
83-2657 
OPTICAL EFFECTS OF SPACECRAFT-ENVIRONMENT INTERACTION : 

SPECTROMETRIC OBSERVATIONS BY THE DE-B SATELLITE 

Vincent J. Abreu, Wilbert R. Skinner,  and Paul  B. Hays 
Space Physics Reszarch Laboratory 

The Universi ty  of Michigan 
AM Arbor, Michigan 48109 

Jeng-Hwa Yee 
Harvard-Smithsonian Center f o r  Astrophysics 

Cambridge, Massachusetts 02138 

Abstract 

Data from t h e  Fabry-Perot in te r fe rometer  on 
board the Dynamics Explorer-B satell i te is used t o  
show thar: t he  contaminant glow observed by Yee and 
Abreu at 73201 on t h e  AE s a t e l l i t e s  is  produced by 
emission l i n e s  of one o r  more species .  A compari; 
son is  made of t he  contaminant spectrum near  73208 
with t he  nightglow OH spectrum measured below 155lun. 
Evidence is  p-esented t o  t he  e f f e c t  t h a t  OH might be 
one of the metastable  species  producing t h e  glow. 

I. Introduct ion 

The c h a r a c t e r i s t i c s  and s p e c t r a l  v a r i a t i o n  of 
t he  o p t i c a l  glow induced by spacecraft-atmosphere 
i n t e r ac t i on  have been recent ly  descr ibed by Yee and 
Abreu E1982 , 19831 using photometric d a t a  obtained 
by t he  Visible  Airglow Experiment (VAE) on board 
t he  Atmosphere Explorer  satel l i tes  [Hays e t  al . ,  
19731. Their d a t a  showed tha t :  1) themost  in tense  
r ad i a t i on  comes from sur faces  fac ing  t he  d i r ec t i on  
of  motion of t he  sa te l l i te ;  2) t h e  contamination 
has a band o r  continuum spectrum which is  b r igh t e r  
toward the  red; and 3) t he r e  is  a s t rong  correla-  
t i o n  between emission i n t ens i t y  and oxygen atom 
dens i ty  i n  t he  160-280 km a l t i t u d e  range. Yee and 
Abreu suggested t h a t  t he  glow is produced by mole- 
cu l e s  which are formed and e j ec t ed  from the  satel- 
l i t e  surface i n  a metastable  s tate  a f t e r  sur face  
p a r t i c l e s  undergo chemical reac t ion  o r  d i r e c t  impact 
c o l l i s i o n s  with incoming O( 3P) atoms a t  t he  satel- 
l i t e  ve loc i ty  (-8 km sec-l) .  
apparent s p e c t r a l  d i s t r i b u t i o n  and t h e  r a d i a t i v e  
l i f e t i m e  deduced by Yee and Abreu (%5 m s e c )  Slanger 
[1983] showed t h a t  t he  OH Meinel bands are a ten- 
ab le  i d e n t i f i c a t i o n  f o r  t he  AE sate l l i te  glow. He 
proposed t h a t  OH is  produced by t h e  i n t e r a c t i o n  of 
5 ev O(3P) atoms and adsorbed water and/or C-Hbonds 
i n  t he  s a t e l l i t e  construct ion material. So f a r ,  
however, no spec t roscopic  measurements have been 
reported which confirm this hypothesis.  

Later, based on t he  

The Dynamic Explorer-B spacec ra f t  is a modified 
version of t h e  Atmosphere Explorer spacecraf ts , 
whose payload included a high r e so lu t i on  Fabry-Pemt 
interferometer  (FPI) designed t o  measure tempera- 
tu re s  and winds i n  t h e  thermosphere. 
s i m i l a r i t y  between t h e  spacecraf t s ,  w e  have used 
high reso lu t ion  d a t a  obtained byDthe  FPI i n  a spec-  
t ra l  region centered around 73208 i n  order  to 
provide fu r the r  evidence concerning t he  na ture  of 
t he  processes producing t he  o p t i c a l  glow. 
s p e c t r a l  region t o  be inves t iga ted  corresponds t o  
t h e  8-3 OH emission band. This emission is also 
very s t rong i n  t h e  terrestrial nightglow producing 
a narrow emission l a y e r  which peaks i n  t he  upper 
mesosphere. Consequently , a comparison of spec t ra  
obtained a t  mesospheric heights  wi th  those  obtained 
a t  sa te l l i te  a l t i t u d e s  (%250 km) should provide t h e  
necessary information t o  show whether OH is one of 
t h e  emit t ing metastable  species  producing the  

Given t he  
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o p t i c a l  glow. 
paper. 

This ana ly s i s  is presea ted  i n  t h i s  

11. Descript ion of Instrument 

The Fabry-Perot in te r fe rometer  on Dynamics 
Explorer-B is a remote sensing instrument designed 
mainly t o  measure t he  temperature , meridional  wind 
and densi ty  of metastable  O ( ’ S )  and O(lD) atoms and 
t he  O+fa?) ion i n  t he  thermosphere. 
de sc r ip t i on  of t h e  instrument has been given by Hays 
et  al .  [1981] , Killeen et al.  [1983] , and Kil leen 
and Hays [19831. 

A de t a i l ed  

The measurements are made with a high resolution 
Fabry-Perot e t a lon ,  which performs a wavelength 
ana ly s i s  on l i g h t  de tec ted  from atmospheric emission 
f e a t u r e s  by s p a t i a l l y  scanning the  i n t e r f e r ence  
f r i n g e  plane wi th  12 concentr ic  r i n g  de tec tors .  The 
scan is  l i n e a r  i n  wavelength, covering a s p e c t r a l  
rang$ equal t o  0.01796i per  de t ec to r  channel a t  
73208. The number of  free s p e c t r a l  ranges focused 
on t h e  de tec tor  i s  1.0135 a t  t h i s  wavelength. Thg 
s p e c t r a l  region f o r  ana lys i s  w a s  s e l e c t e d  by a o l O A  
halfwidth i n t e r f e r ence  f i l t e r  centered at  7320A. 
The e t a lon  and de t ec to r  parameters of i n t e r e s t  a r e  
summarized i n  Table 1. 

Table 1 Parameters of Interferometer  

1. 

2. 

3. 

4. 

Free Spec t ra l  range 0.212651 (73201) 

Fract ion of  t he  f r e e  spec- 
t r a l  range on de t ec to r  

Detector anode s t r u c t u r e  

1.0135 (732Ob 

1 2  concentr ic  r ings  
equal  area anodes 

Spec t r a l  range pe r  anode 0.01796; (7320;) 

A sequent ia l  a l t i t u d e  scan performed by a com- 
mandable horizon scan mirror  provides t h e  s p a t i a l  
information at  sixteen tangent he ights  below the  
o r b i t  of t he  satel l i te.  Figure 1 is  a schematic 
which shows t h e  d e t e c t o r  pos i t ion  r e l a t i v e  t o  the 
ve loc i t y  vec tor  of t h e  spacecraf t ,  as w e l l  as the  
range of tangent a l t i t u d e s  scanned by t h e  mirror.  
The a l t i t u d e  scan was l imi ted  t o  t h e  angular  region 
from 5 t o  15 degrees below the l o c a l  horizon,  with 
a f i e l d  of view of 0.9 degrees (half- cone angle).  

The s e n s i t i v i t y  o f  t h e  instrumentwasdetermined 
i n  a pre- f l igh t  c a l i b r a t i o n  t o  be .04 coun t s /hy -  
le igh-sec.  For t h i s  ana ly s i s  t h e  s e n s i t i v i t y  was 
a l s o  determined by an i n- f l i gh t  c a l i b r a t i o n  using 
t h e  daytime thermosphezic O+(*P) emission at 
7319.0798 and 7320.1548. The production and lo s s  
processes ,  a s  w e l l  as t he  reac t ion  rates involvedin  
the ca lcu la t ion  of the volume emission rate of t h i s  
emission are w e l l  known. The s e n s i t i v i t y  was then 
est imated from a t h e o r e t i c a l  c a l cu l a t i on  of t he  
br igh tness  [Abreu et al. ,  19801 and simultaneous 
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Figure 1 Schematic showing t h e  d e t e c t o r  p o s i t i o n  relative t o  t h e  v e l o c i t y  v e c t o r  of t h e  s p a c e c r a f t ,  
a s  w e l l  as t h e  range of tangent  a l t i t u d e s  scanned by t h e  m i r r o r .  

measurements of t h e  Fabry-Perot d e t e c t o r  counts ,  t h e  
thermospheric temperature  and the  0 and Np d e n s i t i e s  
made a t  t h e  s a t e l l i t e  a l t i t u d e .  Both c a l i b r a t i o n s  
a r e  i n  good agreement. 

For i l l u s t r a t i v e  purposes,  Figure  2 shSws a 
spectrum of t h e  O+(2P) emission a t  7319.079A and 
7320.1541. 
counts / in tegra t ion  per iod  (I-P.) . One i n t e g r a t i o n  
per iod equals 0.22 sec .  Since t h e  t r a n s f e r  funct ion 
of t h e  Fabry-Perot is  p e r i o d i c ,  t h e  re lat ive posi-  
t i o n  of t h e  two l i n e s  i n  t h e  image p lane  d e t e c t o r  
depends on AA/FSR, where A A  i s  t h e  wavelength 
s e p a r a t i o n  between t h e  two l i n e s  and FSR i s  t h e  
f r e e  s p e c t r a l  range of  t h e  e ta lon .  The channel 
s e p a r a t i o n  (number of channels a p a r t )  i n  t h e  image 
p lane  d e t e c t o r  i s  given by 

The u n i t s  i n  t h e  v e r t i c a l  axis are 

(- A A  - INT(AA/FSR))*FSR/SA 
FS R 

where INT r e p r e s e n t s  t h e  i n t e g e r  p a r t  o f  t h e  argu- 
ment and 61 is t h e  s p e c t r a l  range of a r ing .  The 
doublet  under cons idera t ion  is  .65 channels  apar t .  
Consequently, t h e  two l i n e s  appear superimposed as 
a s i n g l e  l i n e  cen te red  on channel 6. The width 
o f  t h e  l i n e  corresponds t o  a temperature  of%100O0K. 

111. Data Analysis 

W e  have chosen for t h i s  s tudy s p e c t r a  measured 
by t h e  FPI a t  t angen t  h e i g h t s  between 60 and 225 km. 
These s p e c t r a  were ob ta ined  while  t h e  s p a c e c r a f t  w a s  
near  pe r igee  (~250 km) and i n  a despun mode. Data 
w e r e  r e j e c t e d  i f  t h e  s o l a r  z e n i t h  a n g l e  a t  t h e  tan- 
gent po in t  o r  a t  t h e  sa te l l i te  l o c a t i o n  w a s  less 
than 130 degrees,  and i f  t h e  a b s o l u t e  v a l u e  o f  t h e  

7319-20 i 
ORBIT 7970 
DATE 83011 
TANGENT HEIGHTS 

"- 220K 

0.01 I I I I 1  I I 1  I I I I I 
I 2 3 4 5 6 7 8 9 IO I I  12 

DETECTOR CHANNEL 

Figure 2 Spectrum of t h e  O+(2P) emission 
o b t a i n e d  during t h e  daytime. 
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t i c  l a t i t u d e  w a s  g r ea t e r  than 55 degrees a t  
the s a t e i l i t e  loca t ion .  I f  t h e  sa te l l i t e  w a s  mov- 
ing  polcward da t a  w e r e  r e j ec t ed  i f  t h e  absolute  
value of the  magnetic i a t i t u d e  w a s  g r e a t e r  than 40 
degrees a t  the  tangent  height.  
s t r a i n t s  insured t h a t  da t a  were no t  contaminated 
by daytime o r  high l a t i t u d e  auroralemissions.  

The above con- 

The most prominentofeature i n  t h e  s p e c t r a l  
range of i n t e r e s t  (73208 k 101) i n  t h e  n igh t  air- 
glow are the v ib r a t i on  - r o t a t i o n  t r a n s i t i o n s  i n  
t he  ground e l e c t r o n i c  l e v e l  of OH. The exc i t a t i on  
process fo r  t h i s  emission is  genera l ly  assigned t o  
t h e  reac t ion  

H + 03 -+ OH(X*I~,V) + o2 

[Bates and Nicole t ,  19501. I n  genera l ,  t h e  OH 
emission occurs i n  a t h i n  layer  which peaks around 
9@ km. The width of  t h e  l aye r  i s  of t h e  order  of 
10 km a t  ha l f- in t ens i t y  [Watanabe et  al.  , 19811. 
Based on t he  morphology of t he  nightglow j u s t  pre- 
sented,  one would expect t h e  observed spectrabelow 
155 km t o  be t h a t  of OH, while those  above 155 km 
t o  be the spec t r a  of t h e  contaminant glow. This 
hypothesis w i l l  be inves t iga ted  f u r t h e r  i n  t h i s  
analysis .  

A. The Contaminant Glow Spectrum 

A spectrum of t h e  emission above 155 km has 
been obtained by averaging approximately 6000 
night t ime spec t r a  w i th  tangent he ights  up t o  -225 
km. The average sa te l l i t e  a l t i t u d e  w a s  253 km. 
The spectrum i s  presented i n  Figure 3. The spec t r a  
had an estimated dark count removed and were normal- 
ized  t o  remove in te rchannel  s e n s i t i v i t y  d i f fe rences .  
The negat ive counts shown i n  Figure 3 are due t o  
an imperfect knowledge of t h e  dark count. 
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Figure 3 Spectrum of  t he  contaminant glow. 

One may wonder i f  t he  observed spectrum is tha t  
of t h e  contaminant glow o r  i f  i t  is in s t ead  the 
spectrum of t he  nightglow i n  t he  thermosphere. 
Evidence t ha t  i t  is t h e  former i s  provided by the  
f a c t  t h a t  the  same s p e c t r a l  shape and i n t e n s i t i e s  
are observed a t  a l l  mir ror  pos i t ions  wi th  tangent 
he igh t s  abovc 155 km. 
comparing t he  ph t tomet r ic  i n t e n s i t y  observed here 
wi th  t h e  7319-208 br igh tness  of t he  glow observed a t  
250 km by Yee and Abreu [1981] using d a t a  from the 
VAE photometers on t h e  Atmosphere Explorer  s a t e l -  
l i tes.  The photometric br ightness  is  obtained by 
adding t he  counts from each de t ec to r  and multiplying 
t h e  r e su l t i ng  counts by t h e  c a l i b r a t i o n  fac tor .  The 
br igh tness  thus obtained is  -20 R a  l e ighs .  

emission observed a t  250 km by Yee and Abreu. 
sequent ly,  w e  conclude t h a t  t he  spectrum observed 
above 155 km by t h e  Fabry-Perot in te r fe rometer  i s  
t h a t  of the  contaminant glow, and t h a t  t h e  photo- 
m e t r i c  br ightness  observed by Yee and Abreu on the  
AE satel l i tes  is not  a continuum, bu t  is  produced by 
t h e  emission l i n e s  of one o r  more spec i e s  which 
remain t o  be i d e n t i f i e d .  
nex t  consider t h e  OH spec t r a  measured below 155 km. 

Further proof is provided by 

This is 

Con- 
i n  good agreement wi th  t he  7319-20 i contaminant 

For t h i s  purpose w e  w i l l  

B. OH Spectra  

Figure 4 shows OH spec t ra  at  d i f f e r e n t  tangent 
he igh t s  obtained during o r b i t  8058. The i l l t ens i ty  
of  each spectrum as a funct ion of a l t i t u d e  is con- 
s i s t e n t  with t he  presence of a narrow l a y e r  which 
peaks at  -80 km. Below t h i s  a l t i t u d e  t h e  spec t ra  
c o n s i s t s  of two d i s t i n c t  emission l i n e s  which peak 
on channels 4 and 9,  respect ively.  Above 80 km, t he  
two l i n e s  come c l o s e r  and they s e e m  t o  converge a t  
approximately 92 km. The apparent convergence of 
t h e  two l i n e s  is due t o  a f i e l d  of v i e w  e f f e c t ,  
which comes about when the  t h i n  emission l aye r  is 
viewed from above by t he  12 channel de tec tor .  Under 
t he se  circumstances each channel i n  t h e  de t ec to r  has 
a d i f f e r e n t  f i e l d  of v i e w .  The d i f f e r e n t  i n t e n s i t i e s  
observed by t he  d e t e c t o r  channels cause t h e  d i s tor-  
t i o n  observed i n  t he  spec t ra .  The d i s t o r t i o n s  a r e  
g r e a t e r  i n  t he  o u t e r  channels of t h e  de tec tor .  I n  
o rde r  t o  cor rec t  t he  spec t r a  i t  is  necessary t o  
e f f e c t  a deconvolution f o r  each de t ec to r  channel, of 
t h e  s i g n a l  a s  a func t ion  of a l t i t u d e  wi th  t he  f i e l d  
of v i e w  of t he  p a r t i c u l a r  channel. The l a r g e  uncer- 
t a i n t i e s  i n  t h e  da t a ,  however, limit t h e  accuracy of 
t h e  inversion process  and t he  recovered spec t r a  are 
n o t  f r e e  of d i s t o r t i o n s .  W e  have e f f ec t ed  t he  decon- 
vo lu t i on  of  t h e  s p e c t r a  shown i n  Figure 4 and have 
averaged t he  s p e c t r a  from tangent he igh t s  equal t o  
62,  72 and 82 km, a f t e r  being normalized t o  t h e i r  
r e spec t i ve  photometric br ightness  (area)  . The 
r e s u l t a n t  spectrum is shown i n  Figure 5. Spectra 
from the  topside of t h e  emission l a y e r  were not  
averaged because t h e  e f f e c t  of t h e  f i e l d  of view is 
most s i g n i f i c a n t  i n  t h a t  region. 
t h a t  t he  separa t ion  between the  two s p e c t r a l  l i n e s  
observed is approximately 5 channels. 
measurements of t h e  803 band of OH gave i d e n t i f i e d  
two l i n e s  a t  7318.268A and 7318.337A [Coxon and 
Fos te r ,  19821. 
nels apar t  on t h e  FPI de tec tor ,  so  t h e r e  is  a high 
p robab i l i t y  t h a t  t he se  are the  two emission l i n e s  
abserved here. The abso lu te  wavelengths of these 
two l i n e s  are no t  known t o  the accuracy necessary fo 
p r e d i c t  t h e i r  relative pos i t ion  t o  t h e  O+(2P) 7320A 
l i n e  on t he  FPI de t ec to r .  

It should be noted 

Laboratory 

These two l i n e s  would appear 4 chan- 
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Figure 5 A comparison of t he  OH nightglow and 
the contaminant glow spectrum. The con- 
taminant glow spectrum has been sh i f t ed  
by the  component of the  s a t e l l i t e v e l o c -  
i t y  along the  l i n e  of s igh t .  

Figure 4 OH spectra a t  d i f f e ren t  tangent height.  
I V .  Conclusion 

The contamination spectrum, normalized t o  the 
photometric brightness i s  a lso  shown i n  Figure 5. 
The shaded area  ind ica t e s  the s t a t i s t i c a l  uncer- 
ta in ty  i n  the measurements. Since the  OH emission 
spectrum i s  doppler sh i f t ed  by the  component of t h e  
s a t e l l i t e  ve loc i ty  (-7.8 km/sec) along the  l i n e  of 
s i g h t ,  w e  have s h i f t e d  the contamination spectrum 
by the  same amount f o r  comparison purposes. 

The shape of t h e  contaminant s p x t r u m  from 
channels 4 through 12 agrees w e l l  with t h a t  of t he  
OH spectrum. This f a c t  lends confidence t o  the 
hypothesis t h a t  DH is  the  contaminant species. The 
contaminant spectrum, however, suggests an addit ional  
peak on channel 2 which i s  not present  on t h e  night-  
glow OH spectrum. This could be another  OH l i n e  o r  
an emission l i n e  from o the r  species. 
have not de f in i t e ly  proven tha t  OH is  one of the  
species producing the  glow, the da ta  presented here 
do provide some evidence to t h i s  e f f e c t .  One should 
be carefu l  not t o  t r a n s f e r  these results d i r e c t l y  t o  
t he  in t e rp re t a t ion  of the  glow observed i n  the  
Shut t le ,  since d i f f e r e n t  types of  contaminants a r e  
present  i n  the S h u t t l e  environment. 

Although w e  

Data from the Fabry-Perot interferometer  on 
board the  DE-B sa te l l i te  have been used t o  showthat 
t h e  gontaminant glow observed by Y e e  and Abreu at  
73208 on the AE satellites is produced by emission 
l ines of one o r  more species. .A comparison of the  
contaminant spectrum near 73208 with the  nightglow 
OH spectrum obtained below 155 km has provided 
evidence to  the  e f f e c t  t ha t  OH might be one of the  
spec ies  producing the  glow. 
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