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Abstract

A wulti-mode, fast-saspling, Qquadrupole wumass
spectropeter uas flown on shuttle. The instrusent
sessured the neutral and positive ion composition
and densities ss well o9 the vehicle potentisl.
The spectrometer also wvas able to dietinguish the
anbient neutral/ion sepecies from the contazinants
by separating them in an energy analysis sode. The
plasna measurements showed relatively lerge azmounts
of H,0% and By0* fons that vere crested in the vater
vapor cloud surrounding the spacecraft. Plasma de-

pletions of about an order of wmagnitude occurred *

during VCS firings. Exawples of vehicle poun:ul
seasurements perforsed by sitting on the o* and
slso the NO* peak while applying s stepped retarding
potentisl are shown. Neutral species seasurements
indicated the major contaminants wvere vater vapor
and helium. The quantity of water vapor detected
versus time correlated directly with the tecporal
variation of spacecraft temperature. Helium wvas
in excessive amounts throughout the flight. The
time dependent cheracteristics of the backscsttered
exhaust products from the OMS and VCS firings were
sccurately measured. The nasjor exhaust products
were Hz, H0 and N2. The largest return flux
cane from the VCS's located on the spectrometer
pointing side. The concentrstions of heavy masses
(greater than 50 amu) vere small.

Introduction

~—, A versatile ion/neutral quadrupole asss spec~

trometer vas designed and developed in-house by the
Cozpcsition Branch of the Alr Force Geophysice Lab~
oratory to measure the gasecus and plasza environment
around the Space Shuttle. This report briefly de-
scribes the instrumentstion, the various wmodes of
cperation, the dste scquisition program and then
presents some of the data cbtained while operating
in the neutral and 25n modes. Messuresents are pre~
aented c¢f thruster firings, wvster dumps, energetic
Backscatter phenomena, the temporal behavior of con-
tazinants, the plss=za environment's modification by
cortamirants, fomospheric irregularities and vehicle
potential uuuuaenu.é

Systen Description

A sore complete dascription of the instrumente-
tion i{s given elsevhere.l The fnstrument can operste
in either of tvo progras modes that are controlled
by uplink commands to the shuttle. In sode ] posi-
tive ion seasuresents are sade, snd in mode 2 neutral
8§88 seasurenents are performed. Mass programs for
the two modes sre given in Table 1. The mode 1 pro-
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gras consiste of 64 separate, non-retarded (NR) mase
seasurements folloved by 25 reterded (R) selected
sass messurepents wvhich, in turn, are followed by
39 son-retarded high resolution (HR) wmeasurements.
The final 64 steps of the jon mode consist of two
vehicle potential (VP) sveeps to deterzine shuttle
potential. Dwell tiwe in each step s 10 millisec-
oods resulting in an oo wmode program period of
1.92 seconds.

In the firet 64 MR eteps of mode 1, positive
iovs of all energies are alloved to pass through
the grid systes for mass saslysis of ions between 1
snd 67 asv including tvo total ion steps for mssses
greater than 350 amu. The next 25 mass samplies are
set on expected contaminant smasees. During thies

“period, s vetarding voltage (V,) of +2.5 wolts te

s, perviscry Physicist, Aeronowy Divisfon
’!lo:uonlu Engineer, Aeronomy Division
Aerospace Engineer, Aeronomy Division
4g.ectronico Engiraer, Aeronomy Divieton
thematician, Spsce Dets Anslysie ladoretory
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applied to & grid to remove the low eunergy contam-
inant foos which travel with the shuttle from the
epergetic ambient ions which msove at relative space-
craft velocfty. The difference Detween the retsrded
and nop-retarded messurements defines the shuttle
contanfoants. Por this scheme to work properly the
instrument aperture must point into ram, {.e., slong
the shuttle's velocity vector. The following 39
oteps or high resclution (HR) mode were set up to
seasute sQuators lonospheric {rregularities with
higher spatial resolution by incressing the saspling
tete of selected sons. Por example, for wmase 16
(0*), the epetial resclution $s 400 weters. Ald
bMases for thie pericd sre the same a8 in the firet.
6 NR oteps. The last 64 VP eteps vere programmed
to sessure vehi:le potential when the instrument 1o

~
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pointed in the ram direction. 'l'ln spactroneter 1o

\ fized on 16 sau (0% for 32 stepe ond then 30 gmu
(#07) for 32 steps. Por 07, the V. grid is otepped
from -4.45 volts to + 7.91 wolte and for W*, from
=6.05 to +412.50 volts. This mode makes use of the
fect that the shuttle velocity is comstant st adbout
8 kilometers per second so that the gnergy fs elec~
tron volts ©of the incoming ions s equal to one
third the mass ovuaber in AMU. Therefore, for &
sero volt shuttle potential, the 0% curreat should
start to decrease {n magnitude at Vp, = 45.33 volts
and for NO* at 410 velts.

The neutral mode consists of two groups of 64
sesasurements. The first group Beasures masses be-
tween ! and 67 amu plus two steps for total fons
grester than 50 ssu, 8ll in the non-retarded (KR)
sode. The same measurements sre made for the second
group of 64 bdut with s retarding potential of 2.5
volts on the V. grid. As in the positive ion wmode
for ras conditions, the difference bdetween the re-
tarded and non-retarded messurements identifies the
contaminant species.

T RN AT SR L . PR

Tor sll operating wmodes, the fon curresmt to &
ssmpiing grid is sessured before the ioms enter the
quadrupole filter. The measured grid curresots re-
late to the ambient fon densities in the oz mode
and to the iom source pressure in the neutral sode
which, in tura, can be used to determine ambient gnd
contaminant densities. Contaminant neutral species
concentrations are such more difffcult to obtain
and require the use of complex scettering programs
l1ike SPACE 2 to {interpret the wmesasurasents. The
spatial resclution of the grid current measure-
ments is 80 neters; hovever, it 1s only limited dy
the sazpling rate availsble on shuttle.

) The instrument was sounted such that it was
i looking horizontally over the right wiag but pitched
i upvard 12° from the right wing or y-axis. The in-
strument’'s field of view was a 20° rone for ions and

. about 2r for neutrals.

flight the instrument was commanded on 158 times
with data gathering periods varying froe as short
#s 5 minutes to as long as 45 minutes over ordits
spanning from Rev. 3.6 to 946.9. There were four
; datas gathering programs: 1) all fon; 2) all neutral;
: 3) 5 min. neutral - S win. 4on; end &) 5 min. neu-
i tral = 5 min. fon - the remainder neutral. The mes~
surements vere further programmed sround engine fig-
ings, vater dumpe, studies of fonospheric irregular~
ities, and other events. The vacuum cap vas opened
on ordbit 3.0 and closed on orbit 94.9 sesling the
instrument.

Neutral Pressure and Ion Density Conversion Factors

The measuresents are prepented in terus of ses~
sured currents versus Mission Rlapsed Time (MET) {o
seconds. For the neutrsl mode, epecies preecsures
end densities have not yet bdeer calculsted because
the spscecraft sttitude dots ase not finslized. Pig~
ure 1 gives ¢ grid current-to=icn eourte pressurs
conversion curve for nitrogen (N2) ges which gener~
ally cen be used to obtain e rough estimste of fn~
ternsl (fon source) pressures. (The gas tomposition
sust be tshen into sccount for en accurate pressure
deternination.) Por the fon mode, the grid current
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Pig. 1 Ion source pressure versus measured grid cur-
reat for nitrogen (N3).

(Density Monitor) can be sultiplied by 2 x 1013 fons
™3 amp 1 o obtain rotal 1on denmsity to within &
factor of two for rem conditions. Normalizstion to
other plasma density messuresents on the spacecraft
will increase the accuracy of this factor. The out-
put of the fon species may then de scaled to the to-
tal number density to obtain epecies concentratfonms.

Neutral Mode Messurements

Thruster Firing Effects

T "ghgine firings produce significant perturba-
tions of 1light, particles and gases. With up to
40,000 engine burns over a typicsi_flight, s _sig-
vificent disturbance occurs about once every sec-
onde on eversge, esch with varying dursticn. To
circusvent this problem, various ezperiwenters have
obviously requested the eogives de inactiveted dur-
ing their measurements. The mass spectrometer has
the capadility to characterize the exhaust gas prod- i
ucts snd their return fluxes.

Figures 2 and 3 presest sample peasurements from
orbit 4.6 taken at night near =27° lstitude with the
fastrument’s angle of sttack at 90° ané the shuttle
flying 1o an airplane mode. The fnteresting features
of ordit 4.6 sre the measured gas return fluxes fros
the vernier and OMS=4 buros. For all three cases, the
pressure pulses are about 1 tore, and in & matter
of 1-2 seconds after engine shut dovn, all levels are
back to normal (ees Pigure 4). The three major en-
gioe exhaust producte are By, K30 and Ny with rela-
tive concentrations of 0.6, %.3 and 0.1, respectively
for the OMS-4 burn. Por the firet vernier pressure
pulse,the relative concentrations are 0.11, 0.51 and
0.38 sod for the second 0.11, 0.36 end 0.33, reepec-
tively. There do uot appear to be any significent
asounts of CO or OD; is the returs fluz. Disregerd-

ing the sbeence of CO and 003, the espected and mes-
sured relative composition of the veraier exheust
ptoducte cospare fairly well, while the ONS flux o
clearly rich ia B3. This behavior ssy be dus to the
lerger molecular scottering effictescy of Wy vhich
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rig. 2 Orbit 4.6 measurements of Ny, H20 and the
pressure monitor exhibiting the effects of
the Vernier and OMS bdurns.
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“Bechscattered Esergetic Porticles

An fateresting evest eccurred s ordit 3.4, op~
garvently the directed flux of anbieat species topart-
of ssas esergy teo the shuttle contaminsnte through
elastic collisions. Pigure 3 presents the messured
020 sad Be contsminante shoving & broad, Selil-shaped
pressure eanhapcesent with g saximum foctesse of &
fector of 2.5 wvhile 820 exhibits & factor of sbout
7 tacreass. In sharp cootrast, Be sirrors the 50
Sehavior. Both the retard and mon-vetsrd B30 and
Be seasurements are presented fn Pigure 14. It %o
moted that the retard current rises dramatically and
1s almost equivalent to the son-retaréd current st the
B0 peak. This pattern does mot occur for Be and tw~
plies that a significent percentage of the incoming
020 flux hed energies in excess of 2.3 eV. The oonly
known vay this could happen is through elastic col-
14sions vith ambdient species. Perhaps, also, the
smbient flux 4is grazing the densest portion of the
outgaseing layer to produce a lsrge bdackscattered
flux. The decrease fn He may occur if the principal
source ragion was dovnstream from the mass spectrom—
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Pig. 3 Orbit 4.6 messurements of hydrogen showing
clear increases due to the engine firings.
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Pig. & Pressure monizor output for orbic 4.6 et the
full 100 ssxjples per second deta Tate show-
ing the OMS-4 burn. Disregard vertical lines
in the current output.
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sust be ocattered forward from s plume directed te
the resr of the epececraft. In the cose of the ver-
niers, the return flus 1o detected seinly (rem the
verniers loceted on the spectrometear’s pointing side.
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Pig. 3 Weter vapor end helius contsminants sessured
on ordit 5.4 devonstrating the helius efrvet
teage of the pressure bulge and the Incresse
of N30 currents ia the reterd mode.




eter, such that the s can Ve “washed” awey from
the mass spectrometer. From 23,340 seconds MEY ua-
til the end of the sessuresents thers were %0 sngine
firings, oo water dumps and bdasically wmothing to
explain this behavior. The ouly variable was the
instrusent sttack sngle which smoothly and slowly
incraased monotonically by only 5°. Other species
1ike the T1 wmeasuresents for foans grester than 50
ssu'shov g response similar to NHe while mass 16 (0)
is similar to the H20 bdehavior. More study is re-
quired of cthe complex collisional scattering pro-
cesses to explain these measuresents.

Measuresents During Water Dumps

A supply water dusp of 124 1bs at an everage
dump rate of 158 1b/hr occurred betveen 28,920 and
31,740 seconds MET. Withia this same tise period,
s wvaste water dusp of 85 1lbs st s dump rste of 150

1b/hr took place bdetween 29,160 and 31,200 seconds

MET. Neutral mode messurements vere made asfter the
start of the water dusps between 29,620 snd 29,860
seconds on orbit 6.7. The H20 snd pressure monitor
outputs for ordit 6.7 are shown in Pigure 6 slong
with & plot of the VCS firings. The instrusent's
sttitude or attack angle {s sbout 105°* (toward wake).
The water vapor output incressed by adout s factor of
8 froz the beginning to the end of the run and may be
sssociated vith the water dump. The relatively flat
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fig. 6 Weter vepor sessuremsente during weter dumpe
ané VCS firinge.

pressure soniter dess mot veflect the
cause othar opecies ot 4, 26, 30, 32 44 amu were
asre flat asd deninating. Peur distinct Sucresses
are seen on the pressure monitor, and these sre all
directly sssocisted with VCS firiugs.

Average Plight Behavior of Neutral Species

rise, beo-

To deteraine poasible trends in the neutrasl spe-
cies throughout flight, the saveral bdundred or so
8888 pari currents over 8 particular run vere siaply
sversg# 10 ons point and plotted versus & mean MET.
7light perturbation events, instrument aengle of at-
tock and in fact, sll othar paraseters or corrections
were coupletely disregarded. Rather than shov all
the species we shall concentrste oo shuttle contam-
inents and the fon soutce pressure excursions. The
two dosinant contaminants were Ey0 and He. \hereas
#70 can cause both instrunentsl degradation as well
as seasuremsnt perturdations, especially i{n the in-
frered, Be 1s rather benign. Pigure 7 presents the
plot of the average B0 behavior throughout flight
with superimposed spectrometer eensor temperature
measurenents. The correlstion betveen the B0 and
tempersture profiles is remarksble. The mcre than
tvo orders of magnitude variation in the H0 output
certsinly cannot be caused by the sensor outgsssing
over the tesperature range of only asbout 5-25°C.
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rig. 7 The aversge R0 currents and sensor temper-
sture seasurements throughout flight. Note
the striking sizilerity in these two param-
eters.

The sensor, however, had an asctive teaperature con-
troller while theraistors placed throughout the
pellet, slthough shoving 4dentical profiles, had
temperature excursions to at lesst 100°C st the
poaks. Thus, it $s probable that the H0 output
49 directly rveflecting the tespersture-induced out-
gessing of spacecraft surfaces. In the neutral sode
the f{nstrusent has elsost & 2x field of viev and
thue can accept » direct outgassing flux from sud-
stantisl surface aress in front of the inetrument
as well as the beckecattered flux fros the ssdlent.
A detersinstion of these fluxes 1o bdeing strtespted
woing the SPACE 2 cosputer code. It g, therefore,
difficult ot the presert tise to determine the veter
vepotr concentrations near the shuttle from the new-
trel mode eecssuresents. In fact, o8 discussed de-
lov wnder the ion wode oespurtenments, It as)y turn
t u ’n ess lar uolm the plesms messurements of
0% and the sssecisted fonzsolecule

uoet one to colevlote n,o concentrations. Wever-




theless, the spacecraft tespetatures, which wvary
considerably throughout the shuttle, seam to b a
eignificant controlling factor to the water vapor
environsent. Although requiring future econfirme~
tion, it sppesrs that the sarly time R0 concentra-
tions snd those near the two pesks between 60,000
and 210,000 seconds may prove to de deleterious to
certain IR measurements.

. FHeliun is aleo s significent contasinant over
the vhole flight as seen in Pigure 8. For the most
part, the helius currents span the range from 10-10
to 6 x 19°9 szps or roughly 4 x 109 to 2.3 x 1077
torr. The saxizum ambient He ram pressure is about
6 x 1079 torr or 1.5 x 10710 gups, s0 that sost of
the He is due to shuttle, especially since most of
the seasuredents were not sade in rap. To schieve
He pressures up to 2 x 1077 torr in the spectrometer
requires s very high helium leak rate.
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Fig. 8 Average helium cu;r'ouu over the seven day
flight.

Average currents for the total ions (TI) greater
than 50 amu messuredents are shown in Figure 9. The
current range is about 1 x 10710 o 2 x 1079 amps.
There are indications of incresses st the texpers-
ture peaks. The T! mode {s about 40 times more sen-
sitive than the zass scan aode. Although dependent
upon the flonization cross sections for the heav
Dasses, a8 TIXSO asu gas pressure of less than 107

LN, S A il

Tiss0AMY

-
Fig. 9 Current ave:ages for T1 )50 amu throughout
the flight.

torr s estimated. Purther, some of the TI sigasl
usy reoult from fom source outgassisg. All this
inforastios pointe to wery lov gss concentrstioas
for the heavy mssees.

Pigure 10 presents the sverage grid currents.
Using the calidration curve in Pigure 1, the gverage
fon source pressures are generally between 10°7to 7.9
x 10°6 torr with a dovnward trend vith time. The fon
source never attsined asbient pressures (~ 6 x 10~8
torr) even in vake saspling attitudes. This is pot
surprising since it takes asbout & week or so for
“clean” satellites to fully degas. Much of the data
was teken in non-ram (high attsck angle) conditions
so that a significeant portion of these pressures vas
due to outgassing species.

[ GO, K T

"‘f PRESSURE MONITOR
%
b 4 .
E B ) .« 5 * b
= .] . 'o". '. .. - ‘-o*..: e %™ o
g . o9 - * - * e, 0% .
e . .~ . | Prdn® o o

Y ve P

Pig. 10 Average neutral sode grid currents through-
out flight.
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Ion Mode Measuresents

Contanination and Thruster Piring Effects

‘l‘u\ge 11 ghovs daytime measuresents st 298.5 ks
of 0, N, 0" and the density wmonitor for orbit
S$.h. The 0% output s depressed because the instru-
ment's attack angle was high, verying from 33° to
38° while the instrument‘'s uniapeded field of view
is 8 20° cone. The Hy0" fons are produced from the
rapid charge transfer resction, 0% + 1,0 « nzo" + 0.
Por ran conditions 4n orbit 3.6 (not shcwn), the
nzo‘/o ratio ves sdout 10X. 1In ordit S.4 this ratio
vas unity and greater and the uzo‘ currents are 1Cx
larger than the 3.6 orbit values prodadly due to the
10x grester daytime 0% concentrations. The uzo’ out-
put does not exhidit a strong dependence on the at-
tack angle, perhaps bdecsuse the llzo‘ fons heve a
thermal distridution eince there s essentially no
sosentus transfer in the sbove reaction. 1In Figure
11, the llzo‘ currents are about equal to end then
exceed the 0* currents as the engle of attack becomes
larger. Pigure 12 shows th: same orbit 5.4 seasure-
ments but compares the Wy0% and M,0° outpute. The
Hy0* fone ere produced fros the R, * . Hy0 H,O‘ -
fast tesction. The H,0% currents aleo riee with
incressing stteck angle and their reletively lerge
concentrations are indicative of eignificent W0
pressures around the epececraft. e are in the pro-
cess of using these neasuresents and the fon-solecule
teactions te deduce meutral W30 concentrations.
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Pig. 11

Ordit 5.4 daytime aessurements of 0% N+,

nzo" and the density monitor. The inetru-
ment’s attack sngle varied from 33° to 38°.
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Pig. 12 Orbit 5.4 messuresents similar to Pigure 11,
comzaring the B0 and nzo‘ outputs slong
vith the density monitor.

These sessuresents in Figures 11 end 12 deson-
strate not only the effects of water vapor contas~
instion dut aleo of thruster durna. The eseveral
depletions In the vieinity of 23,210 and 23,270
seccnds MET ere due to VCS f{rings. The density
soritor ehows plsess depletions se large ap 8 foctor
of ten, se aleo reflected by the 0% and W* putputs.

reactions with the axhaust
Specifically, thers vare

Although not shown here,
geses vere aleo measuted.
Ky °, o .M.ou’ enhancesents prodpced by o’.o "
“Hy*e0, 0° em oM aWang 07 4 My oMo
On the other hend u‘o‘ shoved & depletfon, mainly
becsuse the mneutral N0 cencentrations were alresdy
lerge (compsradle te the engine exhaust N30), and,

PR

o~

is ;uuuo. there we o amuo‘u production of

2 foms dus o the depleted O fese. Moot of
dats has mot yet Been examined to deterunine
the total mwmber of thruster firing measurements;
however, snothar example 1is shown in Pigure 13 for
orhit 69.7. This particuler run was chosen becsuse
4t also demonstrates the such etronger angle of
sttack dependsnce of the mass spectrometer output
on 0* than on the density monitor output.
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Pig. 13 Orbit 49.7 weasuresents of 0% and the den-
oity monitor demonstrating the angle of
sttack dependence on the outputs as well
a8 thruster firing effects.

Zquatorisl Ionospheric Irregularities

The equatorial orbit of ehuttle alloved for
nsssurenents of equatorial epresd P. The fonospheric
L region collspeses after sunset, and en P region
ledge with en unstedle sharp gradient is formed.

Plasna depletions are generated within the ledge
which than rise, foreing inetedilities frem the
bsse of the 7 region up to =~ 1000 km. These

“plumes” or “bBubdles” are often seen between sutset
and sunriee st equatorisl letitudes ond can cause up
te 50T outasges of UNP transaissions. Measuresents of
equatorial frregularities ot 301 ¢ | kn vere obtained
on 8 42.9 minute nighttise portion of orbit 24.6. The
fsstrusent vee in the ram positien fer the entire
pess. Pigure 14 shows the 0%, N® gad density woni~
tor outputs for ordit_24.6. The totsl fenm density
sversges sbout 3 x 103 fons @a"d befere the deple-
tions. The grestest depletion fo abeut | tone




Pig. 14 Ordit 24.6 measuresents of 0%, W* and the
density menitor showing regions of iono-
spheric irregularities near the equator.

ea~d or a factor of 30 dovn from ambient. Only
one sample per second of the density monitor's 100
saaple per second output is plotted in Pigure 4.
It is, therefore, possidble in the future to expand
the region of the depletions for higher spatial
resolution and to obtain density pover fluctustion
spectras by FFT. We hsve no explsnation st this
tise for the large fluctations in the 0% gignals,
since the density wmonitor 4$s relatively mmooth.
The rise in density at the end of the rua s due to
sunrise.

Figure 15 shows the same ordit 24.6 sessurements
except that the nzo‘ output replaces the N output.
The nzo‘/o‘ ratio is about 2% and is fairly constant
over the 42.5 minute run izplying & constant W30 com-
centration over this periocd. The nzo’/o‘ ratio vas
sbout 102 on orbit 3.6. therefore, the Hy0 concen-
tration vas absut 8 fasctor of 5 less for ordit 24.6
since this ratio nhoulf be directly proportional to
the nzo concentration.

Vehicle Potential Measurements

Pigure 16 presents samples of the vehicle poten-
tial sode of operation fros ordit 3.6. The drop-off
in current for O* occurs st spproximately 6.3 volts
indicating & vehicle potential of about =1 wolt
since the energy of 0% fons with zero vehicle poten-
tisl wvould Dde 5.33 electron volte. Pall-off for
NO* occurs st about 11 volts sleo indicating a ve-
hicle potential of about -1 volt since the NOY gnergy
49 10 electron volts. Most of the vehicle potentisl
sode dats has not yet been reduced o0 that it 1s
not currently poseibdle to detersine the veristions
of epscecraft potentiasl with tise.

rig. 15

-

Similar to Pigure lb but replacing the K*
output with the u,o measuresents.
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Conclusions

The mass spectrometer measurements heve provid-
ed & wealth of information. A preliminary examinge~
tion of Jjust sose of the dets led to the fellowisg
obeervations:

(a) The largest important contamingnt was weter
vapor and, except for thruster burns and vster dumps,
fts quantity seems to be directly controlled by the
tempersture of spacecraft surfaces.

(d) Helium vas a msjor contasinant throughout
flight vith concentrations spproaching those of B30.

(¢) The return gas flux due to OMS and VCS
burns produced pressure pulees of 1-2 x 1076 torr
rising immediately with engine initiation snd falling
to background levels within & fev seconds of engine

cut-of{. The sajor engine exhaust products vere W3, *

H20 and B3. The return flux wvas grestest from the
verniers on the spectrometer pointing side.

(4) Species with masses larger than 50 amu wete
alvays in small concentrations.

(e) Measurements of energetic backscatiered
neuvtral solecules were made and will aid s under-
standing the complex scattering processes.

(f) Neutral measurements during wster dumps
shoved » steadily rising H0 signal.

(g) Piasma depletions, typically as large as &
factor of adout 10, were observed duu, thruster
firings. Enhancements of Ny, No* and 00" vere wea-
sured during the firings. These ion species were
created by fon mclecule resctions between 0 and the
exhaust gases.

(h) It is possidle to deteruine both the change
snd, in the future, concentrations of K0 sesr the
vehicle from the plasaa seasuresents of the nzo‘/o’
ratio and from seasurements of n,o* also.

(i) Despite the contazination, 4t was still
possitle to 3easure accurately ionospheric irregu-
larities and the aobient plasms wvhile in the ram
sampling configurstion, eince the contasinant dis~
turtbances vere »mall.

(3) It vas demsonstrated that vehicle potential
sessurenents cen be performed using the spectrometer.

In conclusion, all of the planned mass spectrom~
eter measurements vere acquired. A great deal of
data analysis rezains along vith cosperisons to other
weasurements. 2+ In future flighte 1t would be desir-
sble to have ssny sore ras obeervations spaced prop-
erly throughout flight plus the capability of placing
the spectroseter on the RMS. Such sessuresents
would be much sssier to iInterpret.
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