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1. Introduction

— The spacecraft-environment induced optical glow has attracted
wide attention since the photographs from the‘@hirq;gbace Shﬁttle
mission indicating that the orbiter glows in the dark were

released, (Bank et al. 1983). The emission is a potential optical
contaminant in astronomical and aeronomical experiments planned
for future space shuttle missions, e . )

A similar emission has been observed in photometric ’
measurements on board other spacecraft (Torr et al. 1977; Yee and
Abreu 1982a). By correcting for the galactic background and
filtering out the airglow emission in the Visible Airglow
Experiment (VAE) measured intensities on board the Atmosphere
Explorer (AE) satellite, Yee and Abreu (1982b) presented a
detailed study of the characteristics of the glow emission at
7320 A and 6563 A. They found that the most intense radiation
comes from the surfaces facing the direction of motion of the
satellite. There is a strong correlation between the emission
intensity and ambient atomic oxygen density in the 160-280 knm
altitude range. Extending their analysis to shorter wavelengths,
Yee and Abreu (1983) obtained a crude spectral variation of the
glow emission and reported that the emission has a diffuse band
or continuum spectrum ranging from the ultraviolet to the near

infrared, peaking towards the red and probably the infrared

region.
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The processes leading to the production of the glow are not
fully understood. Yee and Abreu (1982b) attributed the emission
to collisions of oxygen atoms with the satellite surface in which
metastable molecules are formed. The metastable molecules leave
the surface and radiate, producing the spatially extended glow.

The identities of the metastable molecules are uncertain.
The hydroxyl OH has been suggested as a possible candidate
(Slanger, 1983; Langhoff et al., 1983). The possibility of OH
being responsible for the glow and whether the glow observed on
the Shuttle has the same origin as the AE glow have been our main

research subject for the past year.

2. Analysis of The Glow Observed on Dynamics Explorer Satellite

Because of the VAE instrument limitation, only a crude
spectrum of the glow was obtained (Yee and Abreu, 1983). The
spectral variation of the glow in higher resolution is necessary
to establish the OH hypothesis or to identify the excited molecules
producing the glow. We have analyzed the data from the
Fabry-Perot Interferometer (FPI) on board the Dynamic Explorer-B
satellite (paper 1 enclosed).

The DE-B satellite is a modified version of the AE
satellites, and the FPI instrument is capable of measuring the
glow with a resolution of ~ 0.018 A. Data obtained by the FPI in
a spectral region centered around 7320 A were analyzed. The
spectral region investigated corresponds to the 8-3 OH Meinel
band, and it is very strong in the terrestrial nightglow which

peaks in a layer near the mesopause, Consequently, a comparison
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of the spectra obtained at mesospheric heights with those obtained
from the glow emission should provide the necessary information to
show whether OH is one of the emitting metastable species
producing the glow.

The results indicated that the optical glow observed by Yee
and Abreu at 7320 A on the AE satellites is produced by several
emission lines. The comparison of the glow spectrum with the
nightglow OH spectrum provided evidence that OH might be one of

the species producing the glow.

3. Radiative Lifetime Analysis of the Shuttle Glow

Besides the spectral variation of the glow, the radiative
lifetime is another important parameter in determining the
identities of the emitting species. If the glow is produced by
the radiating molecules leaving the spacecraft surface, the
radiative lifetime can be estimated from the spatial extent of
the glow.

A method of inferring the radiative lifetime from the
photographic pictures of the shuttle glow has been developed
(paper 2 enclosed). From an analysis of the AE data, Yee and
Abreu (1982b) obtained an upper limit of 103 cm for the product
of the radiative decay time and the velocity of the emitting
species. For thermal velocities, the corresponding radiative
lifetime has an upper limit of 10-2 gec, which is consistent with
the calculated lifetimes of OH Meinel band. The lifetime

obtained by analyzing the shuttle glow pictures can determine

whether the same excited molecules are responsible for the
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Shuttle glow.,

By examining the extent of the glow from the photographs, we
have obtained a characteristic decay length of 20 cm for the
Shuttle glow, equivalent to a radiative lifetime probably lying
between 0.3 and 1.3 msec. This is much shorter than the OH
Meinel band radiative lifetimes, suggesting that some other
excited species besides OH is producing the Shuttle glow.

The intensity of Shuttle glow is also estimated by comparing
it with the airglow feature seen at the limb of the earth in the
picture. We find that the maximum glow intensity is about three
times more intense than the airglow, giving for the Shuttle glow

an estimated intensity of about 750 kR and a production

efficiency of 2.5 x 10-6 photons per one atomic oxygen impact in

the visible range of the spectrum,

4. Mechanism Leading to the Production of the Excited molecules
The processes leading to the production of the glow are not
fully understood. We have suggested that metastable molecules
are created by the impact of atomospheric oxygen atoms with the
spacecraft surface through either direct impact excitation or
surface chemical reactions. An alternative theory has been
proposed by Papadopoulos (1984) who suggests that plasma
interactions produce suprathermal electrons and ions which excite
the ambient gaseous and surface materials. Thus, the magnitude
of the ambient plasma density controls the intensity of the glow
intensity. We therefore extend our AE data analysis to daytime

observation of the glow and compare the intensities observed
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during periods of solar minimum and solar maximum when the
ambient plasma densities were relatively larger (paper 3
enclosed).

Our study indicated that the ratio of the glow intensity and
the ambient atomic oxygen density increased through the lifetime
of the satellite which covered the increasing phase of the solar
cycle. The increase of I/n(0) with time appears not to be a
consequence of the enhancement of ambient plasma activity. No
significant increase of glow intensity was found as the satellite
moved from nighttime to daytime although the plasma density
increased by almost one order of magnitude. The increase of
I/n(0) with satellite lifetime indicates that collisions with the
atmosphere caused modifications in the satellite surface.

The plasma theory of Papadopoulos is not consistent with the
characteristics of the glow observed on the AE satellite.
However, the AE satellite may be too small in size to initiate a
Plasma controlled glow phenomenon and our conclusions may not

apply to the glow observed on the Shuttle,

5. Summary
Our research on the spacecraft-environment induced glow for
the past year can be summarized as follows:
1. The OH Meinel band seems to be a plausible candidate for the
AE and DE satellite glow.
2. The radiative lifetime of the emitting species deduced from
the Shuttle glow is shorter than that of the OH Meinel band,

indicating that OH may be excluded as the species responsible




for the Shuttle glow at least in the visible region of the

spectrum.
3. The plasma alternative model suggested for the Shuttle glow

cannot explain the characteristics of the AE glow.

4. The AE glow production efficiency increased through the
satellite lifetime, indicating a possible modification of the

satellite surface.
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CHARACTERISTICS OF THE SPACECRAFT OPTICAL GLCW

*
Jeng-Hwa Yee, V. J. Abreu and A. Dalgarno

Harvard-Smithsonian Center for Astrophysics

60 Garden Street, Cambridge, Massachusetts 02138

*Space Physics Research Laboratory

University of Michigan, Ann Arbor, Michigan 48109

ABSTRACT

The optical glow induced by spacecraft-environment inter-
action under daytime conditions is analyzed using photometric
data obtained by the Visible Airglow Experiment on board the
Atmosphere Explorer Satellite. Because of the increased ambient
oxygen density, the glow is more intense in the daytime. The
daytime production efficiency, measured in Rayleighs per oxygen
atom, 1is similar to the nighttime value. No dependence of the
aglow intensity on the ambient plasma density was found. The

production efficiency increased with time throucghout the duration

of *“he spacecraft in orbit.
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Radiative Lifetime Analysis of the Shuttle Cpfica!
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FIGURE CAPTIONS

Figure 1: Observed I/n(0) at 7320 & (a) and 6563 & (b) as a
function of time or orbit number.

Figure 2: (a) Background corrected results of 7320 A intensity
as a function photometer zenith angle.

(b) Optical glow brightness as a function of angle of
attack.

Figure 3: Altitude profile of the glow intensity versus the
ambient atomic oxygen and electron densities.
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The plasma theory (Papadopoulos 1984) is not consistent

with the characteristics of the glow observed on the AE satellite.
However, the AE satellite may be too small in size to initiate a
plasma controlled glow phenomenon and our conclusions may not

apply to the glow observed on the Shuttle.
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leighs of glow emission from hundreds or thousands of Rayleighs
of airglow emission, the statistical variances in the results
are large. The atomic oxygen density in the daytime averaged

over the time of observation was about a factor of 1.56 larger

v

than the night-time density. The ambient electron density in the

daytime was about one order of magnitude larger than the night-

3

time density. The small increase of glow intensity in the daytime
may be plausibly attributed to the enhanced atomic oxygen density

and 1s apparently unrelated to the ambient plasma density.

2.3 Glow Intensity Altitude Profile:

Figure 3 gives the altitude profile of the glow intensity
at 7320 X% along with the measured number densities of atomic
oxygen and electrons. It shows that above 160 km, the
glow intensity is governed by the atomic oxygen density and is

not affected by the activity of the ambient plasma environment.

IIT. CONCLUSION
We have found that the ratio of the glow intensity and
tne amblent atomic oxygen density increased through the

lifetime of the satellite which covered the increasing phase of

the solar cycle. The increase of I/n(0) with time appears not
Y co bbe « consequence of the enhancement of ambient plasma activity.
r‘ o saygnificant increase of glow intensity was found as the satellite
E mod Yrom nlght-orLne o odaviine although the plasma density increased
{ Sy o alacst one order of magnitude. The increase of I/n(0) with
[. 5ANLLL.te Lefernime wndicates tnat collilsions with the atmosvhere

T4 LTl Dot uzataun, anothe sateilite surface.
®
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pericd. All the data obtained earlier (Yee and Abreu 1982a,b)

referred to night-+ime orbits for which a special techmicue was

used to separate the galactic backgrourd brightness frorm the
glow brightress. The existence of dayglow emission as well as
the brighter zodical light makes the analysis of the svpacecraf+-

environment induced glow in the caytime more difficult.

In aralyzing the daytime data, we first subtracted the galac-

tic background briantness obtained from the zodiacal light and

[. diffuse star brightness maps generated by Abreu et al. (1982).
E Figure 2a ¢ives *he corrected results for circular orbix 7074

i for a satellite solar zenith ancgle between 12.3° and 20.0°

l. and plots them as a function of photometer zenith angle. The

. crosses represent the forward-looking data obtained when the photo-
meter was looking into the ram direction and the dots represent the
P . i3 . 3 .
;‘i packward-lccking data. Because the zodiacal light is 1intense
. . . o] R . o)
I within 60" of the sun, data with zenith angles less than 60

are not us=ful.

The backward-looking data contain only the airglow emission
and are free of any interaction-induced glow (Yee and Abreu,

1922a,bj. If we assume that the airglow brightness is symmetric

U
]
Q
[
3
[N
t
oy
D
7o)

chotometer zenith (which should be the case at solar
zenish miniram), tre 3low intensity can be obtained by subtractina
ata freom the forward-looking data.

the backward-looxino s

. o .
The o rosults, avoraced over every 37, are nlotted in

Piture 2L, The nicht-time data are shown for comparison. It s
¢l thax fte olow jntensity ir tho daviire is laraer than in
. g RN A A 1re trvinag ko sonarate tenas of Rav-
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provides an opportunity to examine the variation of the glow
intensity with solar activity.

Yee and Abreu (1982b) analyzed 12 orbits of night-time
VAE data at 7320 & taken during the first two years of the
AE-E mission. They reported that the ratio between the
observed glow intensity and ambient atomic oxygen density
increased by a factor of 2 during the two years of low solar
activity and attributed the increase to the difference in
orbital type, elliptical or circular orbits. Yee and Abreu
(1982a) had reported the existence of the glow during solar
maximum periods while the satellite was at altitudes near
430 km. Figure la shows the observed ratio of the intensity
I at 7320 % and the number density of atomic oxygen N({O) as
a function of time or orbit number. It shows that regardless
of satellite orbital type, I/n(0) increases with time along
with the increase in solar activity.

Figure lb presents the results for 6563 A. Because of the
lack of data beyond orbit number 11000, no information under
high solar activity conditions was obtained. The 6563 A data
show similar behavior to the 7320 ﬁ data in that.I/n{(0Q)
increases with time.

2.2 Night-zime and Daytime Variation:
Tne low inclination of the AF-E satellite permitted the

icqursition of 4 complete diurnal set of data in an orbital

T e
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a diffuse band or continuum spectrum ranging from the ultra-
violet to the near infrared, peakinc towards the red and
probably the infrared region.

The processes leading to the production of the glow are
not fully understood. Yee and Abreu (1982b) suggested that
the glow 1s created by the collision of oxygen atoms with the
satellite surface on which metastable molecular species are
formed. The metastable molecules leave the surface and radiate,
producing the spatially extended glow.

An alternative theory has been proposed by Papadopoulos
(1984) who suggests that plasma interactions produce suprathermal
electrons and ions which excite the ambient gaseous and surface
materials.

In the present study we extend the aralysis to daytime
observations of the glow. We compare the intensities observed
during periods of solar minimum and solar maximum and we deter-
mine the changes in the glow intensities as the satellite moves
from night-time to daytime. We demonstrate that the glow

intensity is not correlated with the ambient electron density.

2. AE-SATEZLLITFE CLOW
2.1 Solar Aciivitv Variation:

The AE satcllite was a self-fueled spacecraft anéd the on-

csystem allowed the satellite to remain in
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I. INTRODUCTION

The spacecraft-environment induced optical glow has brought
wide attention since the photographs from the third Space Shuttle

mission indicating that the crbiter glows in the dark were

O

o

released (Banks et al.l$62). The emission 1s a potential optical

aeronomlca. experiments planned

£

1 an

(o]

contam...ant in astronomic
for future space shuttle missions.

A ~imilar emissicn has been observed in photometric measure-
merts cn poard other spacecraft. Torr et al. (1977) noticed
some ernhancements in the airglow intensities below 170 km measured
by the Visible Airglcocw Experiment (VAE) on board the Atmosphere
Explorer-C satellite (Hays et al. 1973) which they attributed to
some form of i1nteraction between satellite and the ambient atmos-
pnere. Yee and Abreu (1982a) later reported observation of the
glow at 7320 A at aititudes greater than 400 km during solar
maxlmum conditions.

By correcting for the galactic background and filtering out
the airglow emission in the VAE measured intensities, Yee and
Abreu {(1982p) presented a detailed study of the characteristics

) -4
of the glow emission at 7320 A and 6563 A. They found that the
most 1lntense radiation comes from the surfaces facing the direction
of motion c¢f the satellite. There is a strong correlation between
tne emission lntenszity and ambient atomlc oxygen cdensity in the
i60-247 Km oalt.itudce range. Lxtending thelr analysis to shorter
Yo arna Anveud (295%3) obtaelned a crude snectral

the giow emlssion and reported that the emission has
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axls where x = 0 and v = 0, if the 2 x OISTANCE/L
cteristic decay length 1s long com-
to th2 dimension of the spacecraft Fig. 5 Calculated line of sight inten-
the nurber density is controlled sity spatial distribution for different
solid angle term arnd decreases like viewing angles,

cor
ensity de-

ing distance

ecay lengtn. Figure 4 shows the calculated line of
sight intensities for various choices of 2

] as viewed along the x-axis. By comparing

: the calculated spatial variat:ion with the

' one observed, we can infer thc characteris-
! tic decay length of the excited molecules.

' The results we have presentea are all given
on & relative scale. The absolute e-folding
distance deduced from the shape of the ob-
serve.. spatial distribution gives rise to
different characteristic decay lengths for
different sizes of the spacecraft surface.:

<< L, the number
o2z with an e-fol
characteristic
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VIEWING ANGLE=Q°
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: The spatial distribution of the inten-
sity 15 predicted to depend strongly on
viewind direction, Figure 5 shows the cal-
i culated results at four different viewing
angles for the case of & = L. The maximum
line or sight intensity decreases as the
. viewing angle increases and the glow
= appears to extend to a farther distance as
: 1f a longer radiative lifetime were 1n-
volved, Conscquently, in analvzinag any
- necasurcd spatial distribution of the glow
\\\ intensity to infer the magnitude of [, the .

INTE !
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As demonstrated in Figure 10, we found
that the best agreement is obtained when
~he characteristic decay length is chosen
to be 20 cm, In this case the obscrved
and the calculated intensities have a
linear relationship except in very intense
and low exposure regions. The relationship
is very similar to the granular density and
logy-exposure curves Of the Kodak S0-489

film (Figure 11, courtesy of Kodak) used in
this photograch. The film developing tech-

n1lgues
urinc

torted

and the system galn adjustment
the imcglng processes may have dis-
this craructeristlic curve from the

on¢ we obtained. If we assume that the
excited molecules are in thermal eguili-
brium with the Shuttle surface and leaving
it with a speed of 300 m sec™t, a charac-
terirstic decay length of 20cm gives a time
constant for radiative decay of 0.67 msec.

IV, DISCUSSIONS AND CONCLUSIONS

Recent photometric and photographic
observations have revealed the presence of
induced optical emissions over the surface
of the spacecraft due to the interaction of
the spacecraft and the ambient atmosphere.
It is believec that radiative emission from
some unknown exclted molecules formed on
the spacecrafr surface are responsible for
the observed luminosity. In this paper we
present a method to infer the radiative
l:rfetime of the excited molecules by

o the
: nodel calculated 2307 T T T
1ntonsities £or - = 40 cm, -
. £:20cm
s to tne nolse level at appro- -
omowlth an e-tfolding distance acc- *x .
8y comparing with the theo-
‘ .y calculated spat:al variations, )
Hl¢ .o principle to infer the
Y rintic decay lenath of the excited »
5 wh-n they leave the surface. J
b t.Gos arlse because the dicitized Z 130 -
} 1t o1e not the real glow intensity. 3
4 A Lininosiny sensitivity of the S0O-489 T |
I~ Siim, tne B2lm processing and developing @
- iga0s, and system gain adjustments of a
171NnT Drocecure cause a non-linear 3 |
recomndern e petween the digiruirzed in- & 100- ~
. ity oand tne ictuaa slow intensitv.,  An & \ .
; 1iternative approich may be more useful. ©
.
c ‘ -/
[, Yaoruee o wLots the oLscerved intensi- ' 5 i
- S vefo ot 2Stied vaiues for oa charace- 50~ ./ —
3 [ el Longtn o 0o a5 o em. The 1/ )
b T . T viewed at .
h PP [ 1 {
b : St omern ilntarces less e :
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analyzirgy the spatial distribution of the
cuserved intensity. We denorstrate that
the observed intensity spe+ial distrikbution
depends upon the shap: and sizc of the
spacecraft surface, trne spacecraft orien—
tatiorn, and most important of all, the
radiative decay lenatn of the excited mo-
lecules.,

3y examining the extent 7 the olow

from the photo;rapha, we ob* rn a charac-
teristic decay length 20f 20 - for the
Shuttle glow, oru'"1tfnt to a radiative
l1ifcetime of approximately 0.67 msec 1£ we
assume the excited mo:ocules are in thermal
egqullibrium with the surface. The radi-
ative lifetire s an important parameter in
dererminint thn Ldentzties of the emitting

excited melecules and thelr formation pro-
resses. The photometric data analysis
sudGested Shat the OH Meinel band system
is resporsible for the glow observed on the
AF satellivtes 3 and o higrn resolution
: he Fabry=Perot Inter-
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intensity is approx1mately three times more
intense than the 5577 A airglow, giving for
the Shuttle glcw_ an estimate of 30kR if we
assume the 5577 A aliglow limb intensity 1is
on the order of 10kR Frcm our theoreti-
cal calculation a llne of sight column
intensity of 30 kR corresponds,to a maximum
volume emission rate of 7 x 10° photons

cm” 3sec 1 or a number dens'ty of 4.7 x 103
cm™~ at the surface. The incoring flux of
atomic oxygen at the Shuttle aitituide 1s
about 1.4 x 101° atomscm™?sec™i, so that
the production efficiency is 1.0 x 107
excited molecules per impactinu oxygen
atom. The actual efficiency cculd be
higher because only visible photons were
recorded and some fraction of the excited
molecules may radiate in the infrared.

Laboratory experiments are underway to
examine the surface glow. It should be
noted that the magnitude of the effect de-
pends strongly on the size of the space-
craft., In the laboratory small surfaces
are exposed to the streaming cxygen atcms
and detection of the glow will reguire a
long integration time. We estimate that
for a square surface 10 cm in size an ex-
posure time approximately 30 times longer
is needed to obtain the glow intensity ob-
served on the Shuttle.

The technigue presented in this paper
also enables us to predict the spatial
distribution of the glow for different
orientations of the Shuttle and estimate
the degree of contamination for proposed
astronomy and aeronomy experiments to be
carried on future Shuttle missions.
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interieromeier O

r sateliite is used to
glow odoserved by Yee and
cn the AL satvilites is produced by
of one or more species. A comparis
the contaminant spectrum nedr 7320A
e nighrolow OR spectrun measured below 155 km.
: is presernted to the effect that OH might be
e 0! the metastable species producing the glow.

I. Introduction

Tre charaiteristics and spectral variation of
tical glew inauced by spacecraft-ustmosphere
nteraction have heen recently described by Yee and
creen 11482, 1953 using photomerric cata obtained
4 Visible Alrglow Experiment (VAE) on board
ihere Explorer satellites [Havs et al.,
jo. Taelr data showed that: 1) theoost intense
comes from surfaces facing the direction
of the saiellite; 2) the contamination
orocontinuum spectrum which 1s brighter
red;  und 3) there i< a strong correla-

ooenission intensity and oxvgen atom
te 100-280 km altitude range. Yee and

sanpented tnat the giow is produced by mole-

. ~icn are formed and ejected from the sate’
Lote suvface in a metastable state after sorface

1vtiuies undergzo chemical reaction ordirect impact
istons with incoming 0(°P) atoms at the satel-
Locity 8 km sec'l). Later, based on the

st tral distribution and the radiative
Sroetime deguced b Yee and Abreu (05 msec) Slanger
. stiowed t.at the OH Meinel pands are a ten-
Lie ddeatification for the AR satellite glow. Me
crepoased that O is produced by the interaction of

v 0¢°P) atems and adsorbed water and/or C-H bonds
Lnothe sateliite construction material. So far,
troscopic measurements have been
cported walch confirm this hypothesis.

wWoeVier,

e Dvnamic Explorer-B spacecraft is a modified
vernion of the Atmosphere Explorer spacecrafts,
wivse pdvicas included a high resolution Fabry-Perot
rfervmeter (FP1) designed to measure tempera-
and wing: :n the thermosphere. Given the
carity beiween the spacecrafts, we have used
fon data obtained by the FPI in a spec-
tered arcund 7320A in order to
: evidenie conceming the nature of
oL sesses prodising the onptical glow. The

o repior to be {nvestipated corresponds to
son- O emie don band., This emission is also
rostrong, in the terrestrial nighiplow producing

AT TS S10N dacer walch peaks In the upper

T e T Consequently, a comparison of specura
taedd at mescospheric herghts witn those obtaiacd

osateslite alzitudes (2250 km) shinuld provide tue

Teces,o o dry o niortation to show whelner on o iaoone of
UooorTatting Metastabie speciens produc.ng Lo
Coprrght Amerioan Insiitute of Aeronditics 1ng
Asironaniics Inc. 198 Al rights reserved

enter for Astrophysics
sachusetts 02138

ical glow. This analysis is presented in this

I1. Descripticn of Instrument

The Fabry-Perot interfercmeter on Dynamics
Explorer-B is a remote sensing instrument designed
mainly to measure the temperature, meridional wind
and density of metastable 0('s) and O0(!D) atoms and
the O+(7“) ion in the thermosphere. A detailed
description of the instrument has been given by Hays
et al. [1981], Killeen et al. [1983], and Killeen
and Havs [1983].

The measurements are made with a high resclutien
Fabry-Perot etalon, which performs a wavelength
analysis on light detected from atmospheric emission
features by spatially scanning the interference
fringe plane witl, 12 concentric ring detectors. The
scan is linedr i. wavelength, covering a spectral
range equal to 0.017964 per detector channel at
7320A. The number of free spectral ranges focused
on the detector is 1.0135 at this wavelength. The
spectral region for analysis was selected by a 10A
halfwidth interference filter centered at 73201,

The etaion and detector parameters of interest are
summarized in Table 1.

Table 1 Paramcters of Interferometer

1. Free Spectral range 0.412653 (7320&)

2. Fracticn of the Iree spec-

trai inge on detector 1.0135 (73208)

3. Detecror anode structure 12 concentric rings
equal area anodes

° o
4, Spectral range per anode 0.01796a (73204)

A seguential altitude scan performed by a com-
mandable horizon scan mirrer provides the spatial
information at sixteen tangent heights below the
orbit of the satellite. Figure 1 is a schematic
which shows the detector position relative to the
velocity vector of the spacecraft, as well as the
range of tangent altitudes scanned by the mirror.
The altitude scan was limited to the angular region
from 5 to 15 degrees below the local horizon, with
a field of view of 0.9 degrees (half-cone angle).

The sensitivity of the instrument was determined
in a pre-flight calibratior to be .04 counts/Ray-
leigh-sec., For thi: analysis the sensitivity was
also determined by an in-flight calibration using
the daytime thermospheric 0+(“P) emission at
7319.0794 and 7320.154A. The production and loss
processcs, as weil as the reaction rates involved in
the calculation of the volume emission rate of this
emission are well xnown., The sensitivity was then
cotimates from a the tetical caleulation of the
brightness [Abreu ¢t al., 1980] and simultancous
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Jue may wonoer if the observed spoctrum s thoat
of the contam.nant glow or if it is insztcad tne
spectrum of the nightglow in the thermusphere.
Evidence that it is the former is provided by the
fact that the same spectral shape and intensities
are observed at all mirror positions with tangernt
heights above 155 km. Further proof is provided bv
comparing the photometric intensity obscrved herc
with the 7319-20A brightness of the glow observed at
250 kn by Yee and Abreu {1981] using duta from the
VAE photometers on the Atmosphere Explorer satel-
lites. The pnotometric brightness is obtained by
adding the counts from each detector and multiplving
the resulting counts by the calibration factor. The
brightness thus obtainec is ~20 Kavleiyns. Tnis is
in good agreement with the 7319-26& cortaninant
emission observed at 250 km by Yee and Con~-
sequently, we conclude tnat the spectrum observed
above 155 km ty the Fabry-Perot interferometer is
that ¢f the contaminant glow, and that the photo-
metric brightness observed by Yee and Abreu on the
A¥ satellites is not a continuum, but is produced by
the emission lines of one or more species which
remain to be identifiec. TFor this purpose we will
next consider the OH spectra measured bclow 155 km.

Ahreu.

B. OH Spectra

Figure 4 shows OH spectra at different tangent
heights obtained during orbit 8058. The intensity
of each spectrum as a function of altitude is con-
sistent with the presence of a narrow layer which
peaks at ~80 km. Below this altitude the spectra
consists of two distinct emission lines which peak
on channels 4 and 9, respectively. Above 80 km, the
two lines come closer and they seem to converge at
approximately 92 km. The apparent convergence of
the two lines is due to a field of view effect,
which comes about when the thin emission layer is
viewed from above by the 12 channe) detector. Under
these circumstances each channel in the detector has
a different field of view. The different intensities
observed by the detector channels cause the distor-
tion observed in the spectra. T.ue distortions are
greater in the ocuter channels of the detector. 1In
order to correct the spectra it is necessary to
effect a deconvolution for each detector channel, of
the signal as a function of altitude with the field
of view of the particular channel. The large uncer-
tainties in the data, however, limit the accuracy of
the inversion process and the recovered spectra are
not free of distortions.
volution of the spectra shown in Figure 4 and have
averayed the spectra from tangent heights equal to
62, 72 and 82 km, after being normalized to their
respective photometric brightness (area). The
resultant spectrum is shown in Figure 5. Spectra
from the topside of the emission layer were not
averaged because the effect of the field of view is
most significant in that region. It should be noted
that the separation between the two spectral lines
observed is approximately 5 channels. Laboratory
measurements ol the 8;3 band of OH Qave identified
two lines at 7318.268A and 7318.337A [Coxen and
Foster, 1982]. These two lines would appear 4 chan-
nels apart on the FPI detector, so there is a high
probability that these are the two emission lines
observed here. The absolute wavelengths of these
two lines are not known to the accuracy necessary to
predict their relative position to the 0% (°P) 7320A
line on the FPI detector.
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