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OBSERVATIONS FROM OGO-V OF THE THERMAL ION DENSITY

AND TEMPERATURE WITHIN THE MAGNETOSPHERE

by

G.P. Serbu and E.J.R. Maier
Laboratory for Planetary Atmospheres

Goddard Space Flight Center

Greenbelt, Maryland

ABSTRACT

The OGO-V retarding potential analyzer experiment is

operatod in a voltage mole designed to yield the Integral

spectrum of both ions and electrons in the energy interval

from 0 eV to 500 eV. Detailed results obtained with the

spacecraft inside 7 R E during the first 15 orbits (March -

April, 1968) are presented. We can identify and group the

data into three types of density profile; First, a smooth de-

crease in ion density from approximately 10
4
 ions/cm

-3
 at 1.5

RE down to the experiment threshold level of —20 ions/cm 3 at

approximately 5 to 6 R E . A second general type of observed

density profile is typified by considerable structure within

the plasmasphere and the plasmapause is identified by a factor

of 3 or more drop in ion density. The third type of profile shows

a density drop of a factor of 20 or more inside the L - 7 RE

t	 radial distance to values below our minimal detectable level

of 20 cm-3 . The ion temperature observations show that within

the plasmasphere the day to night temperature ratio is about



a factor of 2, with the temperature ranging from a low of

5 x 103 o  at 1.5 RE on the nightside to as nigh as 3 x 104

0  at 3.6 RE on the dayside. At the plasmapause a sudden
increase in the ion temperature is observed. This increase

is generally a factor of 5 or more within 0.8 RE,and it has

been used to pinpoint the plasmapause location. Beyond the

plasmapause we find a region of relatively high ion tempera-

ture, Ti > 105 oK.
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INTRODUCTION

The presently accepted descriptive model of the thermal

particle (E
10 eV) density distribution within the-magnetosphere

was formulated as a result of the Whistler observations of Car-

penter (1903) and A.ngerami and Carpenter (1966) . The Whistler

results have been substantiated by a variety of plasma probe

observations, Gringauz (1963), Taylor et al. (1965), Binsack (1967)

and recently by Harris et al. (1970) as well as observations,

conducted from spacecraft, on the propagation path of ground

generated V.L.F. signals (Heyborne 1966) and the study of in-situ

E.L.F. noise (0.1 to 1.0 KHz) Russell et al. (1969).

In accord with these observations, the plasmasphere is the

near-earth region of the magnetosphere where the thermal plasma

density distribution near the equatorial plane decreases approxi-

mately with an inverse power law of the radial distance. A, sharp

discontinuity in the plasma density gradient occurs at the

plasmapause, and beyond there exists a region of decreased density,

the plasma trough. Extensive observations have been reported

on the location of the plasmapause relative to the Earth, and

on its radial motion which is associated with magnetic activity

Carpenter (1966) Carpenter, et al. (1969) Rycroft and Thomas (1968).

In contrast to the above, observations on the thermal structure

of the magnetospheric plasma at energies below tens of eV are very

sparse. The electron temperature was reported by Serbu and Maier

(1966) to increase as R2 (where R is the radial distance),

reaching a value of,— 2 x 104 o  at 5 1E . Gringauz (1960) deduced

from Luna 1 and 2 that the ion temperature at 4 R E is less than



10  °K. At the synchronous altitude of 6.6 RE , Freeman (1968)

obtained ion temperatures of approximately 1.4 x 10  °K. At

present no complete ion temperature measurements have been

reported for the various regions of the magnetosphere.

It is the purpose of this paper to present some recent

simultaneous measurements of ion density and temperature which

were made in the dawn and morning quadrants of the magnetosphere.

The Experiment

A retarding potential analyzer experiment was launched on

the OGO-V spacecraft to measure the density and temperature

of the thermal plasma in the magnetosphere. The spacecraft

was launched from Cape Kennedy on the 4th of larch, 1968 at

13:06 U.T. and injected into a highly eccentric orbit at 14:02

U.T. The pertinent orbit parameters are: geocentric distance

of apogee 146,751 km, initial perigee height of 33" km (during

the first six orbits the perigee height increased to 557 km)

and a period of 62 hours. The sun - earth - satellite angle

at the first apogee was 35°. This observatory was inserted into

orbit with three axis stabilization; subsequently, optimum

orientation of experiments along with flawless spacecraft

systems operation was achieved. To the present, 18 months of

continuous data have been obtained with no noticeable degrada-

tion in operation of the experiment.

The OGO-V retarding potential analyzer experiment is operated

I
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in a voltage mode designed to yield the integral spectrum of both

ions and electrons in the energy interval from 0 eV to 500 eV.

The principle of operation of this experiment has been discussed

previously and the interested reader is referred to the literature:

Bourdeau, et al. (1961); Serbu (1965); Whipple and Parker (1969).

Table 1 contains a schematic representation of the sensor grid

arrangement, along with an abbreviated wave-shape diagram to il-

lustrate the voltage program used for measuring the ion spectrum.

Similar wave-forms but with reversed voltage polarity are used for

the electron mode of operation. The sensor is a planar circular

cup, 7 cm in diameter, inside of which are contained four parallel

grids which are spaced 4 mm apart. The large diameter to depth

ratio for this sensor serves to minimize stray currents due to
li

secondary emission from the walls of the sensor, and in addition

this geometry better defines the solid angle for collection of

the particle flux. The sensor aperture area is 3 cm2 ; while
R

the collector subtends a 1600 angle. As can be seen in the top

line of Table 1, a square wave of -14 volts is applied to the

aperture during the ion mode of operation. The aperture voltage

plus the spacecraft-to-plasma potential (assumed to be zero in

this discussion) serves to exclude all electrons whose energies ^j

are less than the aperture potential, 14 eV in this example.

The wave-form applied to the retarding grid is a linearly de-

creasing staircase voltage ranging from +15 to -5 volts. During	 ^'

this voltage sweep, 32 current measurements are made at approximately

3



0.5 volt intervals. This sweep is followed by one whose

potential varies from +500 to 0 volts. During the later sweep

nine current ,ieasurements are made at intervals if approximately



b

40 volts and 7 current measurements at 20 volt increments.

In TFble 1 it can be seers that the suppressor grid voltage



D

is always more negative than the collector voltage, thereby re-

ducing the secondary electron c);rrent from the collector. The

current as a function of sweep voltage is measured in two linear

range; by a bi -polar electrometer sensitive in the range from

1012 to 10 -7 amperes. Sufficient dynamic range and spatial

resolution are available with this experiment to yield continuous

data on the thervial plasma density and temperature from above

the ionosphere out to the plasmapause.

The time required to complete the ion sweep is dependent

upon the spacecraft telemetry sampling rate. At the slow

rate of 1 kilobit/sec, the required time is 18 seconds, and

at the 8 and 64 kilobit/sec rate the time required is 2.25

seconds, A complete set of data consisting of ion and electron

mode sweeps in each of the two electrometer ranges thus requires

4 of these basic time units.

The experiment is mounted ctyi the OGO-V orbital plane

.

experiment platform (OPEP--2) which aligns the experiment

I
sensor in the orbital plane. 'thus, the a sngle to the velocity

will be zero at apogee and perigee.



Superimposed on the OPEP
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orientation is a + 120 o
 
scan mechanism which can be commanded

from the ground to assume any preferred direction in a plane

perpendicular to the spacecraft orbital plane and to  the space-

craft-Earth vector. An alternate mode of operation is to scan

through a 2400 angle in that plane at the rate of 3o per second.

With this mounting arrangement the R.P.A. expP.riment can obtain

an integral spectrum at nearly all angles with respect to the

velocity vector; thus, effects due -co streaming of plasma relative

to the sensor can be studied in detail,

Data Analysis

Interpretation of the current-voltage (I-V) response char-

acteristic to yield parameters des.cripti-ve - -Qf the ambient

medium is accomplished by comparing the data to theoretical

response functions. The response function appropriate for the

case of a planar retarding analyzer operating in a medium where

the spacecraft potential, V s , is small and where the spacecraft

may have a veloc lj.:y comparable to ion thermal velocities has

been treated by Whipple (1959). He obtained the following

expression for the ion current as a function of retarding

potential V R :

a Tie Av cos 0 1/2 + 1/2 erf 
(x) + a exp (-a'2)

F2 ,/TT v cos

where:

v cos e is the component of spacecraft velocity parallel

to the sensor axis

5



a is the grid transparancy

N is the ambient ion concentration

A is the area of the retarding analyzer aperture

T^

T - ambient ion temperature

---V— RX - (v cos 0	e V/MT,) /a

and k, m, e are, respecti";rely, Boltzmann's constant and the

proton mass and charge. Note that this function was derived

for retarding values of V R^ i.e. t the retarding potential was

more positive than the ambient plasma.

If V R is negative with respect to the plasma, the probe

is said to be in the accelerating region of its response function.

For the ideal planar probe, the current detected in the acceler-

ating region is expected to be independent of the value of the

potential. This ideal characteristic will be obtained only in

the limit of true planar geometry, viz., a probe whose external

surfaces are at plasma potential operating in a plasma having a

Debye length less than the dimensions of the sensor. For larger

values of -the Debye length, and for particle velocities greater

than the spacecraft velocity, it is expected that the response

characteristic in the accelerating region of applied potentials

will exhibit a smooth transition to the response characteristics

of a spherical probe:

it

I	I

I = aNb A 11 + eV R /kT 1/2
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No exact solution has been obtained for the characteristic

in the accelerating region of a moving finite probe with

nonzero potential. Whipple and Parker (1969) have derived the

response function for electrons for the case of a slowly moving

spacecraft. The essential point of their work which bears on

the interpretation of the present ion data is that the net

charge on the spacecraft can impose a limit on which of the

particle trajectories can be sampled by the retarding analyzer.

More specifically, if the spacecraft charge is repulsive with

respect to the species of particles to be sampled, the incident

particles will encounter a respul6ive potential barrier along

their trajectories toward the sensor. The magnitude of the

barrier is determined by the geometry of the spaco-Iraft, the

values of exposed potentials on solar panelso etc., and the

ambient plasma and radiation properties; it may be a significant

fraction of the spacecraft potential. TITu8,in the low density

region of the plasmasphere where the spacecraft is expected

to have slightly positive potentials, the "true" response

characteristic may not be observed for values of sweep voltage

near zero retardation o,,., accelerating with respect to the plasma.

That is, the transition from planar probe characteristic to

spherical probe characteristic will not occur. Thus, we have

fitted the observed current voltage data to:

X = X
+
 (VR) + B

for values of VR = (V sweep - V s)  > 0 and to I - I+ (0) + B for

values of VR = (V sweep - Vs) 9 0 where I+ is the expression given

7
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in equation (l), and B is a possible constant background flux

of energetic particles which are unaffected by V R . The itera-

tive procedure yields the best estimation of the values for they

ion density N, the ion temperature V, the background flux B,

and the spacecraft potential Vs.

As stated in a previous section, a complete  ion mode consists

of 96 observations of the flux obtained  in about 9 seconds.

instead of fitting a single set of observations to the theoretical

function, groups of data from two successive modes were treated

as one set of observations. Thus, when the spacecraft data

system was in the 8 or 64 kilobit/sec telemetry mode, a set of

best estimates for N, T, Vs , and B could be obtained every

18 seconds.

Comparisons of the results obtained for successive analyses

did not show any significant dependence of the values of the

temperature (T) and density (N) on the orientation of the sensor

as it scanned the forward direction. The main body of the results

obtained from this type of analysis is given in the later section

entitled Experimental Results. We now discuss an alternate

procedure for obtaining the values of the ambient ion density

and temperature.

The motion of the spacecraft through the ambient medium

e

results in ions incident on the sensor at a velocity which is the

k

vector sum of the (negative of the) spacecraft velocity, any ion

bulk flow velocity, and the ion thermal velocity. From the data

obtained during a complete scan of the OPEP (approximately a two

minute interval), the subset of points obtained when the retarding

potential was near zero has been selected. Figure 1 shows the

8



currents observed as a function of angle for the times during

the April 4th inbouAd pass of the spacecraft. The open circle

data points were obtained when the spacecraft was near 1.8 RE

geocentric distance. They show a factor of three variation of

ion flux with angle to the velocity vector. The darkened circle

data points were obtained when the spacecraft was at 4.2 RE;

they show an essentially isotropic distribution of flow. From

these observations of the angular distribution of the ion flow

in the spacecraft coordinate system we conclude that:

1) at 4.2 RE the ion thermal speed must be greater than

the spacecrtaft velocity.

2) at 1.8 RE the ion thermal speed must be less than the

spacecraft velocity. The solid lines in Fig-are 1 show the vari-

ations of flux expected on the basis of the actual spacecraft

velocity and the two ion temperatures indicated. These two

temperatures have been obtained by the more extensive retardation

analysis discussed earlier and are typical of the regions cited

in this example. The agreement of the observed and predicted

flows confirms the values of the temperature obtained from the

retardation analysis. Gringauz et. al. (1967) have used es-

sentially this dependence of the ion flux on sensor aspect angle

to estimate the ion temperature in the altitude range 4000-8000 km.

They observed the variation of the ion flux as Elektron 2 rotated

and thus obtained an upper limit of 10,000° for the ion tempera-

ture under the assumption that the maximum and minimum fluxes

were observed, respectively, parallel and anti-parallel to the

spacecraft velocity vector.

9



Experimental Results

In figure 2 are plotted the ion density profiles obtained

for the first 15 orbits of OGO-'4. The dates of the perigee

passes are shown in the middle of the figure. Inbound, or day-

time, traversals from L - 7 to L - 1.5 are shown in the left

panel of the figure, and the outbound, night-side, densities are

plotted in the righthand panel. A series of tick marks along

the ordinate s ,&rve to define the 10 ions/cm
-3
 level for each

curve; successive curves are spaced two orders of magnitude

apart in the vertical directions. The ordinate scale is shown

in the lower left corner of each panel.

We can identify and group the data into three types of

density profile: First, a smooth decrease in ion density from

approximately '"„4 ions/cm3 at 1.5 RE down to the threshold: level

of — 20 ions/cm`' at approximately 5 to 6 RE . The March 7th and

9th profiles are typical of these smoothly decreasing profiles;

;anerally they are associated with very low K  values. The

plasmapause location for these quiet time orbits cannot b'

identified; presumably it is located outside 7 R E . A second

general type of observed density profile is typified by the

passes of March 30, and April 2nd and 4th. During the times of

these profiles considerable structure is noted within the plasma-

sphere, and the plasmapause is identified by a factor of 3 or

more drop in ion density. The third type of profile is illustrated

by the data inbound on the 17th and outbound on the 30th of March.

0

k
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In these, the density drops a factor of 20 or more inside of

L - 7 RE radial distance to values below our minimum detectable

level of 20 cm-3.

In Figure 3 are plotted the ion temperature profiles ob-

tained concurrently with the density data of Figure 2; the same

plotting format is used. The tick marks are placed at the 1035 
o 

K

level for each curve; successive curves are spaced two orders of

magnitude along the ordinate.

A detailed discussion of the temperature profiles is deferred

to a subsequent figure; this data presentation illustrates the

general features and variability of the plasmasphere temperature

profiles as observed over an extended period of time.

In generalthe proton temperature increases smoothly from

*, r,4	Up t- 0	feW +4Me^S4-'()4 o
'level 

n
ear
OK at 2 -R
 K -a t 3 to
Pa L
L
L V	 I	

E	 -'E'

Values in excess of 105 
o 
K are observed, primarily at large

radial distances. Occasionally local temperature enhancements

to this level are observed inside 3.5 RE ;  e.g., the outbound

passes of March 12th and 17th show a temperature enhancement

of about a factor of ten near 3 RE . The combined data of Figure

2 and 3 indicate that the energy density of the thermal particles

-in the plasmasphere lies in the range from 10
8 

to 10
-10 

ergs/cm
3

4

I	I
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1

DISCUSSION OF RESULTS

Figure 4 is a more detailed presentation of the ion

temperature measurements obtained during the perigee pass of

March 14, 1969. The L-values for the inbound and outbound
	 a

trajectories are shown on the lower two abscissas in the figure.

The perigee for this revolution occurred at 23:46 U.T. on the

14th of March, 1968 and was located above the Pacific Ocean

(-29.70 latitude; -92.5 0 longitude) at an altitude of 476 km.

The data of this figure begin at 22:07 U.T. with the space-

craft at 5 RE on the inbound trajectory, and end nearly 3.5

hours later at 01:23 U.T. on the 15th of March, 1968 at which

time the spacecraft is outbound at 5 R E . Data obtained within

+ 15 minutes of perigee time have not been reduced due to the

LL 	--gat4:=.re potential of the spac^,ecraft and the variation of

ion constituents as a function of altitude below 1.5 R E . The

plotted values of ion temperature were calculated using a single

ion constituent (H+) to represent data obtained throughout the

protonosphere. This assumption agrees with results obtained by

the mass spectrometer observations of Taylor et 'RIO on' OCO, III

cit O and> Wr`ris et ';al. on OGO-V (1969) .

The inbound trajectory for this orbit is located on the

dayside of Earth; at 4 RE the subsatellite point was at local

noon. The trajectory intersects the equatorial plane near 5 RE

and is southbound. The middle abscissa in the figure pertains

to the inbound trajectory and shows the L value and geographic

latitude for each radial distance. The inbound data, the solid

12
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V,

line, between L of 5 and 4.2 show the ion temperature to be

near 105 
0 
X with large variations about a uniform structure.

At L " 4.2 a large decrease in the ion temperature suddenly

occurs; within less than 0.1 R R the temperature drops by a

factor of 5. The jump in the temperature profile occurs at the

same time at which the density increases by a factor of 10. We

observe that at the plasmapause a significant change in the ion
temperature profile is present. A similar ion temperature jump

occurs with the spacecraft outbound at L = 3.6; within 0.1 R E 
the

temperature increases from 16,000 'K to 190,000 'K at the time

the density decreased by a factor of 50. These observations

appear to be consistent with the magnetospheric convection

theories of Axford and Hines (1961); Nishida (1966), and

Brice - (1967) which identify the plasmapause

as the boundary between the plasmasphere and the hot magneto-

sphere plasma which is in convective flow up the geomagnetic

tail. Freeman and coworkers (1967) have observed convective flow

of ions of energy less than 50 eV with the AT6-1 synchronous orbit

satellite at 6.6 R 
E* 

Recently Banks and Holzer (1969) have

predicted that 10 eV ions (— 105 
o 
K) will be found in the magne-

totail as a consequence of plasma escape via the polar wind.

As the spacecraft descends into the plasmasphere the ion

temperature decreases from 55,000 
0 
K at 4 RE to a v -.lue of 14,000

0 
K at 1.5 R... Cursory examination of data below 1.5 R

E
 indicates

that the temperature continues to decrease to values of the order

of 103 
o 
K at altitudes near perigee. From the temperature dif-

ference between 4 RE and 1.5 RE we calculate a temperature

13



gradient along the radius vector of 2.5 0K/Km. We caA also com-

pute a temperature gradient along the field line assuming the

1000 km level as the base of the field line, with an average

value of 3000 0K for the temperature at this level. With this

assumption at L ° 4 the ^remperature gradient along the field

line is 0.9 0K/`Km, and at L — 3 1 2 and 1.5 it is 1.3 0K/Km,

1.1 0K/Km, and 1.5 0K/Km, respectively. These values for the

thermal gradients along the field line are in fair agreement

with the protonosphere value of d
AT  

< 1 OK/Km, as ,det,ewmdsdediftrom

Explorer 22 by Brace, Reddy and Mayr (1967) at the 1000 km

altitude, and the Millstone Hill radar observations of Evans

t 1967) .

Outbound from perigee the spacecraft is above 200 Forth

latitude, on the night aide of Earth. At 3 RE outbound the

c-:ubsatellite point occurs at 0300 hrs. local time. The lower

horizontal scale of Y4gure 4 shows the appropriate L shell

and geographic latitude pertaining to the outbound ion tempera-

ture data, dashed curve. Within the plasmasphere, which on the

night side on this day extended out to L = 3.6 RE , the ion

temperature profile closely parallels the dayside temperature

profile. However, the temperature values are lower in magnitude

by a factor of 2. Brace (1969) has shown that at the 1000 km

level, in the latitude interval -20 0 to +200 , the day to night

electron temperature ratio varied by a factor ranging from 2

to 2.8, over a three year consecutive period of observation.

The observed plasmasphere day to night ion temperature ratio is

indicative of the strong field line coupling between the plasma-

sphere and the 1000 km level of the ionosphere. The computed

14

4



temperature gradients along the field :line for the night side

are 0.4, 0.3, 0.4 and 0.5 0K/Km for the L shells 1.5, 2.0 1 3.0

and 4.0 respectively.

The plasmasphere temperature profile undergoes marked

changes in structure from one orbit to the next; these  changes

appear to be temporal and they show a high correlation with the

magnetic activity index, K p . Data from three orbits during which

the daily sum of the magnetic index EKp was from 8 to 1.1 are

grouped in figure 5a, and data from three orbits for which

EKp was from 19+ to 27•- are grouped in Figure 5b. During times

of low 
X  

the temperature profile is relatively smooth and uni-

formly increasing with radial distance; some structure is apparent

only beyond 1, = 4. The plasmapause is identifiable in only one

of these quiet profiles; the vertical dashed line locates the

plasmapause for the outbound trajectory of March 9. For days

during which EKP > 19, the plasmasphere temperature profiles

show marked spatial variations about the mean gradient and

generally the plasmapause position is readily located on the

basis of a factor of 10 or more increase in temperature within

a fraction of an Earth radius. Inside the plasmasphere during

time relatively high magnetic activity, EK p > 15, localized

regions of enhanced ion temperatures are observed generally in

the vicinity of L = 3. As can be seen in figure 5b, near L= 3

we observe that within 0.5 RE the ion temperature increases

smoothly by a factor of three or more and then smoothly decreases

to nearly the previous level. In a majority of these instances



the observations can be viewed in terms of either a spatial

or temporal increase in the measured energy of the thermal

plasmasphere ions. In Table 2 we summarize the data used for

identifying the plasmapause location and magnitudes of changes

observed in the density and the temperature. Dayside data

refers to ii)bound trajectories, and night side to outbound;

the time of perigee is given in column 2. The average value

of K 
p 
for three hours before and after the perigee time is listed

in column 3. The value Ni/No refers to the measured ratio of

ion density inside the plasmasphere (Ni) to the ion density

outside (NO). The ratio TO/Ti is a measure of the temperature

jump 
at 

the plasmapause. As can be seen in the table the three

classes of density profiles discussed above are closely associated.

with the three-hour , ,K(. ocenteided - iabout - thVepagigee 1. ttme, , Ln generil

we note that a large drop in density at the plasmapause is ac-

companied by a large increase in temperature. The temperature

ratios observed at the plasmapause on the night side of earth

are larger than the ratios for the dayside. This effect is due

to the fact that night side ion temperatures inside the plasma-

sphere are lower by a factor of 2 than the dayside values~,

whereas, beyond the plasmapause the temperature is essentially

uniform throughout the time sector.

We have used a plasma density decrease of at least a factor

of 3 to define the existence of the plasmapause. The position

of the innermost such decrease has been plotted vs the 3 hourly

average K
P 

for the corresponding time. These data are shown in

Figure 6. Here we have also shown other observations of the

16
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plasmapause - K 
p 

relationship. Included are data obtained from

Whistler observktions by Catpehte:y (1966^^Aand data'Obtaided from

dii ect measurements by Bezrukikh (1966) , Binsack ('op. vita)  5 : and

Taylor etjaDi .(1966)C The 000t-V4results ^ a,re shown.-asuthet solid data

I/	
point with the solid line representing the least square fit.

All these measurements are in good agreement regarding the

variation of plasmapause position with K 
P4 

The change in the

radial distances of the plasmapause is proportional to K 
p 

x 0.5.

Our observations show the boundary about 1 RE earthward of

earlier observations. This is attributed both to the increased

solar activity in 1968 and to the fact that in the plotted data

OGO-V has not sampled the evening quadrant of the plasmasphere

where Carpenter has shown a bulge to occur.

The plasmapause location identified on the basis of the

ratio To/Ti (see Table 2) is shown in Figure '7. The heavy solid

line indicates the average location of the plasmapause as ob-

served by Carpenter. Sumperimposed on this figure we have located

the plasmapause position, the solid square points, based on our

observations of a steep thermal gradient in the measured ion

temperature. A generally good agreement between the thermal

gradient data and the Whistler average quiet time plasmapause

location is noted.

CONCLUSIONS:

The ion temperature observations show that within the

plasmasphere the day lo night temperature ratio is about a factor

of 2, with the temperature ranging from a low of 5 x 103 
o K at

17
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1.5 RR on the nightside to as high as 3 x 104 o K at 3.6 RR on

the dayside. The average thermal gradient along the field line

on the dayside is typically 4T/.R,	1.2 K/Km and on the night-

side ATAR = 0.4 'KAM. At the plasmapause a sudden increase

in the ion temperature is observed. This increase is generally

a factor of 5 or more, within 0.8 R E and it has been used to

pinpoint the plasmapause location as shown in Figure 7. Beyond

the plasmapause we find a region of relatively high ion tempera-

ture, Ti ^ 105 o K.

We have presented some preliminary results on ion tempera-

ture profiles as measured for the first time in the outer pro-

tonosphere. These observations of the relatively high density,

at the outer boundary of the plasmasphere, of about 100 ions/cm 3

4Vat	 e4	and an apparnt temperature of a few times 10 'x are

not consistent with a simple diffusive equilibrium distribution

along a closed magnetic flold line. We propose that the majority

of these particles are protons 'trapped' for a time of the order

of one day during which they traverse the length of the field

line * tens of times. Because of the relatively small gyro-radius

of these particles it is unlikely that they have crossed field

lines from an outer boundary in order to populate the inner

L-shells. The most likely source seems to be the traditional

0

"isothermal" ion-exosphere which would populate the L - 3 shell
3witl tens of ic-O'Aw at 3000 OK. We note that ions flowing

upward from L.".; ow 1.5 RE on the L - 3 shell will have a pitch

angle of less than 600 at 1.8 RE .  Thus, Coulomb scattering

above that b , aight is more likely to result in trapping than in

18



loss. This process can lead to n population of thermal particles

trapped at high altitudes. The self-collision life time of  JDO" Z

eV particles in a plasma cl devsIty 100 ions,/,'em 
3 is 2400 seconds

(Spitzer, 1965; Trubnikov, 1965); thus, the majority of the

ionospheric particles with a Maxwellian velocity distribution

will be lost rapidly, However, the self-collision time for 5 eV

par ,^icles in a plasma of density 100 ions/cm 3 is 8 x 104 seconds.

The computed bounce periods for the 0.5 eV and the 5 eV particles

are 3000 seconds and 1000 seconds. Thus the 5 eV particles will

survive 40 or more bounces, whereas, the 0.5 e •V particles will

be Coulomb scattered into the loss cone in one bounce period.

aga instThe discrimination of this process aga A	low energy particles

is suggested as as explanation of the apparent high temperature

of the ions,, if the tail of the Maxwellian distribution of

ionospheric particles is the source for these suprathermal pro-

tons than their number density would decrease rapidly at increasing

energy. Thus the maximum number of particles would be found at

tht; minimum energy required for the particle to have a signifi-

cant trapping life time. Alternately, wave interactions with

the thermal protons in the plasmasphere may result in energiza-

tion and slight deflections of the protons as they pass through

the interaction region. Particles so trapped would have lifetimes

as discussed earlier.

Finally, thermal contact between these ions and the ambient

electrons is estimated to result in an energy transfer to the

"% 9
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electrons comparable to that from ionospheric photoelectrons

flowing along closed field tubes. Thus, as with photoelectrons,

the observed ions are an energy reservoir for the ionospheres

which is neither dominant nor negligible; their influence will

requir ,i considerably more detailed study.

6.	i
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LIST OF FIGURES

Table 1 - Schematic representation of the OGO-V Retarding

Potential Analyzer, showing the Sensor grid arrange-

ment and an abbreviated -gave-form diagram. All

voltages are referenced to spacecraft ground.

Table 2
Tabulation of data used in idnetifying the location

of the plasmapause. The identification is made on the

basis of either a jump in the temperature ratio (To/Ti)

or a jump in the density ratio (Ni/No). The dashed

lines indicate that identification could not, be made

on the basis of the data obtained inside L - 7 RE.

Figure 1 - The data points represeiit the ion current collected

at zero retardation, vo.1tage as a function of the

angle between the sensor normal and the velocity

vector. The smooth curves plotted are the probe

response function evaluated as a function of angle

for the temperatures indicated. These temperatures

were obtained from the computer fits to the complete

retardation characteristic (sweep ,range +15 to -5 volts).

Figure 2 - Observations of Ion Density in the magnetosphere for

the first 15 consecutive orbits of OGO-V. The scale

shown at the lower left corner slides along the ordinate

to the indicated 103 level of each curve. The date

of perigee is shown in the center, time sequence is

from left to right.

Figure 3 - Observations of Ion temperatures in the magnetosphere

for the first 15 consecutive orbits of OGO-V. The

scale shown at the lower left corner slides along the
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ordinate to the indicated 10 5 level of each curve.

Figure 4 - Detailed temperature profile for the 14th March,

1963 orbital pass. The abscissa is given in terms

of Earth radii (RE) and the L-shell parameters for

Goth inbound and outbound portions of the orbit.

The data begins as the spacecraft crosses the geo-

graphic equator inbound near 5 RE and terminates some

3 hours later when the spacecraft is outbound. at 320

north latitude.

Figure -5 - A series of ion temperature profiles grouped on the

basis of the 3 hourly magnetic activity index Kp.

The top panel 40 wvshows the meaeu:ped pketiles fot r-ela-

tivtly "quiet" times and the lower panel (b) fftr, -

"disturbed" periods.

Figure 6 - Data showing the observed radial distance of the

plasmapause as a function of the K  value. A com-

parison of data obtained over a 5 year period from

six spacecrafts is also shown.

Figure 7 - Projection on the equitorial plane of the plasmapause,

as identified on the basis of a thermal discontinuity.

The average values of ion temperatures are also indicated.

The heavy solid line indicates the average location

of the plasmapause as observed by Whistlers.
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Ẑ —* a 0 N I I N ^. M fZ
..`

I
0
.r' •r
o* i M I

h
M I

M
t i
I

J

^^ i I m o o I M ,°^ ^ •r M— I I
I
o

ZZ I I a o ^ I h M 0

 (^

^ ° h I I	I
Al

2

-•

I I Iw .^ I
10
M

W
M*

O^ m — I I
I

J
i

eL
Y

l
M

.j„

...
+.
N ^' ^f' '+if' Rs

•^-
M M

I
M ^

1
M

t
^'

t
N	N

f.,
pp
TT̂

O

M

p

n '^Q

4
M
^ cv

m
o

W

ti
a

ON

OD

~
M IN)

N

1`A

0

M M to M M qr r



I -

	

to

Cfj

(n 0	0

(n a k C11
-4-)	0 CY)

(n 0	CU 4-)

1.0	:j	cis
cl

O Cd

E-4 rd

U')
crt ::J	P4 4J

0 cl0
(n	;q 0
cl 0 bD
P4 -H 0 U)

0 W)
M 4-)
4-3

U')
4-) 0	0) CH

4-) k

41

4P

.Z.
0 0 w

00	w
10

U)	U)	P4
0 w

C(
co

01
OP

4-1 AN

4-) 4-)
M CH

0 co
'o

XA 0% r--4
m	k
a)	P4 a)

U)	cl

W. u
aLU

G.
4-)
4-)
In

m
cj tD— (D

od
04

k	Ul 0

0 4-) M 0
CH

•z	 10, rd
ul
0 0.

>
--q M -H

10, "H	bl) (1)
ui w

0^

C4
04

0 W 10 0

°
4-)

0
M

0 rd
cq
Zo

o o o ca k 4 .7-1

I

IN

is
iii 0

t -P4

LLJ
C7 m

( 10 CH 0 cz
•

LO -M 0
4a)
0

14
H w	(D

(M.) 3un.LV83dW31 NOI CZ J^ 4-)
O
4-) k	LO
0)	(D IH
4-)

4-) 0 k -H
cz -P

(n
a)	cl
•

114
0
rd 4

10	(D 4-)
04 -W

>
-H 0 0 0

u bD P410 0

ri



a LO

I)
I

m

I	\` I l ,'

VI ^' '_  wry ^+
VI `

♦
m

_` 11
m
o 1^
i

I-
 )
x I ~ I
/^

v I zZz
( I

i co

m

Y
w ^^0

m ^

w
vi

o
m =

Vi

+ ^1z o ao I^
? o °-' ^I

I II III

N	
I	I ^	̂

_ld --

•
O
-

O
et

O
m lD

O
o
lf7

o
^'

O

f ^11 3dnivd^cjlUi NQI

I)

-P 4J
N

bA +'
ci cU
^ •rl

^a

O i-1

Ul)

k

O

R/{ ''

^
yy

V/ T

v{ VI

`t 40

.4

O d
P4 V ^

o ai

.^ O
0) 4J

O O
;q 

d

-P
4J
cl

P4`

cV
4J 

O CH

O^^
.H N ,II

m	 4-I E-4 v
o
O t-^
r--+


P40

>4

H

U) rd a)

.H
H

4

^4
U

bA ca ca

w

I 



Ln

Z N
	

0
a
 =Z ^


A

En

M
to t W

Q^l Qol Q il 0) 

U)
N =w Y _

FJ—wCL
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