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Preliminary D1P-A plasma measurements made with a Faradt\Y cup type 

instrt.JII1ent ere presented. The main results are as :follows: a) A 

directed :f."lux of positive plasma ions is alvays observed in regions beyond 

the influence of the earth. b) On each satellite pass tvo transitions 

in the plasma properties a_~ usually observed, one transition can be 

identified with the magnetopause and one with a shock front created 

by the "supe1·son1c u plasma stream. At the sub8olar point, 12:00 Bra. typical 

geocentric distances to these regions are lOR and l4R respectively; on 
e e 

the dawn aide of the magnetosphere, 06:00 hr, the correaponding d1st8llces 

are l4R and 23R • c) In the transition region between the shock and e e 

the magnetopauee a hot isotropic flux of positive plasma ions is observed. 

T,ypical values of the directed plasma flux range from¢ = l.lo8cm-2sec-~ 
. rl. 9 -2 -l to r = 1.10 em sec • ~ical values of the bulk velocity range from 

250 km sec-l to 44o km sec-1 • Data for the first three months of satellite 

ope1·ation vill be presented nnd the significance of the results will be 

die cussed. 

This work has been supported by the National ft~ronautics and Space 
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This paper presents pre~minary results of plasma measurements 

carried out ~nth a Faraday cup instrument on the IMP-A (Explorer 18) 

Satellite. Th~ sensing device measures the flux of positive Z>lasma 

ff6 6 6 10, . -2 -1 ions betveen the limits·%. x 10 end x 10 1 particles em sec 
\ . 
and over an energy range· (1~5 to 54oO)z e.v. The flwt o:t' electrons is 

also measured over a reduced energy range :from 65 to 210 e. v. 

The foll~iing characteristics of the satellite are pertinent to 

our discussion. IMP-A vas launched Nov. 27, 1963 into a highly elon­

gated orbit with an initial apogee of ~ 31 Re (geocentric) and an 

initial perigee of 197 km altitude. The orbital. period is ~ 3·9 

days. In describing the results we will use the solar ecliptic co­

ordinate aystem shwn in Fig. 1. In. this reference :trame the x axis 

is toward the sun; the s axis toward the north ecliptic pole, and the 

y ana is the third member of a right handed orthogonal set. The 

angles ¢ and G respectivelY define the longitude measured eas~d 

from the earth-sun line and the l.atitude measured in the conventional 

way. The initial direction of the line of apsides was in the general 

. 0 d 0 
direction of the sun, 9

6 
= - 8 , Pa = 336 • Fig. 2 shows the projection 

Of the orbit onto the ecliptic plane; from this representation one can 

visualize roughly the position of the satellite relative to the sun-earth 

line as a function of ttme. 
. . . 

The aatelli te uas spin stabilized vi th e period of rotation which 

has remained close to 2:~4 seconds; precessional motion is negligible. . , 

The initial orientation of the spin axis vas Q = - 50°1 ¢ = 238°. s s 

The orientation of the spin axis as a fUnction of time is shown 

s~ematically in Fig. 3· A further quantity of interest is the 

initial orientation of the orbit plane. The initial coordinates of 
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its normal are 9 = ~~ ; • 257°. n n 

The type of plasma sensor used on the IMP satellite is shown 

schematically in Fig. 4. Very briefly its operation ce.n be described 

as follows: A square wave voltage which oscil.lates at 1 KC betveen 

the limits v 1 and v2 is applied to the mDdulator grid. Particles 

'With a ratio of kinetic energy to charge, T/z, belov v
1 

canno·t reach 

the collector while those wi.th T/z greater than v2 are not at'.fected 

by the modulating voltage. The :f~ux o:f' particles with T/7.. between .vl 

and v2 is chopped at the modulator frequency and gives an a.l.ternati_ng 

current at the collector nhich is amplified. Filtered and compressed 

logarithmically into an analog output voltage suitable for the tele-

metry system. This type of sensor has been described in previous 

publications 1
'
2 and its operation 'Will not be considered in detail 

here. The plasma sensor and its response function are axially sym-

metric and maximum eensitivity occurs for particles which travel 

parallel to the axis of the sensor. The response falls to zero about 

6o degrees off axis. The ef'fecti ve solid angle 1.s about one steradian 

and the area solid angle product is about 25 cm2 ster. 

The instrument is mounted in the satellite with its axis at 

symmetry at right angles to the spin axis. Thus, as the satellite 

rotates the sensor scans a 360 degree field 'Which extends .! (60°) 

tdth respect to the equatorial plane of the satellite. The telemetry 
. 

format which governs the operation cycleis shCMl in Fig. 5· The 

format consists of tour sequences each· lasting 82 sec.onds. Each 

1. Bridge, Dl.lworth, Rossi and Scherb, J. Geopbys. Rea. §2, {l96o) 3053 

2. Bright, Lazarus, Iqon., Rossi and Scherb, Space Research III, North 
Hdland Pub~ishing Co. (1963) lll3. 
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62 second sequence is divided into 16 equal fr:ames 5.1 seconds in 

duration. One sequence in four is devuted excl\lsively te> the rubidium 

magnetometer; during the rems.ining three sequences six 5 .1 second. 1
, 

intervale are a.lloted to the pla..<Jma m.eM·urements. The cycle of plasma 

measurements al~s begins in sequence l after. the rubidium :m:::gneto- \ 

meter """""uremant and is"" follows: se-nce l, positive ions T/z = ~ 
(45 - 105) e.v. and T/z = {95 - 235) e.v.; sequence 2~ positive ions 

T/z = (220 - 64o) e.v. and T/z = (56o ·· 200) e.v·.; sequence 31 

electrons T = (65 - 210) e.v. and positive ions T/z = {1700 - 54oO) e.v. 

Appraximately.3.5 seconds of each 5.1 aecoud mea3~ment interval is 

avatlable to tnmsmit the plasma signal. Dur:J.ng this time the output 

ie sampled every 16o m. a. corresponding to equal angular intervals 

0 
of approlti.m!Ltely 20 • These 22 mea.ll.Surem.ents. require about l. 5 revolutions. 

The energy window is then shifted and the process :t-epeated. A complete 

energy scm1 requires 2. 8 minutes and is repeated every 5 Q 5 minutes. 

At this point lre summarize brieflY the main results obtained to 

the: present writing, and, in what folious, lre give a more detailed 

description of theeJCPei'in~ental evidence. 

The ma:l.n results are e.s follows~ 

a) A directed flux of plasma ions is always observed in regions 

far f'rom the earth were the plrumta motion is unaffected by the 

geQma.gnetic field. We refer to this as region I· 

b) For each orbit at least t.vo tre..nsitions in the properties of 

the pJ.e.Bl:im are observed on the inbound pass and on the outbOund pass 

of ·the satellite. One transition can be identified ~tb ~etopause 
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and one with a shock front created by the supersonic plP~ stream. 

At the subsolar point, 12:00 hours, typical geocentric dis~qes to 

these regions are lOR and ll~R respecti"Vely; on the drom. side of . e e 

the magnetosphere1 6:00 hours,· corresponding dist.Nlces are 14R and 
e 

23R • e 

c) Betveen the shock fron·t and the m.agne-topause, region II, a 

bot isotropic flux of pl.asme. is observed. 

In Fig. 6 the plasma flu.."t is plotted on a linear scaJ.e as a function 

of rotation angle for the 5 positive :Lon levels and :for the elec·tron 

level. ~ese data were .taken on orbit 11ffien the satellite 'tma at a 

distartce of 21.7 R • e 
It is cl.esr· tbat the signal. is concentrated in 

energy Windou· 31 (220-61K>)z e.v., and ·that the plasma fJ.mr is essentially 

unidirectional. The 1/llTOl-TS on the figure indicate the time at which 

the axis of the a.ensor pointed as closely as possible to the suno 

vii thin the angular uncertainty of.! 10° it is ple~ that the· ·longitud~ 

of the bulk velocity vector ¢v is 180°. Data which should permit the 

simultaneous determination of 9 has not yet been redllC:ed. The v 

signals plotted in Fig. 6 are characteristic of region I. 

In Fig. 1 the general plot is similar to that show in Fig. 6i 

the data refers again to orbit l, b\rt the distance was 

is clear that the an~1ar distribution ia essentially flat and that 

the energy spectrum extends tram the l~.1eat to the highest channel. 

I 6 6 ' 6 -2 -i} 
11. The noise level in Figs. and 7 is about x 10 em sec • 

To permit a more ready inspection of the data ~ have Chosen to 

plot appropriate 2. 8 minute averages at the pla.slzm. proper.tiea every 

5.5 minutes. A portion of such a plot for orbit. 3"1nbound·ia show.n in 

Fig. 8. The abscissa is a linear time scale inm-easing to:·the righto 

--- ~-
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'b"rom. top to bottom the first line represents the average energy f'lux 

per particle 1-ri th the ordinate in e. v. ; in the second graph the ordinate 

represents lOg10 of the tota~ position :l.on flux; the third graph 

represents the log
10 

of the electron f'lux, &lcl fin.al.ly the fourth 

' 
graph gives a me.r.sure of the lndth of the energy distribution. 

For the proton and electron fluxes two 'Yaluea ere com.pt\ted: 

one "looking toward" and one "looking a"ray" fran ·the sun. Thus two 

levels &re seen plotted. for these fluxes in Fig. 8 and the aePm.-ation 

between the mBX:tmtnn and minimum flux level is a measure of. the en:tso-

trop-y of the plasma f'lux. In the figure t.he proton :flux at distances 

8 -2 -1 greater than 15R has a value of t\./ 10 em. sec and ahot.rs a high e 

degree of anisotropy. The electron fl.ux at th:f.s time is ~sse~rtial.:cy at the. 

no:f.ae level of the instrument. These concUtions ere ch&-acitieristic 

of those lre have identified v:t th region I and persist tmtil about .15R e 

At this time the thermal energy of the protons increases, and the flux becom.es 

close to isotropic. At the same time a relatively large flux of isotropic 
, .. 

electrons is observed. These conditions are·char.ac~istic of r~ion II 

and persist w1 th some variations until about 10~ wen there is an ab~up·t 

decrease of th~ proton end electron fluxes to the noise levelo In this pass 

J.OR corresponds to the boundary of the magnetosphere. The space 1d thin the e . 

magne·tosphere is de:fined as region III. 

Th~ data in Fig. 8 were obtained during orbit 3 when the satellite 

't-1a.S close to subsolar region. With the exception of 3 passes llhich 

have not yet been examined,. similar results have been obtained :for 

43 traversals of the boundary region (~to orbit 23, Feb. 21t.). These 
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data are plotted in Fig. 9; the solid lines indicate the portions of ~he 

or~it in which the flux observed tms essentially isotropic. (Fig. 2 is 

useful. in :l.ut.~rpreting this figure). In constructing the figure, points 

on the trajectory have been rotated about the earth-sun line into the plane 

of the ecliptic. 

~e most striking feature evident fi'om Fig. 9 is that tb.e shape 

Of the magnetospheric boundary and the shape of the shock front are 

in full agreement w1 th the veil kncnm theory of supersonic aerodynamic 

'J 
flow around a blunt body. On the average at least, regular boundary 

surf'aces are observed for the maunetosphere and the shock front during 

can extended period of time. This observation suggests that a stable 

boundary surf'a.ce exists. 'l!.h.ere are, however, features of the data 

which are as yet unexplained and the details of the interaction betveen 

the plasma and the geomagnetic field are as yet not obv;tous. Initial 

attempts to check the conservation equations for particle density, 

momentum flux and energy density across the shock transition are 

encouraging and results will be reported in due course. Finally, we 

would like to emphasize that rapid transitions in the properties of 

the plaBl!!B. are a characteristic :tea.ture of the data. 

This can be seen by a close inspection·of Fig. 9· In this representa-

tion broken regions of the orbit traces indicate regions in ~ich a 

transition t~ observed from a nearly isotropic flux of positive ions 

·to a di1•ected flux. Typically conditions change in the following sequence 

on an inbound pass: I _ _::, II --::::> I -..>IID ••• -:;>III. Transitions 

be·tueen these condi tiona ar~ observed to take place 1n times less 

tban 5 seconds and the time during v.hich region I is observed in the 

sequence II-'/ I -;>II is frequently of the order of 5 _or 10 minutes. 

For=tntsL-eason-, the transitions tend to be "we.shed out" by the 2.a minute 

averages used in Fig. 8. Fig. 10 shaw a portion of the orbit in which data 

for t~e maximum and minimuliJ. flux observed during one re·volution of the 
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satellite is plotted for energy level 3 {220 - 640) e.v. Transitions 

betwen regtonR I anc:l II .l'ty-P. ~J.P.arly ~v.f.o.t;mt. Detailed spectra for a 

tr~sition of this sort are as shmm in Fig. 11. Here :the transition has 

taken place with a time uncertainty of ,......., 80 seconds defined by the 

magnetometer sequence which occurs between the two plasma measurements 

shown. 

We acknowledge with gratitude the close and effective collaboration 

v:.i.th our m.any colleagues at the Godda.rd Space Flight Center. Without 

their help, this work would not have been possible. 

In the anacysis of the data ve have profited by the tfork of 

Dr. G~Moreno and by discussions with Prof. s., Olbert; Mr. R.B. Baker of 

Lj,ncoln Laboratory contributed in an essential wa;y to the design and 

construction of the experiment. 
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