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Although the first observation of low energy (a few hundred eV to a few keY) electrons 
in the magnetosphere dales back to the early days of space exploration (GRINGAUZ 
et al. , 1960), detailed studies of these particles have been undertaken only in the last 
few years. The la\tnch of Vela 2 in July .1964 initiated the first extensive survey of the 
low-energy electron population. O bservations wi th electrostatic a na lyzers aboard the 
Vela sa tellites (BAME et al., 1966, 1967) showed that the low-energy electrons form 
part of a plasma sheet stretching across the tail of the magnetosphere, with a broad, 
quasi-thermal , non-Maxwellia n energy spectrum peaked in lhe vicinity of I keV. 
Howeve r, the orbits of the Vela satellites a re circular a nd hence all their observations 
are confined to geocentric radial distances near 17 RE (earth radii). A complementary 
survey of low-energy electrons, lo study their distribution in radial distance, fi rst 
became possible a few months after Vela 2, with the launch of OG0-1 into a highly 
eccentric orbit on September 5, 1964; th is satell ite carries. among its many experiments, 
a Faraday cup to detect electrons in the 100 eY - 2 keV range. I shall be reporting 
results obtained with this detector and a similar one flown two year later on OG0-3. 

How the modulated faraday cup works is discussed in the paper by Dr. Binsack 
(seep. 605), and T hall not repeat his description. The OG0-1 instrument measures 
electron Auxcs in four o"erlapping energy windows covering the range 125 2000 eY; 
the OG0-3 instrument has a somewhat wider energy range, extending down to 40 eV. 
Both have relatively high time resolution: the currents in all four energy windows are 
measmed every 9.2J 6 sec in OG0-1, every 4.608 sec in OG0-3. The geocentric dis tances 
at apogee of OG0-1 a nd OG0-3 are 24.4 and 20.2Rr, respet:tively; both have highly 
eccentric orbits, with inclinations near 31° (ini tially), and init ial apogee di rections 
toward the magnetospheric tail on the dusk (evening) side of the earth. Observations 
within the magnetosphere that have been a nalyzed to date refer pri marily to the local 
lime range approximately between J7 and 22 hours. An extensive description of the 
instrumentation , orbits, methods of analysis, etc., has been given elsewhere 
(VASYLIUNAS, 1968). 

ln this paper I will first briefly describe the general configurntion of the plasma 
sheet and then discuss in some detail the termination of the plasma :,hcet on the 
earthward side and its relation to magnetic-bay activity. 

Figure l shows a sketch of the low-energy electron distribution in the equator ial 
region of the magnetosphere, as inferred from Vela and OGO observations. The 
dominant feature is the plasma sheet. observed as a region of greatly enhanced low-
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energy electron fluxes: the electron population within it is characterized typically by 
density .:::::0.3 1 cm- 3 , mean energy ;:::;0.S-2 keV and energy density ~I keY cm - 3

, 

equal to the energy density of a ~20}· magnetic field (see BAM E et al .. 1967, and 
V ASYLI UNAS, 1968, for a detailed discussion of these quantities). The pla ma sheet 
extends across the entire tail from the dusk to the dawn boundaries of the magnetos
phere, as first shown by the Vela observations. On the dusk side the OGO satellites 
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Fig. I. Equator ial cul o f the magnetosphere, showing the principal features of the low-energy 
electro n population as established by various satellites. 

have mapped its extent in radial d istance. Going outward from the earth, the plasma 
sheet is sharply bounded by the magnetopause. G oing inward toward the earlh, the 
plasma sheet is also observed to have a sharp, well-defined termination ; this inner 

boundary oj tire pla..1111a sl1eel, as r shall call it, inside of which only very weak or no 
low-energy electron fl uxes are found, occurs t hroughout the evening sector at a radial 
distance (near the equatorial plane) that is typically 11±1 RE. This distance is close to, 
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perhaps somewhat fa rther tban, the outer boundary of the high-energy trapped radi
ation belt, as inferred from observations of 40 keV and higher energy electrons 
(FRANK, 1965; SERLEMITSOS, l966). F inally, in local time the plasma sheet extends 
over the entire range so far studied in the OGO data, from 22 hours (where OG0-1 
o bservations overlap those of Vela) to less than 17 houi:s; the plasma sheet is not 
confined to the tail but extends past the dusk meridian into the dayside magnetosphere. 
Wedged between the flaring-out magnetopause on one side and the nearly circular 
inner boundary on the other, the plasma sheet becomes very narrow indeed as one 
moves to earlier local times, but nevertheless it is clearly present (it has already been 
observed by OG0-3 at 60" from the subsolar point, whe re its radial extent is only lRE). 

Figure I is a view in the equatorial plane; a sketch o r the electron distribution in 
a late evening meridian plane (along the line CC' in Figure I) is shown in Figure 2. 
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Fig. 2. Meridia11 cul of the magnetosphere, along the lioe CC' of F igure l. 

As established first by Vela at a radial distance of 17 RE and subsequently confirmed 
by OG0-3 over a wide range or distances, the p lasma sheet is confined to the equatorial 
region, being located rough ly with in several R£ above and below the magnetic neutral 
sheet in the tai l and with in a similar distance of the geomagnetic equator on the dusk 
side. 1n particular, OG0-3 does not detect a plasma sheet next to the magnetopause 
at higher latitudes, contrary to the suggestion of DESSLER and JuDAY ( 1965); the 
plasma sheet a ppears to be a phenomenon purely of the equatorial region o f the 
magnetosphere. T he inner boundary has been traced by OG0-3 up to t he highest 
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latitudes ( ~A0°) explored by it, and appears to have the shape, very roughly, of a 
dipolar field line. There is as yet little data on the electron distribution at high latirudes 
( > 60°); what there is, the si11gle traversal of th is region by Mars 1 (GRINGAUZ et al. , 
1964), suggests that the plasma sheet comes down near the au roral zones, in the horn
like fashion shown. 

Summarizing, the spatial extent of the plasma sheet can be described in terms of 
three boundaries. First, the plasma sheet is bounded on the outside laterally, by t he 
magnetopause. Second, it is bounded on top and bottom, roughly by planes parallel 
to the magnetic neutral sheet. And third, it is a lso bounded on the inside, roughly 
by a magnetic shell that crosses the equator at a distance of ~llRE. lf the first 
boundary is obvious and the second has been theoretically pred icted (AXFORD et al., 
1965 ; D ESSLER and J UDAY, 1965), no one to my knowledge has predicted the third, 
the large apparent 'hole' within the low-energy electron population. The rest of this 
paper will be largely concerned with this unexpected inner boundary and so me even 
more unexpected features of it. 

Figure 3 shows a typical example o f OGO-l observations during an inbound pass 
near the dusk meridian. Plotted are the currents in the four energy windows as functions 
of time, with the lowest energy at the bottom of the figure and the highest at the top; 

000-1 &<S• t 

EXP.3 C•Bl S-£-P (l)lGlE lDEG. I 

RlfHUIH IDEG.l 

~ 
~ , 

2 
0 

"' z 
~ Ci 

~ 
.. 
0 

5 '!! 

ii 
a 

3 Vi 
c 

~ 
le 
'$! 

CJS1~1;ct (ftEI 

\.l . T. 

0 01 ( 

Cff.111 

95 100 iO';i tJO !IS 12l: !JO IJ !> 
~r-~'---+~.J--+~-1--'.--'..----'__.,__.,_.,., -'.--'.--'--+-!.+.--'--'-'..t.,.,''~ 

35 ZS ZO 15 5 J;O 

... 
~ ,, , 1106 1 
~ ... 

2'1 23 22 ? l <'J 19 18 IG l4 12 10 7 4 
• "b. , , 1, ~ .... 1..i .. ..i, « "1.1 ,;,;,1 .. 1.~.l,011t;Jt1.)l• l·~hl.jt1.l.~111i 1w111\\iolliioil<iiilMl/l!ll:<.>1;1~111~1!11!ilh4l'/tlr 

()100 0600 osoc 1000 1200 J•OO 16()() >800 2000 <ZOO 00~0 0200 ouoo 0500 oaoo JCOO 

\ t/OIJ/OU ll/05/fitJ 

Fig. 3. OG0-1 data for a typical inbound pass near lhe dusk meridian. The four curves are t he 
curren1s measured in the four e1Jergy channels of the detector; the ordinate is a n approximately 
logarithmic representation of tbe current, one division being a factor of "" 3. The energy bandpasses 
of channels I 10 4 are, roughly, 550-1800 eV, 320-1000, 180- 550, 126- 350 (see VASYLIUNAS (1968) for 
a detailed descript ion of the detector response). 'S-£-P' is the sun-earth- satellite (probe} angle; 
'azimuth' is rhe angle of the satelli te above the ecliptic, projected on a plane normal to the sun-eartb 

line. M indicates the approximate position of the magnctopause. 
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the radial distance and the sun earth- probe angle are indicated. The projection of the 
corresponding orbit on the geomagnetic and solar magnetospheric. meridian planes 
is given in Figure 4; typica l of most of the OG0-1 orbits during this period, the inbound 
pass begins somewhat high but soon comes down and stays close to both the geo
magnetic and the solar magnetospheric equatorial planes. From the beginning of the 

l 

10 

5 

F ig. 4 . Meridia n plane projection of the OG0-1 orbit corresponding to F igure 3. Dashed liue: 
geomagnetic coord[nates. Solid line; solar magnetosphcric coordinates (as defined by N ESS, 1965). 

T he numbers on the curves indicate geocentric distance in RH. 

pass until the data gap near 19RL, the satellite is in the magnetosheath, as identified 
by a proton detector; the highly variable fluxes confi ned to the lowest one or two 
energy channels are typical of the magnetosheath elec tron population, indicating that 
one is observing merely the high-energy tail of a distributiou whose peak lies below 
JOO eV (VASY LI VNAS, 1966). Somewhere within the data gap the satellite crosses into 
the magnetosphere. As it approaches the equatorial region (cf. Figure 4), at a distance 
of 16.4RE it encounters the intense fluxes typical of the plasma sheet. From l3.6 to 
l1 RE tbe strongest fluxes are observed in the cwo highest energy channel , indicating 
a typical plasma-sheet spectru m with a peak somewhere between 500 and JOOO e V. 
Then, the onset of the rapid changes at l 1 RE marks the inner boundary of' lhe plasma 
sheet. Note that the highest energy fl ux decreases/frst, then the next highest ; in the 
two lowest energy channels the fluxes actually first increase and then decrease to the 
background level. l n other words. as one crosses the inner boundary, moving toward 
the earth, the position of the peak in the electron-energy spectrum shifts rapidly to 
lower energies. This behavior is inva riably observed on every crossing of the inner 
boundary and is perhaps its most unexpected feature; naively one would have thought 
that in approaching the energetic trapped radiation bclL'5 the plasma-sheet electrons 
would shift upward in energy and merge with the trapped particle population. 

Inside of the inner boundary only very weak or no electron fluxes are observed; 
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in figure 3 from 10 to 5.6RE the signals in all fou r channels are at background level. 
(N ote: the baselines in the figure represent the telemetry zero: the background signal 
is half a unit or so above it, primari ly due to the non-linear electronics.) Beginning 
at 5.6 R1:. the signa ls drop be/oll' the background level to zero: this effect is always 
observed at dista nces of 4-6 RE whenever data are available and marks the entry of 
the satellile into the plasmasphere (not to be confused with the plasma sheet!), the 
very high density (11 > 103 cm- 3

) region near the earth that has a lready been extensively 
studied by various techniques (TAYLOR (' f al., J 965; CAR.Pl:NTER, 1966 ; A NGERAMI and 
C ARPENTER. 1966); secondary electrons arising from these very high ion densities 
force the instrument into a peculi ar mode of operation (sec B!NSACK (1967) and 
VASYLIUNAS (1968) for further djscussion). 

As illustrated by this example, five distinct regions can be identified from the 
OG0 -1 data near the equatorial pla ne: (I) the magnetosheath. (2) the plasma sheet. 
(3) the thin ' boundary layer' at the inner edge of the plasma sheet, within which the 
electron fluxes decrease from the plasma-sheet level to unobservable values, (4) the 
region on the earthward side of the plasma sheet, within which electron lluxes are 
undetectable with the OG0-1 instrument, (5) the plasmasphere, within which the 
instrument response is dominated by the dense positive ion etlects and no useful 
electron observations can be made. F igure 5 ummarizes all the OG0-1 observations 
during the fall of 1964 in terms of these five regions: all portions of the orbits fo r 
which data are available (excluding observations near and beyond the bow shoc k) a re 
shown projected on the solar magnetospheric X Y (equatorial) plane, with the type of 
line (thick, Ihin, dolled, etc.) indicating to which region electrons observed at a given 
locat ion are ascribed (blank spaces and gaps. let me emphasi1c, represent lack or data, 
not lack of eleclrons; the OG0-1 data coverage is unfortunately far from complete). 
The general extent of the plasma sheet its persistence over the entire local time range 
sca nned and its co nfi nement between the magnetopause and an inner boundary is 
quite apparent. Bue it is also apparent that the position of the i Lwer boundary is not 
fixed but varies over a considerable range or radial distances, from J 2 to 5.5 RE. 
Furthermore, this variability is quite irregular : the plasma sheet may extend to less 
than 8 Ri; on one orbit and to only L1 RE on both the preceding and following orbit~; 
there are even cases of mul tiple appearances and disappearances of the plasma sheet 
with in one orbit, i.e. multiple crossings of the inner boundary. These fac ts strongly 
suggest that this variability reflects true temporal cha nges in the position of the 
plasma sheet, rather than some purely spatial variation such as a local time dependence. 

J f, then, the inner edge of the pla~ma sheet can be displaced from 11 to 6 R1;. the 
question immediately arises whether any geomagnetic effects occur in association with 
the appearance of in ten e low-energy electron fluxes ar such close distances. The first 
possibi lity that comes to mind, that close distances of the inner boundary all occur 
duri ng magnetic storms, lurns out to be fa lse; there is, in fact, at least one case of a 
close-in boundary during one of the 10 quiet days of the month . A plot of the iuner 
bounda ry posit ions against KP, the standard procedure in such a study, produces only 
the standard scatter diagram, with some indication of a possible weak trend for closer 
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distances to occur during times of higher K,, (i t should be noted that of 21 cases 
available.16 have KP values ofr or less and none have KP greater than 4 +, reflecting 
I he very low general level of geomagnetic activi ty nea r solar minimum). 

J. P . Heppner (private communication) first suggested a search for an association 
between the close-in boundary positions and the occurrence of bay activity in the 
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auroral zones, particularly at ob~ervatories near the same local time as the satellite. 
Heppner and co-workers (HEPPNER, 1967: Ht:.PPNER et al., 1967) have already es
tablished, using OGO- l magnetometer observations. that the sudden onset of a bay 
in the auroral zone near some meridian is accompanied by changes of the magnetic 
field in the distant magnetosphere near the :,ame meridian. Accordingly. l examined 
ma gnetograms from a number of auroral zone !.tations, in particular College (Alaska), 
Fort Churchill (Canada), K iruna (Sweden), D ixon Tsland and Cape Chelyuskin 
(Northern Siberia). for limes of all the OG0-1 inbound passes through the magnetos
phere in 1964 for which data were available. The results fully confirm Heppner's 
hypothesis: in every case where the plasma sheet extends to d istances < 9 RE, there is 
clearly identifiable bay activi ty; in every case where the plasma sheet terminates at 
its 'normal' distance of ~ 10-12RE, the auroral zone magnetic field is quiet. The 
observations are summarized in Figure 6, which shows the radial distances of inner 
boundary crossings plotted against magnetic local time and identified by the occurrence 
or non-occurrence of b<1ys. T here clearly appears to be a one-to-one correspondence 
between the two phenomena: magnetic bays are associated 1rith the extension of the 
plasma sheet imrard sereral RE from its quiet-time boundary. 
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l.et me illustrate this correlation wich three examples. taken from three consecutive 
orbits: 

Figure 7 shows the OG0-1 electron observat ions and the simultaneous magneto
grams from Fort Ch urchill and College for the October 11- 12. 1964 inbound pass. 
At the beginning of the pass the sacellite is descending from moderately high latitudes 
and first enters the pla ma sheet at a distance of approx imately 16.6RE· Between 9.6 
and 8.4 R1; the electron fluxes decrease to background level, beginning with the highest 
energy channel; except for the 'spike' at 8.6 RL (0636 UT), this looks in all respects 
like a normal crossing of che inner boundary, uch as that in Figure 3, and one would 
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have expected the fluxes to remain at background level for the rest of the pass down 
to ~4RE. Tnstead. at 0645 UT appreciable electron fl uxes suddenly reappear; for the 
next 35 min the electron fluxes, although highly flucwating, on the average increase 
and shift to higher energies. i.e., the typical behavior whi le crossing the inner boundary 
but now in reverse seque11ce. Then at about 0720 UT the fluxes 'settle down' to typical 
plasma-sheet levels (but more intense than those earl ier in the orbit) continuing to the 
end of data coverage at 0805 UT (at a distance of 6Re)-

A look at the magnetograms at once clarifies this complex sequence. Conditions 
in the auroral zone are very quiet from the beginning of the pass until 0640 UT, with 
a slight enhancemen t of activity at Fort Churchill beginning about 0530. Then, at 

Q~I 6'15~1 

l .o' ' 1"61 

(H)U Ill 

S-£-P ANGLE COCG 1 lh •30 13'.i 1\.10 t"S 15'J lS!> lS5 le>$ 
-'- t-'---1,---'~-'--,..._--+---+-'"r-lr 1 -r~......,.......~ M- 1

1
1

' I '1.,M#el f1 .. 
AZ!t\Jlti WEG J 15 20 15 S 350 ) JS 255 

......... b: . , .• . 

~i't' 

0151R°'ct tAEJ tl 17 11 tO 9 8 7 5 
' 

1 111,. ~ fn11 hl\l !.11111 ',1 If I 1M 1 1 1tl' ' ' 111 11*/Ll h 
0300 C1100 OSOl 06CQ 07W O!X tiOO 100::1 

l0.111/ttll 10t1vsq 

CHURCHOLL,.~1 0 
L.S.T. 16 18 20 22 0 2 L 

I I ! ! I < ''- '! I I 

LA~ 
H 1 -

COLLEGE 

o~~~-

L S.T. 12 1! 16 
' . . 18 

I 

~ /'J 
1 It. l 

~'--..,/'..i\ 
-~.,,_.._ t"V~ 

' rf""- v• \ 
20 \ r; 22 0 

I 1 ' I I 

Fig. 7. OG0-1 electron da1a and auroral zone magnciograms for the October 11-J2, 1964 inbounu 
pu~~- H. Z, and X are the horizontal, vertical, and Northward components of lhe geomagnetic field, 

respectively, and Db the declinat ion. LS.T. stands for 'local standard time·, 

LO W-ENERGY £ LECTRONS IN f HE \fAG NFTOSl'HERE AS OBSERVED UY OGO-t AND OG0- 3 631 

0641 UT, about 3 min before the first appearance of the unusual electron fluxes at 
the satellite, a negative bay begins with a very sharp onset at Fort Churchill, followed 
about I 2 min later by the start of a positive bay at College: bay activity then continues 
past the time of perigee. This example strongly suggests that not only i:. the presence 
of plasma-sheet electrons at close distances associated with the occurrence of a mag
netic bay but also the first appearance of those electrons occurs close to the time of the 
sudden onset of the bay. (It should be pointed out that at the time of onset the satellite 
and College are nearly on the same meridian. about 3 hours West of midnight, while 
Fort Church ill is 1 hour East of midnight, yet the closest time coincidence is between 
the satellite and Fort Churchill, the station showing the earliest a nd sharpest onset, 
in spite of the 4-hour separation in local time.) 

As the next example. Figure 8 ~h ows the electron data together with Kiruna and 
D ixon T land magnetograms for the October 14, 1964 inbound pass, only 64 hours 
later tha n Figure 7 and at nearly the same local time and the same magnetic latitude; 
the behavior of both the electrons and the magnetic field is, nevertheless, entirely 

000-1 54511 1 

OP. 3 l~BJ S-F ·P Ar<GLE IOCG. J 

g 
3 ;;; 

OISTRNt f (Rf J 

u. 1 

OR1F 

L.S.T. 19 

J 

OABJT JS 

US lJl 135 JI.JO lll5 l:,O JSO /5 
~---~..,..._-,_~•~, _._,, ,__.__1 ~, ....._, ~, ~• ,..1 ·~, ....._, ,..--1,, Yi I ,i,J.-M-M\:111:: Joi ' I ii JL"• 

~~i~~~ ' ' · ~="' 

.-w, .. ..,.,~ 

~~-~~'"( 
~~-~l.J.J. 

17 JO 15 I~ 13 12 11 10 9 ~ I ~ 3 
,,•,,,1 .. •,, ,11,,•, ,,•,,,•,, ,•1,1,,1 .. 1,1,11,J, ,1,,•,,111,,1 .. 1o 1,,•,11.li1,1u'111p111·,1, 1o1 ,1111:li' i.1,1, 111,•,l,1 1o1 1,1,1,•,•,l:\1,•,•,11,•,•,•,•,1111111m1l1":'• '•W•' •' 

1500 tt;fjn 1700 lUOO 1900 1000 2100 220(! 2300 0000 0100 020Q 

lOI J ~/@l 1 Q/l5/6~ 

20 22 2 6 
I I ' 

DIXON H 1--/'-

250 I' 

0 

F~O Y 
2 

' . KIRUNA xr --------~-------------------
L ST l

1
L I~ 1 ~ 20 2,2 

Fig. 8. Same as Figure 7, for October 14, 1964. 



632 VYTEN!S M. VASYLIUNAS 

different. A completely 'normal' i1rner boundary crossing at I 0 Rr. with Auxes in all 
channels then staying at background level for the (admittedly somewha t short) re
mainder of data coverage, is accompanied by absolute quiet in the auroral zone. There 
only is a small negative H excursion at Dixon Island somewhat earlier (around 
1900 UT), which. interestingly, coincides approximately wit h an increase in electron 
flux near 1845 UT. 

Finally. Figure 9 shows the nexc inbound pass, October 17. 1964, with magnetograms 
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from College, Cape Chclyuskin. and Dixon Island. The plasma sheet is in this case 
observed continuously down to a discance of 6 Re and. indeed, there is marked bay 
activity throughout most of the pass: a negative bay at College, a positive bay at 
Dixon Jsland. and an ' intermediate· bay that starts positive and turns negative, wit h 
a large excursion in the vertical component, at Cape Chelyuskin (which thus is proba
bly near the di\.iding line between positive and negative bays [cf. SUGIURA and 
H EPP?\ER. 1965. pp. 41-45)). 

Two additional point:.- abou t thjs example should be noted. First, the detailed 
structure of the inner boundary ii. more complicated than in the typical quiet-time case 
shown in Figure 3. with a well-marked second peak in the flux vs. radius curve (near 
5.6RE); T shall be saying more about this later o n. Second, no un usual change in the 
character of the observations can be seen at a distance corresponding to the quiet-time 
inner boundary, 10- 1 L RE. Now th.e appearance of intense fluxes of a few hundred eV 
to a few keV electrons at unusually close distances can be explained in two ways: 
either these electrons were brought i.n from the outside, i.e., the plasma sheet was 
actually displaced inward, or else they were locally accelerated from very low energie 
into the detector's energy ningc. rn the latter case, however, one would still expect a 
change in the electron-energy spectrum at the normal position of the inner boundary, 
now separating the plasma sheet from the locally accelerated electrons, since there 
does not seem to be any reason why the spectra of these two different populations 
should be identical. But, as j ust noted, no such change is apparent in Figure 9, nor 
in any of the other available bay-related observations. This then suggests that the 
appearance or plasma sheet electrons at close distances during magnetic bay results 
from a gross inward motion of the plasma. Returning to the example of Figure 7, 
the average radial !>peed of this motion can be roughly estimated by assuming that 
the plasma sheet is di placed fr om 10 to about 6Rr:. during the period of Ouctuating 
fluxes, 0645-0720 UT ( the observed upward shift of the spectrum during this period 
certainly suggests that the boundary of the plasma sheet is passing over the satellite: 
the fiuctuations may retlect a non-steady, oscillatory, component of the motion that 
may be due to tbe i nductive effects recently discussed by CLADIS (1967)). This average 
speed then is ~4RF-/35 min =12 km/sec. The East-to-West electric field implied by 
this inward motion , assuming a magnetic field of 20y, is :::::;2.4 x L0- 4 volb/m. I f this 
field is assumed to exist across the entire magnetospheric tail (width ~2 x 105 k 111), 
the potential drop across the tail (which then also exists across the polar cap) is 
~48 keV, in good agreement with the bay-time polar cap potential drop of 30- 50 keV 
quoted by AXFORD et al. ( 1965) and AXFORD (1967). 

To summarize, the OG0-1 observations show that the spatial distribution of low
energy electrons undergoes a marked change at times of magnetic bays: the intense 
electron fluxes of the plasma sheet, which during quiet times are found only beyond 
a distance of 10-12 R£ in the equatorial plane. during bays extend to dista nces as close 
as 5.5-6R1o. This change i most simply interpreted as the result of an inward motion 
of the plasma that appear1) to start nearly s imultaneously with the onset of the bay: 
the one estimate of the speed of this motion that could be made is consistent with 
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present ideas about the polar cap electric fields. A schematic illustration of what 
happens to the plasma sheet during a bay is given in Figure 10. 

It is now of interest to go back to the data in figure 5 and replot it, omitting 
observations made during periods of bay activity, so as to obtain a picture of the 
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electron distribution during quiet times. The result is shown in Figure .L 1; as can now 
be seen, in the absence of bay activity the inner boundary of the plasma sheet appears 
to be a relatively smooth and well-defined surface over the entire local time range 

covered in this study. 
The last topic J shall discuss is the detailed local structure of the inner boundary. 

The most characteristic feature of the inner boundary is the rapid downward shift of 
tbe peak in the energy spectrum with decreasing radial distance, as mentioned already 
in discussing Figure 3. To study this phenomenon in a more quantitative way, the 
electron density N, energy density V (proportional to the electron pressure), and 
position of the peak in the differential energy spectrum E0 were estimated as functions 
of radial distance, starting deep within the plasma sheet and continuing inward for 
as long as the measured fluxes were above the background level, for a number ofinne.r 
boundary crossings. These quantities were calculated by fitting an assumed functio nal 
form of the electron-distribution function , representing a broadly peaked thermal 
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distribution with a power law high-energy tail, to the measured currents in the four 
energy windows of the detector (for a detailed description of the method and the 
assumed functional form see VASYLIUNAS, l 968). A typical example of the inner 
boundary slructure thus obtained, for a geomagnetically quiet period (i.e., no bays), 
is shown in Figure 12. The energy £0 rapidly decreases going inward across the 
boundary, in agreement with the earlier quaJjtative inference. The density, however, 
is nearly constant and in fact slightly increases: the energy density decreases approxi
mately exponentially with decreasi ng distance, as indicated by the solid line which 
represents u~exp (distance/0.4RE), i.e. a factor of 10 decrease in LRE. The inner 
boundary thus is not the disappearance of low-energy electrons that it at first sight 
appears to be, but is a shift of the electron to still lower energies, below the range 
of the detector. At the inner edge of the plasma sheet there is a steep electron pressure 
gradient, directed outward from the earth, but only a weak density gradiem that may 
be directed inward. The absence of a slrong radial density gradient, it should be noted, 
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is in agreement with the observation that the densities (:::::: J cm- 3) found within the 
plasma sheet are comparable with the densities al distances 5-7 RE• immediately 
outside the plasmasphere, deduced by whistler techniq ues (CARPENTER, 1966; 
ANGERAMI and CARPENTER, 1966). 

Turning now to the structure of the inner boundary when it is found at much 
closer distances, during peri ods of magnetic-bay activity, J already drew attention in 
discussing the example of Figure 9 to the occurrence of a second peak in the ftux vs. 
radius curve. Jn a single example such a local peak might be interpreted as merely a 
temporal fluctuation in the fl ux. This feature, however, is found in all the cases studied, 
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Fig. 12. Variation of electron spectral parameters across the inner boundary for 
the November 5, 1964 inbound pass. 

indicating that it most probably represents a true spatial variation; in a typical 
inbound crossing of the inner boundary when it is at close distance, the measured 
flux first decreases rapidly (as il does during quiet times), then increases again, and 
finally decreases to background level. This is illustrated in Figure 13, which shows the 
measured signals as a function of distance for a number of inbound passes; for 
simplicity only two of the four energy channels, the highest and the lowest, are shown. 
The top four examples come from periods of bay activity ; the fi fth comes from a time 
at the end of a magnetic storm but with no identifiable bays; the bottom two come 
from quiet periods. The existence of two maxima in at least one of the two energy 
ranges shown is quite clear for all the bay cases; in the curve of November 2, 1964, 
the flux of the higher energy electrons decreases to background at the normal position 
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of the inner boundary, I I RE, but the low-energy electrons linger down to 7 RE, 
possibly a storm effect; and there is a suggestion of a small peak in the low-energy 
electron flux inside of the inner boundary in one of the two quiet-time examples. 

The variation of £ 0, N, and U across the inner boundary during a bay is illustrated 
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Fig. 13. Current measured in channels 1 and 4 as functions of radial distance for a number of 
inner boundary crossings. The ordinate is the same as in Figure 3, but with origin shifted to tbe 

background level. 

by the example in Figure 14. As can be seen, £ 0 first decreases rapidly, then increases 
to about half of the value it had within the plasma sheet, and finally decreases again. 
The density N now appreciably increases as £ 0 decreases, then decreases as £ 0 

increases, and remains at about a constant value as £ 0 decreases again. The energy 
density U, however, still has the same simple structure it had in Figure 12: a monotonic, 
approximately exponential decrease with decreasing distance at a rate which is ap
parently slightly slower than that in Figure 12 (the solid line in Figure 14 represents 
the same rnte of decrease as in Figure 12, while the dashed line represents U~exp 
(distance/0.6 RJ, a factor of 10 in J .4RE). This behavior of the three quantities is 
confirmed by another example, Figure 15 (the solid and dashed li nes represent the 
same rates as in Figure 14). 
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To ummarize, during quiet times the inner boundary of the plasma sheet, located 
at an equatorial distance ~ 11 RF, is characterized by a steep electron pressure gradient, 
with a length scale of ~0.4RE. as well as a steep temperature gradient (to use the word 
'temperature' loosely to refer to the energy of the peak of the spectrum) but only a 
weak density gradient. During bay activity the boundary, now located at :::::;6 Ri:., is 
still characterized by the same electron pressure gradient, with on ly a slightly longer 
length scale of ~0.6Ri:.. But now there is a more complicated density and temperat ure 
structure: within the 'boundary layer' defined by the pressure gradient, the temperature 
first decreases and then increases again while the density behaves in the opposite way; 
t hen the temperature decreases again. drop ping below the energ} range of the OG0-1 
derector, while the density appears to remain constant or 10 decrease slightly . 
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SUMMARY OF EXPERIMENTAL RESU LTS FROM 

M. I. T. DETECTOR O N IMP-1 

STAN IS LAW O LBERT 

Dep1. of Phyrics, Mo.uacl111~e11s hmitute of Technology, Cambridge, Mas~ .. U.S.11. 

This paper is an extended version of the summary of experimenlal results reported 
by Dr. Pai and myself at lhe AGU meeting of April 1967, in Washington. D.C. 
The results perlain primarily to lhe M.I.T. data from TMP-1, launched in ovember 
1963.* Figure 1, taken from Nr:ss (1966). shows the first 30 orbits of JMP-1 projected 
into the ecliptic plane. Apogee is at about 30 earth radii, and the major axis of the 
fi rst orbit points rough ly toward the sun. The orbital period is about four days so 1 hat 
during each revolution the niajor axis of the orbit rotates by abot · ,. ..., · 
dawn side of the earth. Jn a time span of about four monlhs, lhc sa 
vast region that covers 1he noon, morning, dawn, and predawn porlior 
sphere in the neighborhood of the ecliptic plane. Furthermore, and 
to the discussion, lhc large apogee makes it possible for the sate: 
cross the sunward portion of the magnetosphere and the magnetosh• 
enter fai rly deeply into the interplanetary domain where the pre: 
magnetic field is not felt. 

The region of primary interest here is the magnetosbeath (also ca lie 
region' in the past). This is the region bounded by the magnetopau 
shock. lMP-1 was well located for this study because it scanned the 
of the magnetosheath in a systematic way. During a period of abo1 
the day of launch. we were able to gather an uninterrupted record of 
clearly. for each cros ing of the bow shock and the magnetopause. h 
non-u niform lhe plasma behavior is in lhe magnetosheath, in comi: 
regions. The quantity of data enabled us to form large-scale averages ' 
macroscopic plasma variables, such as the density, the stream veloci1 
etc., and thereby test various theoretical models of 'collisionless' plasma shocks, the 
flu id properties of the plasma, etc. 

l n order to appreciate how dramatic a change the interplanetary plasma uc1dergoes 
behind the bow shock, we sha ll briefly review the prevailing characteristics of the 
solar wind ahead of the bow shock. Before presenting the summary of the physical 
quantities pertaining to this regime, one sample of the actual measurements will be 
discussed. The data sample shown in Figure 2 was obtained from an M.l.T. ·Faraday 
cup'. that is practically identical in construction to the detector used on 1 M P-2 and 
described earlier in this monograph by Dr. J. Binsack. The manner of operation of 
the detector will not be discussed, therefore, and we turn our allention directly to the 

• The co-am hors of this experiment and its analysis are: H. S. Bridge, A. Egidi, E. F'. Lyon, G. Mo· 
reno, S. Olben, and L. G. Pai. 
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