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1. INTRODUCTION:

The documentation for this data set was originally on paper, kept in NSSDC's

Data Set Catalogs (DSCs). The paper documentation in the Data Set Catalogs have been
made into digital images, and then collected into a single PDF file for each Data Set
Catalog. The inventory information in these DSCs is current as of July 1, 2004. This
inventory information is now no longer maintained in the DSCs, but is now managed in
the inventory part of the NSSDC information system. The information existing in the
DSCs is now not needed for locating the data files, but we did not remove that inventory
information.

The offline tape datasets have now been migrated from the original magnetic tape to
Archival Information Packages (AIP’s).

A prior restoration may have been done on data sets, if a requestor of this data set has
questions; they should send an inquiry to the request office to see if additional
information exists.



2. ERRATA/CHANGE LOG:

NOTE: Changes are made in a text box, and will show up that way when displayed on
screen with a PDF reader.

When printing, special settings may be required to make the text box appear on the
printed output.

Version Date Person Page Description of Change

01

02



3 LINKS TO RELEVANT INFORMATION IN THE ONLINE NSSDC
INFORMATION SYSTEM:

http://nssdc.gsfc.nasa.gov/nmc/

[NOTE: This link will take you to the main page of the NSSDC Master Catalog. There
you will be able to perform searches to find additional information]

4. CATALOG MATERIALS:
a. Associated Documents To find associated documents you will need to

know the document ID number and then click here.
http://nssdcftp.gsfc.nasa.gov/miscellaneous/documents/

b. Core Catalog Materials


http://nssdc.gsfc.nasa.gov/nmc/
http://nssdcftp.gsfc.nasa.gov/miscellaneous/documents/

IMP-B
ELECTRON 1, N, V, PLUS ORBIT

E4-060A-0TA

THIS DATA SET HAS BEEN RESTORED. THERE WAS ORIGINALLY ONE

7-TRACK, 800 BPI TAPE, WRITTEN IN BCD. THERE IS ONE RESTORED TAPE,
WRITTEN IN ASCII. THE DR TAPE IS A 3480 CARTRIDGE AND THE DS TAPE

IS 9-TRACK, 6250 BPI. THE ORIGINAL TAPE WAS CREATED ON AN I1BM 7094
COMPUTER AND THE RESTORED TAPE WAS CREATED ON AN IBM 9021 COMPUTER.
THE DR AND DS NUMBER ALONG WITH THE CORRESPONDING D NUMBER AND THE

TIME SPAN 1S AS FOLLOWS:

DR# DS# D# FILES TIME SPAN

DR0O05357 DS005357 D001563 1 10/04/64 - 04/04/65


http://nssdc.gsfc.nasa.gov/nmc/datasetDisplay.do?id=SPHE-00335

04=-U60A-01A
= IMP-2
Explorer 21, Retarding rfotencial Analyzer

800 BPI, 7-track, BCD, 1 file, IBM 7094

5 D¢ cé# START STOP
s D-01563 C-01052 10/@ /64 04 /€ /65
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THERMAL PLASMA MEASUREMENTS WITHIN
THE MAGNETOSPHERFE

G. P.SERBU and E.J.R MAJER
Laboruiory for Space Sciences, NASM -Goddars Space Flipht Conles
G recnbe Moryiond. I'SA

Abatract. It has been observed that both the rlotirom components of th
ma present withy magnctosphere exhibit, at L1 8, a Maxwell-Holt

mann ehergy dist tior. The temperature of the eléciron gas increascs n
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lactor of about 10 from sbove the ionosphere to an altitude of 1.5 = J0% km (7
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1. INTRODUCTION

The satollite IMP-11 was launched on 4 October 1964 into an elliptical
orbit with 9 period of 38 hours. The initial perigee was 200 km and the apo-
gee was 95000 xm (15.89Rg geocentric)

Fig. 1 is a polar plot of the IMP-TI orbit as seen in geographic latitude
and earth radii (K g) coordinates. At launch the apogee was 200 below the
ecliptie plane, with the sun-earth payload angle (LSEP) of 11°. This orbit
has offered a good opport ity Lo investigate the magnetosphere on the cay-
side of earth near the equatorial plane.

On-board IMP-11 was a relarding potential analyzer, which measured the
integral spectrum of lons and electrons in the energy interval from 0 to 45
&V. The details of this experiment have been discussed elsewhere (1}
Briefly stated, the axperiment consists of pericrming a measurement of the
collector carrents as a function of retarding polentials, The retarding po-
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volts in the interval {rom +5 to -45 V. The dols and crosses represeni two the |
individual curves which were obtained sequentially within 11 min of each for i
other; during this time Interval the satellite traversed 0.3Rg. The arrow in mad
the figure at -35 V indicates that at this time the plane containing the sun- 1]
payload veclor was normal to the sénsor. The measurements made to within abou
+859 of the sun contain pholoemission currents from the suppressor grid and regi
a correction for this current component should be made on the five data what
points, symmelric about the sun vector arrow. betw

The wave form of the current response as a function of relarding poten- Sinc
tial ¥n the taterval from +5 to =10 V can be analyzed in accordance with the J dele
Langmuir probe theory for the collection of diffusive currents, which are to ot
due lo a plasma component having a Maxweil-Bolizmann distribution of ve- jon ¢
locities. Using this analysis procedure, the electron temperature as meas- lon ¢
ured (rom the slop of the curve is 3.2 + 0.2 eV at 3.9Rg and 2.5 + 0.2 eV at

3 6Rg.

We have observed, in the dayside magnetosphere, on selected days [1]
that a well ordered electron teaperature structure is present independent
of the LSEP ang's, For example, in the region from 2 to ERE the electron
teauperature increases from 0.3 €V at 2Rg Lo 1.6 eV at SRg. The tempera-
lure increase over this region as a function of radijal distance can be ex-
pressed as T = RE'LS. A less pro
al distances beyond SRp

The data for 27 March 1865 was oblained in the nightside magnelosphera,

LSEP ~ 1909. These nightside electron temperature values are aboul a fac- . .
tor of 3 higher than the corresponding values laken [rom the dayside tem-

perature profile. Whether spatial or temporal variations are involved can-

not be resolved on the basis of these 1solated lemperature measurements.

The 27 March 1985 data (figs. 3 and 4) have been selected to illusirate in

detail how electron and {on curves are analyzed; we will be discussing ad-

ditional data cbtained (n the dayelde magnetosphere,

From the jnflection near zero volts of the electron retardation curve in
fig. 3 we measure the satellite to plasma potential tobe 0 2 0.5 V. Al at-
tractive potentials, i.e., to the left of 0 V, the curve exhibits electron cur-
ret saturation. Using the measured electron temperature in conjunction
with the valve of the current at the =sat we obtain an electron
density of 130 electrons em=3 at 3.9Rp and 210 cm~> at 3.8Rg.

The righlhand side of fig. 3 shows the measured positive current plotted
an a log scale as a function of the retardation voltage. The wave form of the
fon current also exhibits a Maxwell-Boltzmann distribution and so Langmuir
probe analysie can be used to determine the jion temperature and density.

Since the pcsitive current is retarded almos! wo orders of magnitude as the

retarding vollage is changed from =5 to +7 V, we can measure the slope of

the line as drawn throwgh these data points in order to obtain the lon tem-

perature. From this measurement we obiain a value of 2.5 £ 0.5 eV. As-

suming that the predominant fon at this altitude :3.‘:!-?;;_1 is H*, we compute "
the most probable ion velocity to be about 30 km/sec for 2 2.5 eV tempera- M
ture, al 48§ where the satellite velocily Is 4 km/sec. Since at thie altitude

need temperature increase is noted

-

:lite poten

POSITIVE CURRENT (AMPERE
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resent two the ion velocity is much larger than the satellite velocity, no corrections
of each for the sensor orientation with respect to the velocily vector [2] need to be
he arrow in made.
t the sun- It {5 evident in the figure ihat an inflection in the jon curves occurs at
de to within abput zerc =, the -5 V data point is thus in the fon current saturation
sor grid and region. It is not readily evident when examining the curves al precisely
ve data what voltage current saturation occurs; obviously, there is an inflection
between -5 and 0 V but the shape of the curve in this interval Is not known.
ing polen- Since the saturation point occurs at the satellite potentizl, its vaiue can he
e with the K, determined with accuracy from the negative current measurement and used
thich are Lo obtain the value of the jon current at saturation. Xnowing the value of the
lion of ve- ion current at saturation, and the measured ion temperature, we compute
e as meas- ion densities of 270 cin-3 at 3.TRg and 380 cm~3 at 3.4RE.
+ 0.2 eV at In computing densities we assign an augmentation factar of 4 to the ea-
trance aperture; this is due to the attractive potential of the aperture. For
days [1] a2 more detailed discussion of the augmentation (actar, the interested reader
lependent is referred to our previous paper [1 ]
electron In the legend of fig. 3, we have tabulated the electron and jon densities
! lempera- (Ne.Nj) and the electron and ion temperatures (T ¢, Tj). Good agreement is
1 De ex- e 24
e is noted = he R 27 MARCH 1963
E : ; i |
elosphere, F !
bout a fac- . . 5|_ {
de tem- + } L 1!-\
Ived can- ! L WBIUND GRRT
gt A a ‘. TME oS TANCE]L
rate in g = \3 TRg '. 1amg 2.3Rg
ssing ad- o =
S :
- SR » \ 2 ﬂ
curve in T L
Al at- = T l \ - 1 e e 1
tron cur- _i_", }‘ L ¥ L ] i SELECTRONS
mction - : ‘ | a9
electron E i | ' i : ;E *r""‘.’
= 10 -E_ i__. E | = \ _lo LN
= \ = E V| E - i
1t plotted o E 301 F | & ¢
sin of the i k { | 2 ; o 2
Langmuir ; . a I ol
ensity. 1 J . J\ f« E -
ude as the | | | = | .
slope of A 1 3 )}
sy 10 50 -50+5 ~50% -50% =505 Wy 2 3 4
V. As- RETARDENG POTENTIAL (VOLTS) Re
cumpule Fig. 4. Five conseculive ion reta S CUTY plotic nhound orbil of
iempera- 27 March 1965. The ton density coampoted ¢ CUTTE

altitude cleciron donsity as 8 hanclion of geoceniric dislance.




331 G.P.SERBU and E. J, R, MAIER
noted between the measured electron and ion temperatures. The fon density
is, within a factor of two, in agreement with the electron density. The fac-
ter of two discrepancy is due in part to the previously discussed errors as-
sociated with the exact value of the lon current at saturation. Thus, within
the limits of the measurement we have determined that the plasma is neu-
tral, at a temperature of about 3.0 eV, and that the spacecraft potential with
respect Lo the plasma ig near zero volls.

On this same inbound orbit of 27 March 1965, we have ghtained a series
of measurements which illusirate how a detailed density profile can be ob-
tained. In fig. 4, we plot ‘ive sepurate jon retardation curves. For reasons
ol space, we do not show the data beyond +7 V of retardation since they are
all similar Lo the previously shown curves. In the legend, we note that from
21335 UT lo 2224 UT the satellite was inbound frem 3.9 to 1.9Rg: the trajec- !
lory was near the magnetic equator and northbound. From the eleciron
curves, not shown here, we have determined that for this time interval the
satellite potential Is 0.5 2 0.25 V. The previously discussed analysis proce-
dure has been vsed (or each of the curves to obtain a detalled density pro-
file in the nightside magnetosphere region from 3.7 to 1.9Rg. Note that for
the curve marked 2.3Rp the data point at =5 V is a factor of ten lower than
expected, thus no specific value of density at this radial dislance can be ob-
tained; however. the remalining portion of that curve is in general agree-
ment with the preceding and subsequent curves.

The results of our densitly measurements are piotied in the lower right-
hand corrier of {ig. 4 on a log scale as a function of the radial distance. In-
cluded in the plot of density versus Rg are values of electron density {as-
terisk symbol) and values of ion density. The error bar for the {on density
is taken to be a factor of 2, whereas the electron density error bar is less
than 15%. It is seen that within the limits of the error bar, the values of fon
and electron densities are equal, and thus the measurement indicates a neu-
tral plasma with a density of the order of 103 em~3 at 2ZRg which lalls off
according to a power law of the radial distance

Ir fig. 5. we plot the measured density and temperature profiles for both
ions and electrons, obtained within the dayside magnetosphere for the two
successive inbound orbits of 28 and 30 October 1964. These (wo orbits oc-
curred at a sun-earth-payload angle (LSEP) of 389, thus they are represen-
tative of the dayside magnetosphere. Log-loy scales have been used to plot
the particie density cm=3, and temperature (¢V) as a function of geocentric
distance Rp. In the figure the crosses represent the fon data and the open
circles are for the electron data. The average fall-olf rate of the density
profile may be approximated by a !EE"; relationship. Spatial deviations from
a smooth fall-ofl rate are noted; however, there i no evidence for a large
drop or "KNEE" in the density profile, as has been reported by Carpen-
ter [3].

Slish [4] has recently reported the results of an antenna impedance
meagurement associaled with cosmic noise observations by an experiment
on the spacecraft Zond I, ched November 1964. Two independent ob-
servations are presenied. A peak atiributed to electron plasma resonance

AU

crease with distanc

i

Fig.
Ll

Elex

distance

e frow

Fhiss

was observed in the

ohservation yields

servation
ma [reque
tion resisl
dence ‘
general radial depe
6Rg are in
Obayvashs

1 anal
in le:

electron density

cal density at loc

ber 1964 at 110
103 electrons em=3

In fig. 5, th
geoceniric dist

e len

ace




m density
The fac-
FEOrSs as-
iy Within
18 neu-

=tial with

a series
n be ob-

' reasons
they are
that from
1e trajec-
tron

'rval the
IS proce-
ity pro-
that for
ver than
an be ob-
agree-

r right-
1c¢. In-
ty {as~
density
is less
e of 1on
s 4 neu-
ls off

for both
he two
its oc-
nresen-
to plot
centric
pen
asily
sns from
large
en-

e
iment
t ob-

wmnce

INP-N1

THERMAL PLASMA MEASUQEMENTE

INBOUND ORBITS

wl% Ty 10.0 : e ry
1| V[ 28 OCTOBER. 1964 -
I 1 " 30 CCTOBER, 1564 1
] * IONS J
3 ] o ELECTRONS
]- .
. - | 3 "2 .
™ -
v g |
o §" s " 4
o ¥ g 5
- 4 3 2
E | . ' S 2. SE
= . ¥ :_: ) (,""
= 109~ e~ =210} 0 g 4
g F R - oo,
- e J o L
2 LAkl Mt 1
1 <
5 o § L
L 4=t = 1
- &
I..
ol S it
| 10 a 11 2 4 6 810
Rg
Fig. 5. Electron and lon il lemperature are plotted as a lunction ol #eoc
tric distance. These data oblained while IMP<]1 was near the eclipti ;
e cay shde magnelos il ry

was observed in the

210 ke/s receiver response at 4Rg geocentric. This

cbservation yields a local density of 550 electrons em=3. The second ob-
servallon is an analysis of the receiver response tu a signal above the plas-

ma [requency in lerms of the effect of the local plasma d

nsity on the radia-

tion resistance of ”1!‘ anténni. Inlerpreted in this manner, a radia! depen-
dence Xy = 1.3 % 109(R/R,)-4 valid from 4 to TRg is cbtained. Both the

general radial dependence and the specific value of 100 electrons em-2 at

6RE are in agreement with our results,
Obayashi [5] has used the dilferential Doppler shift of the harmonically

related transmitters

cal density at local

: (40 and 360 Mc/8) un OGO-A to determine the local
electron density in the vicinity of the spacecrafl

won on 16 Nove

rer 1964, of 1 to 2> 103 em-3 at a

He oblains an average lo-

geocentric distance of 3 211.’5. The IMP-11 satellite was at 3 IR on 16 No-
vember 1964 at 1103 UT: the densily value as measured by us was 1.04 x

103 olectrons c m=3,

1

In fig. 5, the temperature profiles for tons and electrons as a function
geccentric distance are in general agreement in the rate of temperature in~

crea

¢ with distance: however, we note thal the ion temperature Is higher

of
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than the electron temperature, taking into account the appropriate errors

It appears that near the magnetopause, apuroximately 10Rg, the ratlo ol
ion-to-electron temperature is higher than that at 5Rg. We suggest that this
preliminary obsérvation might possibly be interpreted as follows: In the
magnetosheath, solar wind erergy is transferred to the thermal fons raising
their temperalure well above that of the thermal electrons. The electron
temperatures in the magnetosheath have been observed to be between 1 and
3 eV [1]. Theoretical treatments of the detailed process involved in ther-
malization of the solar wind have been presented by Scarf et al. [6] who sug-
gested that solar wind lons lose speed (n the sub-solar magnetosheath re-
sulting in the generation of ion-waves and that the electric fieids associated
with the waves allow fast diffusion of plasma into the magnetosphere. Evia-
tar [7] finds that the interaction with electron plasma oscillations are ef-
fective in scaltering super-thermal electrons and that fon waves are tha
dominant mechanism for the diffusion of sub-thermal (1 eV) electrons
across the magneiopause,

It appears thal within the magnetosphere, the fon lemperature decreases
from its relative high value in the magnetosheath, due lo heat transter to
the electrons. Such a mechanism could explain the thermal gradienis in the
magnetosphere, and account for the fact that the ion-to-electron tempera-
ture ratio decreases with disiance {rom the magnelopause.

3. CONCLUSIONS

The resulis of successive and continupus measuremeénts of positive and
negative retardation curreats within the magnetosphere have been presented.
Our interpretation of these measurements are summarized as [ollows:

1. Electrons and ions have a Maxwell-Boltzmann distribution of veloci-
ties in the thermal energy range of the order of eV, these particles consli-
tule = neutral plasma.

2. With\n SR in the magnetosphere we observe a temperature profile
which {ncreases approximately as the square of the radial distance, while
the density profile exhibits a decay that can be approximated by the inverse
third to fourth power of the radial distance.

3. Our measurements of particle density do not indicate a whistler
*KNEE" phenomenon. In fact, we observe 10 to 50 times as large a density
beyond the "KNEE" as has been reported from whistler resulls
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TABLE 2. Paramelers s and », Which Are Descriptive of e Temper
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Date 2Re, UT 5 Ryg, UT 2 Re

Oct. 22, 1964 020 -25
Ut 4, 1004 050 11:00 -13
Ot 27, 1064 700 82 -7
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March 16, 1965 050 -3
Apnil 4, 1965 UG 50 +25
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EXPLORER XXI

IMP-B, ELECTRON ANALYSIS MERGE OQUTPUT TAPE

FORMAT

The IMP-B. Electron analysis merge output tape is a 7
track even parity IBM compatible BCD tape where logical
records are 155 bytes {chlractorﬁ) long. The word location
assignments and formats are as follows: Blocksize is 2790 bytes,

and density is 800 bp:

Character
Numbers Format Description
1-2 A2 number of points used in fit
3-4 A2 type of fit-1H, 2L, 3H
S5 Il class of fit-1,2,3,channel at
which fit start
6-15 El10.2 Ih intercept current at Up of high fit
16-25 El0.2 h slope of high energy fit
26-35 E10.2 I1 intercept current at Vp of it
36-45 E10.2 1 slope of low energy fit
46-55 E10.2 Vp spacecraft potential
56-635 E10.2 I2 current at 0-3 retarding volts
66-75 E10.2 N electron density
76-85 El0.2 I, terminal (high voltage) current
86-95 E10.2 sd (standard deviation) of fit
96-105 E10.2 Lsep approx. sun-earth-probe angle
106-112 17 Sequence number
113-116 14 day of year (Julian)#*
117-119 I3 hour of day
120-122 I3 minute of day
123-132 E10.2 A mag field in gamma units
133-142 E10.2 B mag L shell in earth radii
143-147 F5.1 distance from center of earth
118~151 14 longitude
152-155 14 latitude

sdata from 1965 is actual day of year
data from 1966 is actual day of year + 1000 for IMP C
data from 1967 is actual day of year + 2000

data from 1964 is actual day of year for IMP B no overlap
data from 1965 is actual day of year . of Jul day
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ABSTRACT

Ithas been observed that both the ion and electron com-
ponents of the plasma presentwithin the magnetosphere ex-
hibit, at mosttimes, a Maxwell-Boltzmann ene rgy distribu-
tion. The temperature of the electron gas increases by a
factor of about 10 from above the ionoephere to an altitude
of 2.5%10* km (5Rp geocentric). Over this same region,
the density decreases to a minimum of about 50 em . Less
pronounced variations of temperature and density with radial
distance are noted beyond 5Rg.

The simultaneous observation of ion and electron den-
sity profiles provides verification of charge neutrality over
vzrtical dimensions of the order of kilometers.
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THERMAL PLASMA MEASUREMENTS
WITHIN THE MAGNETOSPHERE

G. P. Serhu and E. J. R. Maier

INTRODUCTION

The satellite TMP-1T was launched on 4 Oc tober, 1964, into an
elliptical orbit with a period of 36 hours. The initial perigee was 200
km and the apogee was 95,000 km () 5.9Rg geocentric).

Figure 1 is a polar plot of the IMP-II orbit as seen in geographic
latitude and eartli radii (Rg) coordinates. At launch the apogee was
20° below the ecliptic plane, with the sun-earth payload angle (LSEP)
of 11°. This orbit has offered a good opportunity to investigate the
magnetosphere on the dayside of earth near the equatorial plane.

On-board IMP-II was a retarding potential analyzer, which meas-
ured the integral spectrum of ions and electrons in the energy interval
from 0 to 45 eV. The details of this experiment have been discussed
elsewhere, [l]. Briefly stated, the experiment consists of performing
a measurement of the collector current as a function of retarding
potentials. The retarding potentials used in the measurement are pro-
grammed as indicated in Figure 2. The voltage program defines the
electron, ion, and net current modes. The electrometer polarity is
programmed to give an apalog output from 0 to 5 volts for negative
currents during the electron mode, The electrometer polarity is
then reversed in order to measure only positive currents during the
ion mode. The effective aperture area of the Fa raday cup sensor is
5 ecm?. Particles within an acceptance cone of 170° are accelerated
through the aperture and subsequently collected. Photoemission cur-
rents from the collector have been successfully suppressed during the
electron mode and the 45 volt ion mode. Photoemission currents from
the suppressor grid can, however, reach the collector and must be
accounted for in the analysis.

RESULTS

In Figure 3 are plotted two retardation curves obtained on 27 March
1965 while IMP-II was in the nightside magnetosphere on an inbound
orbit at a distance between 3.9 and 3.4R;. Shown on the left is the
negative current response plotted on a log scale as a function of the
retarding potentizl in vol's in the interval from +5 to =45 volts. The
dots and crosses represent two individual curves which were obtained
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A view of the latituding! excursion of the IMP-II spocecraft. IMP=Il was laeunched

Figure 1.
oward the sun, but inclined obout =20° to the ecliptic

with the line of opsides extending 1

sequentially withia 11 minutes of each other, during this time interval
the satellite traversed 0.3R;. The arrow in the figure at =35 volts

indicates that at this time the plane containing the sun-payload vector

wae normal to the sensor. The measurements made to within $85° of
grid and a

the sun contain photoemission currents from the suppressor
correction for this current component should be made on the five data
points, symmetric about the sun vector arrow.
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Figure 2. Schematic representation of the sensor and the experiment voltoge program.

The wave form of the current Tesponse as a function of retarding
potential in the interval from +5 to -10 volts can be analyzed in accord-
ance with the Langmuir probe theory for the collection of diffusive
currents, which are due to a plasma component having 2 Maxwell-
Boltzmann distribution of velocities. Using this analysis procedure,
the electron temperature as measured from the slope of the curve is
3.2% 0.2 eV at 3.9R; and 2.5 + 0.2 2V at 3.6Rg.

We have observed, in the dayside magnetosphere, on selected days
(1] that a well ordered electron temperature structure is present inde-
pendent of the LSEP angle. For example, in the region from 2 to SRg
the electron temperature increases from 0.3 eV at ZR; to 1.6 eV at
5Rg. The temperature increase over this region as a function of radial
distance -un be expressed as T ,a R_ "% , A less pronounced temper-
ature increase is noted at distances beyond 5Rg.

The data for 27 March 1965 was obtained in the nightside magneto-
sphere, LSEP ~ 190°. These nightside electron temperature values
are about a factor of 3 higher than the corresponding values taken from
the dayside temperature profile. Whether snatial or temporal variations
are involved cannot be resolved on the basis of these isolated temper-
ature measurements. The 27 March 1965 data, Figures 3 and 4, have
been selected to illustrate in detail how electron and ion curves are
analyzed; we will be discussing additional data obtained in the dayside
magnetosphere,
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From the inflection near zero volts of the alectron retardation curve
in Figure 3 we measure the satellite to plasma potential to be 0 £ 0.5
volts. At attractive potentials, i.e., to the left of 0 volts, the curve
exhibits elcctron current saturation, Using the measured electron
temperature in conjunction with the value of the current at the satellite
potential we obtain an electron density of 130 electrons cm-2at 3.9R,
and 210 cm? at 3.6R,.

The right hand side of Figure 3 shows the measuvred positive current
plotted on a log scale as a function of the retardation voltage, The wave
form of the ion current also exhibits a Maxwell -Boltzmann distribution
and so Langmuir probe analysis can be used to determine the ion tem-
perature and density. Since the positive current is retarded almost two
orders of magnitude as the retarding voltage is changed from -5 to +7
voits, we can measure the slope of the line as drawn through these data
points in order to obtain the ion teinperature. From this measurement
we obtain a vilue of 2.5 ¢t 0.5 eV. Assuming that the predominant ion
at this altitude (3.9R;) is H', we compute the most probable ion velocity
to be about 30 km/sec. for a 2.5 eV temperature, at 4Ry where the
satellite velocity is 4 km/sec. Since at this altitude the ion velocity is
much larger than the satellize velocity, no corrections for the sensor
orientation with respect to the velocity vector [ 2] need to be made.

It is evident in the figure that an inflection in the ion curves occurs
at about zero volts, the =5 volts data point is thus in the ion current
saturation region. It is not readily evident when examining the curves
at precisely what voltage current saturation occurs; obviously, there
is an inflection between =5 and 0 volts but the shape of the curve in
this interval is not known. Since the saturation point occurs at the
satellite potential, its value can be determined with accuracy from the
negative current measurement and used to obtain the value of the ion
current at saturation. Knowing the value of the ion current at saturation.
and the measured ion temperature, we compute ion densities of 270 cm~ 3
at 3,7R; and 380 cm ’ at 3.4R,.

In computing densities we assign an augmentation factor of 4 to
the entrance aperture; this is due to the atiractive potential of the
aperture. For 2 more detailed discussion of the augmentation factor
the interested reader is referred to our previous paper [1].

In the legend of Figure 3, we have tabulated the electron and ion
densities (N,, N;) and the electron and ion temperatures (T,» T;).
Good agreement is noted between the measured electron and ion




temperatures. The ion density is, within a factor of two, in agreement
with the electron density, The factor of two discrepancy is due in part
to the previously discussed errors associated with the exact value of the
ion current at saturation. Thus, within the limits of the measurement

we have determined that the plasma is neutral, at a temperature of

about 3.0 eV, and that the spacecraft potential with respect to the plasma
is near zero volts,

On this same inbound orbit of 27 March 1965, we have obtained a
series of measnrements which illustrate how a detailed density profile
can be obtained. In Figuré 4, we plot five separate ion retardation
curves. For reasons of space, we do not show the data beyond t7 volts
of retardation since they are all similar ts the previously shown curves,
In the legend, we note that from 21:35 UT. to 22:24 UT. the satellite
was inbound from 3.9 to 1.9R;; the trajectory was near the magnetic
equator and northbound. From the electron curves. not shown here, we
have determined that for this time interval the satellite potential is
0.5 * 0.25 volts. The previously discussed analysis procedure has
been used for each of the curves to obtain a detailed densgity profile in
the nightside magnetosphere region from 3.7 to 1.9R,. Note that for
the curve marked 2.3R; the data point at ~5 volts is a factor of ten
lower than expected, thus no specific value of density at this radial
distance can be obtained; however, the remaining portion of that curve
is in general agreement with the preceding and subsequent curves.

The results of our density measurements are plotted in the lower
right hand corner of Figure 4 on a log scale as a function of the radial
distance. Included in the plot of density vs. Ry are values of electron
density (asterisk symbol) and values of ion density. The error bar for
the ion density is taken to be a factor of 2, whereas the electron density
error bar is less than 15%. It is seen that within the limits of the
error bar, the values of ion and electron densities are equal, and thus
the measurement indicates a neutral plasma with a density of the order
of 10° ecm™ at 2 Rg which falls off according to a power law of the
radial distance,

In Figure 5, we plot the measure * ¢ nsity and temperature profiles
for both ions and electrons, obtained v th. th- dayside magnetosphere
for the two successive inbound orbits of 2¢ and 30 October 1964. These
two orbits occurred at a sun-earth-paylcad angle (LSEP) of 38°, thus
they are representative of the dayside magnetosphere. Log-log scales
have been used to plot the particle density cm ™, and temperature (eV)
as a function of geocentric distance Ry. In the figure the crosses
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represent the ion data and the open circles are for the electron data.
The average fall-cff rate of the density profile may be approrimated
bya Ry * relationship. Spatial deviations from a smooth fall-off rate
are noted: however, there is no evidence for a large drcp of "KNEE"

in the density profile, as has been reported by Carpenter [3

Slish (4] has recently reported the results of an antenna impedance
measurement associated with cosmic noise obse rvations by an experi-
ment on the spacecraft Zond II, launched November 1964, Two indepen-
dent observation. are presented. A peak attributed to electron plasma
résonance was observed in the 210 ke/s receiver response at 4Rg geo-
cenfric. This observation yields a local density of 550 electrons cm °
The second observation is an analysis of the receiver response to a
signal above the plasma frequency in terms of the effect of the local
plasma density on the radiation resistance of the antenna. Interpreted
in this manner, a radial dependence N 1.3x10° (R/Rg)™* valid
from 4 to 7Rg is obtained. Both the general radial dependence and the
specific value of 100 electrons cm™ at 6Rg are in agreement with our
results,

Obayashi (5] has used the differential Doppler shift of the harmon-
ically related transmitters (40 and 360 Mc/s) on OGO-A to determine
the local electron density in the vicinity of the spacecraft. He obtains
an average local density at local noon on 16 November 1964, of | to
2X10°cm at a geocentric distance of 3,2R;. The IMP-II satellite
was at 3.3Ry; on 16 November 1964 at 11:03 UT.; the density value as

3 1nd p -3
measured by us was 1.04 X 10” clectrons em 2.

In Figure 5. the temperature profiles for ions and electrons as a
function of geocentric distance are in general agreement in the rate of
temperature increase with distance: however. we note that the ion
temperature is higher than the electron temperature, taking into accoun
the appropriate errors. It appears that near the magnetopause, approx-
imately 10Rg, the ratio of ion-to-electron temperature is higher than
that at 5R;. We suggest that this preliminary observation might ros-
sibly be interpreted as follows: In the magnetosheath, solar wind
energy is transferred to the thermal ions raising their temperature
well above that of the thermal electrons. The electron temperatures
in the magnetosheath have been observed to be between 1 and 3 eV
(11. Theoretical treatments of the detailed process involved in thermal-
ization of the solar wind have been presented by Scarf, et.al. [6] who
suggested that solar wind ions lege speed in the sub-solar magneto-

sheatl resulting in the generation of ion-waves and that the elactric fieclds




associated with the waves allow fast diffusion of plasma into the mag-
netosphere, Eviatar [7] finds that the interaction with electron plasma
oscillations are effective in scattering super-thermal electrons and
that ion waves are the dominant mechanism for the diffusion of sub-
thermal (1 eV) electrons across the magnetopause.

It appears that within the magnetosphere, the ion temperature
decreases from its relative high value in the magnetosheath, due to
heat transfer to the electrons. Such a mechanism could explain the
thermal gradients in the magnelosphere, and account for the fact that
the ion-to-electron temperature ratio decreases with distance from the
magnetopause.

CONCLUSIONS

The results of successive and continuous measurements of positive
and negative retardation currents within the magnetosphere have been
presented. Orr interpretation of these measurements are summarized
as follows:

1. Electrons and ions have a Maxwell=Boltzmann distribution of
velocities in the thermal energy range of the order of eV; these particles
constitute a neutral plasma.

2, Within 5R; in the magnetosphere we observe a temperature
profile which increases approximately as the square of the radial
distance, while the density profile exhibits a decay that can be approx-
imated by the inverse third to fourth power of the radial distance.

3. Owur measurements of particle density do not indicate a
whistler "KNEE" phenomenon. In fact, we observe 10 to 50 times as
large a density beyond the "KNEE" as has been reported from whistler
results,
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