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1. Introduction

The spacecraft-environment induced optical glow has attracted

wide attention since the photographs from the +hird/S'pace Shuttle

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.JJ
- .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 km

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

0
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

0 . .; . - ; ; - ;
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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

Hphotographic 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 sec, which is consistent with
0

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
0

0
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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(O) with time appears not to be a

consequence of the enhancement of ambient plasma activity. No

siqnificant 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(O) 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 OR 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
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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 GLOW

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, is similar to the nighttime value. No dependence of the

glow intensity on the ambient plasma density was found. The

production efficiency increased with time throughout the duration

of tho spacecraft in orbit.



AIAA-83-2660
Radiative Lifetime Analysis of the Shuttle Optical
Glow
j 10 YEE and A. DALGARNO

i;'N DO1P 9RAT1"10N S M ErTING

', T 0~



4 1

-x 0 L

L 
x

N~i~3?:

* :~44 -

444 0

44

4 4

-Q OD ~

A 4 1 .2 U



- 21 -

250

x DATA
* DAYTIME 3AVERAGED
A NIGHTTIME 30 AVERAGED

9 -3n(o)day -1.33x10 cm
cy8 -3

n (O)night " 8 .5 x 1O cm
n (e)day - 6 x I0 cm

n(e)night- 5 x 104 cm 3

J 150.

Ix
x

x

o x× xx0: X

" x x 

QX X

0x x

0X
0 x x

x x

xxx x~ x x

x ,<

0 I0 20 30
ANGLE OF ATTACK (degrees)

x ... xk ax, l" x. xk



- 20 -

2500

K E7074
DAYTIME

-x ALT =247 km

~ 200SZA = i8.3 -20.0*
o2_ 0 x

x LOOKING FORWARD
*LOOKING BACKWARD

z1500 .
x

x

x

w 0 XX

<1 500 xx

90 80 70 60
PHOTOMETER ZENITH ANGLE (degrees)



- 19 -

0
0

I I 0

0 C\J

0

o<
to

U')'

10
10

0)

0
00

0)0

-J0

I c~0

to 9 0

LO x()U/IA9NJ~ILO

- -- - t..~r~CL



-18-
0

10 10

0~

-0

::D~

0 c
-0

-J -O

D r

0I x(0) /I ,ONI IJA



- 17 -

FIGURE CAPTIONS

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

, Figure 2: (a) Background corrected results of 7320 X 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.

r
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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

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

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

time density. The small increase of glow intensity in the daytime

may be plausibly attributed to the enhanced atomic oxygen density

and is 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 R 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.

!I--. 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(O) with time appears not

co !e consequence of the enhancement of ambient plasma activity.

j':iicant incrc-se of glow intensity was found as the satellite

- :co: r nigt- *< t; ca:*'; al though the plasma density increased

bi A u.i j (.te order of magnitude. The increase of I/n(O) with

,, i , ldctc2 thot 2011'sions with the a*mosohere

the t e i te surface.



period. All the data obtained earlier (Yee and Nbreu 1982a,bD)

referred to niaht-tinie orbits 'for which a special technique was

used to sez~arate the galactic backgaroundl brichtness from 'the

glow bDrightness. T7he cxistence of diyglow emission as well as

the brightor zodical liceht mak ,es the analysis of the s-oacecraf-t-

environment induced glow in the :aytime more difficult.

In analyzing tne dlaytime data, we first subtractedI the galac-

tic backgrocund brUintness obtained from the zodiacal lkcht and

I diffuse star brightness maps generated by Abrea et al. (l982 .

Figure 2a cives -h corrected results for circular orb-,- 7074

for a satellite solar zrenith angle between 18.3 0 and 20.0 0

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

crosses reDresent the forward-looking data obtained when the photo-

meter was looking into the ram direction and the dots represent the-

I backward-lcokina data. Because the zodiacal light is intense

within 600 of the sun, data with zenith angles less than 600

are not 1s. rul.

0. The backward-looking data contain only the airglow emission

and-- are free of any interaction-induced glow (Yee and Abreu,

1982,-,b) . If we assumie that the airglow brightness is symmetric

* around the plhctometer zenith (which should be the case at solar

zenith n~im~, iei ow :ntensit1y can be obtained by subtractin'i

th b3, <- 'o'7 Ka-a fr-n the f1orwaird-looki no data.

* cz-rr~ul~, ir-cd over every 30, ar not ted 4in

~je ~. 'h ~~h-te(lata arc shown for -om-,)-_ri7on. I t '

vL ~~~ ~da_ t-' thiri c, i!-; In'n it rr rhe dvieisl r t ha.In i n

6 ~ e sec~rae trns o 2Tv
---------------- '''
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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 X 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

O- (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 n'umber. It shows that regardless

of satellite orbital type, I/n(O) 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
a

*high solar activity conditions was obtained. The 6563 A data

show similar behavior to the 7320 A data in that..I/n(O)

increases with time.

2.2 [Ulht-5ire and Daytime Variation:

7:e lowi inclination of the AF-E satellite permitted the

* ic~us itin of a complete diurnal -,et of data in an orbi tal
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a diffuse band or continuum spectrum ranging from the ultra-

violet to the near infrared, peaking 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 is 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 analysis 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-SAT-LLITE CLOW

2.1 Solar Activ"., Var ation:

Th2 AE satclite was a self-fueled spacecraft and the on-

board crcpuSion system allowed the satellite to remain in

orbit for s-vora! years. The AE-E satellite was launched in

late 1975 arA ro-ontcred in 1980. The lifetine f i t ission

covrerd ": " ;.
nr: hase S o the nr-,7en# 21, c' 21 and
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i. IN2RODUCTION

The spacecraft-environment induced optical glow has brought

wide attention since the photographs from the third Space Shuttle

m~ssion indicating that the zrbiter glows in the dark were

released (Banks et a!.1962). The emission is a potential optical

contam_.ant in astronomical and aeronomical experiments planned

for future space shuttle missions.

A -imilar emission has been observed in photometric measure-

ments on ooard other spacecraft. Torr et al. (1977) noticed

some enhancements in the airglow intensities below 170 km measured

by the Visible Airglow Experiment (VAE) on board the Atmosphere

Explorer-C satellite (Hays et al. 1973) which they attributed to

some form of interaction between satellite and the ambient atmos-

pnere. Yee and AOreu (1982a) later reported observation of the

glow at 7320 A at altitudes greater than 400 km during solar

maximum conditions.

B , correcting for the galactic background and filtering out

the airglow emission in the VAE measured intensities, Yee and

Abreu (i982b) 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

tre emission intensity and ambient atomic oxygen density in the
0

I -2£ 2km s it~ zcic range. Extending their analysis to shorter

• . ni,:- . .:* 'a, . u \. 3) obt .ned a crude snectral

- ,I, jt W emission and reported that the emission has
0

0
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: -, _ --.- '71,. Fig. 2 Geometry used to calcula.tc th.-
spatial distribution of the ex~.d -
lecules responsible r thec clew-.

w '>,. - .- .. . ..

I.-

Sfunc- inverse of the lifetime. It varies with
.i

-  
the orientation of the spacecraft surface

. : " -. - to the streamng ambient at..osphcric parti-
n -T, th e cles 1 ,.4 . Hence the source distribution

-- .;2sd the (P,V)at the surface may not be a spatially
" V. . - b'.:tion uniform function and in perfcrming tie in-

" - teqrations the dependence of the angle of

incidence must be considered.

For a flat spacecraft surface, however,
C rive decay the angles between the surface normal and

..- :-_ , _ , C .1the forr' the velocity vector are the same everywh- re
at the surface, giving rise .o a spahialiy

. . ,uniform source function f(P,V). From the
Shuttle glow picture of figure 1, it appe-

. .. .Peen ' ar ars that the right side of the stabilizer
a u i: tv v-lo- was facing the streaminq ambient particles

'..._ ...... fro' P t when the picture was taken and a flat sur-

c-".... -. a face can be adopted for our analysis.

S-., :.. ' " ........- ' n.'djd4. EXVXMPLE FOR A SPACECRAFT SURFACE

WITH A SQUARE CROSS SECTION

- " . , Before analyzing the Shuttle glow pic-

-* , -- ture, we consider as an examrle a space-
craft surface of square cross section of
d,.m,_-enso L. The numbhr den 7t'y of he

•-n cod 'Ilo!ecu "s p. .nt P' . c-lculaterl

L•t.
* . . * '4- kr ,

' " ' ', " ' " 4 , . : 4 ." 4 ' ,', t 4 44

~~.,....- .... .,.... .. . . . . . ...... . .... .. ... '
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3Curve-s of cons tant nlumber den-02- *
bevi e the surface of a square cross

Iianglu subtended bDy the surface, mo-
c~if.'d 1-y the- radiative lifetime L. On , 05 '0 5 2C

z j.xa whore x =C and y 0, if the 2 DiOSTANCE/L

* ristirdecay length is long com.-
to the* dimension of the soacecraft Fig. 5 Calculated line of sight inten-

thI, num-ber density, is controlled sity spatial distribution for different
hes9- argle term ana aes reases like viewing angles.

"2. i , the nl=Lber cen-s it de-
w- t. z with an c--folding d'stance

-ls ut- c-aracteristooc dec3ay, length. Figure 4 shows the calculated line of
I sight intensities for various o-hoices of Z

as viewed along the x-axis. By comparing

VIEWNG NGL;O* the calculated spatial variation with the
VIEWNG NG~'0

0  one obs;erved, we can infer the characteris-
tic decay length of the excite2d molecules.
The results we have presenteca are all given
on a relative scale. The absolute e-folding
distance deduced from the shape of the ob-
serve-. spatial distribution gives rise to
diffe'rent characteristic decay lengths for

different sizes of the spacecraft surface.'.

Th spatial distribution of the inten-
sity i- , redicted to depend strongly on

Z viewinc; d irection. Figure 5 shows thle cal-
cuia tud results at four d~ifferent viewing

*- anqlec for the case of ;.= L. The maximum
* line of sight intensity decreases as the

viewi.* angle increases and the glow
7 appears to extend to a farther distance as

I if a longer radiative lifetime were in-
volved. Consequently, in anaiio n'
measur d spatoil distribution of the qlow

1. I te .Sty to onfor the magni tude of I, the
* vpw direction as well as the s~ze and

I. p~of tnle spacecraft must h-e con-

* ~te' ictur, tht

We t r wer r iT
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As demonstrated in Figure 10, we found
t-hat the best agreement is obtained when

250 the choracteristic decay length is chosen

to be 20 cm. In this case the observed
and the calculated intensities have a

S linear relationship except in very intense
and low exposure regions. The relationship

200- - is very similar to the granular density and
S - loq-exposure curves of the Kodak S0-489

film (Figure 11, courtesy of Kodak) used in
this photograch. The film developing tech-
ni nques -±nd th system gain adjustment
durnc she imwging processes may have dis-

K tortec this crircteristic curve from the
or., we obtaircd. If we assume that the
excite- molecules are in thermal equibi-
brium with tin Shuttle surfacV and leaving
it with a speed of 300 m sec - , a charac-
teristic decay length of 20cm gives a time4 .• constant for radiative decay of 0.67 msec.

a IV. DISCUSSIONS AND CONCLUSIONS
K.

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 excited molecules formed on
the spacecraft surface are responsible for

, the observed luminosity. In this paper we
_ a, J, present a method to infer the radiative

Isfetime of the excited molecules by
f .9 Th.: re-lattonu-x sp heu tween the _____________________

"nd she :,odi calculated 250! I
.t tr , 40 cm.

o 1:20cm

A:,to te OI. etl at apprt- 2
45. with a:i e-told no distance

By comparinq wi t the theo-
I A'cuiated snat al variations,

, . :n r1:nc1.j! to infer the
decav en(.th of the excited o
they leave the surface.

S: t ;. arise because the dicitized 2 .50-
I not the real glow Inte'SitV.

suh, ' ;ms tv~ of the SO-489 I
. , zm processir, and developing M

,nd ystem ;,a-n -dustments of 0
]:.. ,ir,:,.:roceaurk cause a non-ldnear
r*: :)rd :.;c butween the di, i-tized in- IO -

', * -v :Icl ictua L low intenst'/. An d i i -4

I trr~a • .1. roach -ay be more useful.o K/

'" U' . t t e o, v. intunsi- I2

,-rA ies, r a h Arac- 50-
• , . • :, . . ,.r~b n , ,f 4 ifl. The/

vLOewed at

.. i,'r mr. j ,, c r,. the
'*tfl23, I-t r (";cc lessz

...... j,,'* .... d

.' : '." . ;.. ,c ::. : it. oc , , as -. 05io. . . . . ..!r CC . 5 tC -d

j , - , it Co at CALCULATED HRIOriTNESS (Ar: 0rary nlI

F: , i:. 10 The same as Figure 9 except
iCr - 20 cm.
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] __ - -- 40 intensity is approximately three times more
3 a intense than the 5577 airglow, giving for

Exposue 3 4't F, the Shuttle glow an estimate of 30kR if we
Prjcess -'-cei .NV
Densornetry -14 assume -he 5577 A aiiglow limb intensity is

_ on the order of 10kR . From our theoreti-
3 cal calculation a line of sight column

-8 intensity of 30 kR corresponds to a maximum
6 volume emission rate of 7 x -0 photonF,cm- 3sec-l or a number density of 4.7 x 103

m cm -3 at the surface. The incoina flux QfM MZ
Z_ , atomic oxygen at the Shuttle altitue is

about 1.4 x 1015 atomscmsec so that
-- N 8'8 the production efficiency is 1.0 x 10-'

" -4 excited molecules per impactin oxygen

- -4 atom. The actual efficiency could be
2 higher because only visible photons were
0 recorded and sore fraction of the excited

- 8 molecules may radiate in the infrared.
N -6

- - 4

- 2 Laboratory experiments are underway to
examine the surface glow. It should be

-A 0 noted that the magnitude of the effect de-
pends strongly on the size of the space-

LOG EXPOSURE fiux-sec) craft. In the laboratory small surfaces
are exposed to the streaming oxygen atcms

Fig. 11 The chiracteristic log-exposure and detection of the glow will require a
long integration time. We estimate thatfor a square surface 10 cm in size an ex-

posure time approximately 30 times longer
is needed to obtain the glow intensity ob-

.,ialyzir>7 the spatial distribution of the served on the Shuttle.

cserved intensity. We dee.'onstrate that
the observed intensity spatial distribution
depends upon the shap.' and sire of the The technique presented in this paper

spacecraft surface, tne spacecraft orien- also enables us to predict the spatial

tatiorn, and most important of all, the distribution of the glow for different

radiative decay lenath of the excited me- orientations of the Shuttle and estimate

lecules, the degree of contamination for proposed
astronomy and aeronomy experiments to be
carried on future Shuttle missions.

3y examining the extent a- the low
from the photographs, we ob' a charac-
teristic decay lenm;th of 2C for the ACKNOWLEDGMENT
Shutt]e glow, equiv lent to a radiative
1if. time of a'prox:y-tely 0.67 msec if we
assume the excited mo .,,cules are in thermal We would like to thank Dr. Tom
equilibrium with the surface. The radi- Stevenson for helping us to use the imaging
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AS optical glow. This analysis is presented in this

paper.

. : E.: xporr- cte . used 1i. 2escripti,n of Instrument
:..."t:at L. tntatr.na:-.t glow ob ,vrvud oS Yee and

.\ "7 Anhvedoducd bThe Fabry-Perot interferometer on Dynamics

line, of one or more species. A comparl; Explorer-B is a remote sensing instrument designed
i, maae of the cont micant snectrum near 7320A mainly to measure the temperature, meridionai wind

t ;iight- low Oh spectrum m.ca-ured below 15kin. and densIty of metastable 0('S) and 0('D) atoms and
. i sset.d to the effect that OH might be the 0+(0') ion in the thermosphere. A detailed

oL. L.e mettstabie specics producing the glow. description of the instrment has been given by Hays
et al. [1981], Killeen et al. [1983], and Killeen

I. Introduction and Hays [1983].

. m,ar, e.ristics and spectral variation of The measurements are made with a high resolution
4,c ical 4 incuces bv spacecraft-atmosphere Fabrv-Perot etalon, which performs a wavelength

_:!, ,:ion hav- een recently described be Yee and analysis on light detected from atmospheric emission
" !:ct2, i9ni using photomezri.: cata otained features by spatially scanning the interference

t ze Aitgow Experiment .F.) or board fringe plane with 12 concentric ring detectors. The
e rer satellites [ ys et al., scan is linear 1.. wavelength, covering a spectral

E el .howed that: the t.>,st intense range eqial to 0.01796A per detector channel at
trom surfaces facing the direction 7320A. The number of free spectral ranges focused

f 1..-,, Of tre . ieilite; 2) the ccntatir, ation on the detector is 1.0135 at this wavelength. Thg
, .,r -ntium spectrum is brighter spectral region for analysis was selected 1,Y a IGA

a 3 ti;erc ic a stron' correla- halfwidth interference filter centered at 7320A.
-:I WI intensity amn oxyger, atom The etalon and detector parameters of interest are

.' ,i- km a -itude range. Yee and summarized in Table I.
che :glow is produced by mole-

.Ir forr md and ejected from the satc 7abe 1 Paramet, rs of Interferometer
i C in a -tastab)le state after s~rface
: *t: k undlerzo ch em i c a: reaction or direcL impact 1. Free Spectral range 0._,-65A (7320X)

.ti incoming 0(<P) atoms a- the satel-

S8 ., sec). Later, based on the 2. Fraction of the free spec
A ; . : s t r,1 distribution and the radiative tra inge on detector 1.0135 (7320X)

.7- de a c . Yee aisd Abreu (',5 rasec) Sianger
;Wtad t dt ahe OH Meinel nands are a ten- 3. Detector anode structure concentric rings

i n for the a-E satellite glow. He equal area anodes
r :.ed that C,; is prodated by the interaction of o

ItomC -aad adsorbed water and/or C-H bonds 4. Spectral range per anode 0.01796A (7320A)
,:'* tI 1 ste ti ruction materi al. So far,

rr, -,..r{copic measurements have been A sequential altitude scan performed by a com-
- rtie w , onfirm this hypothesis. mandable horizon scan mirror provides the spatial

information at sixteen tangent heights below the
I,: nric Explorer-B spacecraft is a modified orbit of the satellite. Figure 1 is a schematic

of the Atmosphere Explorer spacecrafts, which shows the detector position relative to the

S oi ;', -ineluded a high resolution Fabry-Permt velocity vector of the spacecraft, as well as the

,rfrrmt (KF i) designed to measure tempera- range of tangent altitudes scanned by the mirror.
-i, ,. wnd i d n the thermosphere. Given the The altitude scan was limited to the angular region

-7-it; hbe.ec, twje spacecraft'., we have used from 5 to 15 degrees below the local horizon, with
.. or dta obtained by the FMI in a spec- a field of view of 0.9 degrees (half-cone angle).

" . r , , ci :erd around 7320A In order to
*ert eviun~e concerning the nature of The sensiti'itv of the instrument was determined

• - rd i thi r,. ical gl, The in a pr,.-flight calibration to be .04 counts/Ray-
," Kr/ o 1rvtmtitated correspnds to leigh-soc. For thi. analysis the sensitivity was

: , .- i in bnd. Ths emission is also also dete rmined by an in-flight calibration using
r ro n :he terrestrial ni r ,,low producing the daytime thermospheric 0+(2P) emission at

.,r m,',,-n 'a*Ur waich peaes in tiae upper 7319.079'. and 7320.154A. The production aid loss
0 soc '.i entl, a corrarisor o, spectra processes, as well as the reaction rates involved in

S~d at m.,,pheric it Ight w'tc tuse obtailned the calcalation of the volume emission rate of this
a it i tudi s (-2 S, shw provide emiss 4on are well known. The sonsitivitv was then

ir .:, ration to show wi, r , r ,i-Wen, ,' enoni-tat. from a t:, rtica l calulation of the
",.in: mctistablc s%,.t . pr,;duon i;. brightntss jAbrew et al., 19801 and simultaneous

AI ltlli'm . IRI Alll- nhltnAn-i-t M7
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t,4 etiiit Ii C tedrer [QCsltl n r.-lat ive to the vel Dci ty vector c f the spncecrafIt,
1> we ng c agn altitudes ;c.anned byv the mirror.

<a Clts of thtle Fab,-Perot detecto,.r 7oun ts, the
rcter perdture ind the 0 and 2  -lte

tt tl- satellite Slitie OLiitrrIn ________________________

'Ire Tit -40-o agre-rrert.

il'ustrative pii;r~ose-, Figure 27tiw a 70- 731 90

i- ttle i>-P) ston a- 7 319.(-)9A -nd DATE 83011
A. The units !In rhoe v~rtcal axts ire 'NET-EG'

nz-lteoirition nv riod (l.P.) . One tegr;t. n 60 220NEN KIG
uadL 0.22 sec Lnce the tra.ns;fer utuofn

br-Prtis. oc-riodic, tn, -elati e p'I-I
b I le two itnos in thie image plai.e deto ti 5-0

Ii/Swhere '.t is the, wavelengt'i -34 CHANNELS
arii et4een th-e two lines ;ncI 'SR is thQ 0*

ettI rcange o f th e etalon. The( co nnol 40
- i utir -f 1iii apartL 'n the imag'i I

20.

00O

- *;Cf'' I2~ 3 45 6-7 890G 1 2

meicurPdFc-ire %oectrur- o the , p -- iscn
-rd *iin( d-iminA the v c "me-.
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. .rc.. vr Lnn a5 dL grec.s at J11 IMfav w nu r if Lah ob,.rved sp, _ t ru : d

: " Mov- of t contam r.ant glow or if it is instead tre
.. . . " .' . a : out spectrum of the nightglow in the therux.-phere.

L.: :. .a,,:"d, wa, greater than 40 Evidence that it is the former i. proviced nV t11

targe.nt -1eight . e above con- fact that the same spectral shape and intensities
.red tat data were no- contaminated are observed at all mirror positions with tangent

*. cI ..r t~n iatItudt: juror *missions. heights above 155 km. Further proof is providec bv
comparing the phetometric intensity obsc:rvvd here

,r.,, . romn' feature in cne :ectral with the 7319-20A brightness of the glow observed at

L', e:nrt rst 17320A - ICA) in th night air- 250 k-m by Yee and Abreu [1981] using data from tl-
vnbrai'n - rnlati:n transition.< in VAE photometers on the Atmosphere Explor.r s'teO-
a Dr.c leve. " The excitation iltes. The photometric brightness is ontained h

t, .- -i.k.Oi' Is gel, rally assigned to adding the counts from eachi detector ano r-.ulti;
the resulting counts by the calibration factor. The
brightness thus obtaine. is -20 kavleic: _ This

r - u - Oh(X-,' +O in good agreement with the 7319-20 cor.:a.-inant
emission observed at 250 km hy Yee and Ahreu. Con-

in It, 1 2..n-ge n':alIhe OH sequently, we conclude that the spectru:m observed

In ath:I i.'r. arou~d above 155 km hy the Fabry-Perot interferometer is
,.. ,. i , t!,c Ia'er , c- t>e ora.r o that of the contaminant glow, and that the photo-S ,- tensit. et al., 19o1]. metric brightness observed by Yee and A-reu on the

AE satellites is not a continuum, but is produced by4 e c; n morV oIog-, of the niglh-glow just pre-

r - .)u 1lC expect c:'e observed spectra nelow the emission lines of one or more species which
tt1- O hile those above 155 remain to be identified. For this purpose we will

*.: I,. c :: . tra If te oraminant glow. This next consider the OH spectra measured below 155 km.

i - be investigated further in this

s 4. B. OH Spectra

A. Th ContaLmi:!ant C 5J.ectrum Figure 4 shows OH spectra at different tangent

-teheights obtained during orbit 8058. The intensity

thc i - 155 km has of each spectrum as a function of altitude is con-

S : , a.er n r. tely 6000 sistent with the presence of a narrow laver which

tra t ta-n, ra heights un to ^- 225 peaks at 1-80 km. Below this altitude the spectra

a -5aeiite a d was 253 k. consists of two distinct emission lines which peak
. r s. enicc e ur 3. he spectra on channels 4 and 9, respectively. Above 80 km, the

7_i d rk coun r,! and were normal- two lines come closer and they seem to converge at

r,- inter,;,,' so itlvit, differences, approximately 92 ks. The apparent convergence of

n Ft gthe two lines is due to a field of view effect,gue 3 are duew ao awhich comes about when the thin emission layer is, : ;: ~of=ct kn~w cd i t dark count.
viewed from above by the 12 channe detector. Under
these circumstances each channel in the detector has

6 a different field of view. The different intensities

observed by the detector channels cause the distor-

tion observed in the spectra. T
7
e distortions are

005 greater in the outer channels of the detector. In
order io correct the spectra it is necessary to

effect a deconvolution for each detector channel, of

004 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

003[ the inversion process and the recovered spectra are
not free of distortions. We have effected the decon-

/ volution of the spectra shown in Figure 4 and have
02~ - averaeed the spectra from tangent heights equal to

62, 72 and 82 km, after being normalized to their

C_ result,.nt spectrum is shown in Figure 5. Spectra
from the topside of the emission layer were not

0 0 u '--, I/ I averaged because the effect of the field of view is

most significant in that region. It should be noted
- j,\that the separation between the two spectral lines

observed is approximately I channels. Laboratory

measurements of the 8-3 band of OH h0ave identified
two lines at 7318.268A and 7318.337A [Coxon and
Foster, 1982]. These two lines would appear 4 chan-

nels apart on the FPI detector, so there is a high
j probability that these are the two emission lines

_ _ _ _ _ _observed here. The absolute wavelengths of these
___,______,__________________ two lines are not known to the accaracy necessarv

2 4 5 6 7 8 9 0 ,I 12 predict their relative position to the O(-P) 7320A

LLE-TECTOR CFANNEL line on the FPI detector.
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-~NIGHTV~E OH4 SPECT.A OPV!T 8058 20 2' J2

25':)ATE 830"

2A(~~- z
10 15 ~

5 L-

(r) Fr

5

I~ 20 A ~-~ -~
C 1 5

(10 ~~~ ~ ~ ~34 6 8 1 Fiur 52 oprsn IeOP ~h,-- n

'I DETECTOR C-ANNEL bNe(fth .ielMte V

6- 7:et- at 9l;ern tanen he23 igtecot.-nntILwe.c u'.

<tcnspectrurrm, ncr-malized to the Data fromn the Fabr.-Perot intrforrcter or.
brit~lnesio is a::- shcwn in Figure 3. board the DE-B satellite have been use' to -o

0 d 4.1 -t IatO~itici. 'ncor- the gontaminant glow observed by Yee ad i
n ,-mas-emnns. Si oc the 011 eiFirsten 7320A on the AE satellites is produceu bv

rjI 6!iLer iltdb i componontI of the lines of one or more species. A comTus,
-ite1 ite :e i;Q78ko,/qec) along the ine of contaminant specttum neat 73Z0 it .

we !iiv ;n-fted fiie CID7 t:lnat ion spectrum OH spectrum obtained below 15 kr, in; :vlr
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