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ADBSTRACI

The poritive 1on mass specteometer on the Geoprobe (NASA % 25 1acket
measured the concentrations of 07 N° H o He, NOT, Uz. and N.,. hetween
200 kin and reak altitude 640 ko o Tten [ST on Marceh 2, 1964 above Wallops
Inland, Virginta 0" was the domanant 1o througho & the altitude rang: . reach-
g & maximuwn concentration of > # 10 ope - m? at 260 km. H' was first
detected at 230 km oand increased nosoncontratton to 7 - lO) fons cm? at peak
altitude. The ' He' rabio waw never foaer than 6 0, the value at $#20 km NO'
and 0,7 wereamportant constituents at 2ob km, the concentration  each being
5% 108 tons cmd thes tell off rapidiy thove this allitude He' was in photo-
chemical vqailtbrium up to 460 han wath a rate coeficient o 05 7 10 “cm’sec !
for charge ttansfer with .\‘I. in agreement with laboratory measurement H' was
in charge exchange cquilibrium with O°, G and H up to 450 km, the temperature
derived for the neotrals in both the He' and H' chemistry was 750 K, which
agrees with Tl measuced by companion neutral particle sensors. From the var-
ation of H' 0 and an O distribution based on a simultancous FUV measaure-

ment, a profile of 1 oan the chemical equilibrium region was calculated. The

*NAS. NRC Resident Rese rch Associate now with NASA
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derived H concentrations are higher than the Jacchin 1964 Mode) predictions,
and agree with Explorer 32 spectrometer results. Analysis indicitea that N'
witg not in diffusive equilibrium at 300 km, and that & downward neutral wind
¥, = =25 m/sec 1s required to produce the observed N* seple hewght at thi< alti-

tude. Distributions of O and H' above 300 km were derived by solh g the con-

o n £ 0 3ok N
HUX O 1.5 > 107 4In‘seC wWag
required to reproduce the obsery od profiles, indiceting that the critieal flux iy

at feast an order of magnitude higher than previoualy believed
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A DIRECT v <V REMEND O 10N COMPOSITION AND

CONCENTRATION IN THE DAY PIME + -REGION

1N TRODCTHON

[he Geoprobe NAS A = 27 was dann hed from Wallops 18land, Varginee at

an A b 2

(TN

i At AR Arpoe D ok ee U aei wed Ui 7t

pressuf
dric ! payload contamng six cxperiments tooan Altitude of L30 kim Lo me eure
the verti v profiies of clectron naghy and ten perature, neutral gas oensits .

sr lgpe, b onocone ont

fon and composition, Valuible

CottelatingG dable were ontare o the w o smultsrcoas thight ol o \crong
tor Ret, NASA N gane el e it s bwetare the Gooprobe to measut.om

Coming sorr FUV radiition P oot a0 29T W report hepe the s esults ob-
Gined by the Geopiots e s s Boaneto s and anterpret those e suits sl

porbiong o data ontioncd by the Gl expe rrments

PAYLOAD INSTRUNENTA (O

The tollowin, expet mant= on prises o Coopro x pavioad (Figure 1)
loctrontatic prete pianar fetarding potecitial wnalvzers for tons and vlecirons,
Penne it aon hoass specttog oter CW o propagaiion esperiment (two- frequencs
Aapet s e Doppier techmguey o fsnar s Vperd gauges and a neutras particle
MARhetE Mlss spe Lomoter  Agdiyional instrumentation included an optic al

aSpret sunten | too and s ragnetonelers, ane supporting electronies

Fhe 1oh sprcUomete 1 and the lon retarding potential analvzer were mounted

A the forward ond o v pay load as shown i bigure 1 To provide a uniform

\ 2 1 yue 0
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electric fiel., an aluminum guacd cing with a gridded of* AN OVer Cdh 1nstru -

ment oriflee covered the end of the pavload and was insulated trom It.

THE 10N SPECTROMETFR

The Bennett 101 apectromete; consfsted of a slngle instrument package
containing both the ceramic scensor tube and electronics  The tupe was similar
Ir construction to those previoushy flown on roclets «nd satellites as described
v Tavler et al. 1963, 1965 The theory of Bemnelt wpec i ometer operation
has been rygorously descriled In the Mterature (. Y Johnson, 1969,, 8o only
those characteristics particular to the Geoprobe snstrament will be described

here

The sensor, a 5-3 cycle & mm tube, was mounted with lts axis parallel to
the pavlead axis. The guard ring (G,) wae blased on alte rnate mast scans at
0 and -4 volts, the negatry ¢ patential producing no meisurable change in col
lected 1on ~urrent at 300 kry, tut inc reasing the curcent b a factor ot 2 at
peak altitude.  Ihe tefan dar acecelerating voltage V) eeanned the mags Tanse
from 0.5 10 4.6 amu, and then from 11 o 4 mma with & period of § & seconds by
switchirg the rf from 9.0 Mhv to 3.3 Mhz  The stopping voltage (V). which
regulates the flow of 1ons Lo the spectrometes «'oll('-ctor, was wlternated between
4% and 57 volts, the change occurring every two mnass scann. The stepping
guard ring voltage aad V, thereby provide i four expersment uperaling modes

and corresponding sensitivities

~

RESE [T

luni(rurrrnl l).’lll-‘

JFetwern 1061 1. EST at a. Jdtitune of 177 FmoYour second - {ter nowe < one
ejecbon and 131 27 at 1l ki durim e toad destent, 177 mass soms on-
WININK 3 1Tt eRt ke At tooande 0 bnawere detccted a1 1T et
(80 2m® 40 aned 707 anmr o vhong e 4 e st oly s o 2 cetr oen, he lum,

atomic MtEogen tnd oxvgen ko el muleeular mtrogen, e e and

oleculir coven  SIooll cat - Tepresentin, Ine oo nlaen uirent profiles
measared in the G Govalt A -t rode ard shown o Fagure 20 The

r Bave bt im0l hn bt o - e licts of pavio el conyal chich
eeurrestwig o haldfoang oo P s e ol qaprox. mate ) 1y

in the points Jofur oy eaer - PO & COTEeE e M appaied W the
proacured HY o grrent s wcon e noass aerimianatien o U spectromeeter
aralv e Can e v oasthe st S F e 3 O ents s W e th angg

Do e of ML afatoe Lot tentis

Srefil s e pen by
Ctonn AUCTNY fn €Al QURIT,, 170 w7 ip abobe £ bes Oas o0 (0 The foviow) sake

frda (ror s oo ol of T gl o et e sente!

D ocr e G lon Concentriation Pt nnt«

[ eon vter.n trom jop - urren® Uy untaent fon concenteation w s performed
by ot sz the total wen current profile Joy to a profile of e tottl won con-
centraty o oos 1 tee datte © hanitg been determined by other Geerobe «havged
partic'e espor mentx The N proftle (0 pare 3 was obtathed by ave raging
the clectron densit, disteibutions obtatned by the eleetrostatic probe Brace et al..
1964 and (M propagation expertment > J  Bauer, private communication and

the 1on sty profile ottained by thae ton retarding poteatial analyzer 1 1 Donle.
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Drivats coemme aic ation The neco ssars assyonptior ULl charye newtrality extsated
at all altitudes was well supportod by the data U mas be scen that the 1 oand V)
profiles vre simalar an form, but Ut they dverge at Bigh and low altitudes At
high altitudes the divergence was caused o the decreasim serticad component of
payload veloeity and ane reaeing spoctiometer amdle-ot-atlack, whir'e the dova-
Hon taelow 300 klometers was the result of “ shadowing  of the pa load by the
cjected nose cone The son current nozasured Ya the retarding potentiad analvzer
adcont to the aon spectrometer extabated stmalar tebavior 1 Donley pri-
vate communication . In derin ny the altitude profile~ of the and dual jon (on-
wtituen's shoan i Frgure 1.0 was assume § that the ratios of the measured on
curtents accurately petlectid the ratios 7t ambleal concentratioe (except

for ' as stated carhier)

1L shoald be potntest ont gt Bros e ot gl 190 have reported that tpe etecs
tron do st Uuy measufer during poncload descent as 300 fower than that
measaroo on cscent The b cence o dinibated to o horizontal density gradient,
fores ted because f the Geoprobe’s Lage hotizoatal range (=71 kmy  Our ton
Aat oot ottaned o arcent and hav beca normaliced 1o the cscent coneentra-
ten istribuaen  [Cas nrebable then, that the 1on profiles above % km (where
vortical hetwvontal veloosty rati s Tow) 2o Lot Tepresent pure allitude v aria -

tiob~ but devnate trom the trys distrebutions by as much as 307,

Atade Variate boof b

0 Composition
The  arpation woth altitede of the irdividdual 1on concentra’ ons 18 presented

Chagure 1 Gf aar the domarant ¢ mustiteent throvghout the observed altitude
grye, Ity concentration reaching noma dmum of approximately 5 % 163 fony. «m?

Lot wm Ihe 7 preoflie was similar to that of O the O° SNT retio beiny

T At [ omas 2P0 kg and boorensing to 20t peak altitud I [T RN
Aot ted AL 250 km 1l cone o toties sk easet ath bl teoa e ot T et
1ans cm o gl e The concants i o0 e e er oxcended that of 400
HY He' rabe Lo, vmadlest o iy feers at- mlue was hoh Lo, e
of the mincr eole plaved by Ho ' durne this e piad of tow soisr wls 0~
ported by o Xlensnoe on comp e 1t St ltaaed near o Uree by s U o
Cocrs an the (0 2 e lar ot sl Bxlorer $2 B a0 L=

~atellites

The ymportar, . e e L . . Ny aned \_ Yoo re eseed foaaedly
alth ancreas ag, Ottt | T A T O P L (T B LT O N R R 14
shaws that both Noooand O TR SR cu e onoentn gt Lo e0 gt
CRUORTLL G e o gl O o L N AP T R T R LY FTPES | SN (O ERRN SN o)
ments Taotor aond Brarton o0, hecmos et o e, Mud Ui 0 v
M e Ul concent s bans el ot . W alotude v ghewt ER
srdund cnarn e ol -l hieps U e red Mo e asen U thiis o no 0 net
anderstoroand the thrse prodie e b td e s Thas v | te g (et
uneert ant. Fre mmabee e Aoarient~ me gsuet gl bt 'ttt rote g

the Iimat - f ~ o ot sensitivity and the signal negse ralbio wos poor A
possibie ozplanation gs that the moleoniar rons detected abovs VT A scte not
wmospheric, tar o Gead resulted 1om somyation of contamnar~ v se ol

trear the pay !

Nocconcantration proftle tor H,O7 asincluded an [ idure § corroponding to
the current prodile a D pszare 00 BiR 0 we bheliese this 1on was not atimosphe 1,
but resulted tron cove eschange of Ho O outgassea trom the pasload with

ambient ©°




DISCUSSION

The 1on composition of the atmosprerd 18 the product of chensical and trans-
port processes  Chemical riractions dominate at low altitudes where production
anid Jowa rales, which depend proportionally on neutral and charged particle con-
centrattonn, are  sgh. With inc reasang altitude the significance of chemical
reactons decreages, while Lransport proenses become morne nnportart due to
the tncreasc of diffuston coefficients which depend inversels on particle concen-
trations  Thua, for a @ven 1on species < hemical equilibrium hoids at lower
altituder., while diffusive «quilibrium governs the 1on distribution at higher alti-
tuden Both typee of cquibibrtum provide simple relatnships between the fon
distributions and €as or pl.sma temperature. we will esaluate certain of these

relattonships ustng the Geoprota data.

Chemacal Equilibrturn Distribation of #°
1 8. Johnson 1960 recognized the significance of the charge exc hange
reaction
o - H 0 )
i the formation of the protonosphere. Manson and Ortenburger 1ub1 discussed
the bvdrogen fon distribution tn some detadl and showed that R appronches the

chemical equtlthrium distribution
H* - —— (2)

at altitudes below 700 km. Relation (2, in conjunction with Geoprobe measure-

ments of H' and 0", leads to the derivation of the neutral gas temperature T,

i H and O are agsumed to he o itfusy e equtlibrivm,  Equation (2) can be

written an the form

H + H (2.

thereby Telating the ratio of teuts < 10wl O whose ltitwde variation s only a
function of T . to the measuted o of B wnd O7 The scale heght, booof the

jon ratio s defing ity

. LN
— RS &)
2
srowhich 7 s gooputential a’e ko aien
S
| = h

where ¢ s the gravitaioadn! e eictation at a reference height b and 18 the
acesleration at dOltude b 1% <cate henztt of the ten 1atie 1s thus related

through (2al to toe neutial constituents as fallows

) Wy o H | o]
o= e )
- I . o/ H ‘ o3 7

P S
Ll 5 e g (5)
i H T‘ 7 kT,
T Ty R
L PR 0 ()
[a) -t ¢ W T
<
7
[ il -
v ‘——_o'bj 2 3 i ’
a on .
o o




where m and mg are the masees of Hand O respective .y, Substituting (%) and

t6) tnto (1) leads to the relation

ookt e T U]

showling that the scale helght of the sbserved 10n ratio is only a function of T

s «
Although aliowance was made for a temperature gradient v (5) and (6), 4 evi-
dently does not depend on 1t Consequently 1t should be possible to decuce alti-

tudinal Lemperature variations ta determining the scale height of the H''/,0"!

ratic at different altitudes,

The attitude profile of W O measured by the Geoprobe spectrometer
is the wolid line in Figure 5 Applving relation (7) to the boest-fit dashed line we
derwe an atmospheric temperature of 750 K, a value in reasonable agreement
with temperatures determined by the Geoprobe neuteal purticle mass gpectrom-
eter Cooley and Reber, 1968 and pressure gauges 'Pelz and Newton, 1968), At
<50 ki the ton rat{o deviates from a strajght line sndicating \hat relation (2a),
and thus chemical equilibriwm ., no lenger holds, This 18 expecter, a8 the df¢-
fusion process which tends Lo decreas~ the M * concentration becomes signiffcant

at higher altitudes,

The distribution of neutral hydrogen in the chemtcal equttthrium region has
been derived using the measured H''/ /0O ratio (Figure 5), an altitude profile
of O, based on the near simultancous messurement of solar EUY by Hall ot al,
1967., and relation (2a). The .0’ profile and caleulated M distribution are
shown in Figure 6 The (O distribution was «*trined by extrapolating upward

the low altitude O datn of Hall et al. (circles 1n Figure 6), assuming diffusmive

equihibrium and emploving the derved T‘ of 750" K. Reasonable agrecinent is
shown between this profite and the dashed o distribution from the most appro-
priate model stmosphere of Jacehia 1964 (1200 LT, Flﬂ , = 90, and T‘ = 850"
Ky. The enleulated W distribution, shown as a sohd line in the chemical equi-
libetum reglon, 1s a factor of approximateh five higher in concentration than the
Jaceha prediction, and Jy in general agreement with the measurements by Reber
et al. 196~ , emploving the neuts al parti e mags speetrometers on Exglorer 32,
A diffugive equilibrium profife for {0 at 7Hu K, the thin solid hinean Figure o,

was located by pormaitzation to i catenated H o distribution and {its the latter

wall,

autton of He”

measured by Geoprobr 38 shown in Figure 7.

The altude profile of 1

Atmospherie helium 1ons a1¢ produced by phototontzation of neutral hehum and
lost by charye transfer redactions with molecular constituents  Bauer 1966
pointed out thit, according to laboraloty moasurements, the reasction

et - N He o N7

‘ s
B N )

watkd be expected to e the most important Jogs process for He' in the chemica!l

' Farguson et al.,

rquilibrium region, with a rate coefficient k| of 10 “em’sec”
1961, He found this value of k | Inconsistent, however, with the rocket gpectrom-
oter measurements of He' and N by Pokhunkov (19637, which guggeated an upper

', our study of the Geoprobe results

lmit for the confficient of 10 em Yaec”
mdicates that 1le® 15 in photochemicn! oquilibrium up to 400 km and that the rate

coclficient deter mined from flight datn agrees with the Iaboratory mensurement,

= T — - -
' — 7
. 7
o “ /2 © e
I S I , % 2 o
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and O, and N7 and O. respectivelys Combining the Geoprobe ton composition

\ N N " . 1. .. J/ [\ 0, B} 14y
measurements with T, data from the electrostabic probe in the same payload : L. ! S
s . s
Brace et al., 196% allows us to vhaiuate equation 11 &t 3ut han where T can 4’
: 1t s assumned that Al g WDIude s N aby torhes zero s JLwas o monstrated
be aprumed almost ¢qual to T, The follomng values are oltained for the termae "’4
N P parlfer that He s ar chomicals .ot a4 to v kan L ncreasig sath atty-
in (31, the first lerm oL the Tight hand mide o1 - t¢ an ' the second -3.7 x

' - tude aceor-hng oo distobgien Lot e Shove ths altitude He o ap-

10 “em ', and the third 3.0 4 10 A<-m Thus for ditfusive ¢¢ iilibrium, where

: S proaches ditfuste equeibrcst oo starts 1o decreass o as shownoan Figure 10 By
V. - o~ ¥, = O the N7 distribution 16 ghen by v
a Substituting 8 art b e ot L e sh e imt b Lhe fiest
. 5
RN 10wt (11a) x integral
N b -
2 ’ s
O A
g ( e N - " G LN 15
meaning that N should increase aith altitude with a scale height of 50 km. The ‘,J - - o
D rea: &
4
. i
Geoprobe observetion Indicates, however that N 1s decreasing at s00 km with
. Where ™ im the il et i, [ seconrtanteyralan 1l can be evaluated
» fet,, st .
o scale height of 150 k. vielding a salu of =3.5x 10 “cm ' for tila). Thus
) Soaotang thit T obe r o s ezt b N " is almost constant b,s
we agree with the suggestion 'n Bauer  '966 | hased on Fix analysis of the
. vieldmg
Pokhunkov 1963 data, that diffusive equilihrium may not hold for N at 300 km,
i e o ow
we therefore conclude Lthat the effects of the dray terms 1n (11) must be conatdered. “ N . . PR
N N N (SN P, e Nty . (1h)
: - . . "
The transport velocity V,r can b estimated by constdering the continulty L ' N ‘
<
equation oo
e where H s 0 s segeht e O, Fxpressjon (e vas evaluated by assuming
b, He h, N0, T NT 0 {12) B G s e om aikunes by extrapolatiag the data of Hall et ai. 1967
Y .
o Comparison of 1133 wath 1oy incicates that the loss rate of N above 30¢ km
in which reaction (4) fs assumed the soucce of N and the reaction . e eeds the proaduction tate, toaaiung 1o en oo d NOGux of the order of
N
NT.0, "NO' .0 (13 o vooONT ¢ 107 cmosed wuch corvesponas to a veloetsy of
P
Ao S s a1,
with k, = 5x 10 ‘"em *sec ', 1a assumed the dominant N * loss process
Fehsenfeld et nl., 19651, By integration of (12) the ion [lux Vo BT given by L aen tan
at o
12
“ 13
N e mewm = —7 5 . oy I —
a ~ N T yad A~ . - - :3'

N o
oL s R S




Havyng thus determaned the approximate value of V., wenext derive an es-
tmate of v« . Apsumning that the P -rednon ts stationary meghgible temporal
varfationy we can, th 4 manner atmi'ar W that for N7, calculatethe O flux by
integrating the conlinuits equation abov 300 km. In this altytude range dis-
nociative recombination tn neglrgible. thus anhy phototonization of O kas to be
constdered aw a source of O Agsuming the phototonization rate to be = x 10’,

cm?vec a1 300 km Hinteregger ot

.. 1905 the calculation vields a dawnward

flux of 4 » 10~ cm ‘mec., ¢ orrespondinyg te a velocity of

Vo Lo~ seq (18)

at 300 ki,

Substituting (17) and 1% o the O'-N - dragterm of (31 (with . =
5% 10 ”mn em see l) reduces the term 1/ N° N® ‘ez from its diffusive
equilibrium valuc of «2 0+ 16 cm ' 1o zero, which 18 tn betier agreement with
observation  To futther decrease the scile height, bringing it closer to the
measured value, the dray term n (11, for the interaction botween O and N°

A H ) 1
ts considered  Assuming ., 2 1< e gmem se¢ a4 downwurd wind

Vo = =25 m/8ec 16 required Lo gec ronar the vaine of t11a) to -5.5 % 10 em
thereby reproducing the measured seale helght of N *at 300 km. This result is
tn excellent agreement with the conclusfon of Brace et al. 1964, who Lased
their wind estimate on the obxerved O seale helght. We conclude that the dig-
tethution of N in the topstde 10nosphere may be strongly controlled by drag

{nteractions arising {rom the transport of charged and neutral constituents,

On the baais of this result the alternative explanation for the distribution of

0" Broce ot al., 1968 {nvolving an upward flux of O can bo ruled out. The

?
.9 -
- . ae ;- = ROC *h would
latter would require a posithve wward se oty V) 115 m rec, which |
: ! Q QWL
ine rease the valne of 1N° N slo -V U 10 om0, thus roedquining an even

greater increase of N with b tude oo contradic on with toe chsursed distribution,

I'¥e two major 1ons n the lopaide Loosprars at the time of the Geoprote
measurement wor- O domin mt betwe en 1stmd ot least o0 o, and H which
became 1t easingly signifjeent and hnally domoaant at igher althude s Theye
onstiluents Jete 2 mtned the atitedingd carnition of dectron Jonsiy and plasma
temperature during this perted of low solar actiaty o ordet o better understand
Vet U rcproduce the distributions

the G and #17 altitude profflos we

theorcigalh

Constdeting charge exe's tye rea ton (1, photolonzation of O and H. and
diffurton procerses, the continwt, cquations for B0 and N were solved
sunultane ounis above Sob ko oan the Deld tube corvesponding to the geom ignett
location of the Geoprobe measur s nt tolioang the technique of Mast <t al,
2967 . It wa~ assumed for syvmmetsy tat the particle flus s zere at the equator,
and that diffusion across Hedd hnes an o« neglected The measurdd O conen-
tratian at 00 km was adapted as a boundar condition and H was wssumed to be
i Chrmical vquatibraum with O 7, 0 and L befow 400 ki according to relation (2)
The 100 and cleciron temperatares used in the particle continuity equations were
derived fiom the enery continuity equations, in which the energy input rates
were adyusted (o reproduce the observed electron temperature distribution

Brace ot nl. 1968 . The concentrations of H and O at 300 km were taken from
the dertved H profiie (Figure 6) and Jacchia's Model, reapectively, and it was

assumed that these canstituents are in diffusive equilibrium at a gas temperature

o pAT et 4roma N s
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of 750 K. Followiag Brace et al 195, any conatderims the nevtral wind «on-

Cluston derfved earlier, a wat "ol = <25 m Ao was alio assumed

The B and O distrinutions were first computea s-uming no proton flux,
the resulting profiies being the dashed ines in Flgure ~ The theoretical O
proflle agrees with the messatd distribution up to 500 km, while bovond this
altitude st differs by 3u -, Thc dit crence could result tron o distortion of the
measured profile v a herizon' O concentration gradient as o ussed juan
carlicr secticn For the 1 d. trdaon the agreement netween pcasurement
and theory as acoeptable anly e to e ke Above tas altttade @ sigmficant
ausviation as apparent, Jhe ¢ v oiade © W concentration at L0 am o 1s almost a
facior of three higher thap tre mes cred value, a difference not hikely ¢aused by
a horizontal density gradient W haoc assuwmed that the ditferenc e 1s attributable
to an upward Mux of protons aet base performed a second calculation assuming
an 17 flux of 1,9 107 /¢m?sec the 1esults are shown as sohd tines in Figure %,
While the O distribution 15 only ~ighthy affected by the introduction of this flux
the new I profile is pow ¢« (o the measured points over the enire altitude

range, the aifference at b00 ki boing iesk than 0%,

We cond lude, then, taat an upward flux of protons is required to explain the
Geoprobe H ' proftle, and that tne eritical flux, the upper limit to the magnitude
of the proton flow, must b at least of the order of 1.5 % 10*/cm Jec. This
reault indicates that the protonospher e can be gupplied by jon {luxes an order of
magnitude higher thap previously assumed Hanson and Patterson, 1964, Getsler,
1917 a fact that could possibly explatn the maintenance of the nighttime ¥, -

Iaver  This increase in the cstimated eritical flux is due to (1) the significantly

higher vdrogen concontrations dorncd tram O aor composition data, nd 2y the
high transpatency of the o it ndartier 10 B Lecause of the tedatively by

plasma temperatares mogear s Pdarne the caes 1 e Thght
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