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E r r  a,t a, 

ELECTRON OBSERVATIONS BETbEEN TEE INNER EDGE OF TIiE PLASIiIA SHEET 

AND THE PLASMAYPHERE by M. A .  Schield and L .  A .  Frank 
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was about ha l f  an ear th  radius  c loser  t o  t h e  ea r th  than t h e  5 keV near- 
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Elect3?oii ob~er-~rs ' t ic)iis be-ti.:een - 1.03 eV and. 50 cV a r e  preseu-Led 

f 01- L vnl.ue:i between 3 and 1 0  R ( R * ~ ,  e a r t h  i i )  near  l o c a l  midnight  
1: 

a t  ].ow )lia[;natic! I.ai;iJ~u&es . These I~icss- t l reme~~ts  ):ere obta ined  between 

June and J u l y  23, 1966, wi th  e l -ec t ros ta t ic !  a,l?a.lyzers borne on OGO-7,. 

The innel? edge of t h e  j?:l.asina shee t  i s  c h a r a c t e r i z e d  by a sudden exponen- 

t i a l  decrease  i n  t h e  e l e c t r o n  energy d e n s i t y .  This  n e a r - e a r t h  decrease  

has a vcry  d . i  s t , i n c t  st ,ructu.re ~l i - t l?  f 111xes of h ighe r  energy el.ectroiis 

d.ecrehsin:: fu:r.tller froiii t h e  e a r t h  f o r  el.ec.l;rc>n ene rg i e s  1~c:titreen 750 eV 

a.nd 20 l icV.  l i  trou.p;!? o:C ,- 103 ell elt:cit:~.ons ~j:i.th d e n s i t i e s  of - 1 (cii!) -3 

i s  c;bse~:-\icd t o  f i.l.1 i l ic  r e g i o n  bci;~;een t h e  j.nuc::r edge of t h e  plasma 

sliee-k and the plasmasp?lere. The density of el .ectrons above 750 eV i s  

oPi.m i t s : ;  t , i~aii  0 . 1  ( ~ r n ) - ~  i n  t h i s  r i g i o n .  The se:pariitioli be tveen  t h e  

inne r  ed ty  of tile pl.a::nia sheet  a.nd tl?e plasmspa.use was betv:eeii 1 a n d  

3 RF i n  Jmle a,nd increased t o  11et1:een 3 and. 5 I? i n  Ju ly .  A!ial.ysis of 
J E 

s~~bsecluel i t  data sl?oul.c3 determ-j-ne whether %hi:; i s  a l n t i b u d e  or loca l .  

t i l i ~ e  ei':f'eck. The plar,mapause i s  ~oixioi~ly 10c:a.Led a t  -blie m i m i n i i ~ ~ - i ~  of %lie 

energy d e n s i t y  p r o f i l e  i'or elecl;l:on e n e r g i e s  zl.,cve 750 eV, A pl.asma-. 

I)a.u:;e s t r u c t u r e  c o n s i s t i n g  of a sharp  o u t e r  ed.ge ancl. a broad i n n e r  edge 

i s  ch:;erved 1r.n.j.11l.y :'~n .the 200 c V  cl~:c~-Lro).l f j.uxl;is . 0b:jcrved 1-i Yc.ti.nic:.r; 

of' -- 1-0 c1:~ys i'or lowei*. energy ccJ cc.t,rons (1': ,\, 1 ]rev) ~ri-L1~j.n l;he 171 : - L : ~ r , , , . -  



sphere a re  i n  agreement with l i f e t imes  f o r  more energet ic  e lec t rons  

(E 2 500 k e ~ )  i n  t h e  same region. Kilovolt  e lec t rons  between t h e  

plasmasphere and t h e  inner edge of t h e  plasma sheet  a r e  removed wi th in  

the  s a t e l l i t e ' s  o r b i t a l  period of 48 hours. D i f f e r e n t i a l  energy 

spectrums of e lec t ron i n t e n s i t i e s  f o r  t h e  plasma sheet ,  t h e  inner  edge, 

t h e  e lec t ron trough and t h e  plasmasphere are  presented.  



I. Int roduct ion  

The plasma sheet  i s  by i t s  loca t ion  and nature  c e n t r a l  t o  t h e  

o r ig in  of both t h e  aurora and r i n g  cur ren t s .  And although t h e  plasma 

sheet was f i r s t  observed about t e n  years  ago, experimental design 

problems have u n t i l  r e c e n t l y  hindered t h e  acqu i s i t ion  of accurate and 

comprehensive measurenents concerning i t s  nature  (cf  Gringauz [1969] 

and Frank [ 1967a,b] and t h e  references t h e r i n  f o r  a  review of low 

energy plasmas within t h e  magnetosphere). Vasyliunas [1968] observed 

t h a t  t h e  plasma sheet had a 'well-defined sharp inner-boundary' .  

Between 1700 and 2100 LT (geocentr ic  l o c a l  time) t h i s  inner boundary 

was located  a t  11 1 1 R ( R ~ ,  e a r t h  r a d i i )  , w i n g  geomagnetically 
E 

quie t  per iods .  Charac te r i s t i ca l ly  t h e  e l ec t ron  energy dens i ty  decreased 

exponential ly inward with a sca le  length  o: about 0 .4  R while t h e  num- 
E 

ber dens i ty  remained e s s e n t i a l l y  constant across t h e  inner edge of t h e  

plasma sheet .  During magnetic storms of ;he bay type t h e  inner boundary 

moved inward t o  between 6 and 8 R Frank [1967d, 19681 observed t h a t  t h i s  E ' 

near-earth decrease occ-wred a t  increas ing r a d i a l  d is tances  f o r  higher 

energy e lec t rons  between 1 and 10 keV. The 2 keV near-earth decrease 

was about ha l f  an e a r t h  ~ ~ a d i i  c lose r  t o  t h e  e a r t h  than t h e  5 keV near- 

ea r th  decrease. No gene a 1  relations1,ip was observed between t h e  l o c a t i o n  

of t h i s  near-earth decrease and t h e  boundary of t rapping f o r  higher 



energy (E > 50 k e ~ )  e lect rons .  The purpose of t h i s  paper i s  t o  * 

examine t he  region between t he  inner edge of t he  plasma sheet and 

t he  plasmasp3ere i n  d e t a i l .  Only e lect ron data  acquired a t  low 

magnetic l a t i t udes  near l o c a l  midnight a re  presented. 



11. Orbit and Instrumentation -- 

OGO-3 was launched on June 7, 1966 i n t o  a highly eccentr ic  

o rb i t  with an apogee of - 20 %, an inc l ina t ion  of 30" , a period 

of - 48 hours and with t he  l i n e  of apsides di rected t o  - 22: 00 LT. 

An a t t i t ude  system provided a predetermined, monitored spacecraft  

or ienta t ion.  A l l  da ta  presented here were acquired before t h e  

e l e c t r i c a l  f a i l u r e  of t he  a t t i t u d e  system on July  23, 1966. Figure 1 

i l l u s t r a t e s  several  representa t ive  inbound passes as functions of 

magnetic l a t i t u d e  and l oca l  time. Local times between 21:20 and 

01:20 were covered on these inbound passes from 10 t o  5 during 

t h i s  period. 

The University of Iowa instrumentation u t i l i z e s  four Bendix 

Channeltrons and four cyl indr ical -pla te  e l e c t r o s t a t i c  analyzers. 

The analyzers were paired i n  order t o  measure simultaneously and 

separately t h e  d i f f e r e n t i a l  energy spectrums of proton and e lect ron 

i n t e n s i t i e s  with an energy range extending from - 100 eV t o  - 50 keV. 

These two pa i r s  of Low Energy Proton and Electron Di f fe ren t ia l  Energy 

Analyzers designated LEPEDEA's A and B had orthogonal f i e l d s  of view. 

The fields-of-view fo r  LEPEDEA A were di rected earthward and those 

fo r  LEPEDEA B were di rected perpendicular t o  LEPEDEA A's fields-of-view 

i n  the  sa te l l i t e -ea r th -sun  plane. See Frank [1967a] and t he  references 

therein  fo r  addi t ional  d e t a i l s  concerning instrumentation. 



Energy bandpasses f o r  t h e  e lec t ron channels a r e  shown i n  Table I. 

The analyzer p l a t e  voltages were stepped every 19 seconds and t h e  

corresponding channels were sampled a t  l e a s t  15 times per s t e p .  A 

complete spectrum including a l l  15 channels was acquired i n  approx- 

imat e l y  5 minutes . 



TABLE I -- 

Energy Bandpasses for  OW-3 LEPEDEA 

Elect ron Channels ' A '  and 'B' 

Electron Energy Bandpasses 
Channel 'A '  ' B r  



111. Observations 

In  t h e  f i r s t  two sections e lect ron measurements f o r  several  

inbound passes are  presented and analyzed. Observational periods on 

June 23, and July  17 and 19, 1966 were chosen t o  represent those of 

ty-pical inbound passes during quie t  conditions. I n  subsequent sect ions  

data from other inbound passes are  u t i l i z e d  t o  evaluate t he  main 

features  observed i n  these  measurements. 

June 23, 1966. 0120-3 was inbound within one hour of l o c a l  

midnight a t  low magnetic l a t i t udes  as  L decreased from 8 t o  4 . RE: 
Figure 2 i l l u s t r a t e s  the  d i f f e r e n t i a l  e lect ron i n t e n s i t i e s  across the  

inner edge of t he  plasma sheet and i n t o  t h e  plasmasphere. I n i t i a l l y  

t he  higher energy f luxes  ( tens  of k e ~ )  decreased while t h e  keV f luxes  

remained constant. Within a geocentric r a d i a l  distance of 0.5 RE 
t h e  lower energy f luxes  (E - 1 key) a l so  began t o  decrease and t h e  

peak f l ux  sh i f t ed  from channel 8 t o  channel 7. Within 1 RE t h e  

higher energy fluxes began t o  s t a b i l i z e  while the  lower energy con- 

t inued t o  decrease. Simultaneously s ign i f ican t  e lect ron f luxes  with 

E - 100 eV were f i r s t  observed. Within 1 . 5  % t h e  plasmapause was 

encountered a t  0 6 ~ 2 2 .  Inside t h e  plasmasphere the  d i f f e r e n t i a l  in ten-  

s i t i e s  between 100 eV and 50 keV increased smoothly and simultaneously 

as the  radius decreased. 



Figure 3 i l l u s t r a t e s  the  r a d i a l  dependence of t h e  e lect ron 

energy and number density corresponding t o  t he  f luxes  i l l u s t r a t e d  

i n  Figure 2.  Above 750 eV t h e  e lect ron energy density decreased by 

a fac tor  of 20 across the  inner edge of the  plasma sheet while t he  

number d-ensity decreased by about an order of magnitude. Although 

the  e lect ron i n t ens i t i e s  between 90 eV and 750 eV made a megligible 

contribution t o  t h e  energy density,  they were su f f i c i en t l y  large t o  

maintain an es sen t i a l l y  constant number density outside t he  plasma- 

sphere. The region between t he  inner edge of t he  plasma sheet and 

t he  plasmapause containing electrons with energies of - 100 eV and 

dens i t i es  of - 1 w i l l  be denoted as t he  'e lect ron trough' .  

As such, t h i s  region i s  de f in i t e ly  a par t  of (but not necessari ly 

i den t i ca l  with) Carpenter's [1966] 'plasma t rough ' .  A t  t he  plasma- 

pause both t h e  number density and energy density increased abruptly. 

See t h e  discussion of Figure 5 f o r  fu r ther  d e t a i l s .  

Figure 4 i l l u s t r a t e s  t he  r a d i a l  dependence of t he  d i f f e r e n t i a l  

spectrums of e lect ron i n t e n s i t i e s  f o r  the  measurements summarized i n  

Figures 2 and 3. In  t h e  plasma sheet these e lect ron spectrums a re  

qui te  f l a t  between 1 and 6 keV and then f a l l  off  rapidly .  I f  the  

d i rec t iona l ,  d i f f e r en t i a l  i n t e n s i t i e s ,  d ~ / d ~ ,  a re  f i t t e d  t o  an E - ~  

energy dependence, n i s  ' .5 between 1 and 6 keV and then softens t o  

% 2 . 7  between 6 and 20 keV. Across the  inner edge of t he  plasma sheet 



t h e  higher energy f luxes  decrease i n i t i a l l y  (spectrum 2a) and then t h e  

keV fluxes decrease while t h e  100 eV f luxes  appear (spectrum 2b) . 
Ins ide  t h e  plasmasphere t h e  d i f f e r e n t i a l  i n t e n s i t i e s  are  f a i r l y  smooth 

with n -- 1.5 between 300 eV and 50 keV (spectrum 3b) .  Below 300 eV 

i;he spectrum i s  qu i t e  s o f t  with n 2 3 . 5 .  The energy and p a r t i c l e  f luxes  

f o r  these  spectrums a r e  summarized i n  Table 11. 

Figure 5 i n d i c a t e s  t h a t  f o r  e l ec t ron  i n t e n s i t i e s  above $0 eV 

t h e  plasmapause has a broad inner  edge a s  wel l  as  a sharp outer  edge. 

The outer  edge has a sca le  of t e n s  of ki lometers.  This i s  ind ica ted  

by t h e  f a c t o r  of t h r e e  increase  i n  counting r a t e  f o r  channel 4~ i n  l e s s  

than f i v e  seconds a t  6:22:18. The th ickness  of t h i s  outer  edge would 

be about 15 krn assuming t h e  plasmapause ve loc i ty  i s  much l e s s  than t h e  

s a t e l l i t e ' s  r a d i a l  v e l o c i t y  of about 4 km(sec)-l.  F i f t e e n  k m  i s  t h e  

cyclotron radius  f o r  a 200-eV proton i n  t h e  equa to r ia l  dipole f i e l d  

a t  5.8 . 
R~ 

The inner  edge of t h e  plasmapause has a sca le  of hundreds of 

kilometers and i s  displayed i n  Figures 2 ,  3 and 4 .  This s t r u c t u r e  i s  

i l l u s t r a t e d  i n  Figure 5 by t h e  shadea a rea  i n  both frames. Within 

t h e  plasmapause t h e  e lec t ron  f luxes  between 90 and 750 eV decrease 

earthward. This inner  edge has a thickness of between 200 km (based 

on t h e  decay r a t e  of t h e  channel 5A responses within t h e  06:22 frame) 

and 1200 lm (based on the  decay r a t e  of t h e  channel 5A responses by 



TABLE I1 -- 

Electron Energy and Pa r t i c l e  Fluxes 

OGO 3 ;  Inbound; 23 June 1966 

90 eV I E 5 50 keV 



the  06:27 frame). Even i f  t h e  plasmapause were moving with a constant 

veloci ty  t h e  r a t i o  of t he  thickness of the  inner and outer edges should 

be invar iant .  This r a t i o  i s  between 20 and 120, which brackets t he  

r a t i o  of t he  cyclotron r a d i i  f o r  protons and e lect rons  with equal energies.  

Ju ly  19-21, 1966. OGO-3 was inbound near t h e  magnetic equator 

a t  about 22:OO LT fo r  L = 9. Figure 6 i l l u s t r a t e s  t h e  e lect ron nmber 

and energy density,  and average energy across t h e  inner edge of t h e  

plasma sheet and i n t o  t he  plasmasphere. Unlike t h e  June 23 pass t he  

inner edge of t he  plasma sheet i s  located several  ea r th  r a d i i  beyond 

the  plasmapause and t he  e lect ron trough begins a t  L = 9.5 RE. On 

July 21 a t  1300 U.T.  a t  L S 7 substorm-related phenomena were observed. 

A t  L S 8 % t he  Ju ly  19 measurements c losely  resemble t he  July  21 

pre-substorm measurements and are  included i n  Figure 6 .  Above 90 eV 

t h e  e lect ron trough merges smoothly i n t o  t h e  plasmasphere a t  L ^- 5.65 

The e lect ron trough i s  e a s i l y  i den t i f i ed  by t he  sudden decrease i n  t h e  

average energy from - 2-5 keV t o  - 50-80 eV due t o  t he  rap id  decrease 

i n  t he  energy density versus a r e l a t i ve ly  constant number density.  

Figure 7 i l l u s t r a t e s  e lect ron spectrums cha rac t e r i s t i c  of four 

e lect ron regions within t h e  magnetosphere: plasma sheet ,  inner edge, 

e lect ron trough and plasmasphere. The inner edge spectrum i l l u s t r a t e s  

charac te r i s t i cs  of both t h e  plasma sheet spectrum and of t he  e lect ron 

trough spectrum. Although t h e  e lect ron trough spectrum somewhat 



resembles t he  plasmasphere spectrum there  a re  s ign i f ican t  d i f ferences .  

Below 300 eV the  electron-trough spectrum (n =r 2) i s  somewhat harder 

than t he  plasmasphere spectrum (n  2- 3 ) .  Furthermore the  e lec t ron  

trough spectrum should peak near - 100 eV while t he  plasmasphere 

s p e c t r m  should peak a t  s; 30 eV i n  order t o  produce the  observed t o t a l  

3 3 elect ron dens i t i es  of - 1 e/cm and - 100 e/cm i n  t h e  respect ive  

regions [Carpenter, 19661 . During t h i s  pass the  e lect ron trough 

i n t e n s i t i e s  increased s tead i ly  u n t i l  a t  t he  plasmapause they matched 

t h e  plasmasphere e lect ron i n t e n s i t i e s  a t  L = 5.3 R Normally there  
E ' 

i s  an abrupt increase i n  t h e  number density above 90 eV a t  t he  

plasmapause. 

I n  t h e  following sections t h e  remainder of t he  observations w i l l  

be u t i l i z e d  t o  evaluate t he  e lect ron observations of t he  plasmapause, 

t h e  locat ion and s t ruc ture  of t he  inner edge of t he  plasma sheet and 

t he  re la t ionship  with magnetic a c t i v i t y  and loca l  time. 

Plasmapause Iden t i f i ca t ion .  A comparison of t he  plasmapause 

locat ions  u t i l i z i n g  proton and e lect ron data  i s  i l l u s t r a t e d  i n  Table 111. 

The proton plasmapause observations are  based on t h e  measurements by 

Taylor e t .  a l . ,  [1968] of ambient thermal ions between 1 and 45 atomic 

mass un i t s  using a radio-frequency ion spectrometer. The e lect ron 

id-ent i f iea t ion of t he  plasmapause i s  a o s t  eas i ly  made by ident i fying 

t he  local ized enhancement of t h e  200 eV fluxes i n  channel 4 ~ .  During 



TABLE I11 -- 

Comparison of Plasmapause Locations 

OGO-3; Inbound; 1966 

unidentifiable 

a. H. A, Taylor, Personal Communiceition, March 1969. 
b. Intense fluxes above 700 eV precluded a decisive observation. 



the  Ju ly  9 storm, s c a t t e r i n g  from in tense  k i l o v o l t  f luxes  masked t h i s  

i d e n t i f i c a t i o n .  Electron and proton observations of t h e  plasmapause 

a re  normally within t h e  f i v e  minute cycle time of t h e  LEPEDEA 

experiment. 

S t ructure  and Location of t h e  Inner Edge. Figure 8 summarizes 

t h e  inbound p r o f i l e s  of t h e  e lec t ron  energy densi ty  between L = 1 0  F$ 

and t h e  plasmapause as  a funct ion of L.  The tendency f o r  t h e  lower 

energy f luxes  t o  decrease c lose r  t o  t h e  e a r t h  i s  i l l u s t r a t e d  by t h e  

r e l a t i v e  earthward displacement of t h e  f l u x  ' b a r 1  f o r  t h e  lower energy 

channel. This tendency i s  c l e a r l y  seen on every non-storm pass.  Thus 

t h e  s t r u c t u r e  i l l u s t r a t e d  i n  Figure 2 i s  a  bas ic  c h a r a c t e r i s t i c  of 

t h e  inner edge of t h e  plasma sheet .  

The loca t ion  of t h e  inner edge of t h e  plasma sheet r e l a t i v e  t o  

the  plasmapause i s  considerably d i f f e r e n t  i n  Ju ly  than i n  June f o r  

magnetically qvie t  days. I n  June t h e  separa t ion between t h e  plasma- 

pause and t h e  inner edge of the  plasma sheet i s  - 1 . 5  RE. In  July 

t h i s  separa t ion increases  t o  - 3-5 RE a s  t h e  inner edge of t h e  plasma 

sheet withdraws t o  - 8.6 RE. This change could be a l a t i t u d e  e f f e c t  

owing t o  t h e  d i s t o r t i o n  of t h e  e a r t h ' s  dipole f i e l d  or  a  l o c a l  time 

e f f e c t .  Further analys is  of t h e  remaining 00-3 da ta  should c l a r i f y  

t h i s  point .  During both June and Ju ly  t h e  plasmapause was often 

located  a t  t h e  minimum i n  t h e  e lec t ron  energy densi ty  p r o f i l e .  



Relation of Magnetic Act iv i ty .  On June 25 t he  plasma sheet  

was f i r s t  encountered a t  L =9 .3  R a t  h - 2 0 ° .  The plasma sheet  
E 

elect rons  penetrated t o  4 R with a peak energy density of - 3 x 10- 
8 

E 

ergs(cm)-' and a number densi ty  of - 10-30 (em)? above 90 eV. Within 

t he  plasmasphere t h i s  enhanced energy density decayed slowly with a 

Lifetime of - 10 days. On July 7 the  inner edge of t he  plasma sheet  

withdrew t o  L = 9 and t h e  plasmapause was not r e ad i l y  i den t i f i ab l e  

i n  e i t he r  t h e  e lec t ron or ion measurements. 

The storm of Ju ly  9 i s  c lea r ly  indicated by both the  locat ion 

and magnitude of t h e  e lec t ron  energy-density peak. This storm has 

been analyzed i n  d e t a i l  by Frank [1967c]. On Ju ly  9 t he  e lec t ron 

energy of 5 x ergs was about a four th  t he  proton energy of 

21 x ergs f o r  1 r L 5 8. These proton and e lect ron energy 

reservoirs  were shown t o  be capable of explaining t h e  observed decrease 

of - 7Oy a t  t he  e a r t h ' s  surface.  

Unlike t he  protons which have charge-exchange l i f e t imes  of about 

a day a t  L = 4 [Swisher and Frank, 19681 t h e  e lec t ron  peak p e r s i s t s  

with a l i f e t ime  of - 10 days. Thus the  l i f e t ime  of low energy e lect rons  

(I s E s 50 k e ~ )  appears t o  be s imi lar  t o  the  l i f e t ime  of high-energy 

electrons (E 2 500 k e ~ )  i n  t he  same regions [Roberts, 19691. Outside 

the  plasmapause t he  enhanced e lect ron energy dens i t i e s  are  quickly 

diss ipated within 2 days. 



On July  21 the inner  edge of the pla,sma sheeuwas encc?~~-r te~ed.  

a-t = 9.7 A t  15: OO U . T .  a substorm began at College,  Alasks,, 

~~LI i ch  had just moved through -the pre:mibight s e c t o r .  One hour La-ler 

the e l e c t r o n  energy-densi ty  ii1crea:;eii. by a f a c t o r  c~f f o u ~  near L = d H;,. 
I!, 

If' t l l i s  i;,ias illdeed a secol:.c?. eneou~l-ter ~ j i t h  t h e  i .ne-. edge of t h e  p?.asma 

shee t ,  i.ts initrx~d 1.2 -ja.? ve:ioeity. jil~.st "lave excec.ded 5.5 k~il/::ec d ~ ~ r j . .  .iig -" 

that hour. kn ei_ec%r i c  field. or? .- *6 i;!ii/:rrl would d r i f t p l a s s n a ,  at tiit:; 

-. - a 

.; e1oc:ii;g in a S-OOy f i e l -d  .. $'ij.i-tq!?ci~ aiiz-.iys 1 s of -';he u:ro-i;on - l>qx~~.:l.'.iiic::n_,f.;? (:>:n 



IV. Discussion 

Structure  of t h e  Inner Edge. The simplest explanation f o r  t h e  

existence of an inner edge t o  t h e  plasma sheet would be t h a t  t he  elec- 

t rons  were being d r i f t ed  across a re tarding po ten t ia l  Am. Assuming 

a uniform magnetic f i e l d  t h e  general features  of t h i s  model would be: 

(1) the  high energy t a i l  (E > en@) of t he  e lect ron spectrum would 
remain unchanged across t h e  po ten t ia l ,  

(2) t he  i n t eg ra l  f lux ,  energy f l u x  and energy density should a l l  
decrease earthward, 

(3) fo r  a peaked dif ferent ia l -energy spectrum, both t he  energy and 
magnitude of the  peak i n t ens i t y  should decrease earthward. 

This simple model i s  inadequate t o  explain t h e  t r a n s i s t i o n  from t h e  

plasma sheet spectrum l b  ( ~ i g u r e  4) t o  t h e  spectrum of t h e  inner 

edge of t h e  plasma sheet 2b. Between spectra l b  and 2a t h e  energy 

of t h e  peak f l u x  decreases by about 500 eV. Yet t he  f luxes  above 

4 keV have decreased considerably while t he  peak f l ux  has actual ly  

increased. Between 2a and 2b, t h e  f i r s t  two c r i t e r i a  a re  s a t i s f i ed  

but the re  i s  not an accompanying decrease i n  t he  energy of t h e  peak 

f lux .  Beyond 2b t he  t o t a l  f l u ,  energy density and number density 

a l l  increase across t he  plasmapause. 

Vasyliunas [1966] has speculated t h a t  resonant in te rac t ion  with 

VLF waves would enhance e lec t ron  prec ip i ta t ion .  This charge inbalance 

would induce a steady s t a t e  e l e c t r i c  f i e l d  along t he  f i e l d  l i n e s  which 



would draw up thermal ionospheric e lect rons  t o  maintain charge neu t r a l i t y .  

Such a mechanism would not necessar i ly  a f f ec t  t h e  proton d i s t r i bu t i on  

and would be consistent  with a constant number density across t h e  inner 

edge of the  plasma sheet .  Furthermore it would explain t he  order of 

magnitude decrease i n  the  'temperature' of t h e  plasma sheet e lect rons .  

For a fu r the r  discussion of p i t ch  angle sca t te r ing  see Roberts [1969]. 

One implication of t h i s  p i t ch  angle sca t te r ing  mechanism i s  t h a t  t h e  

s t ruc ture  of t he  inner edge should be strongly dependent upon p i t ch  

angle. The plasma sheet should extend fur ther  earthward i n  measurements 

of equator ia l  e lect ron i n t e n s i t i e s  with a -  90" as compared with high 

l a t i t u d e  e lect ron i n t e n s i t i e s  which must p r ec ip i t a t e  out qui te  rapidly  

i n  order t o  decrease the  energy density.  Figure 9 i l l u s t r a t e s  t h e  

d i f f e r e n t i a l  f l ux  across the  inner edge of t he  plasma sheet measured 

a t  two d i f fe ren t  p i t ch  angles. No r a d i a l  dependence of e lect ron f l ux  

on pi tch angle i s  observed. This i s  not t o  say t h a t  p i tch angle 

sca t te r ing  i s  not occurring, only t ha t  it does not appear t o  be a 

dominant fea tu re  i n  forming t he  inner edge of t he  plamsa sheet .  

A t h i r d  pos s ib i l i t y  i s  t h a t  t he  inner edge of t he  plasma sheet 

i s  an Alfvgn layer.  I n  t h i s  case plasma sheet pa r t i c l e s  are  convected 

i n t o  t he  dipolar  magnetic f i e l d  and are then def lected by t he  resu l tan t  

gradient drift. See Schield e t  a l . ,  [19691 and t he  references t he r e in  

fo r  a review. This Alfve;? mechanism would def lect  higher energy par- 

t i c l e s  a t  greater  distances and could r e s u l t  i n  an inward decrease i n  



t he  number density of t he  convected plasma sheet pa r t i c l e s .  The 

associated charge separation would r e s u l t  i n  f ie ld-a l igned currents  

which consis t  mainly of - 100-eV elect rons  [Schield, 19681. Although 

the  ~ l f v g n  Layer theory i s  consistent  with t he  observations of t h e  

s t ruc ture  of t h e  inner edge it has fu r ther  implications which remain 

unchecked (such as t he  simuLtaneous def lect ion of protons).  However 

the  r e l a t i ve ly  constant separation between t he  locations of t h e  

plasmapause and t he  inner edge of t h e  plasma sheet i s  an indicat ion 

t h a t  a common mechanism i s  involved. 

Comparison with Other Observations. I n  general,  e a r l i e r  obser- 

vations of the  plasma sheet are  i n  f a i r  agreement with those presented 

8 
here. Peak i n t eg ra l  electron f luxes  above 200 eV of - 2 x 10 (emc-sec) - 1 

o-V-er a hemisphere were measured on board Lunik 1. The i n t e g r a l  e lect ron 

10 2 - 1 
fluxes  of - LO (cm -see) measured with OGO-3 exceeded these  by about 

an order of magnitude. Freeman [1964] noted t h a t  the  e lect ron f l u x  

9 2 - 1 would be - 10 (em -see-sr)  i f  t h e  observed energy f l ux  were produced 

2 
by 10 keV elect rons .  This equivalent energy f l u x  of 16 ergs(cm -see-sr)  - 1 

i s  within a fac tor  of two of those presented here. The OGO-3 measurements 

of t h e  plasma sheet within 12 ind ica te  t h e  average e lect ron energy, 

- 
E = (ue/ne), i s  - 3-5 keV although t h e  energy of the  peak d i f f e r e n t i a l  

i n t e r ~ s i t i e s  occurs a t  - l keV. 



The ATS low-energy detector  observed p a r t i c l e  f luxes  of 

2 - 1 3 - 2 x 1 0  (em - e c - )  a t  6.6 %. Par t i c l e s  observed include 

electrons above 3 keV and a l l  protons [Freeman and Maguire, 19671. 

On June 23, 1966, inbound a t  L = 6.6 % a t  l oca l  midnight Om-3 

observations ind ica te  the  i n t eg ra l  e lect ron f l ux  i n  t he  inner edge 

8 2 - 1 of the  plasma sheet above 3 keV was 3.2 x 10 (cm -see-sr)  , a 

fac tor  of twenty greater  than t h e  integra.1 proton f l ux  above 100 eV. 

Although t h e  eff ic iencies  of t he  ATS low-energy detector  f o r  both 

electrons and protons have not been published, Frank [1965] and 

Frank e t .  a l . ,  [ 19691 have shown t h a t  the  Channeltron eff ic iency 

i n  counting 3 keV elect rons  i s  - 20 t o  4% of t h e  eff ic iency i n  

counting protons between 3 and 30 key. Even so, on June 23 t he  

electron f l u x  would have produced a t  l e a s t  8% of t he  counts i n  such 

a detector.  on July  19 a t  L = 6.6 t he  e lect ron f l ux  i n  t he  e lect ron 

7 2 - 1 trough above 3 keV was 2.8 x 10 (cm -see-sr)  , about 8% of t h e  proton 

f lux  above 100 eV. The protons would produce a t  l e a s t  75% of t h e  

counts i n  such a detector.  Even i f  the  ca l ib ra t ion  of t h i s  instrumen- 

t a t i o n  were avai lable  the  iden t i f i ca t ion  of the  plasma component 

observed by ihe ATS low-energy detector above 50 eV i n  t h i s  F ~vironment 

would probably remain impossible. 

Although Vasyliunas' [1968] main conclusions are  substant ia ted 

h i s  observation of t h e  inner edge a t  11 1 RE was not .  The differences 



i n  t h e  locat ion of t h i s  inner edge may be e n t i r e l y  l a t i t u d e  and l o c a l  

time differences between t h e  measurements. 0 0 - 3  observations of t he  

inner edge a t  L ' 15" near l oca l  midnight could map onto an equa tor ia l  

crossing radius of - 10 RE. Furthermore Vasyliunas' quie t  time 

observations were made between 1700 and 2100 LT whereas these  OGO-3 

measurements were made between 2100 and 0100 LT. Analysis of sub- 

sequent 0 0 - 3  data should c l a r i f y  t h i s  d i f ference.  
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Figure Captions 

Figure 1. Dipole magnetic l a t i t u d e  and l oca l  time p ro f i l e s  f o r  

sample 0 0 - 3  inbound o rb i t s .  The l oca l  time p r o f i l e  

s h i f t s  westward by - lo per day. Although t h e  inbound 

spacecraft i s  a t  low l a t i t udes ,  with Ad s 25" within 

15 RE, t he  o rb i t  cannot necessar i ly  be described a s  

near-equator ia lbeyond8 . An an t i - so la r  neu t ra l  RE 
sheet hinged t o  t h e  dipole equator ia l  plane a t  10 RE 
would l i e  within t h e  indicated sectors .  

Figure 2. Di f fe ren t ia l  e lect ron i n t e n s i t i e s  across t h e  inner edge 

of t he  plasma sheet and i n t o  t h e  plasmasphere. During 

t h i s  pass the  inner edge of t h e  plasma sheet i s  located 

ins ide  t he  boundary of trapping based on t he  response 

of t h e  thin-windowed 213A GM tube as  a  function of t h e  

magnetic s h e l l  parameter L .  The near-earth decrease i n  

e lect ron f l ux  occurs a t  increasing r a d i a l  distances fo r  

higher e lect ron energies. The plasmapause i s  encountered 

within 1.5 RE of t h e  inner edge of t h e  plasma sheet .  The 

d i f f e r e n t i a l  f luxes above 1 keV are continuous across t h i s  

boundary. The existence of a  plasmapause s t ruc ture  of 

l e s s  than 0.5 RE i s  indicated by t he  local ized increase 

i n  t he  electron f luxes  below 750 eV. 



Figure 3. Elect ron number and energy dens i ty  across t h e  inner  

edge of t h e  plasma sheet and i n t o  t h e  plasmasphere. 

The energy densi ty  decreased exponential ly by an order 

of magnitude over 1 .2  R with a sca le  length of one- 
E 

t h i r d  an e a r t h  r a d i i ,  I n i t i a l l y  t h i s  decrease was 

produced by a decrease i n  t h e  higher energy e lec t ron  

f luxes  ( t e n s  of k e ~ )  without decreasing t h e  e lec t ron  

number densi ty  appreciably. Ult imately t h e  decrease 

i n  energy densi ty  was produced all. > s t  e n t i r e l y  by a 

decrease i n  t h e  keV f luxes .  A cc,istant number densi ty  

above 90 eV was maintained by t h e  simultaneous appear- 

ance of' - 100-eV elec t rons .  Note t h a t  t h e  plasmapause 

was locaked a t  t h e  minimum of t k e  energy density p r o f i l e  

f o r  t h e  f luxes  above 750 eV. 

Figure 4. D i f f e r e n t i a l  e l ec t ron  spectrums across t h e  inner edge 

of t h e  plasma sheet and t h e  plasmapause. I n i t i a l l y  t h e  

higher energy f l u x  decreases between spectrums l b  and 2a 

followed by a decrease i n  t h e  keV f l u x  between spectrums 

2a and 2b. Spectrum 2b i l l u s t r a t e s  t h e  low energy por t ion 

of t h e  e lec t ron  f l u x  i n  t h e  e lec t ron  trough. The plasma- 

pause spectrum 3a quickly decreases t o  a t y p i c a l  plasma- 

sphere spectrum 3b. 



Figure 5. Count r a t e  data  are  shown f o r  two successive frames 

from detectors  A and B. Data i s  telemetered every 

second f o r  19 seconds from each energy channel i n  

succession. The counts f o r  t h e  0 6 3 7  frame (dashed 

l j  nes) f o r  channels 4-8 a re  due mainly t o  sca t te red  

keV elect rons .  The 06:22 data  generally follows t h a t  

of t he  previous frame u n t i l  an abrupt change occurs 

a t  18 seconds, marked by t h e  v e r t i c a l  dashed l i n e .  

The shaede areas represent t h e  difference between t he  

observed count r a t e  and t h e  average counting r a t e  i n  

t he  following frame. 

Figure 6. Radial p r o f i l e  of the  energy and number density and 

average energy f o r  electrons (E r 90 e ~ )  near 22:OO LT. 

The average energy i s  t h e  energy density divided by t he  

number density f o r  a11 observed e lect rons .  The e lect ron 

trough of - 100-eV electrons i s  e a s i l y  discernable 

between t h e  inner edge of t h e  plasma sheet and plasma- 

pause. The smooth t r ans i s t i on  i n t o  t he  plasmasphere 

may be associated with t h e  high f luxes  ins ide  t h e  plasma- 

sphere which were trapped during t h e  Ju ly  9 storm. 

(see Figure 8 ) .  



Figure 7. Di f fe ren t ia l  e lect ron spectrums from the  plasma sheet ,  

the  inner edge, t h e  e lect ron trough and t h e  plasma- 

sphere. The e lect ron trough spectrum should peak near 

- 100 eV i n  order t o  maintain charge neu t r a l i t y  with 

t he  observed proton dens i t i es  of - 2-5 ( ~ m ) - ~  above 100 eV. 

Figure 8. Radial p r o f i l e  of e lect ron energy density f o r  L I 10 

An inbound measurement was made every o r b i t a l  period 

(- 2 days). The locat ion of t he  inner edge of t he  plasma 

sheet i s  i den t i f i ed  by t h e  rapid  earthward decrease i n  

t he  e lect ron energy density.  (on June 23 t h i s  occurs 

fo r  L between 7.1 and 5.9 RE. See Figure 3) .  The 

s t ruc ture  of the  inner edge i s  i l l u s t r a t e d  by the  

hor izontal  ' e r ro r  ba r s ' .  These bars designate t h e  po- 

s i t i o n  of t h e  earthward decrease from a maximum t o  

a minimum i n  the  f l ux  measured by a given channel. 

Unless otherwise specif ied t he  bars above and below 

the  hor izontal  column are fo r  channels 10 and 8 r e -  

spectively as  i l l u s t r a t e d  fo r  June 11. Normally t he  

lower bar i s  displaced earthward from t h e  upper bar  

indicat ing t h e  tendency f o r  t he  lower energy f luxes  

(E '1 k e ~ )  t o  decrease closer t o  the  ea r th .  The inward 

displacement of t h e  plasmapause during magnetic storms i s  



c l e a r l y  seen. The trough of low energy e lec t rons  i s  

invar iably  loca ted  i n  t h e  region of low energy dens i ty  

between t h e  inner edge of t h e  plasma sheet  and the  

plasmapause. 

Figure 9.  D i f f e r e n t i a l  e l ec t ron  f luxes  measured by two de tec to r s  

with perpendicular f ields-of-view, LEPEDEAts A and B, 

which receive  e l ec t rons  having d ipole  p i t c h  angles of 

- (180-65") and - 35" respec t ive ly .  By d e f i n i t i o n  a 

i s  zero  i f  t h e  p a r t i c l e  v e l o c i t y  i s  p a r a l l e l  t o  the  

magnetic f i e l d  vector  B .  Any symmetric i n f l a t i o n  of 

t h e  dipole f i e l d  should increase  both a and ng thus  
A 

decreasing t h e  d i f ference  between t h e  s ines  of t h e i r  

p i t c h  angles. On Ju ly  27 a t  L = 3.6 R a cross-ca l ibra-  
E 

t i o n  of t h e  de tec to r s  while viewing i d e n t i c a l  p i t c h  

a n ~ l e s  ind ica tes  t h a t  t h e r e  i s  l e s s  than a 3% d i f fe rence  

i n  t h e  responses of t h e  two instruments.  No dependence 

of t h e  e l ec t ron  f l u x  p r o f i l e  on p i t c h  angle has  been 

observed on t h e  s i x  inbound passes f o r  which such an 

analys is  has been performed. 
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