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Electron Observations between the Inner Edge of the Plasma Sheet 
and the Plasmasphere 
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OhsP.rvationa of electron intensities over the energy range -100 ev lo 50 Jrnv are presented 
for L values between 3 and 10 R. (earth radii) near local midnight at low magnetic latitudea. 
These measurements were obtained over the period June 11 through July 23, 1966, with an 
array oI electrosl:atio an&lyzi;rs home on the llarth satellire Ogo 3. The earthward edge of the 
plllllma sheet ill chuacteri1ed by severe decreases in electron energy denirities with decreasing 
geocentric radial distance. These decreues have a distinct structure with fhu:e11 of higher en­
enzy electrons decreasing further from the earth for the electron energy range -700 ev to 
20 kev, A trough of .-100.ev electrons with number densities of -Hem)_. ill observed to fill 
the region between the earthward edge or the plasma sheet and the plMmesphere. The den­
sities of e.l.ectron. wjlh energiee gru.l.er than '100 ev are often Iese ~hi.I\ 0.1 (om)4 in this 
region. The obs ·rv d a pamtlon bctwe.en the inner edge of the plasma sheet ttnd the pl11.mnll­
pau.se was .-1 to 3 Ra in.June and ....,3 to 5 Ra in July, Analysis of 81lbse<tuent observatious 
l:lhould determine whether this is a. latitude or local time effect. The plasmapawie is usually 
observed to be loruited at the minimum of the energy density profile for eleetron.e with ener· 
gies above 700 ev, At electron ene'lliieti of -200 ev a plumapause structure compming a 
sharp radWly outward 'boundary and a broader iµ.ward boundary lli observed. The observed 
lifetimes of -10 days (or lower energy eleetl't)n (E ,._, 1 kev) inte11$ities io the plaamasphere 
~hat' were enhanced during a moderate geomagnetic storm arc llimilar to previously reported 
lifetimes for more energetic ~lectron (E ~ 500 kev) int,msiti~s in thP. a11me region. Kilovolt 
electron intensitiea between the plumasphere and the earthward erlge of the plaBma sheet 
decreased more rapidly and foU to typir.aJly quiescent values within the Mtellite's orbital 
period of 48 houni. SimultlllleoUB observations of the angular di!tributions of electron intemi­
ties at two pitch anldes in the pluma. sheet revealed th11.t the$e ang1.1lar distributions ap­
proached isotropy for the several plasma sheet cro11Binp that were examined. Differential 
energy spectrum& of electron intensitiE'B for the pl8lDna sheet, tho earthward edge, the elec· 
tron 'trough,' and the plasmasphero are alllo presentixt. 

The plasma sheet is by its location and rutture 
central to the problem of the origins of the 
auroras and the extraterrestrial ~ing currents. 
Although the plosmA sheet wna first observed 
about ten years ago, until recently difficulties 
wit.h the development of suitable instrumenta­
tion for the meuurements of low-energy 
charged particle intensities within the magneto-­
sphere have hindered the acquisition of accu­
rate and comprehensive measurements con­
cerning the nature of the plasma sheet and its 
environs [Gringauz, 1969; Frank, l967a, b]. 
VasyliU1las [1968] observed that, the plasma 
sheet WM characterized by a 'well-defined sharp 
inner-boundary.' Between 1700 and 2100 geo­
centric local time, this inner boundary was 
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repbrted as being located at 11 (±1) R 11 

(earth radii) during geomagnetically quiescent. 
periods. Typically, t.he electron energy density 
decreased exponentially inward at this earth­
ward boundary with a. seJlle length of about 
0.4 R •. During magnetic storms of the bay 
type, this boundary moved earthward to geo .. 
centric radial dirlances .-6 to 8 R.. Frank 
[196'7d, 1968) observed that the earthward edge 
of the. plasma sheet was loeated at increasing 
geocentric radial distances for higher electron 
energies between 1 and 10 kev. The near~arth 
decrease for fluxes of 2-kev electrons was about 
half an earth radius closer to the earth than 
the corresponding decrease for fluxes of 5-kev 
electrons. Our present purpose is to examine 
in greater detail Lhe distributions of low-energy 
electrons in the region extending through the 
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enrthward boundary of the plasma sheet into 
the plasmasphere at low magnetic latitudes near 
local midnight. 

1 NHTHU M ENTATJON 

Ogo 3 wall launched 011 June 7, l 966, into !\ 

highly eccentric orbit witlt initial apogee and 
perigee geocentric radial distances ol 20.1 R11 

and 1.1 R,, rt'Spectively, orbital inclination 30°, 
prriod 48.6 hours, and geocentric local time· of 
the apogee pnsition -2200. The spacecraft 
attitude system provided a predetermined, 
monitored spacecraft orientation. However, this 
attitude control system suffered an electrical 
failure on July 23, 1966. All observations 
reported here were acquired before this failure. 
Figure l il!ustmtes geomagnetic dipole latitude 
and geocentric 10l'al time as funetions of geo. 
centric radial distance for several representative 
passea. The angular range of the antisofo.r 

direction in geomagnetic latitude is also iodi­
cntcd. The Jocal time range for these inbound 
passes from 10 to 5 R11 was 2120 to 0120. 

The University of Iowa inslrllmentation 
utilizes four continuous-channel electron multi­
pliers as particle· detectors and four cylindrical­
plate electrostatic analyi:ers· for E/Q analyses 
of the energy spectrums. These analyzt>rs were 
paired 1-0 measure, simultaneously and sepa­
r!ltely, the differential energy spectrums of 
proton and electron intensitit'S over an energy 
range extending from -100 ev to 50 kev. These 
two pairs of 'low energy proton and electron 
diff€rential energy analyzers' were designated as 
Lepedea A and B and bad orthogonal fields of 
view, The fields of view for Lepedea A were 
directed earthward, and those for Lepedea B 
were directed perpendicular to tbe fields of 
view of Lepedea A in the sat~llite-earth-sun 
plane. (See Frank [1967a] and the references 

Fig. L Dipole magnetic latitude (solid circles) and geocentric local time (open circles) as 
functions of geocentric radial distance in unite of earth radii for severaJ repr~ntative in­
bound p8SllE'B. The local timet! shift westward at the rate or -1· per day, Although the 1.!paee­
craft is at low dipole latitudl;'S, with A• ~ 25• within 15 R,,, the orbit cannot be described 11;1 

near-equatorial beyond 8 R1. An antisolar neutral sheet hinged lo the dipole equatorial plane 
at 10 Ra would be within the indicated sect-0111. 
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therein .for further details concerning the instru­
rnenbtion .) 

The enerc;y bnndpassl.'s ('chnnnels' ) for the 
two eleclron analyzers 11re summariz<'d in Table 
1. The annlyzcr plate voltages were stepped once 
every 19 sec, and the number of telemetered 
Sl\IDplcs of intensities at each step, or bandpass, 
waa dep<>ndent upon the space<iraft lelemetry 
rate. A complete spectrum was -acquired in 
approximately 5 min, The telemetered responus 
were corrected for background responses due 
to scattered e1Pctrons of higher energy whenever 
these background responses represented more 
than 10% of the detector count rate. Data are 
not presented for nny period when the back· 
ground responses are more than two-thirds of 
the detector count rate. Vertical arrowa (Figure 
2) are employed to designate observationa for 
which the background rE"Sponses were more than 
hair of the telemetered detector count rate. Sub­
~quent design improvements for later Lepedea 
syst~ms derived from experience with this first 
analyzer array flow on Ogo 3 have greatly 
lessened these correctious for background re­
spotl$e8 attributable to solar ultraviolet and 
high-energy electrons on later !!pacecrert. 

OuttER\'ATION!! 

The next two following sections are direeted 
toward detailed analysis of measurements of 
low-energy electron intensities for two obser­
vational periods, June 23 and July 17-21, 1966. 
These mt-asurements display many of the fea· 

TABLE l. Energy Bandpaaeee for Ogo 3 ~ 
Electron Channell! A a.nd B 

Electron 
Channel 

3 .. 
IS 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 

Energy Bandpuaee 

A 

90-160 ev 
100-3.'30 ev 
310-54-0 ev 
410-720 ev 
M0-1100 ev 

0 . 99-1. 7 kev 
1.&-2 .7 kev 
2 .6-4 .6 kev 
3 .8-6 .8 kev 
6.S-12 kev 

l0-18 kev 
14-24 kcv 
Z7-47 kcv 

B 

80-140w 
17o-300 ev 
280-500ev 
~ev 
61~1100 ev 

0 .94-1 ,7 kev 
t .5-2 .7 kev 
2 .8-5 .0 kev 
"-1-7 .2 kev 
5,S-10 kev 
9.lH7 kev 

1._24 kev 
26-46 kev 

10~ 

IO~ 
• • 
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Fig. 2. Directional, differential inteniritiea of 
electrof!4 measured with Lepedea .t{ as funetione 
of time (UT} and magnetic shell p!lrameter L 
during the inbound pass on June 23, 1006. Each 
curve ill labelled with an energy bandpass num­
ber ('channel') and the corre11ponding energy 
rangea are tabulated in Table 1. The plo.emapall8e 
is located at L = li.8, the electron 'trough' is at 
5.8 ~ L ~ 6.5, and the earthward edge of the 
pla1nna. sh~t is at 5.8 ~ L ~ 7.1. The simul· 
taneoua mipoll!'eS of & 213 OM lub& to electron 
(E > 40 kev) intenlitiu are included at the 
bottom of the figure . The familiar night.side 'trap~ 
ping boundary' is evident in the sha.rp deereaae of 
intensitfo11 at L ~ 7JJ. 

tures that are typical for low-energy electrons 
in the plasma sheet and its environs near local 
midnight during periods of ttlative magnetie 
quiescence. In subsequent sections observation.q 
for all available inbound passei tor the period 
June through July are: evaluated in terms of 
these exemplary pnsses. 

June ts, 1968. The inbound segments of the 
spacecraft trajectory were positioned within one 
hour of local midnight at low mngnetic latitudes 
as L decreased from 8 l-0 4 R •. Figure 2 sum­
rnarizea observations of the' ditTercntial eloot ron 
intensitieg as Ogo 3 paS!led through the inner 
edge of the plasma sheet and into the plasma­
sphere on .June 23, 1966. Initially the fluxes of 
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cle<:trons with energies above 10 kcv (channels 
12 1md above) decreased with decreasing L 
value, while the fluxes of kllovolt electrons 
remained constant. Within I\ geocentric radial 
distance of 0.5 R., the fluxes of kilovolt elec­
trons nlso bt>gan to decrease, and the peak 
fluxes shift('d from channel 8 (990--1700 ev) 
to channel 7 (640-1100 ev). The decrease of 
elect mn ( ,_, 10 kev) intensities with decreasing 
L vol11ea is evident over the L value range 1.1 
to 6.1 (-1 R,). This decrease of the higbu 
energy electron intensities ·is coincident with an 
initial increase and subsequent decrease of 
1-kev electron intensities (channel 7}, At the 
near-earth termination of 10-kev electron inten­
sities at L ~ 6.1, there is a dramatic increase 
of lower energy (E ~ 700 ev) electron intensi­
ties (see channel 4, 190-330 ev; channel 51 

31~ ev). The width ol this maximum or 
lower energy electron intensities is .... o.5 R., and 
maximum intensities are closely positioned at 
the plllSJllapause. Inside the plasmasphere the 
differential intensities of electrons over the 
energy range l 00 ev to 50 kev increased 
smoothly a.a the geocentric radial distance de­
creased . Tht> simultaneous responses of a. thin­
windowed GM tube to electron (E > 40 kev) 

4 

-100"'''''°""' 

inteJ1Bities Etre displayed at the bottom of Fig­
un: 2. It is difficult to infer any of the charac­
teristics of the lower energy electron intensities 
witl1 this familiar measurement of integral 
higher energy el~otron intensities, This rela· 
tionsbip between the two measurements bas 
been discussed previoU!!ly by Frank [1967a, d]. 

The electron energy and number densities !or 
the series of observations shown in Figure 2 are 
summarized as functions of magnetic shell pa­
rameter L in Figure 3. Two number and energy 
densities have beftl computed, corresponding to 
two energy rangee, 90 ev to 50 kev and 700 ev 
to 50 kev, to clarify the role of the lower energy 
electro.na. For electron energies of 700 ev to 60 
kev, the electron energy denaity decreased by a 
faotor of 20 aoroas the earthward edge of the 
plasma sheet, The corresponding decre~ in 
electron number density was by approximately 
an order of :rnqnitude. Although the electron 
intensities between 90 and 700 ev contributed 
negligibly to the energy density, these intensities 
were sufficiently large to maintain an essentially 
constant number density (90 ev to 50 kev) out­
side the plasmasphere. The region located be­
tween the earthward edge of the plasma sheet 
and the pla.srnapause at 5.8 ~ L ~ 6.5 and 

.............. 90#1 hllOlooVt-------------'j 
e ET11£t11"""5V 

lrlv. 

Fig. 3. Energy and number densities oC eleotrona for two energy ranges 90 ev .$ E .$ 50 
kev (opoQ a.ire) ) lltld 700 ev ~ E .$ 50 lc:ev (solid eirclce) u functiom of time (UT) lllld 
shall pnrnmeter L corresponding to the seriee of obaervaliot1.1 ahown in Fi(IUro 2. Acroea lhe 
ear1hward ed~ of Ute p!D.lfma sheet the electron energy densitiee decreoaed expotumtiaU:r by 
ltO order of mngnilude over S.8 ~ L .$ 7.1 with a 11CaJe length or 0.3 R •. A eonsla:nt number 
denaity of electrons with en rgiea abov 90 ev wu ma.int.ained throughout the electron trough 
by lhe &ppearance or large intonsit1e1 of lower energy electrons. 
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characterized by relatively large lower energy 
(E ~ 700 ev) electron intensities will be pres­
ently referred to as the 'electron trough.' As 
such this region is definitely a part of (but not 
neces.iarily iden1ical with) Carpenter's [1966] 
'plll.sma trough.' At the plasmapause both the 
number and energy densities of electrons (90 
ev to 50 kev) were observed to increase 
abruptly (see Figure 3). . 

Sample differential energy spectrums of elec~ 
tron intensities for the observations presented 
in Figures 2 and 3 are shown in Figure 4. 
Within the plasma ~ht-et these electron spec­
tnuns are relatively fiat between 1 and 6 kev 
and decrease in intellSities rapidly with increas­
ing ilDergies above 6 kev. If the directional 
differential intensities as functions of electron 
energy aft'! approximated with the power law 
E"", th~n n ~ 0.5 between 1 and 6 kev and '::::!.2.7 
between 6 and 20 kev. Across the earthward 
edge of the plasma sheet the higher energy 
iluxes decrease initially {spectrum 2a), and 
then the kev eledron intensities decrease with 

the appeRrance of forger 100-ev electron inten­
sitiE's (sJ)(>Ctrum 2b), as the spacecraft moves to 
smRller geocentric radial distance. Within the 
plnsmasphere, the energy spectruma are rela-
1ively smooth (i.e., intensities increase mono­
tonically with decreasing electron enE'rgy), with 
n ~ 1.5 for the energy range 300 ev to 50 kev, 
and n ~ 3.5 for the differential spectrum for 
E < 300 ev. The lo~ations, energy fluxes, and 
electron integral intensities for these spectrums 
are summnrized in Table 2. 

The radial gradients of lower energy electron 
intensities nt the plasmapause on June 23 are 
indicated in the detailed presentation of detector 
responses of Figure 5. The time scale (abscissa) 
is referenced to time 0 sec at the beginning of 
channel 3 for Lepedea A. Each energy channel 
(numbered in Figure 5) is 19 seo in duration. 
The ordinate is det:eetor response in count• 
(accumulation interval = 142 meeo)-1

• The 
dotted circle indicates accumulation period! 
during which the plate voltages of the electro­
static analyzers were stepped. Four sets of 
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Fig. 4. Difi'erential energy spedruma of electron intelll!ities for the observations shown in 
Figure 2. The shading indicatee that all spectruma acqui~ in a given region u noted in the 
6gure lie belw n lh minimum and maximum spectrnJ intcllliti . lnillailY. the hi1ther en­
ergy intell.l!ities decreased between 1pectru:ms lb and 2a, followed by a. decreoae in lhe lcev 
intensities betw en speotru!Illl 2o aod 2b. Spectrum 2b illuat.ra.t.es the low-energy portion of 
the electron peclrum.e in the electron trough . The plrurmapauae diflerontin.1 ioteJlflitiea 8a 
quickly decrea&e lo intensities similar to those for a typical plaama.ephere spectrum 3b, The 
vertical arrows denote upper limit11 for differential intensitiee, 
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TABLE 2. F.leclron Energy Fluxes and lntegTal 
Directional Intensities 

Spectrum 

la 
lb 
2a 
2b 
3a 
3b 

L, 
earth 
radii 

8.2 
7,1 
6.4 
6 .0 
5 .8 
5.6 

"'•' erg11 
(cmJ !!BC BT)- 1 

5.0 
7.n 
l . 
0 .66 

.62-0 .G4 
0.4!> 

J .. 
(om• eea sr)-1 

6.3 x10• 
R .5 X to• 
4 .5 x 10• 
l.!l x 101 

4 .-6 . x 10• 
2 .4 x 10• 

Dl\t.a from Ogo 3, inbound, on July 23, 1006. 
90 ev ~ E ~ 50 kev, 

responses tQ lower energy electrons at the 
plaBIDapaUBe (see Figure 2) for each Lepedea A 
and Bare shown in Figure 5: average respomes 
at 0617 UT, all responses at 0622 UT and 1he 
average responses at 0627 UT (left side of 
Figure 5), and all responses at 0627 UT and 
the average responses at 0632 UT (right side) . 
Comparison of the relative heights o( the 
shaded. areas that indicate dUfereneee in re­
sponses between these consecutive spectral meas­
urements on the left (outward edge of the 
plasmapause) with those on the right (earth­
ward, or inner, edge of t.he plasmapause) and 
reference to Figure 2 demonstrate that the in­
creases of low-energy electron intensities at the 

outer ~dgr. of the pla11mapause are more rapid 
than the suhRequent decreases at the e.arth­
ivard edge. The J>OSition in time of the plaBma­
pause is indicated in Figure 5 by the vertical 
dotted line at + 18 sec (0622 UT spectrum). 
Morn specifically; the width of the outer edge 
is about 15 km (based upon a factor of 3 in­
crease in count rate for channel 4A, in less than 
5 sec at 0622;18 UT), 8Sluming the plasma~ 

pause velocity is much less than the space­
craft111 radial vrlocity o{ -4 km (eect1. Fifteen 
kilometeT!I is the cyelotron radius for a 200-ev 
proton in the equatorial dipole field at 5.8 R • . 
The inner ed~e has a thickness of between 200 
km (based on t.he decline of channel 5A re­
sponses for the 0622 UT spectral measurement 
shown in Figure 5) and 1200 km (based upon 
the decline of channel 5A responses by the 
following 0627 UT spectral measurement). Even 
i! the plasmapause were moving with a. eoust..nt 
velocity, the ratio of the thickness Qf the inner 
and outer edges should be invariant. Thia ratio 
is between 20 and 120, which brackets the ratio 
of the cyclotron radii for protons and electrons 
with equal energies. 

Jul.y 17-tl. A second series or observations 
of low-energy electron intensities within the 
plasma sheet, electron trough and plaBmasphere 
nre summarized in Figure 6. The average elec-

OGO·) 23.lH , MIS 
INOQHl 

1Q2 

! 
~ 
:;:: 

~ 4 

l 

~ 
~ COUIT 'larD 

··- · Ol-11'\AVCIUiGf t 

:..:...-u 1 

- OI U , M,,_ I 
--ct,,, .... ~-

... ,.~ I oen 06,, L•Utlr 
I() -4() · 20 0 20 40 60 80 '"'° -20 0 20 40 &O 

T11.1£,SECO~ 

Fig. 5. Superposition of detailed, responses or Lepede11 A (lower half) and B (upper half) 
to lower energy electron intensities at the pl11smapause cT'OlllliDg at L = 5.8 and 0622 UT 
(see Figure 2). The enl'rgy ranges corresponding to the numbe~ energy channela 3 through 
8 are givf'n in Table 1. The &badcl areae n.>present the dilJereneea between the observed sud 
the average count rates for the previous speetral me8Jlurement. 
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tron energy, energy density, and number den­
sity for the two energy ranges 750 ev to 50 
kev nnd 90 <>v to 50 kev are plotted as fll'lctions 
of magnt'tlc shell parameter L for one iu:gment 
each for the two inbound passes on July 21 (left 
side) and July 19 (right side). On July 21 at 
1300 UT at L ~ 7, substorm-related phenom· 
ena. not discussed in the present paper were 
observed. However, at L ~ 8 R., t.hc July 19 
observa1 ions closely resemble the presubstorm 
measurements and nre included in Figure 6 to 
provide the basie features of observ11.tions show­
ing a different character relative to thoe of the 
previo\1sly discussed June 23 pasa. Unlike the 
June 23 pass, the earthward edge of the plasma 
sheet ia located S('Veral earth radii beyond the 
plasmapause, and the electron trough first ap­
pears at L ::::::: 9.5 R •. The electron trough is 
easily identified by the sudden decrease in the 
average energy from ,..,2-5 kev to .-500-800 ev 
(rapid decrease in electron energy density and 
relatively small change in n~ber density with 

10 

OGO ·J 

UJIBOUND 

do.,.~ 

decreasing L value), For electrons (90 ev ~ E 
:::; 50 kev) the electron 1rough merges smoothly 
in1o 1!JP plasmasphere at L = 5.85. 

Representative electron spectrums are dis­
plnyed in Figure 7 for four regions within the 
mognetosphere near the magnetic equator and 
local midnight: plasma sheet, earthward edge 
of I he plasma shB<!t, electron trough, and 
plasrnasphere. These observations were obtained 
during the period July 17-19, 1966. The electron 
spectrum for the earthward edge of the plasma 
sheet feature$ charncteri.stfos of both the plasma 
sheet spectrum and the electron trough spec­
tmm. Although the trough spectrum reeemblea 
the plasmasphere spectrum, there appear to be 
significant differences. Below 300 ev the elec­
tron-trough spectrum (n ~ 2) is harder than 
the plasmasphere spectrum (n :::::! 3). Further­
more, the electron-trough spectrum should peak 
in intensities near .-100 ev, while the plasma­
spbere spectrum should be characterized by a 
maximum in intensities below 30 ev if the total 

7ij0 IVS ES !O hV 
-- tOl\ltE s 50 _ _, 

0 ... 9.ll 9.» u a.a u 
l. it, 

6.9 IA &J IU !.~ &.2 

UJO 40 50 !2~ 10 20 lllO 20 llC> 40 ~ i<IOO lO 

JUL'f 21. ~ TIM!, M!HU'TES JOLY 19, 1966 

Fig. 6. Average electron (90 ev :S E :S 50 kev) eneflO' and energy densities and number 
densities H funetlollll of time (UT) Gd L Cor two inbound p!WX's oc July 19 and July 21, 
1966. The energy densities for electrons (90 ev 5 E :S 50 kev) and (750 ev :S E ~ 60 kev) 
are denoted by open and eolid circles, respectively. The electron trough oC ...i..100-ev electron 
inte1111itie.a ie easily dillcemihle between the inner edge of tbe plMma sheet 11nd pl11smapauae 
(see text). Unlike the June 23 observation, there is a sm()(ltb transition into the plasma­
sphere that may be s880ciated with large intensities of higher energy electrons that were en­
hanced since the geomagnetic Btonn on July 9. 
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Fig. 7. Sample directional, differential l!pectrume of eleclton inteusitiea for the plasma 
11beet, the eatthw1ud edge of the plll.lltnll heet, the electron trough, and the plumasphere for 
inbound pa on July 17 and JO. 

electron densitiei of -1 (cm)"' and -100 
(cm) .. , respectively, observed by Carpenter 
[1966], are invoked. During this series of meaa­
urements the intensities within the electron 
trough increased steadily with decreasing L 
value to the position or the plasmapause where 
ncmnally an abrupt increase in the electron (90 
ev ~ E ~ 50 kev) number density is observed. 
This effect may be related to the presence of 
relatively large intensities o! higher energy elec­
trons in the outer radiation tone during the 
poat~nn period, foilowing the July 9 ceomai~ 
netic storm, 

Plannapau8e identification. The results of a 
comparison of plasmapause Iocationa utilising 
simultaneous ion and electron observations Ill'& 

summarised in Table 3. The proton plasrnapauae 
observations are derived from mea.surem6Jlta of 
e.mbient thennal ions between 1 and 45 atomic 
mass unita, with a radio-frequency ion spectrom­
eter oc Ogo 3 [ Tllylor et al.., 1968]. The elec~ 
tron iden ification or the plasmapau ·e position 
is most easily effected by identifying the JocaJ­
ized enhancem nl or lower energy (-200 ev) 
electron intensities with those of the Lepedea'e 
( ehannela 4). Electron and proton observations 

are typically within the 5~min temporal reso· 
lution of the Lepedea instrumentation. 

Structure and l.ocation of the earthward edge 
of the pltuma sheet. An abbreviated aummary 
of the low-energy electron distributions ob­
served !or 22 consecutive inbound passes dur­
ing the period June 11 through July 23, 1966, is 
attempt~ in Figures 8 and 9. Electron {90 
ev ~ E 5 50 kev} energy deruiities u functions 
of L valuea· from 3 to 10 R. for each pass and 
positions of the plasmapause as identified from 
ion measurement&, or electron meaaurementa, or 
if the two observations of plumapause position 
are coincident are included in Figure 9. The 
legend for the energy den&tiee ia given in Fig· 
ure 8, with the designations for large flux de­
creases. Unless otherwiBe noted, these hori~ 
zont,af bar& indicating rapid intensity decreases 
are- for electron (990 S B S 1700 ev) intensities 
(lower bar). and for electron (2.6 ~ E ~ 4.6 
kev) intensities (upper bar). These energy 
ranges correspond to channels 8 and 10, respec­
tively (ref' er to Table 1). Intervals for which no 
reliable telemetry is available are indicated as 
dashed lines in Figure 9. D,, (H) as a function 
of time has been included at the left side of 
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TABLE 3. Compariaon of Plaam&paW!c Loeation11 

Protonll• Electrons 
(Jon Detector} (Lepedea.) Differenoo 

Time, L, Time, L, 6T, t.L, 
Date UT R• UT R• minutes Rll 

June 11 0220 7 .Oi --0220 7 .0 0 0 
June 15 040$ 5.70 data gap 
June 17 0444 5.76 ......(}U7 5 .6 -3 0.15 
June rn 041).t 6.70 ......0500 6 .4 -6 0 .3 
June 21 0554 5.7 
June 23 0820 5.91 0622 5 .9 2 0 
June 25 0746 3.73 0748 3 .6 2 0 
Jun&27 0724 5 .91 0727 5.9 3 0 
June 29 0749 6.19 ,....()753 6.0 -..4 0 .2 
July 1 0901 4.76 ,....()902 4 .7 -1 0 
July 3 08(5 6.44 ,....()SM 6.2 -9 0.25 
July 5 0954 5.24 .....-0953 5.2 -1 0 
July 7 unident.ifiablet 
July 9 1156 3.31 unidentifiable 
July 11 1155 4.62 tmiden.tiftable 
July 13 1139 6.20 unidentifiable 
July 15 .-1245 s.a 
July 17 1310 5.63 -1a10 5.6 0 0 
July 19 1344 5.64 ,....1344 5.6 0 0 
July 21 H32 ~.18 misain& frame 
July 23 1446 5.78 unidenti61lble 

Dal.a from Ogo 3, inbound. 
• H. A. Te.ylor, pereonal communication, March 1969. 
t lntell!O Jluxes above 700 cv lollowmg a geomagnetic storm precluded & d•ive observation. 

Figure 9, where the periods correspondiag to 
two moderate main-phase stonna have been 
shaded. Since them is a large amount of in­
formation included in Figure 9 which also ma.ke.s 
this figure somewhat difficult to cursorily ex­
amine, the following major features of the ob­
served .electron distributions are summarized 
here. 

1. The two horizontal bars, upper and lower, 
designating the earthward edge of t.he pla.sma 
sheet, show the tendency for lower energy 
electron inten.'litiea (lower bar) to d 1"e4 closer 
to the earth relative to higher energy electron 
intensities (upper bar) during periods of rel.a· 
tive magnetic quietseenoo. This structure has 
been shown in the detailed example of Figure 2. 

2. The trough of lower energy electron in­
tensities is invariably located in the region of 
Jow~nergy density between the inner edge of 
the plasma sheet and the plasmapause. 

3. The inward displacement of the plasma­
pause during main-phase geomagnetic stonns 
is clearly evident. 

4. The location of the earthward edge of 
the pla.sma sheet relative to the plasmapause 
is conaiderably different in July, relative to the 
location in June for magoetically quiet days. 
I:rr June the separatian between th6 plamnapause 
and the earthward edge' of the plasma sheet i8 
-11> R,. In July this separation increases to 
-3-0 R6, u the earthward edge of the plrunna 
sheet withdraws to .-8.5 R •. This difference 
might be due to a latitude depend nee resulting 
from the distortion of the distant geomagnetic 
field or a local tilne effect as the satellite tra­
jectory moves into late evening. Analysis of 
further Ogo 3 observa.tions should clarify this 
point. 

5. During the moderate geomagnetic storm 
on June 25 the plasma sheet wa.s first en­
countered at L ~ 9.3 at .\ ~ 20° . The plasma 
sheet electrons penetrated to • R. with a peak 
energy density of ,_,3 X l~ ergs (em)..., and 
number density -10-30 (emf' for the energy 
range 90 ev to SO kev . The larger magnetic 
stonn of July 9 is clearly evident by both the 
loeation nnd magnitudes of the electron energy 
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dens ities in Figme 9. This stonn has bc1>n pre· 
vio11sly analyzed in detail by Frank [1967r]. 
On July 9 the total electron energy within the 
L shell range l ~ L ~ 8 was ,..,,,.5 X 10"' ergs, 
about a fourth of the proton t-0tal energy of 
21 X 10" ergs. These proton and electron 
energy rcscr~oirs were shown to be possible 
explanation~ of the ob5erved decrease of -70 
-y (1 y = 10-; gtmss) 11l the ea.rth'ti surface. 
Unlike the protons that have cha.rge-exchange 
lifotim<>s of about one day Rt L = 4 [Swisher 
and Fra11k, 1968], the electron energy densities 
decay in an approximat~ly exponential manner 
with a lifetime of ....., 10 days (see Figure 4 for 
the pt>riod July 9-23 at L ~ 4). Thi$ obirerved 
lifetime for low-energy electrons (1 ~ E ~ ~O 
kev) is similar to that previoualy reported by 
Robert8 [1969J for high-energy eleetrons (E ~ 
500 kev) in the same region. Outside the plas­
mapnuse the enhanced electron energy den$lties 
were relatively quickly dissipated within a 
period of 2 days after the onset of the geomag­
netic storm. These lifetimes are similar to those 
reported by Craven [1966] for electron (E ~ 
40 kev) intensities on these L shells at low 
altitudes. · 

6, During a substorm observed to begin at 
]300 UT on July Zl at College, Alaska, and 
which had just p!l.S.5ed through the premidnight 
sector, the inner edge of the plasma sheet was 
encountered at L :::: 9.7. One hour later the 
electron energy density incrased rapidly by a 
factor of 4 near L = 6. If this was indeed a 
second encounter with the inner edge o{ the 
plasma sheet, its average inward radial velocity 
must have exceeded 5.5 Jon sec-1 during that 
hour. An electric field of -0.6 mvolt m·1 

would drift plasma at t.his velocity in a 100-y 
magnetic field. Further analysis of the Bimul­
tam~ous observations of low-energy proton in­
tensiti~ will be n~essary to interpret this 
substorm behavior. 

D1scuss10N 

Strw:turt of the earthward edge of the pla811Ul 
aheet. There are two tY.pes of theoretical ex­
planations for the existence of the inner edge 
of the pla.sma sheet. Both are based upon a 
magnetOllpheric convective flow, as identified 
by Arford and Hines [1961], which carries 
charged particles toward the earth on the night 
side . Thrse two groups of explanatiollB aro dif· 

ferentiated according to whether loss by at­
mospheric precipitation or Joss by gradient drift 
is considered more es&>ntial to the formation 
of the earthwa.rd edge of the plasma sheet. 

L-0ss by atmospheric precipitation wae first 
investigated by Pet:Jehek and Kennel [1966], 
who proposed in an abstract that strong-dilfu· 
sion precipitation would create a. boundary for 
plasma sheet electrons at the location where the 
flow time and the minimum lifetime become 
comparable. An analysis of flow-precipitation 
coupling by Kennel [1969) indicated that in 
the midnight meridional plane the radial flow 
time and the electron precipitation time are 
comparable for auroral lines of force, and that 
higher energy particles should precipitate out 
at slightly greater radial distances. V aayliunas 
[1966] speculated that resonant interaetions 
with VLF waves would enhance electron pre­
cipitation. The resulting charge imbala.nce 
would induce a steady state electric field along 
the magnetic field lines, which would in turn 
draw up thermal ionospheric electrons to main­
tain charge neutrality. Such a. mechanism would 
not necessarily affect the proton distribution$ 
and would be consistent with both a constant 
electron density across the earthward edge of 
the plasma sheet and the order of magnitude 
decreases in the 'temperature' of plasma sheet 
electrons at th1e position, 

0 PLASMAPAUSE 

6 ELECTRON IDENTIFICATICN 

b PROTON IOENTIFICA TION 

£LEC~ ENERGY DE~ITIES --f:.''1 

-8 
2•IO ~ u, 

-8 -8 3 
I "10 ~ 1.le • 2 •dO ERGS/CM 

-8 ·B 3 .SxlO ~ Ue c. 1 •10 ERGS/CM 

·8 -8 3 
!!!19 .25 1t 10 s lie • 5 • 10 ERGS/CM 

-a -a 3 
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Fig. 8. Legend for the energy densities and sym­
bols o{ tho following Fig\Jre 9. 
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OG0-3, INBOUND, ELECTRONS· A, 90 eV s E s 48 keV 
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Fig. 9. Summary of electron (90 ev S B ~ 48 kev) energy denaities obseYVed witli Ogo a 
for ~ conseeutive inbound pa.68es as functions or magnetic sheJJ pa.ramete_r L over the ro.ngo 
3 5 L ~ 10 during June 11 through July 23, 1966. The plHmapause positions a.re indicated 
by <lotted cirole 3nd (/) H the observation ls by ion measurement only, by dotted circle 11.nd 
E il by cleetron measurement only, or by dotted circle Jone IC by coincident. ion and elec­
tron meMUttments. D .. <II> for this period i.a' disl)lnyed el the left aide of the figure. Tho 
shaded portion of the D,,(H) profile indicates perioda ror two moderate g omalJl lio storms. 
A eumtnary or the import.ant features of tJtia graph appeara in the t 'Xt. 

Loss by gradient drift was first evaluated by 
Kavonaah et ol. [1968), who proposed that the 
earthward edge of t.he plasma sheet is an Alfven 
layer. In this case the plasma sheet particles 
are convected into the dipolar geomagnetic field 
on the night side of the earth and are sub­
sequently deflected azimuthally by enhanted 
gradient drift. This Alfven mechanism would 
deflect higher energy particlt'S at greater radia.I 
distances and would result in an inward decrease 
in the number density of the convected plasma· 
sheet particles. The charge separation arising 

from the!e motions could result in lield..aligned 
currents that wouJd be carried mainly by elec­
trons with energies -100 ov [&hielll d Gl.1 

1900; Schield, 1968]. The simultaneous deftec· 
tion of convected protons would be moderated 
by the earth's oorot&tiona1 field, which allows 
energetic protons to penetrate more deeply int<t 
the magnetosphere than electrons with similar 
magnetic moments [&hidd, 1961l). 

Los.! by atmospheric precipitation and simul­
taneoll8 1088 by gradient. drift have ~n exam­
ined by V asyliunas, u discussed by K enntl 
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[1969). By coupling strong-diffusion prec-ipita­
tion and gradient-drift modulated convective 
flow, Vasyliunas found that the shnrp nightside 
t.emperat\lfe gradient e:dended from dusk 
through the late morning hou . In summary, 
although both lo pr esses nre probn ly active, 
th~ir relative irnpor ance remains to be evnl­
uated. 

One present observation, which is related to 
the interpretation o{ the earthward ooge of the 
plasma sheet, 1X>ncems the pitch angle distri­
bution of low-energy electron intensities at this 
position. Simultaneous meMUrements of the 
e.ngular distributions of electron intensities at 
two pitch angles made with Lepedea A and B on 
June 11, 1966, are shown in Figure 10. The 
oorreaponding dipol,e pitch angles a for the 
fields of view of Lepedea A and B are ,_.(180°-
650) and .......,35°1 res~tively. By definition pitch 
angle a ia zero if the partiole velocity is parallel 
t-0 the magnetic field vector B. Any symmetric 
infiation of the dipole field sbould increase both 
aA and a 8, thus decreasing the di.fferenoo 
between the sines or their pitch angles. No 
significant dependence of the angular distri-

·~ > .. 
~105 
' u w 

Ul 

OG0·3, INBOUND 
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' 

butions of electron intensities upon radial dis­
tance hi evidenced in the intensity profiled of 
Figure 10. This ~ult W!U! similar io that obtained 
for 6 inbound pa.sses for which such a.n analysis 
was performed. However, it should be noted 
that the detect.or fields of view (8° X 30<>) nre 
larger thnn the local loss cone (half angle of 
several degrees) and Umt the field of view were, 
with good probability, not directed into the Joss 
cone. Hence this observation appears to be 
compatible with either of the above two loas 
mechanisms, since the e.~plana.tion of loss by 
atmospheric precipitation assumes that pitch 
angle sea.tiering is suffioiently strong to maintain 
isotropy over tho lo cone, whereas the hypoth­
esis of lo by gradient drift a.ssumes that pltoh 
angle scat ering is neglible over time scales of a 
drift period. It should be noted, however, that 
there are no 11pooific caloulat.ions presented in the 
literature and known to the authors that demon-
tratt'l that n mechanism or loss by gradient 

drift alone will produce an almost isotropio 
angular distribution such as that reported he.re. 

Compcirison wilh pm.'ioua observatWm. In 
general, earlier observations o{ the cba.rged 

N' 
:ii 
u 

. ....... 
' \ 

\ 

" '• ', ·-' I IOA ..... .. ......... _,,,,._...,.. __ 
I 108 

.!>lh~LTH07h I 

l, I\ 8.95 8.7 8.4 8.1 7.8 7 
103 ~_1_ L.__'--'.__..__..__.._.__.__, 

Ol:OO !O 20 30 40 50 02'00 IO 20 30 
TIME, MINUTES 

Fig. 10. imultancoua observations or the angular distributione of eleclTon intensities at 
two pitch anglea wHh Leped a A and B for I.be inboUDd ptuis o.n June 11, 1966. Dircclfonal, 
differential iot.ensiU aro plou d a1 functions of lime (UT) and L. The corresponding en­
ergy rang for channels 4, 8. 10, nnd 12 are tabulat d in T ble I. The d~pols pitch anglei 
viewed by Lepeden. A and B are centered a ,_ (JS0•- 66•) and -35° 1 respectively, for this 
series of ob~ervations. On July 27 11~ L = 3.6, a croS:J-calibratJoo of the lwo analysers while 
viewlog d ntical pitch aa le11 verified that ther w411 lesa I.ban 11. 3090 dilTereoce in the over· 
all geometric factors of the two analy1 n . 
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particle distrlbutions within the plasma. sheet 
are in fair agreement with those presented here. 
Peak integral electron intensities above 200 ev of 
,._,2 X 109 (cm' sec)-• over approximately a 
hemisphere were measured with Lunik 1. The 
integral electron intensities of ,...,.,10•• (cm• sec)-t 
measured with Ogo 3 exceeded these by ahoul an 
order of magnitude. Fruman (1964) noted that 
the electron fiux would be---10• (cm' sec sr)-1 if 
the observed energy flux were produced by 10-kev 
ele<ltrons. This equivalent energy flux of 16 ergs 
(cm1 see sr)-1 is within a (actor of two of those 
presented here. The Ogo 3 measurements of the 
plasma sheet within 12 R. indicate the average 
electron energy, JS = (U ,/n,)1 ia ,....,3 to 5 kev, 
although the energy of the peak differential 
intensities oecurs at ....... 1 kev. 

The ATS low-energy detector observed par­
ticle fluxes of 3 X tcr to 2 X 10' (cm' sec sr)-1 

at 6.6 R •. Particles observed include electrons 
above 3 kev and all protons [Freeman and 
M~e, 1967]. On June 23, 1968, inbound at 
L = 6.6 Ra at local midnight, Ogo 3 obl!(>rva­
tions indicate that the integral electron intensity 
in the inner edge of the pla&na sheet above 3 
kev was 8.2 X 10' (cm• see srt', a factor of 20 
greater than the integral proton fluit above 
100 ev. Although the efficiencies of the ATS 
low-energy detector for both electrona and 
protons have not been published, Frotllk [1965] 
and Frank et al., [1969] have shown that the 
electron multiplier efficiency for counting 3-kev 
electrons is -20% to 40% of the efficiency for 
counting protons between 3 and 30 kev. Even so, 
<>n June_23 the electron flux would have pro­
duced at least 80% of the counts in such a 
detector. On July 19 at L = 8.6 R., the elec­
tron intensities in the electron trough above 3 
kev were 2.8 X 10' (cm• ~ sr)-1. about 80% 
of the proton flux above 100 ev, In this environ­
ment the protons would produce at least 75% 
of the counts in such a detector. Even if the 
calibration of this instrumentation were avail­
able, the identification of the plasma component 
observed with the ATS low-energy detector 
above 50 ev in this environment would be diffi­
cult if not impOl'!sible. 

Although Vasyliu.nas' [1968] main conclu­
sions are corroborated here, his observation of 
the inner edge at 11 ± 1 R11 was not. The 
differences in the location of this inner edge 
may be entirely latitude and local time differ-

ences between the observations. Ogo 3 obser­
vations of the inner edge at X = 15° near local 
midnight could map onto an equatorial cross­
ing radius of - JO R •. Furthermore, Vasyliunas' 
quiet time observations were made between 1700 
and 2100 geocentric !oral time, whereas these 
Ogo 3 nwasurements were made between 2100 
and 0100. Analys~ of subsequent Ogo 3 data 
~hould clarify this difference. 
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