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ABSTRACT 

! J 

The fluxes of  energetic par t ic les  (electrons, E 2 45 keV; 

protons, E 2 730 keV) seen between about 5 and 20 earth radi i  from 

the earth by Explorer 33 are examined. 

the  features seen in  the time profi les  of the flux can be at t r ibuted 

t o  a single, spatially-continuous central  body of trapped par t ic les  

whose boundary i s  everywhere osci l la t ing in  position. 

strong variations i n  the flux, including “detached spikes” a t  the  

sunward boundary, can be at t r ibuted t o  these osci l la t ions.  

flux i n  the outer regions of  t h i s  body is usually anisotropic. 

On the day side the flux is  peaked a t  r ight  angles t o  the  loca l  

magnetic f i e l d  whereas on t he  n i g h t  side it i s  peaked along the 

f ield.  Two exceptions t o  t h i s  ru l e  were found. These observations 

a r e  capa red  w i t h  previous ones and are  discussed i n  the l i gh t  of 

current theory. 

It is  shown that most of 

Even very 

“he 
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I IITt'RODUCTION 

Energetic pa r t i c l e s  i n  the outer regions of the ear th ' s  

magnetosphere have been studied f o r  several years i n  the  hope of 

gaining a greater understanding of the physical processes tha t  

lead t o  phenomena such as auroras and magnetic storms. It i s  

now generally believed tha t  these diverse magnetospheric phenomena 

r e su l t  basical ly  from the  interaction of t he  solar wind with the  

ea r th ' s  magnetic f i e l d .  However, the de t a i l s  of the mechanisms 

involved are poorly understood. 

A study of energetic par t ic les  using Explorer 33 might be 

expected t o  shed new l i g h t  on problems of magnetospheric physics 

fo r  two main reasons. Firs t ,  the t ra jec tory  of t h i s  s a t e l l i t e  

takes the  detectors along paths through the  magnetosphere which 

have not been traversed before. For example, on cer ta in  orb i t s  

t he  s a t e l l i t e  skims slowly past t he  magnetosphere near i t s  outer 

boundary on the sunward side.  Second, the  detectors on t h i s  

spinning s a t e l l i t e  are "sectored" so tha t  we have information 

about the anisotropy of the par t ic le  fluxes. 

which has received l i t t l e  study i n  the  outer magnetosphere. 

This i s  a factor  

These two features enable us t o  look a t  the magnetosphere 

ii; a s l igh t ly  d i f fe rec t  w a ~ .  some i q o r t a n t  previous observations, 
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which form the  background fo r  t h i s  study, a re  outlined in the  

follawing paragraphs. 

The first comprehensive survey of energetic par t ic les  (elec- 

trons,  E b 40 keV) in the outer magnetosphere was made by Frank 

[1965] using Esrplorer 14. 

(1) There i s  a "core" in which high fluxes a re  always found. 

The principal conclusions were as follows: 

This 

extends as far as 8 

a weak l a t i t ude  dependence. 

var ia t ions i n  flux between one pass and another. 

extent of the region in which fluxes B 10 

increases frm about 11 

morning and evening. 

about 10 

extending a t  l e a s t  t o  the s a t e l l i t e  apogee a t  about 16 RE. 

near the magnetic equatorial plane and has 

(2) Beyond the core there a re  severe 

( 3 )  The radial 

5 cm'* sec-' a r e  found 

near l o c a l  noon t o  2 16 near loca l  

(4) There i s  a "tail" of electrons beyond 

on the  night side confined near the  ec l ip t i c  plane and 

Anderson [1965], in a paper devoted mainly t o  a study of 

p a r t i c l e  fluxes a t  greater distances (up t o  31.5 RE) ,  described 

t h e  observations made by IMP 1 o f  the energetic par t ic les  surround- 

ing the  earth. 

trapped par t ic les  exhibit a smooth profile.  

H i s  findings were as follows. (1) The stably 

(2) Beyond t h i s  region 

i s  a "skir t"  i n  which fluctuations Fn the  prof i le  are  seen. This 

skirt extends toward the noon meridian, and perhaps across it, 

and as far as a sun-earth-probe angle of 120" or 130". ( 5 )  A t  
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la rger  angles, character is t ic  fas t - r ise ,  slow-fall f luctuations 

are seen. This region, which is ca l led  the "cusp", extends across 

the  midnight meridian; it is  confined in l a t i t ude  and ends abruptly 

between 10 and 15 RE. 

by Frank. 

the  magnetic f i e l d  i s  depressed i n  the  pa r t i c l e  cusp region. 

(4)  Outside these regions, isolated "islands" of flux a r e  seen. 

These a l so  exhibit the  f 'as t -s low behavior. 

This i s  ident i f ied  with the t a i l  described 

Anderson and Ness [1966] showed tha t ,  on most occasions, 

The extent of the trapping region fo r  electrons, E - 100 keV, 

was shown by S e r l a i t s o s  [1966] t o  be variable i n  time, extending 

as far as 12 

quiet  days, 

t h e  magnetic f ie ld  direct ion in the d is tan t  regions instead of 

perpendicular t o  it as in the  regions closer t o  the earth. 

Rothwell [1967] has shown that the  d is tan t  trapping zone extends 

out t o  12 t o  16 on the dark s ide of t he  earth. Anderson e t  al .  

[l965] report t h a t  near dawn 40 keV electron fluxes a re  seen 

beyond the  magnetopause and even beyond the buw shock a s  defined 

magnetically. A t  the  pa r t i c l e  boundary near l o c a l  noon, spikes 

of electrons sepasated from the main body of par t ic les  have been 

described by many authors including Rosser [1963], Frank and 

Van Allen [19641, Frank [1965], Anderson e t  al. [1$5], and Fan 

e t  al. [1964 and 19651. 

near midnight a t  low la t i tudes  on magnetically 

He a l so  showed that t he  in t ens i t i e s  a r e  peaked along 
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Using the Vela sa t e l l i t e s ,  which have nearly c i rcu lar  o rb i t s  

a t  about 17 RE, Bame e t  al.  [l967] obtained the  following results, 

(1) The 40 keV fluxes a r e  par t  of t he  high energy t a i l  of t he  energy 

dis t r ibut ion.  

with variations i n  the  average energy (temperature) of the  plasma. 

(2) This plasma forms a sheet which is about 4 t o  6 RE thick near 

midnight and f l a r e s  t o  about twice t h i s  thickness near l oca l  dawn 

and dusk. 

magnetospheric and geamagnetic equators. 

asymmetry between the  dawn and dusk sides of the magnetosphere 

in t h a t  energetic electrons a r e  seen much more frequently on the 

dawn side. 

The var iat ions in  t he  40 keV fluxes a r e  associated 

( 3 )  The center of  the sheet l i e s  between the  solar  

(4) There i s  a strong 

More recently, Montgomery [ 19681 has shown tha t  s m e t  imes 

t h e  energetic electrons do not form a smooth high energy t a i l  t o  

the  energy distribution, but are par t  of a separate energy distri-  

bution with a secondary flux maximum a t  about 10 keV. 

Periodic modulations o f t h e  flux of energetic par t ic les  

have been observed. 

100 t o  500 seconds i n  the  modulations of flux and magnetic f i e l d  

in the  outer zone. Lin and Anderson [1966] report tha t  periodic 

modulations a re  seen throughout t h e  dis tant  radiation zone--even 

czt t o  - 30 IiE in  +,he ta i l .  The periods tend t o  be close t o  six 

Judge and Coleman [1962] observed periods of 
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minutes. 

hydromagnetic waves. 

These modulations a re  interpreted as a manifestation of 

Sane detai led resu l t s  from the  papers quoted above, and 

fYan sane other papers, a r e  canpared with the r e su l t s  of t h i s  

study in  the discussion section. 



8 

11 9 EXPERIMENT& DETAILS 

Explorer 33 was launched on 1 July 1966 in to  a very eccentric 

orb i t  about t he  ear th  with an apogee a t  about 80 R 

about 17 days. 

t h i s  near-perigee past  of t he  orbit  t ha t  we axe concerned with here. 

and a period of 

The perigee vazies fYom about 5 t o  1 5  RE, and it i s  
E 

Figure 1 shows, i n  geocentric so la r  ec l ip t i c  coordinates, those 

segments of t he  f i r s t  17 orb i t s  t h a t  are used i n  t h i s  study. The 

passes are  numbered chronologically t o  help i n  locating the matching 

pa i r s  of curves i n  the  two projections. The numbers a r e  placed at 

the  beginning of each segment of o rb i t .  

The satellite was spin-stabilized during the  launching 

operation with i t s  axis near the ec l ip t i c  plane. 

spin axis remained approximately fixed in c e l e s t i a l  coordinates, 

which means t h a t  it moved through roughly one degree per day i n  

so l a r  ec l ip t i c  coordinates. 

Thereaf'ter, the  

The detectors t ha t  provided the data fo r  t h i s  study were the 

Geiger-Mliller tubes in t h e  University of Iowa's experiment [ V a n  Allen 

and Ness, 19671. 

Two, label led GIG' and GM3, pointed i n  opposite directions along 

t h e  s a t e l l i t e ' s  spin axis  and had conical collimators. The other, 

GMl, pointed a t  r igh t  angles t o  the  spin axis and had a fan-shaped 

There were three EON 6213 mica-window tubes. 
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i I 
collimator. Details are given in  Figure 2. The energy thresholds 

of G M l  were about 50 keV for  electrons and 830 keV for protons. 

The thresholds fo r  GM2 and GM3 were about 45 keV and 730 keV for  

electrons and protons, respectively. The s l igh t  difference in 

energy threshold between the detectors has been ignored, and no 

attempt has been made t o  distinguish between electrons and protons. 

The output of  GMl was sorted into four storage reg is te rs  

according t o  which o f t h e  four quadrants shown i n  Figure 2 con- 

ta ined the axis of t he  collimator. The electronic generation of 

the  sectors was tr iggered by a "see-sun'' pulse frcxn a narrow angle 

photoelectric sensor. The spin period was about 2.3 seconds and 

t h e  output of each detector w a s  accumulated fo r  25.57 seconds. 

Thus, the storage time f o r  each sector  was 6.39 seconds. 

output from each sector was transmitted from the  s a t e l l i t e  once 

per telemetry sequence (81.808 seconds). 

and GM3 were transmitted once in every two sequences. 

The 

The outputs f r a n  GM2 
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111. RESULTS 

We must first discuss our choice of coordinate systems. 

No single se t  of coordinates can be expected t o  organize the data 

adequately over t he  whole region t o  be studied here. Solar ec l ip t i c  

coordinates should be the best i n  the most d i s tan t  magnetosphere 

where the  influence of the  solar wind i s  strong. See, fo r  example, 

Frank [l965]. 

the  ear th  where the  ear th 's  dipole f i e l d  dominates. 

Geomagnetic coordinates should be best closer t o  

Solar magneto- 

spheric coordinates, a s  a compromise between the  two previously 

mentioned system, have been only p a r t i a l l y  successfbl in  organizing 

the  data. See b e  e t  al .  [196?]. For the  present study, we have 

taken geocentric solar  ec l ip t i c  coordinates fo r  the basic f'rame of 

reference and taken account of the  geomagnetic l a t i t ude  whenever 

it was thought t o  be important. We have also made use of simul- 

taneous measurements of the local m a s e t i c  f i e l d  t o  locate  the 

posit ion of the s a t e l l i t e  w i t h  respect t o  boundaries, such as the  

magnetopause and the neutral  sheet. 

The basic resu l t s  a r e  contained i n  Figure 3 which shows the 

counting r a t e  prof i les ,  together w i t h  Figure 1 which displays the  

t ra jec tory  of the  s a t e l l i t e .  The diamond-shaped symbols which 

appear on both sets of f igwes  enable the  positions of the  pa r t i c l e  
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fluxes t o  be determined. 

usually l e s s  than one count per second. 

greater  because of the presence of solar  par t ic les .  

The background due t o  cosmic rays i s  

It i s  sometimes much 

The quantit ies GA, GB, and GC plotted in Figure 3 are  defined 

as follows. GA i s  the  average o f  the  counting r a t e s  of Sectors I 

and I11 of G M l ,  GB i s  the average of Sectors I1 and IV, and GC i s  

the  average of GM2 and GM3, except for  the  following modifications. 

During days 282 t o  334, GM2 was directed toward the  sun and 

responded t o  solar  x-rays. 

and therefore GM2 was eliminated fhm the  average. Thus, GC 

The x-rays dminated the  response 

represents the  counting r a t e  of GM3 alone during th i s  period. 

the  remainder of the  period o f t h i s  investigation, Sector I11 

detected so la r  x-rays and was eliminated from GA which, therefore, 

then represents the counting rate of Sector I only. 

r a t e s  have been reduced t o  counts per second and the three quantit ies 

have been normalized so tha t  i n  a completely isotropic flux, GA, 

GB, and GC a r e  ident ical .  This normalization was necessary because 

of the s l i gh t ly  different  geometric factors.  The flux i n  par t ic les  

cm 

per  second by approximately 40. 

For 

The counting 

-2 sterad-' sec'' i s  obtained by multiplying the  counting r a t e  

GA, GB, and GC a re  intended t o  represent the pa r t i c l e  flux 

i n  three mutually orthogonal directions and, therefore, t o  give 
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an indication of anisotropy. 

i f  Sectors I and 111, I1 and N, and GM2 and GM3, respectively, 

detect  nearly ident ical  fluxes, i .e. ,  if there  is  no net f l o w  of 

par t ic les .  "his condition was nearly always fu l f i l l ed .  The 

exceptions are important and are discussed separately. 

These quantit ies a re  meaningful only 

We sha l l  now proceed t o  examine the  counting rate prof i les ,  

r e s t r i c t ing  ourselves i n  t h i s  section t o  a phenomenological descrip- 

t i o n  o f t h e i r  main features and a concise account of same of the 

most immediate inferences. 

cance of t he  observations and comparison with other measurements 

unt i l  the  next section. 

We leave the  discussion of the  s ign i f i -  

A. The Central Body of Part ic les  

A br ie f  perusal of t h e  profiles suggests t h a t  there  is, a s  

expected, a central  body of trapped par t ic les .  We examine first 

t h e  extent of t h i s  region. 

1. Boundary 

Moving outward f'rom the  region of high flux i n  the prof i les ,  

it i s  always possible (except where there  a re  data gaps) t o  locate 

a point a t  which the flux first drops t o  background. 

thus ident i f ied a re  a l l  markedwith a black diamond. Their loca- 

t i ons  on the  orb i t s  a re  s h i l a r l y  riarked en F i g n e  1. 

The posit ions 

We see tha t i  



except near the noon meridian, the extent of t h i s  region is  quite 

variable, ranging f'rcm about 7 RE on orb i t  15 t o  about 16 RE on 

orb i t  3. 

Most of t h i s  variation can be eliminated, a t  l ea s t  on the  

dusk (+Y) side, by taking account of the  geamagnetic l a t i t ude  of 

the  points. On the  f i rs t  ten orbi ts  and orbi t  13, the  t ra jectory 

of the  s a t e l l i t e  was such that the boundary was always crossed a t  

very low gecmagnetic la t i tudes.  

within 10" of the geomagnetic equator. 

15 the  s a t e l l i t e  crossed the  boundary a t  re la t ively high la t i tudes ,  

thus giving a f a l se  impression of the radial  extent of t he  cent ra l  

body of par t ic les .  

Almost a l l  of these crossings were 

On orbi ts  ll, 12, 14, and 

In Figure 4, we show the t ra jec tory  of orb i t  12 i n  geo- 

magnetic coordinates--radial distances versus geomagnetic la t i tude ,  

ignoring longitude. 

p ro f i l e  a r e  then very simply explained a s  two encounters w i t h  a 

s ingle  body of par t ic les  confined within a region such a s  the one 

suggested by the dashed l i ne .  The s a t e l l i t e  br ie f ly  energes from 

t h e  par t ic le  region between the time of the second diamond and the  

short data gap. 

The two patches of par t ic les  seen in  the  time 

The prof i les  from the other passes can be interpreted in  a 

similar way, and the pijaitions o f  the bam&ry as defined by these 

passes are also marked on Figure 4. The remaining sca t te r  i n  the 
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points can be plausibly at t r ibuted t o  re la t ive ly  minor variations,  

with longitude and time, of t he  s ize  and shape of the "lobe" 

sketched by the dashed l ine .  

the  passes through the  dusk side of the  magnetosphere, t h i s  lobe 

was f i l l e d  with trapped energetic par t ic les .  That the par t ic les  

a r e  trapped i s  inferred from the re la t ive  smoothness of the pro- 

f i les and the  anisotropy. 

The main inference is  tha t  on a l l  

2. Anisotropy 

A n  important feature i n  the cent ra l  body of par t ic les  i s  

t h e  anisotropy which is  seen near the  boundary on most passes, and 

which decreases or  disappears as the  s a t e l l i t e  moves f'urther into 

the region. 

t h e  f i e l d  direction, 

t he  f i e l d  but appears t o  be peaked a t  r igh t  angles t o  it. 

demonstrate t h i s  effect ,  we present Figure 5 .  

pare the direction of the f i e ld  vector with the  direction of 

maximum par t i c l e  flux. 

points  t o  l i e  on the so l id  l ine .  

them t o  l i e  on the dashed l ines .  

On the "night" side, t he  flux i s  usually peaked along 

On the "day" side, it i s  not peaked along 

To 

Our aim i s  t o  cam- 

If these two a re  ident ical ,  we expect 

If they d i f f e r  by 90°, we expect 

Figure 5 was constructed by the following procedure. 

consider only ccmponents of f i e l d  and pa r t i c l e  flux perpcndicular 

t o  the  s a t e l l i t e  spin axis. Same information i s  wasted t h i s  way, 

We 



but the analysis i s  greatly simplified and the resu l t s  a re  adequate 

for  present purposes. The f ie ld  direction was obtained by project- 

ing the  satel l i te-sun l i n e  and the f ie ld  vector onto a plane a t  

r ight  angles t o  the  spin axis .  

between these projections, counted posit ive from the projection of 

the satel l i te-sun l i n e  i n  the  direction of rotation of the  s a t e l l i t e .  

Since a f i e l d  a t  A" has t h e  same ef fec t  on trapped par t ic les  a s  a 

f i e l d  a t  A" + 180°, we subtract 180" from angles tha t  exceed 180". 

The f i e l d  direction i s  the  angle 

To f ind the exact direction of maximum flux, one needs t o  

know the dis t r ibut ion o f  pi tch angles and t o  combine t h i s  w i t h  the  

angular acceptance of the collimators. 

dis t r ibut ion i s  unknown and since there i s  no physical basis for  

choosing any par t icular  analytical  form, we can only hope t o  assign 

an approximate value t o  the direction of maximum flux. 

simply the  angle tan-' (GA/GB) and. say tha t  the  direction of maxi- 

mum flux, i n  the  plane perpendicular t o  the  spin axis,  i s  approxi- 

mately a = 85" f tan'' (GA/GB). The origin of the 85" can be seen 

i n  Figure 2. 

t h e  angle should be i n  (whether t o  use the plus or the minus sign).  

The quadrant was chosen by the following procedure. 

points fo r  each pass was produced by calculating the f i e l d  direction 

ai?d a ance every ten EeqAences in the  region of in te res t .  

Since the pitch angle 

We calculate 

There i s  an inherent ambiguity about which quadrant 

The ser ies  of 

Then, 
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whenever possible, the quadrant was chosen so that a and the  f i e ld  

direction bore a constant relationship, i.e., so tha t  the  ser ies  

of points lay  roughly pa ra l l e l  t o  t he  l i nes  marked on the figure. 

The resu l t  i s  tha t  points from the  day and night sides are  

c lear ly  separated. 

the  f ie ld ;  t he  day side flux i s  shown not t o  be seaked along the 

f ie ld .  It i s  l i ke ly  tha t  t h i s  flux i s  peaked a t  r ight  angles t o  

the  f ie ld ,  but t ha t  our approximation i s  not good enough t o  show 

t h i s  accurately. 

The night side flux is  shown t o  be peaked along 

The measurements made on orb i t s  ll and 12 have been omitted 

frm Figure 5 and are  shown separately on Figure 6. The relation- 

ship between a and the  f ie ld  direction suddenly changes and subse- 

quent points, which are  shown joined, move f’urther fram the sol id  

l i n e  and toward the  dashed l ine.  It appears t ha t  the  pi tch angle 

dis t r ibut ion changes from one i n  which the  f lux i s  peaked along 

the  f i e l d  t o  one i n  which the flux i s  peaked a t  r ight  angles t o  

the  f i e ld .  Whether this i s  a spat ia l  or temporal change, it is, 

of course, impossible t o  know. A possible clue t o  the cause of 

t h e  change i s  f’urnished by the  magnetic f i e l d  measurements. 

as a starts t o  change appreciably f’rm the  f i e l d  direction, the  

magnitude of t he  f i e l d  starts t o  increase more rapidly than before. 

This i s  show- in Figure 7 .  

Just  



3 .  Oscillations and Spikes 

Just  inside the  par t ic le  boundary, modulations i n  the  

intensi ty  of the  par t ic le  f lux  are  seen on every occasion. The 

modulations a re  roughly periodic with a period of a few minutes, 

typical ly  ten minutes, and w e  therefore re fer  t o  them as  osci l la-  

t ions.  

osci l la t ions;  o rb i t  3 shows osci l la t ions of smaller amplitude 

which a re  sustained for  seven hours. 

Orbits 9 and 10 provide examples o f  large amplitude 

"he osci l la t ions seen on o rb i t s  2 and 9, near the  sunward 

boundary, a re  worthy of f'urther examination because they a re  followed 

(or  preceded) by "detached spikes" of par t ic les .  Taking orb i t  9 

(Figure 8), we first note tha t  the  prof i le  of the spikes i s  very 

similar t o  the p ro f i l e  of the oscil lations.  

t h a t  the anisotropy seen in the spikes i s  the same as tha t  which 

i s  seen i n  the  osczllations and i n  the more s table  flux behind. 

This strongly suggests tha t  the par t ic les  seen in the  spikes are  

pa r t  of the central  body of par t ic les ,  and that the spikes a re  

caused by the  pa r t i c l e  boundary moving back and for th  across the 

sat e l l i t  e. 

Further, we note 

Simultaneous measurements of the magnetic f i e l d  support 

this view. 

t h e  Ames magnetmeter a r e  plotted ir? Figwe 8. 

The sequence-averaged vector f i e l d  measurements from 

From a study of 
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a l l  the magnetopause crossings on the  sunward side, it i s  c lear  

t ha t  the  magnetopause crossing is  marked by a change in  the  direc- 

t i on  of the  f i e l d  vector from one f a i r l y  steady value within the 

magnetosphere t o  a different ,  but s t i l l  f a i r l y  steady, value in  

the  magnetosheath (or  t ransi t ion region). 

switches back and for th  between t h e  two directions before f ina l ly  

s e t t l i n g  down. 

example of the la t ter  type. 

pa r t i c l e  fluxes occur when the  f i e l d  switches back t o  the direct ion 

it had inside the  magnetosphere. It i s  d i f f i c u l t  t o  avoid the 

conclusion tha t  a boundary i s  moving back and for th  across the  

sat e l l i t  e. 

Sametimes the f i e l d  

The magnetopause crossing on orb i t  9 i s  a good 

The important fac t  i s  t ha t  the  peak 

The changes i n  the magnitude of the f i e l d  can be understood 

Within the region of qual i ta t ively in terms of a moving boundary. 

osc i l la t ions ,  the  dips in the  par t ic le  intensi ty  a r e  accompanied 

by increases i n  the f i e l d  strength. 

pression of t he  magnetosphere a t  these times. 

acccanpanied by a decrease i n  the f i e l d  strength. 

with an expansion of the magnetosphere. 

This i s  consistent w i t h  cam- 

The spikes a r e  

This i s  consistent 

The posit ion of the  magnetopause, a s  determined by the  

magnetic measurements alone, is  marked by a bar on the  time prof i les .  

Tk?e le@h nf t he  bar sh~ws t h e  time tha t  elapsed between the  first 



I 
l L  

departure frm one steady f i e l d  direction and the  f i n a l  attainment 

of the other. This determination i s  sometimes rather  subjective. 

The other occasion on which detached spikes were seen (out 

of six passes through the magnetopause within 60" of the sub-solar 

point)  i s  on o rb i t  2, which i s  displayed in Figure 9. 

cannot be explained in exac t ly the  same way as the  spikes on o rb i t  

9,  but we reach the  same f i n a l  conclusion, namely tha t  they are 

most simply explained a s  t h e  result  of a moving boundary. 

These spikes 

In t h i s  case, although the prof i les  of the spikes and the  

osc i l la t ions  a re  similar, we cannot say that the  anisotropy i s  

t h e  same i n  the  spikes, the oscil lations,  and the  inner region. 

The f i e l d  direction, although it changes s l i gh t ly  during the spikes, 

does not change t o  the  value characterist ic of the magnetosphere. 

The important clue i n  t h i s  case is  tha t  the  pa r t i c l e s  i n  the spikes 

a r e  streaming. 

ingless and we p lo t  instead, on Figure 9, GM.2 and GM3, the  two 

detectors t ha t  point in opposite directions along the  spin axis. 

In Figure 8, we plotted two sectors t ha t  pointed i n  perpendicular 

directions.  

seen i n  the  outer par t  of the  region of osci l la t ions.  

of streaming pa r t i c l e s  a r e  encountered while the  f i e l d  s t i l l  has 

i t s  t r ans i t i on  region \a2.iie and just befere it changes t o  i t s  

Our quantit ies GA, GB, and GC a re  therefore mean- 

This figure shows tha t  streaming pa r t i c l e s  a re  a l so  

These fluxes 
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magnetosphere value. It therefore seems l i k e l y  tha t  the streaming 

pa r t i c l e s  a r e  character is t ic  o f t h e  par t  of the t r ans i t i on  region 

t h a t  i s  adjacent t o  the  magnetopause. 

small f i e l d  changes a r e  then easi ly  explained. 

boundary movement i n  which the maeetopause does not quite reach 

the  incoming s a t e l l i t e ,  but reaches far enough so that the s a t e l l i t e  

i s  immersed i n  the streaming par t ic les  j u s t  beyond the  magnetopause. 

The spikes and the associated 

They are  due t o  a 

Figure 10 shows the  simplest crossing of the  magnetopause 

(from orbi t  12) on an expanded scale. 

pa r t i c l e s  a r e  just beyond the magnetopause as defined magnetically 

by our cr i ter ion,  which tends to  confirm our inference tha t  

streaming par t ic les  a re  character is t ic  of th i s  region. 

The small peaks o f  streaming 

In Figure 8, i n  addition t o  the major modulations of t he  

flux which we have accounted f o r ,  there a re  small peaks near the 

outer edge i n  which Sector I1 exceeds Sector I, which we have not 

accounted for.  

pa r t i c l e s  a re  streaming a t  these points. 

a r e  j u s t  beyond the  magnetopause as defined by the  magnetic f ie ld ,  

we believe that they too are t ransi t ion region par t ic les  of the  

same sor t  a s  those seen i n  Figures 9 and 10. 

The output of the other sectors shows tha t  the 

Since these par t ic les  

Orbit 5 is  relevant a t  t h i s  point. 

skims very near the magnetopause on the day side. 

This i s  an orb i t  which 

!The a r i i s o t r q j  
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of the pa r t i c l e  fluxes tha t  a r e  encountered i s  evidence that they 

a re  of t he  same kind as those normally seen j u s t  inside the par- 

t i c l e  boundary. The simplest explanation of the  fluctuations--of 

up t o  three orders of magnitude, seen over a period of 24 hours-- 

i s  that the boundary is moving back and for th ,  i .e . ,  osci l la t ing,  

near the  s a t e l l i t e .  

In addition t o  showing boundary osci l la t ions w i t h  a period 

of a few minutes, t h i s  prof i le  seems t o  reveal superimposed 

osc i l la t ions  with a period of about 2.2 hours, there being six 

cycles between the diamond symbols. 

We ten ta t ive ly  interpret  the prof i le  of orb i t  6 as  additional 

evidence of boundary movements. Because of the lack of any smooth 

p ro f i l e  o r  sustained anisotropy, we cannot posi t ively ident i fy  the  

pa r t i c l e s  as trapped par t ic les ,  but the location of the  t ra jec tory  

and the  great intensi ty  of t he  flux argue i n  favor of t h i s  in te r -  

pretation. 

decreases i n  about two hours w i t h  osci l la t ions of a few minutes 

superimposed on the  decreasing par t .  

of the  pa r t i c l e  region followed by slower contractions. 

th i s  pass, the  magnetic ac t iv i ty  a t  the earth, a s  determined by K 

indices, was greater  than on any other pass. 

The flux orten increases wi th in  a few minutes and then 

This implies rapid expansions 

During 

P 
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B. Particles Beyond the  Central Body 

In the  previous section, t he  inference has been drawn tha t  

many of the patches of par t ic le  flux t ha t  a re  detached *om t he  

central  body of par t ic les  in  the time prof i le  are,  i n  fact ,  par t  

of that single, spatially-continuous central  body of par t ic les .  

There remain sane patches which have not been accounted for.  

These a re  seen on orbi ts  7 t o  9 and 16. 

side of t he  magnetosphere and near  the  midnight meridian. 

deal with each region separately. 

They occur on the  dawn (-Y) 

We shall 

1. On the Dawn Side 

The par t ic les  seen on orbits 7 and 8, unlike those on the  

dusk side, cannot be positively ident i f ied at; trapped par t ic les .  

The prof i les  a re  nowhere smooth and no sustained anisotropy i s  

seen. The prof i les  are  best described as ' r~pi l tyrr .  

The dawn side i s  sampled much l e s s  evenly by the s a t e l l i t e  

than the  dusk side. 

equator most of t he  time, but orbi ts  15 and 16 pass a t  high 

magnetic la t i tudes .  

Orbits 7 and 8 are  within 20" of the  magnetic 

On orb i t s  '7 and 8, the  prof i les  a re  not unlike 

those seen a t  the  extreme edge of the par t ic le  region on the dusk 

side, and it i s  therefore possible tha t  the orb i t s  pass near the 

boundary of a l a rge  body of trapped par t ic les  on the  dawn side. 

However, the loca l  magnetic field,  l i k e  the  prof i les ,  was much more 
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e r ra t i c  during these passes than during passes through the  dusk 

side.  The fluctuations were such tha t  we were unable t o  locate  

the  magnetopause on these passes. 

2. Near Midnight 

Orbits 9, 10, and 16 cross the  midnight meridian a t  distances 

of about 12.5, 10, and 9 RE, respectively, and might be expected t o  

yield information about the region of t rans i t ion  from the  t a i l - l i k e  

f i e l d  t o  the dipole-like f i e ld .  

As shown i n  Figure 11, it i s  quite reasonable t o  suppose 

that the  patches on o rb i t s  9 and 16 a re  confined near the  surface 

formed by the geomagnetic equator and a neutral  sheet, pa ra l l e l  

t o  the X axis, which joins  t h e  equator a t  about 8.5 and 1 2  RE, 

re spect ively . 
This supposition i s  rully confirmed by the simultaneous 

magnetic f i e l d  measurenents, which provide a much more accurate 

frame of reference than the dashed l i nes  on Figure 11. 

a clear ly  defined, neutral  sheet crossing occurs during the  

p a r t i c l e  observation. "his i s  shown in  Figure 12. 

t h e  f i e l d  changes fram a t a i l - l i ke  f i e l d  directed away from the  

sun t o  a dipole-like field. 

t he  anisotropic flux i s  encountered, with a sharp decrease i n  f i e l d  

strength. 

On orb i t  16, 

On orb i t  10, 

The change starts abruptly, j u s t  as 

The patch of par t ic les  on orb i t  9 coincides w i t h  a region 
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of depressed f i e l d  strength i n  which the direction of the  f i e l d  

changes slowly from ant i -solar  to  t h e  reverse, a s  shown i n  Figure 

13. This i s  like an expanded neutral  sheet crossing. 

abrupt increase i n  the  f i e l d  strength, which coincides exactly 

with the flux decrease marked by a black diamond, the f i e l d  starts 

t o  look l i k e  a dipole f i e ld .  

After an 

To a i d  i n  visualizing these configurations, w e  present Fig- 

ure  14. This i s  an idealized sketch of a plausible f i e l d  config- 

uration in  which the neutral  sheet and magnetic equator have been 

"bent" t o  form a straight l i ne .  

reference (which i s  the only important frame of reference) a re  

approximately as shown, 

of par t ic les  seen here should more properly be considered par t  of 

t h e  central  body of par t ic les ,  the boundary of the pa r t i c l e  region 

The orb i t s  in t h i s  frame of 

This figure suggests than even the  " t a i l "  

which a re  very distorted,  but being determined by the f i e l d  lines 

s t i l l  continuous i n  t h i s  region. 

A high degree of anisotropy s seen on orb i t  9. Once again, 

as demonstrated'in Figure 15, the flux i s  peaked along the  f i e l d  

l i n e s .  
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IV. DISCUSSION 

A general conclusion that can be reached from the  foregoing 

results i s  tha t  a large number o f  t he  features seen i n  the time 

prof i les  can be a t t r ibu ted  t o  a single, continuous central  body of  

trapped par t ic les ,  whose boundary i s  everywhere osci l la t ing in  

position. In t h i s  interpretation, t he  large patches on the dawn 

side resu l t  fra multiple intersections of the t ra jec tory  w i t h  t he  

pa r t i c l e  region; the  detached spikes on the  sunward side resul t  

from rapid movements o f t h e  par t ic le  boundary past the  re la t ive ly  

slowly moving s a t e l l i t e ;  the m i d n i g h t  t a i l  of par t ic les  near the  

neutral  sheet i s  the extension o f  the  par t ic le  region into the 

drawn out f ie ld ;  the  very large and sustained fluctuations (e.g., 

o rb i t s  5 and 11) are  due t o  movements of the pa r t i c l e  boundary 

while the s a t e l l i t e  i s  passing close t o  and nearly para l le l  t o  

t he  boundary; the osci l la t ion of the  intensi ty  of the  f l u  w i t h i n  

t h e  par t ic le  region resu l t s  direct ly  from the  osci l la tory movement 

of the  boundary. 

This interpretat ion has the  v i r tue  of  econcay, and moreover, 

i s  able t o  give a simple explanation of  sane very strong fluctua- 

t i o n s  (e.g., o rb i t  11) of the  kind tha t  have previously defied 

explanat ion. 
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The precise shape of t h i s  central  body of pa r t i c l e s  i s  not 

They show defined by the  small number of measurements made here. 

only tha t  the  meridional cross section must be a function of 

lcngitude. 

give a c learer  picture  of the  shape of the  region. 

of  the  "distant radiation zone" a s  defined by Rothwell i s  the  same 

a s  the  boundary of t he  cent ra l  body of par t ic les  defined here. 

Figure 16 shows, quali tatively,  t he  kind of var ia t ion of cross 

section with longitude that i s  needed t o  f i t  t he  present observa- 

t ions. 

The more extensive measurements made by Rothwell [l967] 

The boundary 

The pa r t i c l e s  t ha t  yield the  spiky prof i les  on the  dawn 

s ide  cannot be posi t ively ident i f ied a s  part of t h i s  cen t ra l  body 

of particles. 

th i s  body, but the  fact  t ha t  the magnetic f i e l d  i s  more disturbed 

suggests t h a t  they cannot be explained so simply. 

it may be s ignif icant  t h a t  an asymmetry between the  dawn and dusk 

s ides  of the  magnetosphere has been reported by other 

Bane e t  al .  [l967] showed that 40 keV electrons a re  seen a t  

- 17 RE much more frequently on t he  dawn side. 

a r e  consistent w i t h  t h i s .  On the dusk side, the pa r t i c l e  fluxes 

often terminate closer than 17 RE, whereas the  spiky prof i les  on 

t h e  dawn side extend t o  beyond17 %. 

They could be part of the extreme outer edge of 

In t h i s  context, 

authors. 

The present resu l t s  

The ex%er,siue mgne+,ic 
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observations of Heppner e t  a l .  [l967] a l so  suggest an asymmetry. 

They too  had d i f f i cu l ty  i n  locating the  magnetopause near the  

dawn meridian a t  low la t i tudes .  

f i e l d  gradient beyond 11 RE i n  t h i s  region was nearly zero, and 

they show tha t  f3 (the r a t i o  o f t h e  plasma pressure t o  the magnetic 

pressure) was probably near t o  o r  greater  than unity. 

speculate that t h i s  could result  i n  solar  wind plasma being able 

t o  enter t he  magnetosphere i n  t h i s  region, e i ther  continuously 

o r  intermittently.  From a lack of similar observations on the 

dusk side, they conclude tha t  t h i s  region of high f3 may be limited 

t o  a narrower range of la t i tudes i f  it exis t s  a s  a pers is tent  

feature  on this side. Since the coverage of the midnight-to-dawn 

quadrant by Explorer 33 was poor, we do not have enough infor- 

mation t o  be able t o  speculate fur ther  about the cause of these 

spilry prof i les .  

They found t h a t  the average 

They 

We have chosen t o  describe our inferred pa r t i c l e  dis t r ibu-  

t i o n s  mostly by new and f a i r l y  neutral  phrases. 

by previous authors have usually been given precise def ini t ions,  

which prevent them f'rm adequately describing the present obser- 

vations.  

l i t t l e  relationship t o  our central  body of par t ic les .  

method of analysis used 5y Frmk erqhasized fluctuations i n  

The terms used 

For instance, the core defined by Frank [l967] bears 

The 
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in tens i ty  

core then 

which the  

between one pass and another a t  given values of L. The 

assumes a s t a t i s t i c a l  nature. It i s  the L-shell within 

in tens i ty  i s  always high (2 10 7 anm2 sec- l ) .  In the 

present study, the  absolute value of the flux i s  of minor impor- 

tance. 

the same as the  t a i l ,  confined near the  neutral  sheet, t h a t  we 

observe. This t a i l  i s  a l so  presumably related t o  the par t ic le  

cusp described by Anderson [1%5]. However, we do not see in  t h e  

t a i l  the fast-rise, slow-fall fluctuations which Anderson used t o  

distinguish the  cusp region f'rom other regions. The only fas t -  

slow fluctuations tha t  we see are i n  the high l a t i t ude  par ts  of 

o rb i t  16 and i n  orb i t  6. In orbit 6, the s a t e l l i t e  i s  i n  the 

region tha t  is  cal led the sk i r t  by Anderson, and which i s  char- 

acter ized in h i s  scheme by the  absence of  fast-slow fluctuations. 

The t a i l  of pa r t i c l e  flux observed by Frank i s  presumably 

The dis t r ibut ion of par t ic les  has been inferred f r a m  

s a t e l l i t e  t r a j ec to r i e s  which, i n  sane regions, sample the magneto- 

sphere in a very exacting way. 

12 t o  15 a r e  roughly orthogonal on the  dusk side. 

t o t a l  number of passes i s  small and it is  possible tha t  the  

observed fluxes were not typical. 

is required. 

For instance, o rb i t s  1 t o  3 and 

However, t he  

It is  clear t ha t  f'urther study 



I -  

B. Oscillations and Spikes 

The periodic modulations i n  the flux a r e  similar t o  those 

seen by Judge and Coleman [1962], L i n  and Anderson [1966], and 

Anderson e t  al.  [1968]. 

osci l la t ions a re  character is t ic  of t he  en t i re  outer edge of the 

central  body of par t ic les .  

The new feature  seen here i s  that  these 

"he flux osci l la t ions require merely a smooth spa t i a l  

gradient i n  the  flux near the boundary and an osc i l la tory  move- 

ment of t h i s  boundary region at r igh t  angles t o  the gradient. 

The s i tuat ion is almost certainly canplicated by simultaneous 

changes i n  the  f i e l d  strength which change the energy of t he  

pa r t i c l e s  and thereby change the flux detected by the threshold 

counters. 

for.  

That i s  t o  say, a hydromagnetic description i s  cal led 

The precise point at which the  flux osci l la t ions cease, 

moving inward, i s  probably re la t ive ly  unimportant. 

is no reason why the hydromagnetic disturbance should not continue 

t o  propagate a f t e r  it has ceased t o  manifest i t s e l f  by s ignif icant ly  

modulating the  high energy flux. 

of the  high energy flux by a given disturbance depends on the  

spatial flux gradient, t he  energy spectrum, and the magnetic f i e l d  

strength. 

There 

The severity of the modulation 

If tnese vary smoothly along the  s a t e l l i t e  t ra jectory,  



no f'undamental boundary is crossed when they reach a canbination 

that makes the  modulations negligible. 

The fac t  that the amplitude of t he  f l u x  osci l la t ions i s  

large a t  the  sunward boundary suggests tha t  the disturbances 

originate here and then propagate t o  other regions. 

text, some theore t ica l  calculations by Snit [1968] a r e  relevant. 

H e  has developed a f lu id  dynamical model which yields a resonance 

In t h i s  con- 

frequency for the piston-like motion of the nose of the  magneto- 

pause. The r e su l t s  a r e  i n  good agreement with experimental 

observations. 

Anderson e t  al.  [1$8] have found a longer periodicity,  

i n  addition t o  the  per iodici ty  of a f e w  minutes. The prof i le  of 

o rb i t  5 could be taken as evidence f o r  the existence of a period 

of about 2.2 hours. 

about 2 hours. Here i s  one example of fas t - r i se ,  slow-fall 

f luctuations,  which is  explained well by a f a s t  expansion of the 

p a r t i c l e  region followed by a slow contraction or relaxation. 

This example provides ground enough for  speculating tha t  one 

should, perhaps, seek t o  explain other fast-slow fluctuations,  

both here and elsewhere i n  the  magnetosphere, by the sudden 

expansion of a region tha t  already contains energetic par t ic les  

followed by a s l m e r  zontrectim. 

Orb i t  6 suggests a "relaxation time" of 

This mechanism i s  t o  be 



contrasted with the sudden injection of pa r t i c l e s  onto previously 

"empty" f i e l d  l i nes ,  and w i t h  the sudden heating of t he  pre-existing 

plasma. 

It has been shown t h a t  the so-called detached spikes seen 

here a t  the sunward boundary are detached only i n  the sense tha t  

they a re  separated i n  the time prof i les  from the  main body of 

par t ic les .  

[l965] have given the  same interpretation of detached spikes. 

However, Frank and Van m e n  [I9641 and Fan e t  a l .  [1964 and 19651 

Rosser [1963], Freeman [1964], and Konradi and Kaufhann 

suggest that t h e  spikes they detect r e su l t  from l oca l  acceleration 

of  the  t rans i t ion  region plasma. It i s  possible tha t  both pro- 

cesses, l oca l  acceleration and boundary movements, occur. The 

results shown here and those of Konradi and Kaufhann [l965] 

demonstrate t he  great value of measurements of anisotropy i n  the 

spikes and simultaneous measurements of the  loca l  magnetic f ie ld .  

Such measurements should be able t o  distinguish between spikes 
t 

t h a t  - can be a t t r ibu ted  t o  boundary movements and those that cannot. 

Orbit 2 contains an example of a magnetopause crossing on 

t h e  sunward side in which the  energetic pa r t i c l e  boundary does not 

coincide w i t h  the magnetopause as defined by the magnetic f i e ld .  

However, t h e  pa r t i c l e s  beyond the boundary have a different  

character--they are a t r e m h g .  We can only  guess about t h e i r  
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magnetosphere. 

They could be par t ic les  that a re  leaking out from the  

I C  

C. Anisotropy 

Roederer [l967] has calculated longitudinal d r i f t  paths f o r  

par t ic les  i n  an asymmetrical s t a t i c  model f i e l d  and has shown how 

the d r i f t  depends on the equatorial pi tch angle of the  par t ic les .  

One of h i s  conclusions i s  tha t  "equatorial pi tch angles tend t o  

a l ign  along the  f i e l d  l ines  on the night side of the magnetosphere 

and perpendicular t o  the f i e l d  on the day side." The resu l t s  sham 

here a re  i n  agreement with t h i s  prediction except for  the two cases 

i n  which the  pi tch angle distribution apparently changed d u r k g  the 

pass. In these cases, flux peaked a t  r ight  angles t o  the f i e l d  was 

seen on the  night side. We offer no explanation for  these excep- 

t ions ,  although they might be important observations. The simul- 

taneous change in the r a t e  of increase of the magnetic f i e l d  i s  

probably significant.  

was f a r  from the  equator a t  these times. 

It may a l s o  be relevant that the s a t e l l i t e  

The strong anisotropy seen i n  the t a i l  of par t ic les  on 

o rb i t  9 could be due t o  the swe mechanism. If t h i s  i s  so, we 

must abandon the cammon assumption that par t ic les  i n  the distant 

magnetosphere (e.g., those seen on orb i t s  9 and 12)  cannot make 

complete longitudinal drirts around the  earth (see, f o r  example, 



33 

I .  

Anderson [1965] and 0' Brien [l967] ) . If t h e i r  anisotropy i s  due t o  

the  process described by Roederer, complete longitudinal d r i f t  must 

take place. 

produce the  required e f fec t .  

t a t ions  on the  large scale f ie ld  configuration i n  the outer magneto- 

sphere; the  f i e l d  must be suff ic ient ly  regular, even i n  the  d is tan t  

par t s ,  t o  keep the  par t ic les  trapped while they d r i f t  i n  longitude. 

O f  course, a more complex f i e l d  model i s  needed t o  

The observations place cer ta in  l i m i -  

An al ternat ive explanation, a t  l ea s t  fo r  the  t a i l  of pa r t i c l e s  

near the  neutral  sheet, i s  that they have been accelerated from the  

neutral  sheet by a mechanism such as the one discussed by Piddington 

[l967]. See a l so  Axford [l967]. In t h i s  theory, f i e l d  l ines ,  

having reccanbined i n  the  t a i l  across the  neutral  sheet, contract 

toward the ear th  and accelerate t he  pa r t i c l e s  t h a t  a r e  trapped in 

the  bo t t l e  formed by the  lines. The par t ic les  a re  accelerated by 

a Fermi process because of t h e  approaching mirror points, and a l so  

by betatron acceleration caused by the  increasing f i e l d  strength. 

If the  Fermi process is the more important ( t h i s  i s  l i k e l y  on orb i t  

9 since the measured f i e l d  i s  s t i l l  only a few gammas) then the  

p i t ch  angles a re  decreased. Thus, the three gross character is t ics  

seen on o rb i t  9 a r e  produced; namely, energetic par t ic les ,  mostly 

with small p i tch  angles, a t  the earthward end of the neutral  sheet. - 



This theory, i n  contrast with the previous one, places no 

requirement on the large scale regularity of the f ie ld .  However, 

it implies that the  magnetospheric t a i l  i s  an important source of 

par t ic les  for  the radiation zones, whereas Roederer’s theory says 

nothing about the source o f t h e  par t ic les .  

between the two theories i s  tha t  t he  first uses a s t a t i c  f ie ld ,  

whereas the  second uses a time dependent f ie ld .  

further t e s t s  of these theories should be made by trying t o  discern 

simultaneous temporal changes i n  t he  par t ic le  f lux and the  magnetic 

f i e ld .  

The basic difference 

We suggest t ha t  
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v. SUMMARY 

With the  advantages of new t r a j ec to r i e s  through the  magneto- 

sphere and the a b i l i t y  t o  measure anisotropy, but with the dis- 

advantage of a small t o t a l  number of passes, we have attempted t o  

map the  dis t r ibut ion of energetic p a r t i c l e  fluxes between about 

5 and 20 RE f r o m  the earth. We f ind  tha t  sane of the terms used 

previously--core, sk i r t ,  cusp--are not very useful i n  describing 

t h e  observations because of the def ini t ions that they have been 

given. 

observations on the  dusk side) point t o  the  existence of a single 

cent ra l  body of trapped par t ic les  whose boundary is  everywhere 

osc i l la t ing .  

u re  16. 

core, t he  sk i r t ,  and the  cusp. The osc i l la tory  movements of the  

boundary a re  shown t o  be t h e  cause of t he  "detached spikes" seen 

on the  sunward side. 

We f ind that most of the  observations (including a l l  the 

The shape o f t h i s  inferred body i s  sketched i n  Fig- 

It occupies most o f  the region previously designated the 

Sane observations in the  d i s tan t  par t s  of the dawn side 

cannot be plausibly a t t r i b u t e d t o  t h i s  body. We speculate, i n  

view of the  dawn-dusk asymmetries observed by others, t ha t  these 

fluxes are produced by a different (unknown) mechanism which i s  

more effect ive on the ckm s i d e  than m t.he dusk side. 
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Measurements of the anisotropy, which i s  character is t ic  of 

t he  outer regions of the  central body of par t ic les ,  a r e  mostly i n  

qual i ta t ive agreement with the  predictions made by Roederer [l967] 

from consideration of the longitudinal d r i f t  of' par t ic les  in a 

s t a t i c  model f ie ld .  Two exceptions were seen i n  which the pi tch 

angle dis t r ibut ion appeared t o  change w i t h  time and/or posit ion 

during the  pass. 

Anisotropic fluxes were seen a t  distances of up t o  about 

If the  anisotropy resu l t s  from the mechanism 16 RE from the  earth. 

described by Roederer, then the pa r t i c l e s  i n  those dis tant  regions 

must, contrary t o  common belief,  be able t o  d r i f t  i n  longitude 

cmple te ly  around the earth. Alternatively, these anisotropic 

fluxes, especially those near the neutral  sheet, could be construed 

as evidence for  the acceleration of par t ic les  fram the t a i l  by 

f i e l d  l i n e s  contracting toward the earth from the  t a i l ,  i.e.,  evi- 

dence for the  importance of non-static magnetic f ie lds .  
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FIGURE CAPTIONS 

Figure 1 Relevant portions of  the first 17 orb i t s  of Ekplorer 
33 i n  two projections i n  geocentric solar  ec l ip t i c  
coordinates. 
with the encircled number a t  the beginning of each 
pass. The diamond symbols appear a lso on the time 
prof i les  i n  Figure 3 .  

The orb i t s  a r e  numbered chronologically, 

Figure 2 The angular acceptance of the collimators and the  
sectoring scheme. 
(a)  
(b) 
The acceptance quoted here is  defined by the angle 
f rcan  the  axis of t h e  collimator a t  which the counting 
efficiency i s  10% o f  i ts  maximum value. 

In a plane through the  spin axiz,. 
In the  plane perpendicular t o  the spin axis. 

Figure 3 The time prof i les  GA, GB, and GC i n  counts per second 
a r e  shown as functions of universal time (day : hour). 
January 1 i s  day 0. Geomagnetic la t i tude ,  b, i n  
degrees i s  shown every three hours. The diamond symbols 
enable the f l u x e s t o  be located i n  Figure 1. 
hour sum of the K indices f o r  the  period of each p lo t  

The 24- 

is marked in the  B op r ight  hand corner. 

Figure 4 Orbit 12 in geamagnetic coordinates, ignoring longitude. 
The flux boundaries f'rom orb i t s  13, 14, and 15 are 
shown. 

Figure 5 Canparison of the  approximate direction of maximum 
flux, 01, with the  direct ion of the  magnetic f i e ld ,  
both measured i n  the plane perpendicular t o  the  
s a t e l l i t e ' s  spin axis. 
a! and the  f i e l d  direction were calculated fo r  every 
tenth sequence, except during orb i t  5 when they were 
calculated for every f i f ' t ie th  sequence. 

= 85" * tan-1 (GA/GB). 

Figure 6 The same a s  Figure 5 fo r  the two cases in which the 
relationship between a and the f i e l d  direction changed 
during the pass. 
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Figure 7 

Figure 8 

I -  

Figure 9 

Figure 10 

Figure 11 

Figure 12 

Figure 13 

Figure 14 

Figure 15 

Figure 16 

Showing the  abrupt changes in the  r a t e  of increase of 
f i e l d  magnitude. The arrows mark sequences that f a l l  
between the first two joined points i n  Figure 6. 

Oscil lations and "detached spikes" near the sunward 
boundary on orb i t  9. Solar magnetospheric X, Y, and 
Z axes a re  in the  directions: @ = 0, @ = 90, and 
8 = +go, respectively. 

Oscillations and "detached spikes" near the  sunward 
boundary on orb i t  2. 

The sunward boundary on orb i t  12. 

Projection of portions of o rb i t  9 and 16 onto the so la r  
ec l ip t i c  X-Z plane. 
section of the geanagnetic equatorial  plane w i t h  the  
X-Z plane a t  the  times corresponding t o  the crosses 
marked on the  orbits,  and the posit ions of presumed 
neutral sheets para l le l  t o  the  X axis  and passing 
through the crosses. 

The dashed l i nes  show the in te r -  

The neutral  sheet crossing on o rb i t  16. 

The "expanded neutral  sheet" crossing on orb i t  9. 

Suggested location of o rb i t s  i n  magnetic frame of 
reference. 

The same a s  Figure 5 for  the four regions encountered 
on orb i t  9. 

A rough sketch ,of the shape of the cent ra l  body of 
trapped pa r t i c l e s  inferred from the  present measure- 
ments showing, quali tatively,  t he  change of meridional 
cross section w i t h  longitude. For simplicity, the 
geomagnetic equatorial plane i s  made t o  coincide w i t h  
the  ec l ip t i c  plane. 
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