanisni cannot cxphin o b w v e d  flrlxcs of downwell- 
ing photaetectrons in the 50" and ?(I-eV channels. 
The effects of the local rnitgnctic field at the A p o l l ~ ~  12 sitc or1 sc~ler-wind 3rd 

magncloshenth particles rc;iching the Itlnnr si~rfncc hitvr t~ccri investi~i~ted hy 
' Ncugebauer et al. (1972) and Cjoldrtciri (1974). Neugzbrruer rt  al. (1372) have 

shown that diffcrunccs between OGO.3 anti the Apiillo 12 SWS sol;tr-wind ptotc~n 
observations can Pc exptaincrl on ly  i f  thc existence of a chnrgc sepiiration layer 
above thc surlnce i s  postulated. Furthrr cvirlellce fol [lie existence of such e layet 

.was found in SWS rnagnetdshcath elcctroti fluxes. C'on~parirrg Apollo 12 with 
kpollo 15 SWS data Goltlstt!in foc~nd th: l t  Apulli) 12 clcctruns hiid bcen accclcr- 
ated by as much a5 170 voltz. A sonicwl~;rt ilualitirtivc description of the formation 
of the charge sepurnlion laycr, d t ~  to thu difielcnt pt.ne11 at ion di\tarices of 
protons and electron,, has hrcn put fiir[h by Si!icou and Goltlbtcir, (1973). 

B y  postulating tht. exisl~wct. of a c t l , ~ r ~ r  scp.~r;ition Iayct i r ~  the rnit~nrtic field 
above the Apollo 14 site, the 1nysteriou5 qu;~litics of CPi.Ef: bccornc intclligihle. 
The geometric features of the I;tyi*r iu.e sir11il;lr to  Si.;c*c,r. i i ~ t ( i  Cit~lil\tcin's nlodc I 
with particles hitting the rurfiicr. A m;~jot ditTcrr:nio i \  th;it thc ~ ' x t ~ r 1 i . 1 1  pl:~>rria i \  
isotropic rather than highly ditccfud. 

The scale length of the Apollcl 14 ficltl is snlitll. In Lirc tlipolc ;il~~~rirxirl~ation, 
local magnetic ficlJ above C P L t / E  falls to 10 y,  nhout twice tht: i~mt~irnt  ~ I ; L L ~ ~ I I ~ I  
sheet magnetic field, at a hcight of - 1 k n i .  From thi\ hvight tJ(~v.~rl thc gi~i<ltng 
center approximation is no Itrnger valid for all prn t r~ ls  nnrl rr)o\t elcctrt~r~s. 
Essentially all protons teach tht: surfit't., whrrc.:~\ Iotv-ent'rg): :Irctri)ns are 
reflected by the rniit;nutic field. AII estiniatc of the ch~ugc  scpiiratioi~ potential can 
be gained by making the a>.l.;unlption that a czrl:~in fraction of the incident 
ckctrons are turned arour~d ar a hrighl h a b l l ~ c  C'!'l F1L. 111 tfi t-  zcro-ordrr 
approximation (Reiff, 197.5) wc : I \ \LI I I IC  . I  . ; l ~ r ~ s l ~ ~ i *  po.#iti\.r. cliargr dt.nsily p thi~t i s  
constant f rom x :- 0 to x - ! I .  'Thr sull~tic>r~ to lJi)isson's c ~ l u ; i t i ~ ~ r ~  

is subject to the boundn~y cor~tlition of 170 eft(-rrwl elc~trir: fieIil\ ( i .c .  x t  = 0) and 
& ( h )  0. Thus 

where t$,, - ph' /c , ,  i s  the tot:\[ potcnli,~l clitTzrer~l-e d ~ ~ c  to  the ch;~rgt. st.il:li.;iti~rr~. 
For a ch;lrgr scp;tr;ttion pulcr~ti;~l 4,. - 5 0  volis hcpirillir~g ;t t  a tlt.ii?ht of I knl  thc 
protun chargc! densi:y must excccd tl~iit of the clcctrims by 2.R';lb.  This  is 
approxi~n,ttc;y the density diftcrcncc nrrc woulil cup~,c.t rrilrrr :l;ti\ ~ , ~ l ; r t l c . r .  at 1 1 .  

,.!GINAX PAGE IS 
, +  POOR QUALTI'YI 



With a n  an1hir:nt plasma shcct rIc!~sity c ) f  - - . I  cm ', howcvcr, such ;I p e r [ ~ ~ r I ~ ; ~ r i ~ ~ ~  
could not bc dttccted b y  ('I'LEE. A sket~11 L I T  t l ~ c  potcntial ili\tr~t?r~tic~n a 
function of hcight with h 1 krn is \llowri in Fig. b:!. R C C ~ I ~ I S C  111~ p h o t 0 ~ 1 ~ ' ~ t r ~ ) ~  
pot~ntiill cxtet~ds for only a fcw ~nclcrs ;rbovc tile sll~f;lcc it itppciirs as a spike on 
tap of the chnrgc separation potcntial. 

Wc now turn o w  attention to Ill: SIDE t.cson:lnce phcntln~ena, Dascd on 
shielding lengths calculatcd for the high-latitude tail photoclcc:tran layer, wc 
estimate Ihc SIDE shielding disltlnce to bc of the ordrr scvcri~l mcters to several 
tens of meters. The potential distribution abovc SIDE at the Apollo 14 site is 
sketched in Fig. 6b, for a zero ground step (dashed) and ncgativc slcp (solid). 'rhc 
effccts of tllc pholocleclric surfacc potcnlial are felt out to a hcight of -- 10m. 
Above this hcighl the potenlial is approximittely conslant out to ii h c i ~ h t  of - 20% 
of the height of the charge scperation layer. Ions creirted in the platc;ru region of 
the potcntial can be de l e~ t cd  by SIDE. Photoclectrr)ns with stlrfacc energies less 
than the total potential, 4, i- #,, are rcflttctcd to the surfacc; thosc will1 greater 
energies escape. 

The actual strength of the potcntii~l ~lilfcrencc ;{crow the separation Iaycr can 
be cstirnated from CPLEB ohscrvations. For favor;ible extcrnal magnetic field 
conditions the potcntial barrier is obscrvcd to bc about 50-70 volts. A potcntial 
barrier in excess of 100 volts was observed during a substorm. Thcsc potential 
diflerences are smaller than those ohscrvcd by Gciidstcin at the Apollo 12 site. We 
attribute the difference to the stllallcr magnetic licld scitle lcngth nciir Apollo 14. 

One final conscqucnce of this model i s  an explanation of rhe' obscrvcd 
elevation of photoclectron potcntinl observed by C P I X E  in  the plii\ma shcc't. The 
Stiirrner trajectory analysis revc;lled that all pholoclrctrons rci~ching o u r  analyz- 
ers came from we;ikcr regions of the magnetic ficld. I n  wcitkcr regions of the 
magnetic fie!d the flux of plirsrna shcct clcclrun5 rci~chirlg tllc srlrfacc should be 
greater than  near CPL.EE. Thus, [he 51lrf:tcc potcuti~i  in tllr rcgiclns where the 
plrotoelectrons originate s h o ~ ~ l d  hc lower. A cr)n~p;irison of the Ji\tribution 
functions observed in the high-lntittrdc tail and  t '  c plasrna shcct, in conjunction 
with the Liouvillc theorcm, can he used lo c;~lcul;lte the potcn!inl diffrrcncc 
between CPI,EE and thc point of origin, The porer~tinl diffcrrllcc is - . -4  voltr. 
Unfortunately it is not until after wc have calculatcd thc self-consistent charge 
separation layer thitt we can know the photoelectrnn's point of origin. Rascd o q  

field scale lcngth considcratinns w e  wol~ld cxptct i t  to be of thc order o f  a TCW 
hundred mcters from CPI.E:E. 

Si1 MMAHY A N D  CONSI . I !S~~N.S  

In this paper wc have !lied to hritrg some dcgrce o f  unity trr rcported 
observations of SIDE, SWS, and CPLEE. Data frorrr SWS hillc I-rccn ~ c e d ,  in 
conjrsnction with Iahoratnr!~ nbservationr,, to cstimafc tllc disttillt~tit~n ful~ction of 
the phofoelectrons cmittcd 5! the lunar surface. The patcntinl di\tri!yution near 
the srlrface of the moon was calculatcd with thc  help of this distrit~ution fur~clinn. 
This calculation is found to be in substantial agrrcnlcnt wit11 plaqrna sheet 



The cffcct of local magnetic fields on thc l u n ~ r  phr~fuelrztron lnycr 

HEIGHT ABOVE SURFACE 
Fig. 6a. Potential distribuliun nudr thc lunar s~rrfacc. The potc~ifial drop nc,tr thc surraup 
is that nccessitry to satisfy zero nct current into the surfocu. The drr)p at tliu highcr 

altitude i s  duc to !hc ch'lrgr: scp.tr,~Lion layer. 

HEIGHT ABOVE SURFACE 
Fig. 6b. Exp,~nsion of Fig 6a to luw altitudrs (Jrl~h~I1). Thr 5ulill: curve i s  Ihc t.xpt*cttld 

pofenti,~l distributittn abuve SI[)E: u~ll! ;! ncga!ivt. groitri~l stcppcr v(r1tagc ((P,.) 



ohservntions madc by SIDE at thc A p o l l o  14 i l r ~ d  I S  !,ilcs. I t  ir; I~o\vevor i ~ t  v,jriancr: 
with CPLKE a b s c r v r l t i o n s  of d o w n w c l l i ~ i g  f l~xcs  of - . K(1-CV photnt.1r:rtronr 
under s imi l a r  c o n d i t i o n s .  

Thc two vector magnetic ficld m e a s u r c m c n l s  at t h e  Apollo 14 site have bccn fit 
to the field of a dipole buried b e n e a t h  t h e  surface. When comhinrd with the 
external magnetic field we find ngrecment bctween CYI-EE's p r c d i c l e d  i ~ n d  
obscrvcd shadow zones. h conscquencc of the interaction of p l n s m n  sheet 
particles with the field is the f o r m a t i o n  of a charge s e p a r a t r o n  rcgion o h o v c  the 
A p o l l o  14 site similar to that obscrvcd by SWS at Apollo 12. 'The ctlnccpt of a 
charge separation rcgion is found capable of resolving Ihc apparently d i v e r g e n t  
observations of CPLEE and SIIIE. Near t h e  Iunnr s u r f i j c r  the p n t e r ~ t i a l  d i s t r i hu -  
tior1 would be similar to lhot p r c d i c t c d  by the Guernsey-Fu n i o d c l .  'Thus SIDE 
obscrvcs a surface polcntial - 10 v o l t s  a 1  Apollo 14 and 15 s i t e s .  The chargc 
s c p n r a l i o n  rcgion above the A p o l l o  12 and 14 sites r c f l ec l s  p h o t o c l c r ~ t r o n s  wit11 
cnergics less than thc total potential barrier l o  the surface. Jt musl  be p a r t  oi our 
ongoitrg rescarch to d c v c l o p  a ma thc rnn t i ca l ly  self-consistent p o t e n t i a l  distribu- 
tion out cf the qualitative model l h a t  we have here presented. 
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Ah\lrac!. StuJic5 r l l  p,irticlc Bllxc> 111 the lu11 : t r  \urf;sc~. ailtl Illc All , ) l l i i  14 A I .S I . I ' / (  1'1 I . 1  r l b r r l i r . l i ~  

spcctt~iriletcr during lur~,lr ! ~ i ~ : h t  pc r i i~d \  h.ltc shtrwn !hrcc di\!irlcl ! ~ I I L . \  trl c l c c t r ~ ~ r i  f l r ~ . i  c t c ~ ~ t . ,  0 t 1 c  111 
[hew is shr~wn to nrigin;ttc. at t h c  c . : l r t t t* l  boiv ~ h ~ i k ,  but ttrc r c i ! r ; ~ i ~ ~ i i r ! r  t w u  drt. sl~r>\>n t r ~  : i r t \ t *  nii)\t 

likely ils a r c w l t  t>f I O C ; ~ !  > ~ I ; I Y  wir~d [ u l ~ ~ r r  i r ~ [ ~ r . ~ ~ : t i i > r t b .  'I hq: f l u x  rvciit\ tt ; t( i  rlie;1tl c * l c ~ [ r i ~ t ~  cd~r*rcirb, i ) f  i~ 

few hundred clcctrtlri volt., and 1ol;1l fltl\c> or 10' IO'clcc!rrii~~!cr~~' \ r c  7'hr\~* f l r ~ \ t . \  : rr t3 :I pr~ \> i l> lc  
svurcc @f thv li~rgc ntsc,ttivt- 11111,jr \ t ~ r f ; ~ < . n *  p t ~ l ~ ~ ~ i I ~ . ~ l ~  i ~ t ~ w r b ~ * t l  11) ~ ~ t l ~ t  r t i1  SI.1' i t ~ ~ t r ~ ~ i t i ~ . r ~ l ~  

1. I N  l t i ( l l l l 8 ( .  t H)h:  

OHSI~I~VATIUNSO~:L~}I,~I~C,I:II I ~ I I I I < . I . ~ :  I I I Y ~  ', ; \ t  ; ~ r l c l  l l t L i i t  tlic I I I I ~ , ~ I  r ~ i ~ ! l ~ l  slit f;uci> 
when thc nmon was in thc sntirr. wind h;lvc ~ I I ~ \ V I I  tl1;it tllc 50 c;~!lccl "dt)\i*rt.,trc,tr~i 
p l a s t ~ ~ i ~  void c;ivityW is a rni\ric)r~lc.l irrld t h ; ~ t  iridt.c~t1 sigtiific;rut cliii~ gt.tl p;trtiilc 
fluxcs are prewllt in thi\ rcgiotl. F;ol cx;~niplc., A r l c l t . r \ r ) ~ ~  ct r t l .  (Ir17i?) hitic. 
dctci.tctj ~'lcutlcln\ with fi :'> PO11 cL' i n  the cav i ty  wit11 tllc l t i r i . i r~ t~ rh i l i t~~  I ' i i ~  l i t ' l < u i  

anrl Ficltls Subsi~te l l i !~ ,  wllilc cnclgetic i i r ~ ~  hitl.rl+ at ttlc 1un;tr rli::I~t 5~1rf;icc. h ,~vl :  
bccrl d c t c c t ~ ~ d  with thc A1.SIIIIISII)I. i n r l ~ ~ ~ r t l t : r ~ t $  (l-'~ecn~:rt~, 1912). 

I n  :i recent pL1pt.r (Iit.asi)ncr. 1975) wc reporlctl c r ~ ~  t j l~wl  v;~tit,rih by tllc Ti'l.l..I: 
luni~r  s t ~ ~ l a c c  ion--elrct~.on spcc!~.onictct- L ~ I  clcctrori f l , l \ c .+  at thc  nicl~l\i~lc- I i t t i . l ~  

surface whilc the rrintrrl was up\trc. ;~ri~ ( I T  thcl r;ij.tl~ in  t l i ~ *  \ol;~r w~~r t ! .  Irl tI1.1t p,lj>cr 
we s h o \ v ~ t l  that rr slrt , \rt  uf oli.,~~rvc.d clr'\.tttrf\ fll~xt's wcte !-tlo'~l:.ly ~ r ~ t ~ t r c ~ l l c i l  t7y 

the di!.cction of the ~ntcrpl;~nc.t : l~y ~ i ~ : l ! : ~ i ~ . t i <  ficlt! ~ I f ~ f i ; ) ,  ;1pl1r.;1ri11!: :it thc rrlotrri 
orily W ~ I C I I  thc nioon w i t s  ~t~trr~c. . lccl  t t r  t h ~  c; l~th ' s  hoiv s l k ~ ~ c k  ;ilorig n!;!gn~-lic: f i ~ ~ l i l  
l in t&\ .  Wc thcrcfnrc prc lpu\~*~I  t l l , ~ t  t l ~ c \ ~ -  ~ I c c t r o ~ ~ r  L C C I C  ~ t : ~ ~ ~ ~ r ; t t ~ : ~ l  i11 the how 
shuck ancl s u t l \ c i l l ~ ~ ~ l t t y  prt~p,lcittctl I ~ i c h  upatrc:iri~ to tllc I ~ r ~ t , ~ t  \ I I I ~ . I L . L * .  'l'hc 
dcllritics and tcrripcr;~ttlrcl; of tlrcsc. c l~c t ro l i  f l ~ t \ c s  wc'lc' i n  t l i t *  1,111~11~s 2 - 4  
10 'crn-' and 1.7-2.8 x IOh"K. l ' h t  flrrxc\ u.ctrB r l ~ c r ~  i t )  thc rilrigc 0.4 1.0 A 

IOh c l c c t r o n ~ l c n ~ ~ - s e c .  
'I'hc irnpliciitinns of Ihcsc. o f ~ ~ c t v i ~ t i c ~ r i s  art. cJi\cu\\c.rl 1)) I < c ~ I \ ~ I I I L . ~  (1075). 1'11 

su~rlrn:irirc hricfly Scudtlcr ct a / .  (1972) ot,,:r\.cd sllt:~ll c t ~ h ; \ r ~ ~ . ~ % i ~ ~ t * r l ! \  i n  t h r  
n~c;r\rrt.cd solar-wilicl c l c c t r t ) ~ ~  tcrirpcr,~trrrc whcrl tlic Ol i r )  3 si~trbllitt* t b i 1 5  up 
s t rc :~r~l  of tht: c:rrtl~ ntld cclt~tlc~.te~cf t i1  t l i t b  t>ow sllt)iL. ;ilr)ric r ~ i ; i ~ r i ~ - l i c .  fi:'Iil l i l ~ r . \ .  \Vr. 
asscrlcd that th rsc  bow shc)cl\ elcctrt~rt.; crllscrvctl ; ~ t  the l1111;tr s ~ ~ r l ; ~ c c  wurc 
rcsporlsihlc f o r  the s o I ; ~ r - w i r ~ ~ l  c lc~. t lc~n tcrlltrr,r , ~ t i r r c l  i ~ l c ~ r r : . i \ ~ ~ ~  7 ht. r ~ i t i c r r -  ;ic!ctl t o  
shiclrl thc irrstrutnr*tit fl.oni tlrc tlilt.c.! strl.11 wir~il iirl i l  alIt~\ictl ; i r t  1111c .o r i t ; r r i i i 1 r ;11~~t1  

pRECmI1\JG PAGE BLANK NOT FUm 



11. O l ~ ~ l ~ l ~ \ ' , ~ ~  IO%S 

'Thc eltctritn flux ~ n c : ~ \ u ~ - c n ~ c n t s  ~ c 1 . c  111, trlc rr ilh 1 1 1 ~  I? :t~i:trf 1';il li~.lt. i . t ~ ; i ; t r  

E n v i r o r ~ ~ n v ~ ~ l  I :Y .~C~~I I ICI I~  (( ' I ' l~I~F!),  it C O I I I ~ ~ V I ~ ~ I I ~  of 1I)c Apo!lt> 14 AI.YI,.I' 
sy\tci~n, A con;pIclc ~ I I S ~ I I J I ~ ~ C I ~ ~  1!~sc1iplii1n I I I S I ~  tic ft11111ij in Il~trkta 8 ~ n ~ '  J ? r . , ~ i r ~ r ~ i : r  

(1972). Thc  in\trirlricllt was hci15itivt to c l c c l ~ o ~ i \  \ v ~ l h  c'l~crpic'r r;!nginl! Cto111 ?(I t r j  
20 kuV,  iirrd for this stuily thc H lo~vcr  ~ I I L * I C ~  ~ . I I ; I I I I I ~ - ~ ~  r;r~r!!i~l~ f ~ c l r l i  40 t r l  '700 C-V 
will l ~ c  used. hlagnrtio firltl rl;~t;i fri>ln thc J.!wpl~~rcr 3TIArilc\ Rt-\c;itc.l~ ( ' l~111rr  
rr] ; igrwlo~~~clcr ~ I I  I I J I I ; ~ ~  OJ l)i1 pribviilct! r ~ l ; i ~ ! ~ ~ ~ - l i c  f i l . ~ l t l  lint g r t j ~ ~ i ~ ~ l ~ y  i ~ ~ f c ~ r ~ l r ; ~ t i t ) n .  

I J i ~ t i i  rrotn f n t ~ r  C C ~ I I ~ ~ ~ I I O I I \  lt111;ir 11i!n,ht pc~ioi ls  ~ I C I I I >  I : L ~ I ~ I . L I ; I I ~ ~  ti1 SI;IY 1971 
wcrc c .x ;~r~r i~~cr l  f t ~ r  tlic prc!,c.lic.c r ~ f  C I L ~ C I I O I ~  f l ~ ~ \ c \  I t  f o ~ ~ n r l  t11ii1 thcrc \vlmrc 
kj~r>r:~dic, l l ~ o i ~ g h  s i y ~ ! f i c ; i ~ ~ t ,  fl~rxcs of ~ , I L - L ! I ~ I I I ~  i ~ r ~ p , t ~ I i ~ ~ p  1 1 1 ~  '111i;ir \ I I ~ ~ ; I C C  

t ~ ~ r o t ~ g b o ~ ~ l  1 1 1 ~  liin:jr r~ ig l~ i .  1;igi~rc 1 \ I ~ t l i $ , \  ;in ~ , \ ; I I I ~ J J I C  of the I11r1;tr 11iyl1t fl11x 

~ v c n t s .  ' I l c sc  rl;tta wcrc frum kl i ty  25. 1971. Orr l l ~ i \  d;ty Ihc \oI;ir cc.liptic 
I o ~ I [ : ~ ~ I I ~ c  (If I ~ C  l?loon r i ~ t i p ~ ( i  fi on] 61' to j fir., i . ~ . ,  11ic I I I L > O I ~  \ \*;I \  ;111114 ~ i ~ r ~ c t l y  
~ r p \ l r c ; ~ m  of the carth i r ~ ~ d  thc  in\~l-urncrlt \ r ; i \  I~ jc . ;~ t~c i  If? t o  3' f r r r r l l  ilic I L I I I ~ I ~  
n~i r ln ig l~l  11rcriJi;rn toward thc d u s k  tcrminiitrrr, 111 !hi\ ~ ~ ~ ; I I I C  f l j l .  Ioucr  p;~lr:l < ~ I L I V . ~ S  

thc co~rnt ing rirte from Ihc :On-CV clrclrrin cl~;irinc.l of t!~c i n \ l ~ u ~ ~ ~ ~ . n t ,  'i'liis 
chnnncl was chr)scn I I C C ; ~ I I \ C  of  it.; 1:irgcr gct>nictric f;tctor :11ir1 c r ~ ~ ~ w c l i ! ~ ~ r i t  1.i;:ht.r 
counting rlitcs. 'Thc rlppcr ~ U ' O  P ; I I ~ L . ~ S  ; I I C  1111' \ tr1:1r ~'c l ip l ic  I;ili!t~dc ( 0 )  ;irld the 
~ i l a r  ecliptic l o ! ~ g i t ~ ~ ~ l c  ( q )  of ilw i ~ ~ ~ c r p I : i r ~ ~ ~ t : i ~ y  I I I ~ ~ ~ ! I I L ~ ~ I C  ficltj. ' 1 . 1 1 ~  if,!!.! f!:ip\ in 
Ihc m i ~ ~ : ~ i c t o m c t ~ r  r-ccc~rd ;ire d i ~ c  l a  Illc rlpt-.;ttitr~i;il I . ~ ~ ; I I . ; ~ L ' ~ P I ~ ~ ~ ~ c s  of thc 
Ehplorcr 3 5  s;~t~:lliic, ~ ! l \ i ~  \ I I ~ \ \ ' I I  ti11 t l ~ c  fiy111c ( L I ~ ~ I I ~ ~ L I  I ~ I I c \ )  i 1 1 1 ~  I!IC l ~ o i r ~ i t ! ~ ~ r i c ~  o f  
t h ~  rcgiorrs in 4 wticre thc I hl 1; lirlc\ c . c l r : i ~ c * i t  f ro111 t11c tnoon to tlic c;~rtli 's bow 
shook. I'nr v i r l~~cs  of cjr I~cti \c 'cr~ t l ~ c .  bt111rrtl;1li~s (rlr';~r (,b O p )  tli~: Irlcwn is 
colinrctcd to thc how shock. 

'The two lirrgc flux c t r n t h  cr~nl t~r t~r l  ;it O 2 1 q  ::lid Oll(l ;trc c.x;i~nplr.s of 'I'ypc I 
flux :bcnls ;IS cvi~lcnccd hy thc ~ttr1cli1Iic1j1 I , L I \ ~ I  L n o ~ . i i j i t ~  r~t:c~\ t ~ f  thc f l~rxcs and 
tlic I M  t :  diruction, Ilr>\vcver, i t  is 5ccn tl~:it ;it r1111i.r ti~rlc.;, fur c*x;~rnplu iirorltld 
1?1)0. thcrc ;ire clcctr~rn f lux  cvclits ~ i ~ i c h  ;trt! prc\cSnt r i r cn  ivlicrt lhcrc  is no 1LIF 
corr~icct i i~n Crcrrn thc rnc)on to rhc I-ow .,li~~k. .4ltlltrugh thv rri,cu:r~.ticc i r f  !h:\e 
c v c r ~ l s  is spori![li~, thc C ' V C ' ~ ~ ~ ~ ~ ~ - C V U I I ~  int~~lici ly rfi\pl;i)..\ n o  \)\tcri1;i!ic c.h;~ngcs 
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Ftg 1. Elect~irn f lu \  anti n~.~l :~ lc l i i  ficl~! d,lfa fur h1.1) 2s. 1971 H!~L.II ~IIC ( ' 1 ' 1 . l . f :  
instru~~ir t~t  w,l\ on thc rri:,hl\itlr. 11111,11 \tt~f;ict. rtr3.1r l i~r~,ir rrli~l~~i!:l~l 1 ht. t l t l ! t ~ ~ i ~ \  11.t11t.I 
shuw\ thc ct~ttntir~g r;~tc ~ I I C  t t )  3IOeV ~ I C L ~ I ~ > I I \ ,  ;t1111 t11c t<!ll ~ N I I  ~+IIIcI-. \11t)it  ![LC \LII,I~ 
ectipli~ [i~ti!t~dc (0 )  ,irld luncit~~tlc ( , b )  or t t ~ c  i r ~ t c r p l ; ~ ~ ~ ~  1,11y III.I~#IIC~~L ficlil 1t1c LI<>\IL,LI 
lint\ un tlrc 4 plot ~ L ' ~ ~ I I L ' . I ~ c  t t 1 ~ 8  1~1111', o f  [$!I. COIII I IY~~II~I ~ ~ L I I I I  thu r1119t11t t o  f ! 1 1 5  ~,.II:I~'\ 
b~rw F ~ I ) L C .  Thi\ hg~rlr. illu~!ratc\Typ~. I itntl'l'ypt I I  It~rl.lr r t i ~ : l ~ t ~ ~ i l r .  CIC~I~LIII flt11 cbcrli, 

w i t h  dist;rncc o f  the i n s t i u i r ~ c ~ i l  f~ L~II I  t l lc I t~lr; ir  ti51 [ r~ i r~ . i !o r .  Wu rcf~,r  to tl1i.5~. 
event\ as Typc 11. 

T'hc d i \ t i nc t i o l~  bctwccrr Type 1 nntl 'I'ypc II c v c r ~ t \  i \  II:~\L.LI t ) ( l t t l  or1 t t ~ t -  
dupcndc~ic ics on IhI I"  ( l i rcc l i i l r~ ; ~ t l { l  i r 1 1  ttrt:if ~ c l i i l i v c  i t ~ t c r ~ s i t i c \ .  111 t l ~ c  r1;rt.r t),~\c 
anilfy?.cd, n t o l ~ ~ l  of 1.1 cvcnts WCIC i c l u~~ t i f i cd  i t t ~ i l  cl;~,\il it.~l i t \  ?'ypc I ~>;I\CLI r l r l  

thcir c o r r c l ; ~ t i o j ~  w i th  I X I f ;  direction. 1;rrr. c ; ~ c l ~  ~ ) f  ttic I4 L'YC,II~LI f l ~ c  ~ l ; l t < ~  H . L . ~ ~  

sci\~.cht.rl for thc nciucst flux cvcrit  w l i i i l l  t1lrbt t111. clitt.rio11 th.i! ttic* Ik I  I: dircc.tit*ri 
must h;ivc hccu hucli th;it t l lc Incrci l r  wits rlri l ct~nr~c.l:tcrI 10 tl ic I1t)iv \ l~oc ,k  'I hc 
rn :n i r t i~ tn i  10-nlin avL'rilL:L' c t j u n l i t ~ ~ :  ril le5 ill Ihc 200 CV cI1.tr11lc.l wcrr* I t i c t ~  
t;rhul;~tctl f o r  tl ic two scts or c v c r ~ t \ ,  and t l lC ; ~ v c ~ ~ \ g c \  (('I<) ;itid \ t ;~r i i l .~t t l  
dcvi ; t t io~is (S) ~ V C I C  ~ i ~ ! ~ + t ~ l ; \ t c ~ l .  l ' t ~ ~  III~.;L~I ib11 i I  s t : ~ ~ ~ t l ~ t ~ . t I  c l t ~ ~ i ~ t i i o ~ ~  f t ? ~  ~ I I L ~  hot$ 
sh t ick-cc i r l r~cc td  cvc.llt\ ~vcrc.  ?I< 5.0 l alitl S 1 .52 ,  i r ( 1 ~ 1  f o ~  ttlc r ~ t ~ r i  I 3 t 1 i i  \h~i~!-, 
c o l ~ n c c t c ~ l  cvc11t.r ttlc rrlcitn ;111i! \ t a ~ ~ ~ l , t l ~ l  Jcv i ,~ t i t r r~  \vcb[rs i'li 2 . 5  ; I  S O.?7. 





C ~ C I I ~ ~  .it thc [ ~ I L I O ! ~  far ~11,\tici111i tjf tllc c i ~ r l t ~  I ~ I : I ~  z t o t  llc o I ~ \ i t v ~ ~ ~ , ,  $<I) t1,1-, ~I*:C-II 

shown 11) bc it11 irltlitt!~! intlib,:~trir {if  I l i t l  vcblrri,ity of thc . ; i j l ; \ r  $ + ~ I I L I  (St~yiL-r te! r i l  , 
l Y f ~ 3 J  '1'1111% t t i c ~  '1'ypa 111 t l t~xc\ ; I ~ I ~ L . ; I ~  t i )  t l ~ i ; $ i ~ ~ ~ i f t ,  i t 1  or 11c:tr i t ~ c  I ~ t 1 1 ; t r  

tern~iniitol.$ and arc  il~llucltccil Ily sol;lr-ivir~iI ct ir l t l i r io~~\.  'I t ~ c  ot:c.~rirt.~~t I., ii ; ~ n v ,  
of I ~ C S C  f l i 1 ~ ~ 5  i t t  the I L I ~ I : I ~  (i,iy\i~Ic \ t ~ r f ; ~ c ~  IS i ~ ~ ~ p t ) + ~ ~ , i l l l t ~  to dctt!r~nir!c ~ I ~ L L -  1I1tay 
drc: considar:rhly wciikcr t t ~ a n  t i l t  1il1ot~)t . lc~lrr11~ ~ ~ I I X C ~  O I ? \ C I  b ~ b i l  ;I[ th,! ~111rF;icr (in 
t11c sllrllit hrrni5llllct c ( I I c . ~ ' r o ~ i ~ r  i1[1~1 HLII he, 1072) ; L I I ~  w~~LIIJ  t1c ~ ~ ~ ; i \ l i c i l  1)y tlit: 

p h o t ~ ~ c l ~ ' c t t i ~ ~ ~ ~ .  
Flcclro!~ !,prctr;~ for thc 1 i r r i t ~ c . r  il~~liltirllz ~ ' I ~ c . t r c i 1 1  flilx C L V C I I ~ . ,  i 5 t . r ~ :  C O ~ I I ~ I I [ C L ~ I  

fro111 30-nlin iIvtrfigc.l '1 hew lollg ;rvrrral:cs i v c , ~  L. rat-cts\\;!r y to ~! , l i r l  s t ;~ti \ t i i , t l  
sii:t~iAcirnt in view of ttlc lovi ctl l~r~tir lg rate% t ~ f  tllc c l ~ ~ ~ t ~ t i n  n 1 1 ~  t ' v~ - r~ t \ .  
Bnck!!,ruultd strhtraction c i r r r t~ct i tm~ i i t t ~ l  sli~rrdkt~d rlcvi;ltii>~r\ \v\;t.rc. ct)rnputcd hy  
fittirig the cxpr.rirncrital d;ita priint5 to i~sstrrrlctl fi~tlctiori.iI \p~lctr;tl f r r 1 1 1 t 4  u$irlg ;i 
x z  rnir~irni?ati(~i~ idgotitlir~) L , I I I L ~ L !  CLlI<l:l ( i k v ~ ~ l ~ : t t i ~ ~ ,  1900). '1 t l ~  ; , lp,ori t t t~~~ W,I \  
ustd to fit  t)otl~ hi;~x~~i+ll i . t r i  r l i \ t~ i I )~~ t i t in r  ;1rir1 K f~r tc t i t i r~  r l i \ t ~ ~ l ~ c ~ t i o n s .  l'ht: 
~ - f u n : t i ~ ~ i  d i \ t r i l ~ i ~ t i i ~ ~ ~ ,  f i ~ , !  iippli~atl l>y  V;~\ylittr1,15 (I9fiK) q r : t r a .  pI;i\r11.1 
msiisLlrerllc.nts, h;~>  Ihc fuiictil)r~;lI f t ) ~ i n  f t ) r  diilclc'~lfi,~l nc~x 

ancl cotrr\~itr~tcii[~gly thc 1llc;irl 01. cffccl ivc. tcrnpcr:lturr ':', -- E , , , / h - .  'I'he K - 

function rc.v:n~lllc.\ a M;I~WCII I ; I I I  c l i \ t r i t111 t i t r r l  i ~ t  low c ~ t ~ r g , i < . \  h ~ i t  P ~ I \ I I C \ \ C ' L I  ;I 

ncir~.M;ixwcllii~ri I~ik!li-cncrgy " t i t i l "  with ;I ~ i i ~ w c ~  I;tw i I ~ . p ~ r i ( l r ~ r i i ~  ; ~ t  ! ~ i ~ ~ I i  t ' r i~ ,~gi t - \ .  
T'hc K ~func.titil~ tli\tri\)utiirri ti;\\ p~i\vt.ri ti) trc ;I \ I \ c T \ I I  tlc\i.r iptiiir~ o f  clh\r*r\ctf 
spilcc pl;15111;1 ili\!~,iht1!io11i i v l ~ i ~ t ~  it1.t: i>r lc!~  I I ~ I I I . ~ I ; I \ ~ ~ ~ ~ I I ~ ; I I I  I ; t 3 1  p ~ r \ c r i t  t I , ~ l , t ,  

i t  W ; I ~  foc~rld t l ~ ~ i t  ~ I I  I I I O \ ~  c:t\tb\ tht: ti ( l i \ t r i I ) ~ i t i ( r t ~  r t b ~ ~ ~ l ! ~ , ~ l  i l l  , i  hct t~.r  ! \ t  ( \ ~ r i ; ~ l l t * ~  

,y l )  t o  thc (!at;! pcrif~t, t h i ~ r ~  did tlrc Ma\~cbl l i . i j~  c l i ~ ~ t r ~ l ; ~ ~ t i r r ~ ,  
?'he Type I bow >hoch  alcc~r.trt~ f l i~a  c tc i t t \  rli,~il,~yctl c l ~ . t ~ . , i t i C . \  : tricl  r r i ~ , : ~ r ~  

1 1  tt.tr>,wrihltlrc.r in tlic t n r ~ p - s  2-  11 x 1 0  c ~ i l  ~ I ~ L I  1.7- 2.8 x IIT K, rc\ l i~. t . t ivcIj .  'I l ~ r *  

lowcr-inlcnrity II'yprr I f  ckc r~ t s  H . L . I ~ .  I I I L V C  c l~f l jc~~l t  t t r  fit t o  t:t~,t t l ~ ~ ~ - , i t i \ , :  of ! I I ~ >  
v ~ I , ~  low c o t ~ ~ ~ t ~ r i g  r:~tc+, i i r i ~ l  c o r ~ t ~ ~ ~ ~ ~ ~ r ~ ~ l i r ~ ~ :  pro1 ht:iTi\fic\, l [ ~ \ \ c , ~ , b c t ,  tlitjs~* q ~ : c t r ~ i  
when fittirrg ctrulcl L J L ~  ; t ~ i t i r ~ ~ ~ r l i \ l l ~ ' i l  s ~ ~ c ~ ~ ' c r f t t l l y  r c \~~ l t c t I  i r i  t l ~ b r ~ i i t i ~ * \  ilntl r t i r , , l r 1  

tcrripcr:rturcs iri t l ! ~  r . ; r r~! :~ , \  n 5 1 x 10 ' cr11 ' ; ~ n d  1.0- 1 . 3  x 10" I <  ( I . ' , , ,  90 I?(J  c i ' ) ,  

rt>\puctivcly. 
A spcctrt1111 o f  it T 'yp~,  111 I L I I I , , ~  ~ C I I I I ~ I I , I ~ ( I I  C L C I I ~  i \  s!~t)iiti i t 1  I.'I;! 3 .  ' I ' I I C ~ ~  L ~ ; \ ! , I  

were fro[li the cvcrit C C I I I C - ! ~ ~ !  ; \ I  l ??( j  ['.I. (111 Al . \y  ? ( I 3  lLJ71 ( l l t t )  1 (\tst- r.'ig. ? I  
?'tic dirtit ptli~tt, .rriil \ t ,~ t i~ , t i c .~ l  c ~ t t l r  I ~ L I I ~  . I I L .  s l r o u r ~ ,  ; ~ r i A  t f ~ ~  c l ~ t t ~ ' i l  I r r l r s  i \  [tic 
~ - f u n c t i u t ~  f i t  to ttic d;i!,i p t > i ~ ~ f \ .  I I ~ L .  c l i t f ~ i l t ! ~ ! i i i ~ \  i\ ~ l ~ ~ ~ ~ i ~ i l l r t l  t ) ~  tht* 1) 1 1 1 t - t t % r \  

,I 10 'cclrl', 7;,, 1 2.6 IOh"J< (!;.., -. 2 4 0  cL')  ; 1 r 1 t l  h. 2 .  ' I  l ~ ~ , , r  v, t111v\  i t r v  [)pic,tl 
it11 t t l k !  -1.ypc I l l  c~ r l l tk ,  \ t I l l l i L ~ i l .  1:1 t ~ . I l l l \  n r  t o t  8 1  ' > I L * <  t l < l l I  f l i ! \  t t j  lilt, l t l r l ~ l t  3Lll f . l i . t , ,  



l'ig 3 I l c c l ~ c i n  L p c ~ l t t ~ ~ r ~  a ~ J I W  Ill ~ l , ~ ~ i t t ~ , j  t 1 t 1 ~  L \ < I : <  ~ I X , I I ~  1370 I!  ! ,311 ' ,{ ,I)  3 1 ,  

1971 t l l n $ y  130) ' l t ~ c  L!oI!~.c~ L I I ~ ~ V  i\ i t  ~ ~ I I I , ~ ! L I I ~ ~ ~ I  10 III,. t i . ~ t , ~  p t i 1 1 t 5  ~ 6 1 t 1 1  t t ~ ~ ,  ~ , ~ ~ , I I I I < , I ~  r <  
11 1 1 ' 1 1  ! '  ?.Ill cv. 



We prtrcccr! upclrr ~ I I L ,  .~s\i~niptirr~i tliat h , t ) ~ ~ t i . c +  or thi* 'I 'yp~, II allrl 'l'ypt. I l I  
c.lccttr~rl\ i \  ~ i t i i r i ~ ~ t t ~ l y  [ t ic  h \ i I , i ~  t v i ~ r c l  ; \ r l ( l  ~ ~ l t l i ~ i r t =  :L\ t t i  x f~ , l t  p ~ o c t ~ \ \ c \  rr~i!!tit 

account for t i l t  :ippcarirtlic c)f  t l~c\t .  cltr~Irtrr~:, .I! thc lurl:~r 1 1 1 y I t t 4 i ~ i ~  \ I I I ~ ; L C ~ ! .  1 hc 
stjl:~~. wintl efcactti111 tli\ll.iIi~ltio!t it low C'IICI[:~C\ C ' ;L~I  tw cll;~r;iitcri/t't! i t?  il 

Maxwcltiun di~tril)lititl~l with N - S C ~ I I  ' i ~ r i c f  '1; . lO".E; (Moritl:t)rntry rt o l . ,  
1968). If  llii\ wcrc inr1ct:tl t t ~ c  c;r\r, tlwrc wc1111lI trc in\~rtlicict~t clcctroli Aur, i r ~  the 
crrcrgy riilil:tc .lo -700 e V  t tr  :luzi)urit fijr ; i l ly l~lr! lllc v,c';I!,c'\~ 11f the ' i 'ypc I 1  C V L ~ I I ~ \ ,  

even iissurning :I n~ri.h;~l~i\rrl  to wattct ~ h c l ~ r  to t l~c  111r1 ; t t  ni;:lit 5itr f ;~cc  witli IOt) ' ; .  
efhficicricy. FIuwt.vtlr, thc ~ I I C : ; \ I I I C I I I ~ ~ I I ~ \  tli h l ~ ~ ! ~ f ~ : t r ~ ~ i c ~ , y  !#! ( 1 1 .  ( t iJfdi)  ; i l \ i ~  \ t l t ~ \ v  it 

liigh-et~ct.gy ni111-h1.iatrclli.11 " t ;~ i l "  irl t l i i a  sot;~r w1116l t ~ I ~ - c t t r i ~ ~  5lr~~itr~1r11 t t ~ ~ ~ f  
hccorrlcs uignific.:irit ;it uricr::ic\ iit.lovc 70 cV. (Scc i;ig. 2 of t t i ~ b i t  p:~pcr.) ?'tic 
high-crlc~gy 1:1iI ( r f  the M I I ; I I  u.i11t1 t~I~.ct:~i[i  iIi \ t~il>i~tior~ 1 i ; ~ k  ;11ui t ? ~ < c r ~  oI>\crb I 81 l ~ y  
Aridcr~otl tJt d, (1072) with ~ I C ~ L ~ L . ~ ~ ) I \  or1 ttlc 1~1r1;tr [>rI~it~ii;! j'itrticlc, :iritl  I iclil~, 
Suh~;itcll~tc.  'I'hc ctlrlvy t,~r~gc. covcrcrl i l l  th.11 c u l ~ ~ r i r r i ~ ~ ~ !  ir.:t\ s?O 15 E.cV. A \  tlrc 
sub\atcllitt trirvcrscd thc stll;lr--n.in~l c;rvity, i t  w.;, f i ~ u n ~ l  tl1;11 c I c - c t ~ o ~ ~ \  i l l  t t ic .  

cncr1:y ri\llgCs 0.52 0 .58  krL' ar~d  1.87 2.08 AcV sl~owcd ;I marhc~l dcc,~ci~\~b i t 1  tllc 
shitdow, whit: Ihtr\c with cnclgics 5.5- 6.5 licV wcrc c.sst.rtti;llly i~nan'cctctl hq t l ~c  
p r c ~ t l ~ e  the rnoot~ ilri(l citvity, t:ucept f o r  ~ , I I  ticlc sh;i~lo\ving clfc-ct\ h;rv.xl on 
sinylc particle tr.rjccfor y c;ilctrl;iticil~~. IIi~sctl r ~ r i  thcsc d:lt,~ Antlc~ \ t r l l  0 1  111. ( t1172) 
~trgucd tlial cIcclron\ wilh cr\cbrgitl\ uhlrv I hclwi.c.l~ 2 i111tI 3 kcV ucic iiclctr~iplctl 
frorii the s o l a ~ ~ c i ~ i l l  fl~ritt ;~rii l  I1:11.1 Tree act.cb\ to ths cirvity, ~ . h c r  r b : t \  li~wcr cncrgy 
eIcctro~i\ t tr~tlt~~gt) itlrIic ftrr111 tii ct)lIcctivc j r ~ t ~  I , tc t i~i~i \  In<! : I I C  [>;IT ti;!Ily ~ ~ i ! t ~ ~ l < ' i l  

f r o m  t111.: ;.;ivity. Wc ~ ~ i i t c  t l t . ~ t  l l i ~  tyltic.tl f 1 ~ ~  ;it 50Ot.V Car i I  '1')pc I11  cvcril 
( - - 2  X l ( l ' c l c c l r o ~ r ~ / c . r ~ ~ ' - ~ t ' c ~ - ~ t ~ ' r  cV) ih  or the \;lriit. o~~l:.r ax t l ~ t .  f l u x  of 5 2 0  -580 
cV ~'lcc!l.{in.; C ) ~ Y L ' ~ V C I ~  irlbitlc t 1 1 ~  ci~vity by this  I ' i l ~  t i ~ l t : \  itr~c! 1'1cl~I\ Strl~\iitcllitt~ 
(PFS) (sct! Antlcrsrln a / . ,  1972; I:ig\. 3 a~ill  4). M'c : ~ r g ( ~ c  the11 t11;tt PI'S 
5 2 0  -580-eV clcctrori tluxc\ artq ;i ni ix t~~rc  of t11c typcs of clec,trorl flux events 
obscrvcrl tly C'I'I ,I . :F: ,  wit11 ttic I'vllc I l l  cvCrlt\ hcing 111c i l r r r i ~ i ~ ~ ~ ~ ~ ~ l  c , r ~ t l t ~ i i r t l l i c ~ ~ i  

nrar thcs trr ~rii~iatot 5 .  

A wolcl of c:ruticrr~ is it1 ortlt-r hc lo  C O ~ I C L ' I I ~ ~ I ~ ~ ;  C L ~ ~ I ~ [ ~ : I I ~ . ~ L ~ I I  i l l  t l ~c  1'1;s ; I I I L ~  

CPI.!lI; O ! ~ \ C I V : I I ~ ~ > I I \  F : I T , ~ ~ ,  t l ~ i *  i r I ~ \ ~ - r ~ ~ ~ t i t ~ ~ ~ ~  oicri:ip at t)111) o r~c  p i i 1 1 1  tri t l i c  

ovrrall clictg). \pcct1~1111 ( - SOOt~V) : i ~ i c l .  \ ~ c , o f ~ t l ,  tht! ti~!ic hr . : l l c  of i)Ir\cr.\;i1icjr1\ i \  
vastly rlifTc~ent. \Yt~cr~-,i\  thc I1t:S ccliriljlcrc\ n <;!city t ~ ; i t ~ \ i t  i t )  iilxrl~t t 1 1 1 ,  tht. 
C P i  .F: .I< I ~ I ~ ~ ~ L I T I I L , I I ~  ; t t  ;I f i ~ c t l  I ~ , : ~ ~ t i t > r ~  (111 !tic l11r1.11. \ l J r  f;icc -,p~-r~il\ ; t I ) ~ i i i l  14 ~l;iy, ir i  

thc cilvity. 
Thc obucrv:ttio:is i l f  h.!rtr~tgor~iciy ilt ( I O O X )  ;111tl A~i i I~~t . \ t )~ i  i l i  (11. (7077)  

rliicu.;ic!! i~lrll!~.! show t h ~ t  t l ~ c ~ c  i \  \ulliiic~it c l<:c . t~r i~~ l111\ ir i  t l ~ r s  t11~:11 : ' I I ~ ' I ~ ! )  I;iil t r f  

thc st)l;ir -wirirl clcc t r  err \ l r c ~ r ~  u ~ r ~  10  .lc.ci 'r:l~t [try. t l l r '  ' l 'y  ljc' I I ; ~ r i t l  -1 4'11. ' clcc t : ~ "  
f l u \  c v c ~ ~ t \ ,  ~ t \ * c r )  ;li.it ;t I I ~ C ~ ! I ; ~ T I ~ S [ I I  c \ i \ t t  1 , )  L I ~ ~ C ~ I ~ I [ ~ ~ I C  l l ~ c  llisl~~,~ c [ ~ ~ - ~ g y  ~ I L * C ~ ~ ~ \ I I ,  
~ I O I I I  tlic \ c j l : i ~ .  ~ i t j d  fluid ; ~ r ~ t l  ; ~ l l i ~ t v  t t ~ t - 1 1 1  1 1 )  ~ L ~ I I L ~ ~ I ~ ! ~ ~ :  i ~ i t ~ v  t11c ~ : i v i t l .  N'c  ~ 1 1 ~ 1 1 1  
rt'tll~ 11 to t l i i h  f i t b i ~ i f  1 ; ~ t r ' t .  

h'fr:rl4111 ~ ~ t ~ ~ ~ i ~ t l i  \ + i t 1 1  1111: 1 i i r1 ;11 t ) ~ I l i [ i ~ i ; !  511.1~.(.1..1 ; t l !  I . \ l j l o f C . ~  I I , L L  c \ 1 1 0 / ~  11 111. i t  

tht. ,,titror~ 110  . i ~ - \ \ t : \  1 1 0  hi;:~rilic.~~it I . L T ~ L *  \ L , : I I ~ >  ~ I I : ~ ' I I I , M I L : I ~ ~  c l i l t i l l : .  ~ i ~ , l y ~ ~ t * l i ~  fi~-l:! r l ~ ~ i l  

t l \ , \ [  i1O 1 , . i s '  \ h ~ < h  c\i,t\ L I I ~ \ ~ I C . I I I I  t ) f  t 1 1 ~  I I I ~ I C I I I  [ C ' ( I I I U I [ I I  i i f  . I O O ~ ? ;  N c . - \  <'! 111 , 
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!'107). I'I;Ia>IlIii ~I>kt.!t ~ i t t i t 1 1 1 <  lyy 1 .YOII of ,!I. ( 1'107) \ ~ I o \ \  crl ;it1 , I I ~ \ < ~ I I L . L ~  01 ~ L , I ~ ~ I  il+ i11(1 
io11s in t11c ~ I O \ + I ~ \ ~ I . L - ; I ~ I I  t:,tviIy W I I I I  I ~ O I ~ I I I I ~ ~ I ~  ! ~ C ~ I I ~ L > I I S  ; I I N I  fliix t l r t ~ r ~ , t ~ c - s  
C O I I S ~ ~ I C I ~ ~  \tit11 ! ; c ~ ~ i ~ ~ ~ t r i c ; r l  ~ l ~ i i [ l i ~ ~ : i ~ ~ ~ :  tri ,111 ,il?t,~ I . ; ~ I L * C J  soliir \ i i l i r l  ivi111 ;I fi~iilc 
tcnipc! iilu~.c. I'I;._. ,~ i ignr t  ic s i g ~ ~ i ~ l i ~ l . e  of thc soI;ir- wind c;tvil y \\*;IS t ~ l ~ s c r v ~ ~ d  1,y 
Imth Explorcr 35 (('olhurn c l  a / . .  l00'7; Ncsr of r r l . ,  1068) :tllrl hy tllc Ali~>lla IS 
Pi~r t ic lc  ;lnrl I+'iclds Sub~;tlc.llitc (fiusscll ivI t r l . ,  10'13) ;ind nf;i\ foirnd to hiivc 11ic 
fnlln\ving rc i~t t~rcs ;  ( I )  lilllrcl 1111hcd i ~ ~ t c ~ . p l i ~ ~ l c t : i ~ y  f i ulcl 011 thc ~ I I I ~ ; I I  (I.iy~i11~. (1) a 
pcnu~nhr-at tlcorrilse i l l  ~nitgllctic ficld iutt.i~\ity, and (3 )  ;11i 11 1111~i . ; i I  illcl c :~se  iil  ~ l r c  
11l;~gnotic f i t .  ld ilitcn%i!y. 

R;iscd on tllcse ohscrvirtinns hlicl~cl  {1[1OS) ltns p r~ \~ . l i t c t l  :I I ~ y d ~ . t r ~ n ; ~ ~ ~ ~ c t i c :  
motlcl r ~ f  htrli~s-wind flow pit\[ Ihc 11lot111 whcrcill 1111. rllr)oll ; I C ~ \  ;is :i J I L - I ~ C C I .  

absc~rhcs of solitr ivillll p;il ticlc5 o11 tlic ~ l ; i y \ i l c  ittld cilrvcs ;I dt~ivll\i~c:tlrl i~:iviiy in 
tllc hular-wind flow, I n  1111: ~r~oclcl ,  Ilic \ol,il.-winrt flows ti.iiri~vc~.scly i111o t I~c  c;i\.ity 
;it t11c ~ll;lgn~'Lc~iicou~tic vcI~)cily,  riirciirctitrn wi~vi:s ilrc forrncd ;tl tlhc lunar li~lill i111d 
propitgiltc o~~t\v;i t i i ,  i111d \vciih ~lu\t.nzir cs;i11i 1 1  ;~iling 5hr11:ks for111 u h c ~ . c  c ; ~ \  i t y  
clr>scs. The ohr;crvciI pcn~;:nl-rr;~l ~ l i i ~ g ~ i e t i c  ficld rlcc~.c;iscr \ r ~ o ~ ~ l i l  bc coir~citlcnt 
with the ri\rofnclirrn wavc ~cg i t ln  \vht:~c tlic pl;i\~rlii ilc$n\ity is tlccrc;i\inl: i i ~ r t l  Ihc 
r~nibral  incrcnics wrri~!d bc n C O I I \ C ~ I I C I I C C  of l l i t  I . C ' ~ I ~ ~ I . C ' I I I L . I I ~ S  of pr-e\<ure 
!>;il:incr Ilowever. (loth ~ i ~ t ~ ' l l i t < l ~  Iliivc ; i I w  ~ ~ I ~ ~ c I . v c ~ I  ~ I ; I I I S ~ L ~ I ~ ~  ~ ~ r l l r ; ! n c ~ ~ ~ ~ ~ ~ [ i t S s  in 
!he rniignctic fit.:d str cngth cxtc.1 ior lo  thc ~>~:n l~n~b i . ; r l  L1ccrc;irc I t-gitrn. ;inti t I l c x  
c ~ l h ; ~ ~ i c c r n e ~ i t s  11i1vc virr-io~lsly Lweli ~ I I ~ c I ~ ~ I . L ' I c ~  ; IS  c o ~ ~ l p r ~ ~ \ i o r ~ ; L j  LI~~III~.I>:IIICL'S 
(Siscoc tf ( i l . ,  1909) 01. ;IS I I J I I ; ~ :  ~ ~ I I I L I  >h{~chs  t S c l ~ \ t ; i ~ i ~  rt (11.. 1970). 'I'lic p ~ ~ 1 1 ~ 1 1 n l ~ r  ill 

incl.c:iscs iirs !:::; prediclcd by tlr;: hy~lrc~rni ig~~ct ic  flicc~ry. Viiiiour ; t~~t t l t i r s  11;ivc 
p l .op~sed  IIIOCICIS of these r l i c ! i ~ r l > i ~ ~ ~ ~ ~  h ;~c r t i  o n  such \ourccs ; I \  +ilr!!lc ~ > ; ~ r t i c l c  
intrtiictions as the wliir-wind gt,;ucs the 11111;tr l i l l l I> ,  i n I ~ ' r i ~ ~ ! i r r i l ~  with 1~1ciiI l~ 
indirccd crldy cur~wnts  or  rclnnitnt rn;~gncti/;~ticr~i rrgicrns, ;ind i t ~ t ~ ~ ; ~ c t i t ) ~ r  wit11 the 
1un;tr photaclcct~un layer. For n rlisclrs\icr~l trf t l ~ c ~ c  v;iricr~~s rnrrilcls rllc rc.:~rlc.r i s  
1cfc1.rcd to the rcvicw pilpcr I>y Scl111lrcll  it! I i i i ~ t c ' ~ i \ I r i [ ~  (19- ;11111 I C ~ C ~ C ~ C C S  

thcrein. 
Thc cxpcri11icli1:~l d;~til frntil I'\llltr~.cr 1 5  : I I I ~  tllc A;.iirllo I5 1'1-5 t!i\i:u\\cd 

:ibove show t h , ~ t  the hulk ~ r f  the .;olar \rinrI I~clntvcs ;is ;I fluitl i111tl is C X C ~ I I C I C ' C J  f r c ~ t r ~  
tlic dnwnstrc:trn citvity. I lowcvcr,  h~)I:lr.\\ind elcctrrrns ivillr cncrgics ;rhovc ;I fcw 
kilvrlectron volts iirc dccouplet: i r i r~n  the sclliir-wind f l l~ id  itnrl P C I I C ~ I  . ~ t e  itlto f he 
cavity wilh liltlc or no iittcnoi!tii,n. I f  i t  is p r r s ~ t ~ l i ~ ~ c ~ ~ l  tI1;it c I c ~ t r o i ~ \  ill 11rc cncrgy 
r;~tigc obscrvcd b y  CPl.I<E (40- 700 cV)  ;ire ;it l c i~s i  p;tr tii~llp aicccti~pl~tl, t hc r~  llicir 
;ippc:lr;ince in  Ihc so1;ir-u~iiid cavity at ~rcclt~cccl irltcrl--iity \s'tri~lrI hc ;I n;~tktral 
conscqrlcnuc. 'l'his wclkrlri cxplain fhc 'Typc 11 cvcnts, whacc irrtcrl\ity i s  cr)nl;t:tnt 
ihrnr~ghrri~t  the lunar nicht. 'I'!ic \1~crr.;icfic ~ ~ ; l t u l . c  of tlic c \cn t \  \ \ t t r i ~ l t l  tllt711 bc a 
rcflrctic~n c ~ f  cilhcr the 11;itttre t ~ f  tflc soI;t~-tk i d  <011!.cc o r  ctf ii t c r ~ ~ p i ~ i ; i l l ~  \ ! ~ ~ I . Y I I I ~  

dccoupling riiecli;l!~i.;!n. Ilowcvcr,  thc pr-cwncc [)I the T y i w  111 c ~ c ~ ~ t s ,  \vIio\e 
intensity is a rn;i\irnum ;it or rlc.i] ~ ! I C  I I I I I ; I I .  tci.~i~ir~:ittrrs \ I I .c~c ' \ I+ t l i ; i t  tlicrc is :in 
arlclitiollal Jccirtrpling ; ind/ar >c;i l tc~ing trl~.c!l:irii+rn ;I! cir- nc.:ir rhc Ic.r~nin;itc~rs 
tvhic5 i s  a clit~mot cclncrqtlcncc o f  thc irllc~;lction of flir 5nl:lr \r>illti wi lh  ~ h c  lui~;tr 
body. One possibility is that p nrc\\c.\ iict in the r;~rcfacfion t.cr:ion u.hcrc t l ~ c  
solar wind is cxp:tnding into the cavity lo frirliish tllc rcqr~ircd 111cc1l;inisrn. 



Such pr~)Ci'ss~.s, Ilo\hrvl.r, rvi~lllrl 1l:ikc to hc Irrc;lli?t>cl 11c:lt lilt‘ tc r r l l in ; t to~~.  I f  

they wcie c ~ ~ r ~ t i r ~ f ~ i ~ ~ ~ ~ l y  :~ctivc iiIi)rl!: tllc I ~ ~ ! ~ L ) I I  ( ! o w r ~ \ t ~ , c ; ~ r ~ ~ ,  t i~cti  one tvtj111tl 
expect to see evctits wilh inti.rl,iticr 1ypic;lt or 'I ypc 111 t.vcr~tr thrt) l~gl~t,ut  tirc 
cavily, whirl) is c1c;lrly [lot tllc ck~sc. Anothcl posritiility is t h ~ t  tllu rc.tlui~.c.~l 
dcsoupling andlor S C i i t t ~ ~ i [ ~ g  r ~ ~ e ~ l ~ i t r i i s r ~ ~  origi[i;ttcr ill the P L ' I I I I I I ~ ~ ~ I ~ ~ ~  rri;~g~lctii 
field i n c r e i r s ~ ~  whii.11, a s  prt'vic)i~\ly ~ t i i t ~ r l ,  h:rvc. t~u~- r i  intcrprcltc~l as l i~r~l r  
corupressiuri:~I d is t~l r t r ;~~~i t ' \  or  lirnb shocks. I ' h i h  inlr tprctat i t~tt  I ,  co;l.ri\tct~t with 
thc localizir t io~~ of 'I'ypc I I I  cvcnt\  ncar tire t c ~ - ~ ~ i i t ~ ; ~ t d r \  end t h c i ~  c.i)r~~.I;itit>n with 
Kp. Mnwevcr, studics of thc 1oci:tions o l  l i r l l l l  nlitgnrtic fic'ld pet tllrtxltionii with 
respr?c! lo 1un;lr longit~lrlr: by Satlr.11 ancl blih;~lov (1972) h;ivc 5hou.n th:ir nil \irch 
pcrturbntions are rcgullirly uhscl.vcrl ovcr lhc Ap~l l lo  14 sitc. This  doc\  r~clt, 
howcvcr, rulc out the parsibility uf c.c;~kcr pcrturbntiuns wtiictl wcrc n i~ t  
obscrvcd by Explorer 35. 

Thcsc lur~;lr night flus cvcrits, allhoir~;h wcirk in mng~;ituclc ctlri~p;~rcil ti) 
sources such aa the dircct soli~r wind, nlugrit:tosl~c;rth, anrl pl;l\n~;r shcct ,  i l l t  

noncthrless sig~rific~irit iri viuw of thc firct that I~rnur phtrtot'lcctro~is i l r t  not 
avaii;~t)lt: to provi~lc n rcturn currrnt .  Consec~~tc r~ t ly ,  these clcotror~s shorrlil be 
c;rpirhlc ot afT'rccting I h t  lun;r~- nigl~lsiclc s i ~ r l i x c  potellti;~l. Tticurctic;~l c ; r l u u l : ~ ~ i o ~ r ~  
af bl;uik;\ (1973) b i ~ ~ c d  on p l i ~ s ~ t ~ i ~  p ~ h c  It1cr1t.y rc\ult iri a vnlrrc of 38 voll\ fur 
thc lunar nighthi:lc surface pc)tcnti:~l wl~crr the nlclotl is in the solnr wirrd. 
Expcrirtit.ntal nlr.;\.;rlrcrnc.rlt\ uf pr~sitjvc i i , ~ r  fluxc.; t o  lun;~r  night s u ~  l';ict. hy the 
AI.SE:.I'/Supr;rth~~.ti~iil lo11 Dctc.c.!t)r f:xtwtifncsr~t (Sl l j l : )  (I . ' ICCIII;III  ; ~ n d  It?r;~hir~i, 
1974) i11~lic:rtc :hat the IUI I : ( I .  rli~!.!itsiclc pcrlt-rl t i ; i t  i h  ;~ctu;~lly con\itlct ,~lrly tlighrr. or1 
thc ortlcr of a few hunllrcrl vultr. Wc s~~zk!c\t thct.cforc th,tt thc I L I ~ I ~ I ~  night 
rlcctrorr\ flux cvulits, it i!tl nir'illl C I I C I . ~ ~ ~ ' ~  i l l  thc r;illgC n f  100.- 200 vults, arc 
rcspurrsihlc f o ~  driving the Itrnar surlC,<u potc~~ti ;r l  tr, the 1:lr.g~ ncg;\ t ivt  v;tluc-\ 
infcrrcd by tllc SIL)I: rllt.ilrurcnlc.rlt\. We note t t i ; ~ t  thc n l c ; ~ s ~ r ~ c d  I O I I  dt .~j\ i t i t . \  
W C I ~  in ttic riillgt! 0.05 iorislcnl', which woultl t ~ c  of tlrc c t l ~ ~ . ~ c t  or<Icr tc, PI-t~virlr. 
flux bnl:~nce to tllc lun. i r  s t ~ r f i ~ i * ~ .  

In sLrltiri\;try, \$is h,tvC it lc~~tif i td (t11.ct: tlj+tir~ct type\ of ~ I C C ~ I L I I I  f111x c v c 4 ~ t \  
which i111p.tc.t the. riigllt\itlt. I I I I I ; I ~ -  > i ~ r f ; ~ c ~ , .  '1'u.o nf ~ I I C W  wcrc shirvi11 t o  I~L.  ;I rc\~11! 
of lunilr  srrl;~~.-ivi~rd irltcr;~iticirls. Wc p r ~ ~ p o s c  tt1:ir ( ; o l ; r r - i v i~ i c l  c lcctr~,r\ \  i l l  tht. 
crurrgy rangc 40 -700 L.\' arc ~ , I I  t i ; ~ l l y  d c ~ . i ~ t ~ l ~ l ~ - t I  f ~ i i i r t  t l i ~  s i r l ; ~ ~  -\vir~d flui~t  ;IIIII  :ttc 
ahtc r t j  pc~ictrirlc inlo the clun I r \ t ~ ~ . ; ~ l r \  C ; I \  ity, i11ttl 1111 thk.1 t11;it iin t:ol~;ittcc*~l st\Llrcc 
of dc'ct.rt1pli11g nnkJ/or sciittrl-ills i.; ectivc. t r c . ; t r  t11t: lurl;tr liriil~s. 'l'hc cflcctivi. 
t e r i r p c ~ . i ~ t ~ ~ ~ . c s  of thc: s u r f ; \ ~ c  flii.\c\ ; I IP  it1 tl~c I ; I ~ I : > C  o f  ;I fciv hu11i11c~l ~ I t * i t ~ i l ~ i  vult\ 
a1111 t h ~  totill flukc.; ir i  t l i l* r;irlgc 10' 10' c ~ r - ~ t r  o~r~ lc~~r ' - sc . c . .  Ttl~.,r. c l c c t ~  or15 ; t r  z 
llhcly rc\po~~\iI.rIc f o r  the Sll)l*. C ~ ~ ~ ~ C I V ; I I ~ C ) I . ~ \  ( I : I ~ . c I ~ \ ; ~ I I  ; I ~ I C I  ll11,tliir11, 197.11 ( l f  ,I 
1~1rl;er- nipht\icli. sur face p ~ r t r . l r ~ ~ , ~ l  on tllc 01 tlci e l f  ;r Tcic h t ~ ~ ~ i l ~ c i l  volt\.  
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