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ABSTRACT .. 

Two photometers on t h e  OGO-I1 s p a c e c r a f t  ( launched 
October 14, 1965, 420 km per igee ,  1520 km apogee, 87.4O 
i n c l i n a t i o n )  scanned t h e  airglow horizon through a f i l t e r  
c e n t e r e d  a t  6300A, t h e  n a d i r  a i rglow a t  6300A, 62254, 

a t  6300A. During its less than 10 days of s t a b i l i z e d  
o p e r a t i o n  approximately an hour of da t a  were obta ined  
whi le  i n  t h e  e a r t h ' s  shadow. The n a d i r  measurements 
observed t h e  b lue  enhancement a t  t w i l i g h t ,  s e v e r a l  
a u r o r a e ,  and t y p i c a l  night t ime airglow.  The horizon 
scanning  photometer observed the t w o  a i rglow l a y e r s ,  a t h i c k  
one g e n e r a l l y  above 200 km a t t r i b u t e d  t o  t h e  6300A l i n e  
of atomic oxygen and a t h i n  l a y e r  centered between @5 and 
105km a t t r i b u t e d  t o  t h e  OH emiss ions  which f a l l  w i t h i n  t h e  
4 0 A  wide passband of t h e  i n t e r f e r e n c e  f i l t e r .  The maximum 
emission of t h e  6300A l i n e  occured gene ra l ly  between 200 
and 300 km a l t i t u d e  wi th  values  of 1 t o  25 photons cmW3 
sec 

F;I3WA, 55?'?J, Ze2.&I, Z Z ~  2639!8, ~ i i d  the ~ e i i f t t  iiii-gbii 

-1 a t  n igh t  and-Sctor of 10 g r e a t e r  i n  t h e  
t w i l i g h t .  ,- / 
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INTRODET ION 

Airglow f e a t u r e s  seem t o  be on a very  l a r g e  s c a l e ,  

hundreds or thousands of ki lometers  i n  e x t e n t .  C l u s t e r s  

of o b s e r v a t o r i e s  a long  w i t h  a i r p l a n e  f l i g h t s  have revea led  

some of these f e a t u r e s .  There have been few obse rva t ions  

i n  r e l a t i v e l y  i n a c c e s s i b l e  a reas  such  a s  t h e  p o l a r  reg ions  

and ove r  t h e  oceans.  But these  have merely i n t e n s i f i e d  

t h e  desire f o r  a better p i c t u r e  of t he  world-wide d i s t r i b u t i o n  

of t h e  a i rg low and a t ions  . Furthermore,  many 

wavelengths  of’ t h e  a i rg low emissions a r e  absorbed by t h e  lower 

atmosphere and s imply cannot  be observed from the  ground. 

/- 

Another a r e a  i n  which ground observa t ions  a r e  d i f f i c u l t  

is t h a t  of de te rmining  t h e  a l t i t u d e  d i s t r i b u t i o n  of t h e  

emiss ions .  The f e a t u r e s  a r e  too poorly def ined  f o r  use of s imple 

t r i a n g u l a t i o n  techniques ,  y e t  t h e  l a y e r s  a r e  f a r  enough 

from b e i n g  uniform t h a t  the van Rhijn method using t he  i n t e n s i t y  
0 

a s  a f u n c t i o n  of z e n i t h  angle  m u s t  make use of a l a r g e  number 
. 



of scans  (e. g. see Kulkarni)  . Rocket-borne ins t ruments  

have given u s  r e l i a b l e  measurements of the v e r t i c a l  d i s t r i b u t i o n  

of many of  t he  airglow emissions below 200 km (Packer, Tarasova and 

'S3epova.z) . 
f lown t o  a l t i t u d e s  apprec iab ly  above t h i s  (Nagata). 

But on ly  r e c e n t l y  have 6 3 0 0 A  photometers been 

It was t o  o b t a i n  information i n  these three a r e a s ,  t h e  

l a r g e  s c a l e  d i s t r i b u t i o n  of t h e  p r i n c i p a l  emiss ion  l i n e s ,  t o  

s tudy  t h e  u l t r a v i o l e t  emission i n  t h e  v i c i n i t y  of 2 6 0 0 A ,  

and t o  measure t he  v e r t i c a l  d i s t r i b u t i o n  of the  6 3 0 0 A  

emission,  t h a t  ins t rumenta t ion  was proposed f o r  the P o l a r  

O r b i t i n g  Geopnysicai Observatory. 

INSTRUMENTAT ION 

Two photometers a r e  used. Thei r  l o c a t i o n s  on t h e  

s p a c e c r a f t  a r e  shown i n  Figure 1. The Po la r  O r b i t i n g  

Geophysical Observatory (POGO) is a box w i t h  one s ide  f a c i n g  

the  e a r t h ,  w i t h  s o l a r  paddles  which move to f a c e  t h e  sun ,  

and w i t h  an O r b i t a l  Plane Experiment Package (OPEP) . . . A  

which moves so t h a t  one of its f a c e s  is always perpendicular  

t o  t h e  direction of motion. One of t h e  photometers is 

l o c a t e d  i n  t he  Main body, and can observe both the  e a r t h  

and the  sky  i n  s i x  d i f f e r e n t  wavelengths. The second is 

l o c a t e d  in the  OPEP and conta ins  a moving mirror t o  smable 

i t  t o  s c a n  a c r o s s  the e a r t h ' s  horizon ahead of the  s p a c e c r a f t .  

T h i s  photometer is s e n s i t i v e  only t o  the  6 3 0 0 A  emission. 
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Schematics of the  o p t i c a l  paths  for  the Main Body 

Photometer a r e  given i n  Figures  2 and 3. 

uses on ly  one pho tomul t ip l i e r  w i t h  a t r i - a l k a l i  cathode. 

Figure 2 shows the  ray t r a c e s  f o r  a simple telescope in 

which t h e  image of the o b j e c t i v e  l e n s  is focussed upon the  

photocathode._ a d t h a t  w e  can use the  same pho tomul t ip l i e r  

f o r  measurement of both sky and e a r t h ,  t h e  pa th  has been 

folded by i n s e r t i o n  of t w o  45O f l a t s .  Th i s  s e t  of optics 

w i t h  a 5 c m  diameter  o b j e c t i v e  l e n s  and a f i e l d  of view of 

4' h a l f  angle  is used t o  measure the  6300A l i g h t  above t h e  

s p a c e c r a f t ,  Figure 3 shows the o p t i c s  used i n  the measurement 

of l i g h t  below the  s p a c e c r a f t  i n  s i x  d i f f e r e n t  wavelength 

reg ions .  Here, aga in ,  l i g h t  from a 5 c m  diameter  o b j e c t i v e  

l e n s  w i t h  a 5O ha l f  angle  f i e l d  of view fo l lows  a folded 

o p t i c a l  pa th  and is f i n a l l y  focussed on the  photocathode. 

Th i s  photometer 

/ 

7 '  

By p l a c i n g  M1 and Mz on a common s h a f t ,  it is possible 

t o  direct t h e  incoming l i g h t  through any of s i x  d i f f e r e n t  

f i l t e r s .  

p o s i t i o n  of 5 i n  Figure 2, and l i g h t  from the  up d i r e c t i o n  

is directed t o  the  photocathode. I n  t he  e ighth  and l a s t  

p o s i t i o n  of the mirrors, the f i l t e r  p o s i t i o n  is blanked o f f ,  

and no l i g h t  is directed t o  t h e  photocathode. I n  r e g u l a r  

o p e r a t i o n  'the d i f f e r e n t  wavelengths a r e  measured i n  a f i x e d  

sequence,  each  of them being  measured for  one second every 

e i g h t  seconds.  The wavelength and bandwidth of each  f i l t e r  

is g iven  i n  Table  I. Every 200 seconds t h e  s h u t t e r s  a r e  

I n  a s even th  p o s i t i o n ,  Mirror  Mz is i n  the  

- 3 -  



c l o s e d  f o r  10 seconds and t h r e e  s m a l l  incandescent  lamps 

l o c a t e d  j u s t  i n s i d e  t h e  s h u t t e r s  and i n  t h e  blanked-off 

sector a r e  t u r n e d  on t o  g ive  a measure of  t h e  s t a b i l i t y  of 

t h e  photometer. A cut-away drawing of t h i s  ins t rument  is 

shown i n  F igure  4. A l s o  shown a r e  t h e  e l e c t r o n i c  c a r d s  

benea th  t h e  o p t i c a l  system, t h e  p o s i t i o n  of i r i s - t y p e  s h u t t e r s  

j u s t  i n  f r o n t  of  t h e  o b j e c t i v e  l e n s e s ,  and s l i d i n g  doors  t o  

p r o t e c t  a g a i n s t  contaminat ion before  and d u r i n g  launch. 

Photodiodes close t h e  s h u t t e r s  i n  t h e  presence of excessive 

l i g h t .  

In Figure 5 ,  an "yiica;. diagL-a,u UT L'-- Ll l t :  U r E , c I T  en-- - . - - A - - - 2 - - -  YAiW LUlllC b C A  

is  given.  Here aga in  t h e  o p t i c a l  pa th  is fo lded  t o  permit  

a compact, l i gh twe igh t  s t r u c t u r e .  The incoming l i g h t  is 

r e f l e c t e d  by a l a r g e  (11.6 c m  x 12.8 cm) moving mirror  t o  

a s m a l l  Newtonian t e l e s c o p e  which focusses  t h e  l i g h t  on a 

slit.  Near t h e  slit  is placed an i n t e r f e r e n c e  f i l t e r  peaked 

a t  629111 w i t h  a bandwidth of 40A. The l i g h t  pas s ing  through 

t h e  s l i t  f a l l s  on a t r i o a l k a l i  cathodeof a side window 

p h o t o m u l t i p l i e r .  The f i e l d  of v i e w  a s  def ined  by t h e  slit  

is 2 i n  he igh t  and 6 O  wide. 

t h e  c e n t e r  of t h e  f i e l d  of view can  be moved from h o r i z o n t a l  

t o  30° below h o r i z o n t a l  i n  lo s t e p s .  

By moving the e n t r a n c e  mirror 

A cut-away view of t h e  OPEP photometer is given i n  

F i g u r e  6. T h i s  view a l s o  shows the s l i d i n g  door t h a t  

p r o t e c t e d  t h e  ins t rument  du r ing  p repa ra t ion  and launch. In 

- 4 -  



o r b i t  a s m a l l  k n i f e - l i k e  s h u t t e r  was c l o s e d  a s  needed t o  

p r o t e c t  t h e  photocathode from excess ive  l i g h t  (as sensed  

by a photodiode) and a l s o  dur ing  a p o r t i o n  of t h e  c a l i b r a t i o n  

sequence. 

The t i m e  r e q u i r e d  f o r  t h e  OPEP photometer t o  s c a n  a c r o s s  

its 30° f i e l d  of view is 34.7 seconds,  du r ing  which t h e  . 

s p a c e c r a f t  moves about 250km. As soon a s  one  scan  is complete 

t h e  m o t i o n  r e v e r s e s  d i r e c t i o n  and a new s c a n  is s t a r t e d  a t  

t h e  same r a t e .  Every 200 seconds,  t h e  scanning  motion is 

s topped ,  t w o  s m a l l  incandescent  lamps a r e  tu rned  one,  and t h e  

s h u t t e r  closes d u r i n g  t h e  e i g h t  second c a l i b r a t i o n  cyc le .  

From t h e  d a t a  d e s c r i b i n g  t h e  observed i n t e n s i t y  a s  a - 

f u n c t i o n  of angle ,  and assuming a number of  t h i n  uniform 

l a y e r s ,  t h e  emission (photons c m  

a l t i t u d e  can be computed. The c e n t e r  of  t h e  reg ion  t h u s  

d e s c r i b e d  ranges  f r o m  1500 t o  4500 km from t h e  s p a c e c r a f t ,  

depending on b o t h  t h e  a l t i t u d e s  of t h e  s p a c e c r a f t  and of 

t h e  region, b u t  w i th  2000 km being r e p r e s e n t a t i v e  f o r  t h e  

d a t a  i n  t h i s  paper. 

-3 s e c - l )  a s  a f u n c t i o n  of 

T h i s  s p a c e c r a f t ,  known a s  OGO 11, was placed i n  a 

n e a r l y  p o l a r  o r b i t  (87.4O i n c l i n a t i o n )  October 14 ,  1965 w i t h  

i t s  apogee nea r  1500 km and its pe r igee  near  400 km, and 

w i t h  a p e r i o d  of 104 minutes.  I t  was soon noted t h a t  t h e  

a t t i t u d e  c o n t r o l  system was using its supply  of c o n t r o l  

g a s  f a r  more r a p i d l y  than  a n t i c i p a t e d .  Hence, f o r  t h e  next  

t e n  days ,  commands were given t o  t h e  s p a c e c r a f t  so t h a t  t h e r e  

- 5  - 



were f o u r  periods of  t i m e  t o t a l i n g  52 hours  du r ing  which the 

a t t i t u d e  of the  s p a c e c r a f t  was s u c h  t h a t  one s ide  faced  t h e  

e a r t h ,  t h e  o t h e r  the sky,  and the  s o l a r  paddles  fol lowed 

t h e  sun. 

themselves  from excess ive  l i g h t  under a l l  cond i t ions ,  they  

were tu rned  o f f  when the a t t i t u d e  was not  s t a b i l i z e d .  

Since t h e  photometers were not  des igned  t o  p r o t e c t  

During t h e  t i m e s  of s t a b l e  a t t i t u d e ,  t h e  Main .Body 

photometer was on f o r  38.7 hours,  and t h e  OPEP photometer 

fo r  32.6 hours. Because the  s p a c e c r a f t  was launched a t  dawn 

so t h a t  i t  would be s u n l i t  100% of t h e  t i m e  f o r  its f i r s t  

f e w  days nf lift; most of this d a t a  r e p r e s e n t s s l n l i t  

c o n d i t i o n s  of the  e a r t h ' s  atmosphere. However, du r ing  the 

l a s t  t w o  per iods  of s t a b l e  opera t ion ,  t h e  plane of t h e  o r b i t  

had changed s u f f i c i e n t l y  so t h a t  t h e r e  were e c l i p s e  per iods  

up t o  11 minutes i n  l eng th  dur ing  which t h e  s p a c e c r a f t  was 

i n  t h e  e a r t h ' s  shadow. Of t h e  t i m e  t h e  s p a c e c r a f t  was 

s t a b l e ,  the Main Body photometer w a s  on dur ing  t h e  e c l i p s e  

fo r  a t o t a l  of 2 hours  and t h e  OPEP photometer f o r  a t o t a l  

of 1.6 hours .  Data coverage was nea r ly  f u l l t i m e  s i n c e  

t h e r e  a r e  on-board t a p e  recorders. 

LATITUDE DISTRIBUI'ION OF AIRGWW 

The Main Body photometer was designed t o  make measurements 

i n  t h e  ear thward  d i r e c t i o n  when t h e  e a r t h ' s  s u r f a c e  was 

d a r k  and t h e  ear thward side of the  s p a c e c r a f t  was not  i l l umina ted  

by t h e  sun, i n  other words, only when t h e  s p a c e c r a f t  was 

- 6 -  
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i n  t h e  e a r t h ’ s  shadow. The e c l i p s e  po r t ions  of t h e  o rb i t  

dur ing  which da ta  were obta ined  were cen te red  a t  a l a t i t u d e  

of about 37ON and a t  most covered 36O of l a t i t u d e .  

7 is prepared from da ta  obta ined  dur ing  one of t h e  longer  

e c l i p s e s .  The s p a c e c r a f t  was wi th in  a few degrees  of i ts 

i d e a l  p o s i t i o n  throughout t h i s  t i m e .  The moon was a t h i n  

Figure 

I crescent and was no t  v i s i b l e  from t h e  s u r f a c e  of t h e  e a r t h .  

The graph consists of s t r a i g h t  l i n e s  drawn between each 

measurement. A measurement c o n s i s t s  of an average of t h e  

da t a  r ece ived  dur ing  t h e  one second t h a t  t h e  $ igh t  passes  

through a given f i l t e r ,  and is an average of t h e  2 or  3 read- 

c ~ t s  c5 tz i~ec l  .Ir_rrFng khat second. Ins t rumenta l  c o r r e c t i o n s  

have been app l i ed  so t h a t  t h e  amount of l i g h t  e n t e r i n g  t h e  

photometer is known wi th in  f 50%&. The t o t a l  amount of l i g h t  

e n t e r i n g  t h e  photometer has been expressed i n  Rayleighs,  w i t h  

t h e  assumption t h a t  t h e  l i g h t  is monochromatic a t  t h e  s t a t e d  

wavelengths ,  except  t h a t  f o r  t h e  26306 da ta  t h e  emission is 

assumed t o  be uniform over  t h e  205A passband of t h e  f i l t e r .  

No a t t empt  has  been made t o  s u b t r a c t  l i g h t  r e f l e c t e d  from t h e  

e a r t h  and lower atmosphere ( w i t h  a t o t a l  albedo ranging 

between 15 and 65%, depending o n  wavelength, s u r f a c e ,  and 

- 

c loud  cove r )  . 
I t  is apparent  t h a t  t h e  5577A emiss ion  of atomic oxygen, 

t h e  5890A emiss ion  of sodium, and t h e  emiss ions  of OH near  

6225A have a s t r o n g  c o r r e l a t i o n  w i t h  each .o ther .  Thec’6300A emission 

of atomic oxygen is r e l a t i v e l y ,  bu t  not completely independent.  

- 7 -  
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-4s x~,\uld he cxp,cctcv3, thcrc  is l i t t l e  6300-4 light above the 

s p a c e c r a f t  which is a t  a l t i t u d e s  between 420 and 470 km. 

The a u r o r a l  emission of  N 

t r u o  a t  t h o s o  l a t i t u d e s .  The f i l t e r  cen te red  a t  6225A 

passes  two l i n e s  of  t h e  OH emiss ions ,  and is a l s o  a measure 

o f  t h e  OH emissions which a r e  inc luded  i n  t h e  6300A s i g n a l .  

The emissions through t h e  2630A f i l t e r  a r e  b a r e l y  d e t e c t a b l e  

and t h e i r  f l u c t u a t i o n s  are  due p r i n c i p a l l y  t o  t h e  no i se  of 

t h e  photometer. 

+ 
2 a t  39148 is a l s o  weak, a s  is g e n e r a l l y  

The high c o r r e l a t i o n  between t h e  5577A emission of  a tomic 

oxygen and t h e  sodium group of emissions (which inc ludes  t h e  

OH e m i s s i o n s )  i n d i c a t e s  t h a t  t h e i r  f l u c t u a t i o n s  have a common 

cause.  The magnitude of t h e  v a r i a t i o n s  is f a i r l y  c o n s i s t e n t  

w i th  t h e  d i f f e rence  i n  a lbedo  between open water  and cloudy 

s k i e s .  However, t h e  c e l l  s t r u c t u r e  sugges ted  by Roach and 

h i s  co l leagues  cannot  be r u l e d  ou t .  

I n  a pass a few hours  l a t e r  (125O l o n g i t u d e ) ,  t h e s e  

emissions had approximately the  same r a t i o  t o  each o t h e r ,  b u t  

t h e  l a r g e  s c a l e  v a r i a t i o n s  were completely absent  between 50 

and 30 degrees  l a t i t u d e .  A three t o  fou r - fo ld  i n c r e a s e ,  

r e s u l t i n g  i n  a peak near  25  degrees l a t i t u d e ,  is a t t r i b u t e d  

t o  a l a r g e  excursion i n  s p a c e c r a f t  a t t i t u d e .  

During a series of  passes  over  t h e  North Pole  ( o r b i t s  

105-log) ,  t h e  ear thward s h u t t e r  of t h e  Main Body photometer 

remained open al though t h e  s p a c e c r a f t  was s u n l i t ,  and a 

ser ies  of  l a t i t u d e  p r o f i l e s  a c r o s s  t h e  a u r o r a l  zone d u r i n g  

t h e  n igh t  were ob ta ined .  N o  a u r o r a l  forms i n  the i n n e r  

- 8 -  



a u r o r a l  zone were apparent .  These d a t a  w i l l  be f u r t h e r  

d i scussed  l a t e r  i n  t h i s  paper. 

VERTICAL PROFILES 

During t h e  e c l i p s e  phase i n  a l l  of t h e  approximately 120 

p r o f i l e s  computed from t h e  OPEP photometer d a t a ,  there a r e  

two maxima of i n t e n s i t y ,  one a t  90 f 15 km and the second 

around 240 km. Figure 8 shows an example of an observed 

horizon and Figure  9 t h e  computed emission p r o f i l e .  

The obse rva t ion  of an e m i t t i n g  l a y e r  below 110 km is 

c o n s i s t e n t  w i t h  e a r l i e r  rocke t  obse rva t ions  of r ed  emiss ions  

d e t e c t a b l e  through a f i l t e r  cen te red  a t  6300A (Heppner, 

Tarasova and Slepova).  I t  is g e n e r a l l y  agreed t h a t  d e a c t i v a t i o n  

of t h e  e x c i t e d  oxygen atoms by c o l l i s i o n  wi th  molecules 

p reven t s  t h e  r a d i a t i o n  of 6300A from atomic oxygen a t  t h e s e  

low a l t i t u d e s .  Its a l t i t u d e  is s i m i l a r  t o  t h a t  of t h e  OH 

emiss ions  observed i n  o t h e r  wavelengths by v a r i o u s  rocke t -  

borne photometers (Packer) . Its  t o t a l  i n t e n s i t y  is g e n e r a l l y  

less than  25 Rayleighs.  

As f a r  a s  t h e  maximum around 240 km is concerned, it 

must be a t t r i b u t e d  t o  t h e  [Ol[r] 6300A emission.  The shape 

of t h e  maximum seems c o n s i s t e n t  wi th  c u r r e n t  theories  

a t t r i b u t i n g  t h e  emission t o  d i s s o c i a t i v e  recombinat ion (Lagos, 

B e l l e w ,  and Si lverman;  Lagos). The i n t e n s i t y  of t h i s  peak 

d u r i n g  o u r  experiments underwent a tendency t o  dec rease  when 

t h e  l a t i t u d e  i n  t he  Northern Hemisphere would go f r o m  50 

t o  Zoo, t h e  on ly  r eg ion  where measurements a r e  a v a i l a b l e .  

See F igure  10. 

0 



When t h e  s p a c e c r a f t  was not i n  t h e  e a r t h ' s  shadow, i t  

was p o s s i b l e  f o r  l i g h t  s c a t t e r e d  f rom o t h e r  p o r t i o n s  of t h e  

Spacec ra f t  t o  e n t e r  t h e  OPEP photometer, adding t o  and a t  

t i m e s  overwhelming t h e  s i g n a l  due t o  a i rg low or  aurora.  

i n t e r p r e t a t i o n  of t h e  da t a  was f u r t h e r  complicated by a 

modulation of t h e  s t r a y  l i g h t  b y  an o s c i l l a t i o n  of t h e  OPEP 

c o n t a i n e r  of * 3 O  about i ts i d e a l  p o s i t i o n  of having its * 

forward f a c e  perpendicular  t o  t h e  plane of t h e  s a t e l l i t e ' s  

o r b i t .  However, under some cond i t ions  i t  was poss ib l e  t o  

i d e n t i f y  and s u b t r a c t  t h e  c o n t r i b u t i o n  due t o  l i g h t  s c a t t e r e d  

from t h e  s p a c e c r a f t ,  p a r t i c u l a r l y  when t h e  e a r t h  beneath was 

not  s u n i i r ; ,  a s  was i,&;iie i;l the  scrth x l z r  reginn, 

The 

//- 
The maximum emission of t h e  6300A l i n e  i n  t h e  n igh t  

a i rg low v a r i e d  from near ly  25 photons sec t o  l e s s  than 

1 photon ~ m ' ~  sec . Twil ight  maxima were t y p i c a l l y  between 

20 and 50 photons cm-3 sec 

AURORAL DATA 

-1 

-1 

-1 . 

Between 0321 and 1347 GMT, October 22, 1965, d a t a  were 

ob ta ined  over  p a r t  of t h e  northern po la r  cap with both 

photometers ,  The geomagnetic p lane tary  3-hr. range index,  

ranged from 1 t o  3+ dur ing  t h i s  t i m e .  Figure 11 shows t h e  

i n t e n s i t y  of t h e  6300A emiss ion  recorded by t h e  Main Body 

photometer a s  a func t ion  of geomagnetic l a t i t u d e  and geomagnetic 

t i m e .  F igure  12 shows t h e  i n t e n s i t i e s  a t  3914A and 5577A 

recorded  by t h e  Main Body photometer i n  t h e  same coord ina te  

sys t em.  During t w o  passes  t h e  a u r o r a l  reg ion  was c rossed  

t w i c e ,  Once in t h e  l a t e  af ternoon,  then  l a t e r  du r ing  t h e  

KP' 
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t h e  same pass ,  j u s t  be fo re  dawn. A ser ies  of p r o f i l e s  were 

recorded  du r ing  t h e  same t i m e  by t h e  OPEP photometer. I n  

Figure 13 a r e  t w o  emission p r o f i l e s ,  one s h o r t l y  be fo re  

s u n r i s e  and one s h o r t l y  before  s u n s e t .  These were computed 

us ing  t h e  same methods a s  e a r l i e r ,  w i th  t h e  assumption t h a t  

t h e  emission can be described a s  uniform h o r i z o n t a l  l a y e r s .  

Hence: u n t i l  t h e  a c t u a l  h o r i z o n t a l  d i s t r i b u t i o n  of t h e  au ro ra  

is t aken  i n t o  account ,  these a l t i t u d e s  must be taken  on ly  a s  

lower l i m i t s  f o r  t h e s e  aurora .  S i m i l a r l y  t h e  i n t e n s i t y  may 

a l s o  inc lude  t h e  e f f e c t  of fo re shor t en ing .  However, t h e  s t u d y  

of s e v e r a l  s cans  of each  aurora  i n d i c a t e s  t h a t  t h e  a l t i t u d e  

of t h e  maximum emission r a t e  of t h e  morning au ro ra  is 

d e f i n i t e l y  lower than  t h a t  f o r  t h e  evening. 

Seve ra l  t endenc ie s  can be noted:  the  6300A [OI] emiss ion  

is  l e s s  i n t e n s e  and a t  somewhat lower a l t i t u d e s  i n  t h e  e a r l y  

morning, and t h e  l o c a t i o n  of t h e  a u r o r a l  emiss ions  t e n d s  t o  

be a t  h igher  geomagnetic l a t i t u d e s  i n  t he  l a t e  a f t e rnoon  

around 1700 hours geomagnetic t i m e  t h a n  i n  t h e  e a r l y  morning 

hours  around 0400. T h i s  may be due  i n  p a r t  t o  t h e  f a c t  t h a t  

t h e  aurora  is s u n l i t  a t  1700 hours  b u t  no t  a t  0400, b u t  is 

a l s o  c o n s i s t e n t  wi th  v a r i o u s  t h e o r i e s  and o b s e r v a t i o n s  which 

i n d i c a t e  t h a t  t h e  energy spectrum of a u r o r a l  p a r t i c l e s  t e n d s  

toward h igher  e n e r g i e s  i n  t h e  morning. The g r e a t e r  p e n e t r a t i o n  

o f  t h e  p a r t i c l e s  produces t h e  maximum [OI] 6300A emission a t  

lower a l t i t u d e s  bu t  of less i n t e n s i t y  s i n c e  a g r e a t e r  f r a c t i o n  

of  t h e  e x c i t e d  atoms lose energy th rough  molecular  c o l l i s i o n s  . 
. 



COXCLUSION 

During t h e  s h o r t  l i f e  of OW-I1 s a p rope r ly  s t a b i l i z e d  

Geophysical Observatory,  some obse rva t ions  of t h e  a i rg low 

and aurora were made, p a r t i c u l a r l y  i n  t h e  no r the rn  hemisphere. 

The most s i g n i f i c a n t  p a r t  of t h e  d a t a  is expected t o  be t h e  

v e r t i c a l  p r o f i l e s  of t h e  [OI] 6300A emissions.  When p rope r ly  

c o r r e l a t e d  wi th  o t h e r  t ypes  of obse rva t ions  a b e t t e r  unders tanding  

of t h e  n i g h t ,  and poss ib ly  t w i l i g h t  a i rg low should r e s u l t .  

The a u r o r a l  d a t a ,  when combined wi th  p o s s i b l e  ground o b s e r v a t i o n s  

should provide a more complete p i c t u r e  of an aurora  than  

a v a i l a b l e  h e r e t o f o r e .  
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Figure 2 .  Ray t r a c e s  for the  o p t i c s  used i n  making 
measurements towards the  z e n i t h .  
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Figure 3 .  Ray t races  for the o p t i c s  used i n  making measure- 
ments towards the nadir.  The f i l ters  and a s s o c i a t e d  mirrors 
remain f i x e d  i n  p o s i t i o n  while the two c e n t r a l  mirrors 
direct the  l i g h t  to  each f i l ter  i n  turn. 
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Figure  5. Ray t r a c e s  for t h e  o p t i c s  for scanning a c r o s s  
t h e  horizon of t h e  e a r t h .  
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Figure 6. OPEP Photometer. A cut-away view with shading 
added to indicate the l i g h t  path. 
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F i g u r e  7 .  Observed i n t e n s i t i e s  of l i g h t  d i r e c t l y  below t h e  
s p a c e c r a f t .  The conversion factors  are about  400 Rayleighs 
p e r  v o l t  for t h e  2630 channel and between 50 and200  
Rayle ighs  pe r  v o l t  f o r  a l l  o t h e r  channels .  
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Figure 10 .  One of s e v e r a l  series of observat ions  of the  
emiss ion prof i l e  a s  the  spacecraf t  passed through the  
e a r t h ' s  shadow. In other  passes  t h e  decrease i n  maximum 
emiss ion r a t e  was less marked. 
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