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Summary of Existing Observations and Theory 

Visible spacecraft  glow w a s  f i r s t  observed on the Atmospheric Explorer 
spacecraft  by Torr 119831 and studied i n  some d e t a i l  with the Visible 
Airglow Experiment (VAE) on the AE-E spacecraft  by Yee and Abreu E19831. 
The AE-E w a s  a spin-stabil ized spacecraft  without th rus te rs  a t  an a l t i t u d e  
of 140-280 km. The VAE contained s i x  visible-wavelength photometers 
t h a t  measured a glow sp  ctrum which: a. rose s teeply i n  the red, 
b. decreased with a cos #J dependence from pointing in to  the ram direct ion 
of the spacecraft  o r b i t a l  motion, and C. decreased i n  in tens i ty  with 
increasing a l t i t ude  with the same dependence as the measured atomic oxygen 
number atmospheric density 101 and not with the measured molecular nitrogen 
density [N2]. 
chemical reactions on the spacecraft  surface a s  it sweeps through the 
atmospheric 0, w i t h  roughly 5-8 eV per 0 atom available f o r  exci ta t ion from 
the o r b i t a l  motion of the spacecraft. 
produced by any of a number of species, including molecular band emission 
from OH, NO, and NO2 (see Figure 1). 
estimation of the surface brightness of the glow emanating above a surface 
i s  therefore: 

5 

Y e e  and Abreu 119831 proposed t h a t  the glow is  produced by 

This glow may i n  pr incipal  be 

The physical p ic ture  for  the 

column photon production = IO] x ( o r b i t a l  speed) x (efficiency) 

5 -3 
103 a t  590 km = 4 x lo7 cm ( so la r  min average) 
[O] a t  590 km = 3 x 10 ( so la r  max average) 

where: 

-5 and the eff ic iency fo r  op t i ca l  photon production (4000-8000A) is  10 t o  
10 (measured on STS-3 and AE-E). 

t h a t  the  observed glow on AE-E is from the exci ta t ion of the OH Meinel band 
system, which may be capable of producing a l l  of the observed glow above 
160 km a l t i tude .  Th i s  ident i f ica t ion  is supported by the detection of two 
spec t ra l  l i nes  of the OH system with the Fabry-Perot spectrometer on the 
Dynamics Explorer [Abreu e t  a l e ,  19831. The existence of OH band emission 
would imply t h a t  there e x i s t s  a much br ighter  near-IR glow than observed t o  
date  i n  the  v i s ib l e  ( see  Figure 21, and thus poses a r i s k  for  the 
development of second-generation I R  SI'S f o r  Space Telescope. 

Observations on the shu t t l e  indicate t h a t  there  are several  d i f f e ren t  
"glows" operating, and the functional dependencies governing the brightness 
of these d i f f e ren t  glows are not w e l l  understood. 
complicated by the existence of th rus te r  f i r i ngs  on the shut t le ,  as w e l l  as 
the generally larger  s i z e  of the spacecraft  and resu l t ing  greater res idual  
atmosphere and induced plasma and spacecraft charging. The ear ly  p ic tures  
of the shu t t l e  t a i l  and a f t  bulkhead taken on STS-3,-4,-5, and -9 revealed 
a glow which varied i n  brightness with the surface material, varied with 

-6 

It has been proposed by Slanger [19831 and by Langhoff e t  a l .  119831 

The s i tua t ion  i s  
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the timing with respect t o  the thrus te r  f i r i ngs ,  showed a cos 1/24 

dependence i n  brightness with pointing away from the  o r b i t a l  ram direct ion,  
and exhibited a spectrum similar  to t h a t  observed on AE-E. Ground-based 
imaging of STS-9 a t  wavelengths of 1.6 and 2 microns detected the  s h u t t l e  
(as a whole) only a t  2 microns, as would be expected from OH band emission, 
bu t  the in t ens i ty  of t he  emission w a s  uncertain due to tracking 
d i f f i c u l t i e s  [Witteborn e t  a l . ,  19851. A hand-held movie camera operated 
by Owen Garr io t t  revealed a dramatic brightening of the shu t t l e  t a i l  and 
a f t  bulkheads following the f i r i n g s  of the vernier  thrusters .  This 
emission appeared a f e w  seconds a f t e r  the th rus t e r s  f i r e d  and decayed a few 
seconds later. However, the surface glow has been observed on the shuttle 
even when the thrus te rs  w e r e  not f i r i n g  (STS-3). Two far-W cameras flown 
on Spacelab 1 (FAUST and WFC) both showed considerable fogging of t h e i r  
film, which may have been due t o  any of a combination of atmospheric 
twi l igh t  emissions, t rop ica l  a rc  01 1304 and 1356 emissions, or an 
addi t ional  far-W glow on the  Shuttle.  

mission with the Imaging Spectrometric Observatory (ISO) from 1150-8000 8 
[Torr and Torr, 19851. Specific observations f o r  glow w e r e  performed i n  a 
dedicated pointing in to  the  r a m  d i rec t ion  and tangent to  the Earth a t  an 
a l t i t u d e  of 250 km, although the instrument did not view any direct 
surfaces. The IS0 spectrometers w e r e  capable of detect ing l i n e  and/or band 
emission but not continuum glow due t o  uncertain detector background caused 
by rapid temperature changes. The detected W and v i s i b l e  spectra  are 
shown i n  Figures 3 and 4. The emissions shown i n  these spectra are a 
combination of atmospheric and poten t ia l  glow emissions: m o r e  de ta i led  
analysis of these data w i l l  be required t o  ident i fy  which of the  observed 
features  may be due to  glow. The v i s i b l e  band emission observed f r o m  
4000-8000 a has a spec t ra l  slope consis tent  with t h a t  observed on AE-E, but  
the brightness of the  v i s i b l e  glow reported a t  250 km is  s imilar  t o  t h a t  
observed by AE-E a t  140-145 km. These band spectra suggest a contribution 
'from the N 
the emission a t  a l l  wavelengths w a s  observed to vary by a t  least an order 
of magnitude. 

physical processes responsible f o r  the  glow. Y e e  and Dalgarno [19831 have 
determined the l i f e t ime(s )  of the glowing species (0.3 m s )  from the s p a t i a l  
decay of the  emission above the  shu t t l e  surface [Banks e t  al., 19831. They 
conclude t h a t  OH band emission is unlikely to explain a l l  of the observed 
s h u t t l e  glow, bu t  may st i l l  rad ia te  strongly i n  the  IR .  Swenson e t  al. 
[1985] propose NO2 recombination continuum a s  the  dominant source of 
radiat ion based on energetic arguments and the  apparent lack of band 
s t ruc ture  i n  the glow a t  30 8 resolution from 4000-8000 A .  There are no 
near-IR observations avai lable  to  test  e i t h e r  of these hypotheses. Torr 
and Torr E19851 ident i fy  N2 f i r s t  posi t ive band emission from t h e i r  STS-9 
spectra. There is addi t ional ly  a plasma theory f o r  the  glow, i n  which a 
surface plasma layer  heated by non-linear plasma-wave interact ions provides 
the  glow excitation. The required plasma densi ty  i s  known to e x i s t  near 
the shut t le ,  but  only under s u n l i t  conditions, and the AE-E glow data 
showed no dependence on daytime/nighttime electron densi ty  var ia t ions  [Yee 
e t  al., 19851. The plasma theory also predicts  blue/W enhanced glow 
emission, which has never been observed. 

Moderate resolution (3-6 8 )  spectroscopy was performed on the STS-9 

f i r s t  posi t ive system, and a t  d i f f e r e n t  t i m e s  the  brightness of 
2 

Theoretical s tudies  of the glow have been performed to study the 
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Scaling Observed Glows t o  Space Telescope 

Accurately sca l ing  t h e  observed glows to Space Telescope r equ i r e s  much 
better information about t h e  physical processes producing the  glow and the  
func t iona l  dependencies of t h e  glow br ightness  than i s  cu r ren t ly  ava i lab le .  
Many d i f f e r e n t  spec ies  have been proposed as glow emitters (OH, NO2, NO, 
N 1, making t h e  s p e c t r a l  cha rac t e r  of t h e  glow uncertain. The glow 
br ightness  is  believed to depend on atmospheric dens i ty ,  which v a r i e s  q u i t e  
s t rongly  with s o l a r  a c t i v i t y  a t  a given a l t i t u d e  (see Figure 5) .  
func t iona l  dependencies t o  be determined are: 

2 

Other 

-the q u a n t i t a t i v e  e f f e c t  of t h r u s t e r  f i r i n g s  ( n o t  an i s sue  f o r  ST 

-changes i n  t h e  glow spectrum during t h r u s t e r  f i r i n g s  
-dependence of glow on spacecraf t  s i z e  
-dependence of glow on spacec ra f t  materials and c l ean l ines s  
-dependence of glow on angle t o  the  o r b i t a l  r a m  d i r e c t i o n  
-existence of extended glow above spacecraft su r faces  

o ther  than t o  i n t e r p r e t  s h u t t l e  glow observations) 

It must be concluded t h a t  t h e  ex t rapola t ion  t o  ST w i l l  be very uncertain 
u n t i l  these  f a c t o r s  are better understood. For example, t h e  d i f f e rence  i n  
s ca l ing  the  observed glow br ightnesses  from AE-E and t h e  IS0 to  ST 
a l t i t udes  by 101 is  shown i n  Figure 6. 

Telescope depends not only on the  sur face  br ightness  of t h e  glow above a 
p a r t i c u l a r  sur face  b u t  a l s o  on t h e  e x t e n t  of t h e  glow above each sur face  
and how w e l l  t h e  emission i s  ba f f l ed  and thus prevented from reaching t h e  
f o c a l  plane. A s  long as t h e  glow is  confined t o  1 0 - 2 0  cm above any given 
sur face ,  t he  ST is  a very well-baffled telescope and r e l a t i v e l y  l i t t l e  of 
t h a t  f l ux  w i l l  pene t ra te  t o  the  foca l  plane. I f  any glow extends i n t o  the 
OTA field-of-view of t h e  sky, however, t h e  presumably i s o t r o p i c a l l y  
emi t t ing  glow w i l l  be competing d i r e c t l y  with the  sky background to 
contaminate ST data. Perkin-Elmer has performed an ana lys i s  of t h e  
cont r ibu t ion  to the ,  t o t a l  f o c a l  plane f lux  made by surface-localized glow 
using t h e  following assumptions: 

The a c t u a l  contamination by glow i n  the  foca l  plane of t he  Space 

- [O] = 3 x 107 cm-3 (average s o l a r  max conditions) - 
- glow extends 20 cm above the  sur face  

photon production e f f i c i ency  1-3 x 10-5 

These e f f i c i e n c i e s  w e r e  roughly measured f o r  t h e  ST materials (Chemglaze 
2306 and anodized aluminum) on previous s h u t t l e  f l i g h t s ,  bu t  no information 
i s  ava i l ab le  on t h e  glow of Al+MgF The predic ted  foca l  plane f luxes  are 
p l o t t e d  i n  Figure 7 as a func t ion  of angle t o  the  r a m  d i rec t ion .  The case 
within 15 of upwind is  uncertain s ince  w e  do not  know how t h e  primary 
mirror w i l l  glow under d i r e c t  exposure to t h e  ambient atmospheric r a m ,  b u t  
t h i s  w i l l  hopefully never be p u t  t o  t h e  test  i n  f l i g h t .  
angles t h e  focal plane glow f l u x  is predic ted  to be sa e l y  below t h e  
average sky background l e v e l  of roughly 23 mag/arc sec . 
defined as less than o r  equal t o  t h e  sky background) are p l o t t e d  i n  Figure 
8 as a function of wavelength i n  the  aeronomer's u n i t s  of RayleighsjB. 
Comparison with Figure 6 shows t h a t  even d i r e c t  viewing glow emission 
should no t  be a problem due t o  the  decreased E01 a t  590 km. I f  t h e  glow is 
somewhat extended and b r igh tens  i n  t h e  near-IR ( n e i t h e r  of which would be a 
p a r t i c u l a r  s u r p r i s e ) ,  however, t h e  glow may be the  l i m i t i n g  f a c t o r  on ST 
s e n s i t i v i t y  i n  t h e  near-IR s p e c t r a l  range. An add i t iona l  i l l u s t r a t i o n  of 

2. 
0 

A t  a l l  o t h e r  

3 
The t o l e r a b l e  l e v e l s  of extended glow emission (where "tolerable" is  
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t h e  r e l a t i o n  between glow br ightness  and ST de tec t ion  l i m i t s  is  shown i n  
Figure 9 as a p l o t  of t h e  sky br ightness  equiva len t  to the  f l u x  i n  one 
p lane tary  camera (PC) p i x e l  t h a t  would be received from the  r ep resen ta t ive  
b lue  spectrum of  a h o t  star or QSO of m 
the  sky background per PC p i x e l  a t  55OOva. 

= 30, which is i n  t u r n  equal to  

Work Needed to Address Immediate Concerns f o r  Space Telescope 

The information required f o r  Space Telescope can be divided i n t o  the  
near-IR, v i s i b l e ,  and W s p e c t r a l  ranges. Although a better understanding 
of t h e  glow phenomenon is  unl ike ly  to inf luence  any ST hardware a t  t h i s  
s t age  of t h e  program, t h e  ex is tence  and c h a r a c t e r i s t i c s  of any unacceptably 
b r i g h t  glow emissions w i l l  a f f e c t  both ST opera t ions  and the  planning f o r  
second-generation SI ' s .  The ST p r o j e c t  recommendations are therefore  aimed 
a t  addressing the following problems before ST launch: 

1. The ex is tence  and br ightness  of any near-IR glow. 

The ind ica t ion  from the  e x i s t i n g  v i s i b l e  spectra is  t h a t  t he  maximum 
glow br ightness  w i l l  be observed i n  t h e  near-IR spectral range. 
from 8000 a to  5 microns i s  of g r e a t  i n t e re s t  i n  planning f o r  
second-generation S I ' s  and has  never been observed f o r  glow! 
a t  these wavelengths i s  a l s o  c r u c i a l  t o  i den t i fy ing  the  emi t t ing  spec ies  
and e x c i t a t i o n  conditions,  including knowing t h e  l i f e t i m e s  of t h e  exc i ted  
states which i n  tu rn  determines t h e  ex ten t  of t h e  glow above a surface.  It 
should a l s o  be noted t h a t  t h e  d i f f e r e n t  t heo r i e s  f o r  molecular glow p r e d i c t  
v a s t l y  d i f f e r e n t  br ightnesses  i n  the  near-IR. 

The region 

Spectroscopy 

2. Val ida te  t h e  br ightness  and a l t i t u d e  dependence of t h e  v i s i b l e  glow. 

Although the  rough spectrum of the  glow from 4000-8000 a is  known, t h e  
br ightness  of t h e  glow above any given sur face  is  uncer ta in  by 1-2 o rde r s  
of magnitude due t o  our lack  of knowledge of t he  e x c i t a t i o n  processes. 
Other f a c t o r s  t o  be s tudied  are l isted i n  t h e  conclusion of t h i s  sec t ion .  

3. Does t h e r e  e x i s t  a W glow? 

The v i s i b l e  spec t r a  suggest t h a t  t h e  br ightness  of t h e  continuum glow is 
decreasing i n t o  t h e  W, and upper limits t o  any W glow derived from 
earlier spaceborne airglow spectrometers ind ica t e  t h a t  t he re  is no b r i g h t  
W continuum glow. None of t h e  earlier instruments looked a t  su r faces  
exposed t o  the  ram, however, and it is  conceivable t h a t  known atmospheric 
w l i n e  and band emissions may be enhanced by t h e  passage of spacec ra f t  
through t h e  atmosphere. 
1356 a (which are known to  be p a r t i c u l a r l y  b r i g h t  i n  t h e  tropical arcs a t  
- +15O magnetic l a t i t u d e ) ,  NO gamma and d e l t a  bands ( 1900-2400a), N2 
Lyman-Birge-Hopfield bands (roughly 1000-2000 a ) ,  and various l i n e s  of N I  
and NZ. 

Candidate atmospheric emissions are 01 1304 a and 
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For a l l  s p e c t r a l  regions t h e  func t iona l  dependencies need t o  be 
determined between glow b r igh tness  and: 

-atmospheric dens i ty  and spec ies  
-angle of poin t ing  t o  the  r a m  vec tor  ( inc luding  poss ib le  wake g l o w )  
-surface material and composition 
-spacecraft  charging and outgassing 
-distance above the  su r face  ( l i f e t i m e s  of exc i ted  states) 
- r e l a t i o n  to  t h r u s t e r  f i r i n g s  
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Fig. 3. Shuttle glow spectra from Spacelab 1 (from Torr and Torr 
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