
I .i 
'3 DIM LIGHT PHOTOGRAPHY 

AND VISUAL OBSERVATIONS 
OF SPACE PHENOMENA 

I FROM MANNED SPACECRAFT) 

\ AI. b 

B Y  
1. DUNKELMAN 

I -  

R. D. M E k E R q  3 

I 

q FEBRUARY 1966 

I 

\ $J&5-& I 

-. GODDARD SPACE FLIGHT CENTER 
GREENBELT, MARYLAND 9 



... 
PREFACE 

T h i s  document is e s s e n t i a l l y  a copy of t h e  
w r i t t e n  in fo rma t ion  g iven  t o  t h e  crews of Gemini V I  

and V I 1  by t h e  a u t h o r s  j u s t  p r i o r  t o  t h e i r  f l i g h t s  a s  
a r e s u l t  of a r e q u e s t  from NASA Headquar te rs  t o  have 
these exper iments  performed on a n  o p p o r t u n i t y  b a s i s .  
The l a s t  two pages a r e  e x a c t  c o p i e s  of t h e  checks  
l i s ts  on board bo th  s p a c e c r a f t .  

=. 



._, 1. T w i l i g h t  S c e n e  
.-__ 

T h i s  is  a c o n t i n u i n g  s t u d y  o f  S c h i r r a ' s  b a n d s ,  a e r o s o l  

l a y e r s ,  a n d  o t h e r  i n t e r e s t i n g  s t r u c t u r e .  E v e n i n g  t w i l i g h t  b e g i n s  

j u s t  as t h e  s u n  c o m p l e t e l y  s e t s  a n d  c o n t i n u e s  u n t i l  t h e  s u n  is 

a p p r o x i m a t e l y  18 be1w.v t h e  h o r i z o n :  m o r n i n g  t w i l i g h t  o c c u r s  i n  

r e v e r s e  o r d e r .  H a s s e l b l a d  p h o t o g r a p h y  w i t h  c o l o r  f i l m  a n d  e x p o s u r e  

t i m e s  l o n g e r  t h a n  n o r m a l  d a y l i g h t  v a l u e s  p e r m i t s  p h o t o g r a p h y  

of t h e  h i g h e r  and  less b r i g h t  a t m o s p h e r e .  16  mm Mauer m o t i o n  

p i c t u r e  p h o t o g r a p h y  w i t h  c o l o r  f i l m  a l l o w s  a more c o m p l e t e  

c o v e r a g e  o f  t h e  lower,  b u t  b r i g h t e r  a t m o s p h e r e  u s i n g  a s h o r t  

e x p o s u r e  t i m e ,  F o r  t h e s e  p h o t o g r a p h s  t h e  h o r i z o n  p o i n t  j u s t  

a b o v e  t h e  s u n .  w h i c h  h a s  s e t  or is  a b o u t  t o  r i s e ,  s h o u l d  b e  a b o u t  

1/8 t o  1 /4  o f  t h e  f r a m e  h e i g h t h  f r o m  t h e  b o t t o m  a n d  1 / 4  f r a m e  

w i d t h  f rom e i t h e r  s i d e ,  I f  t h e  comet  f i l t e r s  ( y e l l o w  a n d  b l u e )  

a r e  s t i l l  on b o a r d ,  a v e r y  u s e f u l  s e r i e s  o f  t h e  t w i l i g h t  c a n  be 

r u n  u s i n g  t h e  h i g h -  s p e e d ,  B&W ( w i t h  f i l t e r s  t h i s  becomes a 

s e n s i t i v e  i n d i c a t o r  o f  color  f o r  a n a l y t i c a l  p u r p o s e s )  f i l m .  Note 

t h a t  t h e  o r d e r  o f  e x p o s u r e s  i n  e a c h  s e r i e s  is g i v e n  f o r  e v e n i n g  

t w i l i g h t ;  o r d e r  must  be r e v e r s e d  f o r  m o r n i n g  t w i l i g h t ,  
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..- 
Camera l e n s  S e t -  
and f i l m  t y p e  t i n g s  1 2 3 4 5 6 7 8 

H a s s e l b l a d ,  F 11 5 . 6  5 .6  5 .6  5 .6  5 . 6  5 . 6  5 . 6  
250mm.SO 217 T 1/500 1/500 1/125 1/30 1/8 1/2 2 10 

16mm Mauer . F 32  22 16 11 8 5 , 6  4 2 . 5  
75mm.SO 217 T 1/50 1/50 1/50 1/50 1/50 1/50 1/50 1/50 
I f  ps  Run 10 10 10 10 10 10 10 2 10 

Hasse l b  l a d  ~ F 4 5  4 5  22 11 5 .6  11 5 . 6  5 , 6  
250mm. 2475 T 1/500 1/250 1/250 1/250 1/250 1/250 1/250 1/60 
comet f i l t e r s  F l t r  N N Y Y B B B B 

Hasse l b l a d .  
250mm.SO 217 

H a s s e l b l a d ,  
250mm. 2475.  
comet f i l t e r s  

9 1c 11 12 

5 .6  5 ,6  
30 120 

5 , 6  5 . 6  5 . 6  5 . 6  
1/15 1 /4 1 5 

B B B B 

2 .  N igh t t ime  E a r t h  Cloud Cover  

T h i s  is a s t u d y  of n i g h t t i m e  e a r t h  c l o u d  c o v e r  unde r  

v a r i o u s  moonl ight  c o n d i t i o n s  and p a r t i c u l a r l y  unde r  a no-moon 

s i t u a t i o n ,  I t  is  d e s i r a b l e  t o  s e l e c t  a n  a r e a  where c l o u d  

c o v e r  is abou t  5/10 and where some ground l i g h t  s u c h  a s  c i t y  

l i g h t s  a r e  v i s i b l e  t o  u s e  a s  a t r a c k i n g  r e f e r e n c e  p o i n t  t o  h o l d  

t h e  c l o u d  p a t t e r n  s t a t i o n a r y  i n  t h e  p h o t o g r a p h  d u r i n g  t h e  

l o n g e r  e x p o s u r e s  p a r t i c u l a r l y  if t h e  p i l o t s  a r e  u n a b l e  t o  

p e r c e i v e  t h e  c l o u d s  t h e m s e l v e s .  I n  m o o n l i g h t  w i t h  p i l o t s  

d a r k  a d a p t e d  t h e  v i e w a b l e  c l o u d  p a t t e r n  s h o u l d  b e  d i r e c t l y  used  

f o r  t r a c k i n g .  Thunder s to rms  must be  e n t i r e l y  a v o i d e d  S O  t h a t  

l i g h t e n i n g  w i l l  n o t  r e n d e r  t h e  e x p o s u r e s  u s e l e s s .  These  

pho tographs  a r e  o n l y  p o s s i b l e  w i t h  t h e  v e r y  f a s t  B&W f i l m  w i t h  

t h e  camera wide o p e n ;  i n  f a c t ,  i t  c a n  b e  c a r r i e d  o u t  w h e t h e r  

o r  n o t  t h e  p i l o t s  can  s e e  t h e  c l o u d s  t h a t  t h e y  a r e  p h o t o g r a p h i n g .  

.- 



Camera ,  l e n s ,  Ambient  l i g h t -  S e t -  
f i l m ,  & F - s t o p  i n g  c o n d i t i o n s  t i n g s  1 2 3 4 

H a s s e l b l a d ,  N o  moon T 8 16 

F 2 . 8  F u l l  moon T 1/30 1/15 1/8 1 / 4  
I - .  SOmm, 2 4 7 5  Q u a r t e r  moon T 1 /4  1 /2  1 2 

3. Day Sky Background  ________ 

P i l o t s  have  r e p o r t e d  d i f f i c u l t y  i n  o b s e r v i n g  s t a r s  i n  

t h e  d a y t i m e ,  Most o f  t h e  p rob lem p r o b a b l y  l i e s  w i t h  t h e  

s c a t t e r e d  s u n l i g h t  a n d / o r  e a r t h s h i n e  on  t h e  windows a n d  t h e  

p i l o t s '  a s s o c i a t e d  l a c k  of d a r k  a d a p t a t i o n .  However ,  t h e  

e f f e c t  o f  t h e  d a y  a i r g l o w  l a y e r s  above  t h e  s p a c e c r a f t  a l t i t u d e s  

is unknown a n d  c o u l d  be a s i g n i f i c a n t  c o n t r i b u t i o n  i n  m a s k i n g  

t h e  s t a r l i g h t  i n  t h e  d a y  s k y .  A r e l a t i v e l y  s i m p l e  s t u d y  of d a y  

a i r g l o w  c a n  b e  made u s i n g  t h e  v e r y  h i g h - s p e e d  B&W f i l m ,  w h i c h  

is n o t  a f f e c t e d  by  d a r k  a d a p t a t i o n  p r o b l e m s ,  w h i l e  p o i n t i n g  

t h e  camera  a p p r o x i m a t e l y  r a d i a l l y  away f rom t h e  e a r t h  a n d  

w h i l e  h o l d i n g  t h e  s p a c e c r a f t  i n  a n  a t t i t u d e  t h a t  d o e s  n o t  a l l o w  

window s c a t t e r i n g .  The m o s t  a p p r o p r i a t e  t i m e  t o  a c c o m p l i s h  

t h i s  a r e  i n  t h e  e a r l y  d a y t i m e  m o r n i n g  o r  t h e  l a t e  d a y t i m e  a f t e r -  

noon so t h a t  a t  l e a s t  one  window c a n  b e  p o s i t i o n e d  w i t h  a b o u t  3 5 O  

r o l l  t o  be i n  t h e  d o u b l y  shadowed r e g i o n ,  S t a b i l i t y  o f  a t t i t u d e  

d u r i n g  t h e  e x p o s u r e s  is  n o t  c i r t i c a l ,  a l t h o u g h  i t  is d e s i r a b l e  

b e c a u s e  t h e  f i l m  may a l s o  b e  r e g i s t e r i n g  known s t a r s  w h i c h  t h e  

p i l o t s  may b e  u n a b l e  t o  s e e ,  

DIRECTION OF PHOTOGRAPH 

f ,-- - SHADOW FROM SUN 

7 - SHADOW FROM EARTHSHINE 

B E  F- JUST AFTER 
SUNRISE 

I SEF-APPROACHING 
SUNSET 

DARK L I G H T E D  
E A R T H  E A R T H  



Camera ,  l e n s ,  S e t t i n g s  1 2 3 
f i l m ,  & F - s t o p  

H a s s e l b l a d ,  8 0 m m  T 
2 4 7 5 ,  F 2 , 8  

5 30 120 

4 .  N i g h t  A i r g l o w  Edge-On 

( i . e . ,  above  e a r t h ' s  h o r i z o n )  

T h i s  i s  a c o n t i n u i n g  s t u d y  of t h e  n i g h t  a i r g l o w  t o  d e t e r m i n e  

more a b o u t  i ts  s t r u c t u r e  a n d  b r i g h t n e s s  w h i c h  may e v e n t u a l l y  

l e a d  t o  a more b a s i c  p h y s i c a l  u n d e r s t a n d i n g  of t h i s  phenomenon,  

I t  complemen t s  i n f o r m a t i o n  g a i n e d  f r o m  p r e v i o u s  manned f l i g h t s  

a n d  f r o m  unmanned r o c k e t s  l a u n c h e d  s p e c i f i c a l l y  f o r  t h e  p u r p o s e  

o f  s t u d y i n g  a i r g l o w ,  I n  t h e  l a t t e r  c a s e  t h e  m i s s i o n s  were 

c o n s i d e r e d  h i g h l y  s u c c e s s f u l  i f  o n l y  a f e w  good e x p o s u r e s  were 

o b t a i n e d ,  and NASA is c o n t i n u i n g  t o  l a u n c h  s e v e r a l  o f  t h e s e  

unmanned rocke ts  e a c h  y e a r .  One o r  more good s e r i e s  f r o m  a 
manned v e h i c l e  would  be e x t r e m e l y  v a l u a b l e  i n  t h e  t o t a l  s t u d y ,  

a n d  t h i s  is  p a r t i c u l a r l y  t r u e  u s i n g  t h e  more s e n s i t i v e ,  l i g h t  

g a t h e r i n g ,  B&W f i l m ,  

Camera ,  l e n s  S e t t i n g  1 2 3 4 5 

H a s s e l b l a d ,  8 0 m m  T 1 / 2  1 2 4 8 

f i l m .  & F s t o p  

2 4 7 5 ,  F2 .8  

5 ,  Z o d i a c a l  L i g h t  a n d  G e g e n s c h e i n  

T h i s  would c o n t i n u e  t h e  s t u d y  b e g u n  o n  M A - 9  u s i n g  h i g h -  

s p e e d ,  c o l o r  f i l m  a n d  f u r t h e r  i n v e s t i g a t e d  o n  GT-5 u s i n g  T r i - X  

B&W (ASA 4 0 0 ) ,  b u t  would  now u s e  t h e  more s e n s i t i v e  B&W f i l m .  

The z o d i a c a l  l i g h t  s e r i e s  s h o u l d  be t a k e n  5-10 m i n u t e s  a f t e r  
s u n s e t  of 10-5 m i n u t e s  p r i o r  t o  s u n r i s e ,  The  G e g e n s c h e i n  1s 
v e r y  l o c a l i z e d ,  a n d  t h e  c a m e r a  s h o u l d  be a i m e d  a t  a p p r o x i m a t e l y  

5 20'" R i g h t  A s c e n s i o n  a n d  t23,  lo D e c l i n a t i o n - - t h e  a n t i s o l a r  

p o i n t  o n  t h e  e c l i p t i c  w h i c h  is i n  t h e  c o n s t e l l a t i o n  T a u r u s ,  t h e  

B u l l ,  near  t h e  h o r n s  be tween  A u r i g a  a n d  O r i o n .  G e g e n s c h e i n  s h o u l d  

be g i v e n  v e r y  l i t t l e  e m p h a s i s  o n  t h i s  f l i g h t ;  h o w e v e r ,  b e c a u s e  

i t  w i l l  be i n  t h e  Mi lky  Way a n d  p r o b a b l y  a b s c u r e d  by  i t .  

h 



Camera , l e n s ,  S e r i e s  
f i l m ,  & F - s t o p  s u b j e c t  

S e t -  
t i n g  1 2 3 4 5  

H a s s e l b l a d ,  8 0 m m  Z o d i a c a l  L i g h t  T 1 /16  1 /4  1 3 5 
2475, F 2 . 8  G e g e n s c h e i n  T 10 30 60 120 

6. A u r o r a e  

T h i s  phenomenon is most a p p a r e n t  when l o o k i n g  t o w a r d  t h e  

m a g n e t i c  p o l e s  a t  n i g h t ;  t h u s ,  f o r  t h i s  f l i g h t  t h e  s p a c e c r a f t  

w i l l  h a v e  t o  be yawed a p p r o x i m a t e l y  90° S o u t h  when i n  t h e  

s o u t h e r n m o s t  l a t i t u d e s  o f  t h e  t r a j e c t o r y .  C o l o r ,  a p p a r e n t  

b r i g h t n e s s  compared  t o  t h e  a i r g l o w ,  s t r i a t i o n s ,  p o s i t i o n  ( i t  

may a p p e a r  below s p a c e c r a f t  a l t i t u d e  s o  t h a t  p i t c h  down 20-30° 

may b e  r e q u i r e d ) ,  a n d  e d g e  c h a r a c t e r i s t i c s  a r e  a l l  i m p o r t a n t  

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

h e r e  a s  " b r i g h t "  i f  c o l o r  is d i s t i n g u i s h a b l e  a n d  " d i m "  i f  o n l y  

l i g h t  w i t h o u t  co lor  is  a p p a r e n t .  I f  t h e  phenomenon d e f i n i t e l y  

l o o k s  w h i t e  a n d  t h e  p i l o t s  f e e l  t h a t  i t  is b r i g h t  enough  t h a t  

t h e y  s h o u l d  c e r t a i n l y  n o t i c e  c o l o r  i f  i t  were p r e s e n t ,  t h e n  t h e  

a u r o r a  is " b r i g h t "  b e c a u s e  w h i t e  l i g h t  is a c t u a l l y  t h e  p e r c e p t i o n  

o f  combined  c o l o r s .  

Camera ,  l e n s ,  S e r i e s  S e t t i n g  
f i l m ,  & F - s t o p  s u b j e c t  1 2  3 

H a s s e l b l a d ,  SOmm, B r i g h t  T 1/8 1/2  2 
2 4 7 5 ,  F 2 . 8  Dim T 1 4 15 

7 .  Meteors 

T h i s  phenomenon s h o u l d  a p p e a r  below t h e  s p a c e c r a f t  

a g a i n s t  t h e  d a r k  e a r t h  d i s k ,  and t h e  i m p o r t a n t  f e a t u r e s  a r e  

a p p a r e n t  co lor  a n d  b r i g h t n e s s ,  p a t h  d i r e c t i o n  a n d  e x t e n t ,  a n d  

p a r t i c u l a r l y  t h e  number s e e n  p e r  p e r i o d ,  f o r  i n s t a n c e ) ,  An 

a n n u a l  meteor s h o w e r ,  Gemin id ,  ( " f rom Gemini ' '  b e c a u s e  t h e y  

a p p e a r  t o  a g r o u n d  o b s e r v e r  l o o k i n g  u p  a s  i f  t h e y  o r i g i n a t e  

from t h e  r e g i o n  o f  Gemini )  w i l l  be i n  e v i d e n c e  f r o m  a b o u t  10-15 

December w h i c h  a d d  a b o u t  o n e  c o u n t  p e r  m i n u t e  e x t r a  t o  t h e  



n o r m a l ,  random c o u n t  on  t h e  g r o u n d ,  The  p i l o t s  s h o u l d  n o t i c e  

a s i m i l a r  e f f e c t  b e c a u s e  t h e  a r e a  s e e n  t h r o u g h  t h e i r  windows 

w i t h  t h e  no rma l  e y e  p o s i t i o n  (9-10 i n c h e s  f rom window) is  

a p p r o x i m a t e l y  e q u a l  t o  t h a t  a v a i l a b l e  t o  a g r o u n d  o b s e r v e r .  

If t h e  p i l o t s  move t h e i r  e y e s  w e l l  f o r w a r d  t o w a r d s  t h e  window, 

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

c o n s i d e r a b l y .  T h e r e f o r e ,  when making  c o u n t s  o v e r  d e f i n e d  

t i m e  p e r i o d s  i t  is i m p o r t a n t  t o  f i x  t h e  h e a d  w i t h  r e s p e c t  t o  

window d i s t a n c e  a n d  n o t e  a s  d a t a  t h e  p o s i t i o n  u s e d  a s  w e l l  a s  

known o r  e s t i m a t e d  a t t i t u d e s  a n d  r a t e s .  Making s e v e r a l  s e p a r a t e  

c o u n t s  w i t h  t h e  e y e s  a t  a d i f f e r e n t  d i s t a n c e  e a c h  t i m e  would  

a l s o  b e  v e r y  u s e f u l .  When t h e  c o u n t  r a t e  r e a c h e s  s e v e r a l  0 3 )  

p e r  m i n u t e ,  and  t h i s  c a n  b e  e n h a n c e d  b y  o b s e r v i n g  t h e  r e g i o n  

b e t w e e n  h o r i z o n  a n d  n a d i r  where  more e a r t h  s u r f a c e  a r e a  is  i n  

v i e w ,  p h o t o g r a p h y  m i g h t  b e  a t t e m p t e d .  S low s p a c e c r a f t  r a t e s  

a r c  not o b j c c - t i o n n b l c  f o r  p h o t o g r a p h y  o r  v i s u a l  o b s e r v a t i o n s  

so l o n g  a s  t h e  e a r t h ' s  d i s k  is i n  v i e w  m o s t  o f  t h e  t i m e .  Two 

me thods  f o r  p h o t o g r a p h y  a r e  recommended,  t i m e  e x p o s u r e s  f o r  

s p e c i f i e d  p e r i o d s  t o  c o l l e c t  a number o f  meteor s t r e a k s ,  o r  

f o r  a v a r i a b l e  p e r i o d  where  t h e  p i l o t  h o l d s  t h e  s h u t t e r  o p e n  

u n t i l  he o b s e r v e s  a meteor  s t e a k  p a s s  t h r o u g h  t h e  f i e l d  o f  

v i e w  a f t e r  wh ich  he  i m m e d i a t e l y  c loses  t h e  s h u t t e r .  The  f o r m e r  

method w i l l  be  c a l l e d  t h e  " t o t a l  c o u n t m e t h o d "  a n d  t h e  l a t t e r  

w i l l  be  c a l l e d  a n  " i n d i v i d u a l  r e c o r d  me thod" ,  I n  b o t h  c a s e s  

t h e  l i g h t  f rom t h e  meteor makes i ts  own e x p o s u r e  t h r o u g h  

a w i d e  o p e n  camera  u s i n g  h i g h - s p e e d  f i l m ,  The  l o n g e r  t i m e  

e x p o s u r e s  may c o l l e c t  more i n f o r m a t i o n  b u t  w i l l  a l s o  s u f f e r  

fi-om a milsking o r  g e n e r a l  o v e r - e x p o s u r e  e f f e c t  c a u s e d  by t h e  

n i g h t  n i l - g l o w ,  c l o u d  r e f l e c t e d  a i r g l o w ,  a n d  c l o u d - e a r t h  

1 - c t f l e c t c d  m o o n l i g h t ;  s o ,  b o t h  m e t h o d s  s h o u l d  b e  u s e d  o n  

t h c s e  f i r s t  a t t e m p t s  u n t i l  r e s u l t s  show w h i c h  m i g h t  b e  t h e  more 

p i * c f e r n b l e  I The. n o - m o o n l i g h t  c o n d i t i o n  w o u l d  h a v e  a n  o b v i o u s  

a d v a n t a g e  h e r e  



... Camera ,  l e n s ,  Method 
f i l m ,  & F - s t o p  u s e d  

S e t -  
t i n g  1 2 3 

H a s s e l b l a d ,  8Omm T o t a l  c o u n t  T 30 120 300 
2 4 7 5 ,  F 2 , s  i n d i v i d u a l  r e c o r d  T A s  r e q u i r e d  t o  make 

r e c o r d  

8. C o m e t  O b s e r v a t i o n s  ( I k e y a - S e k i )  -- 
____l_____. 

O b s e r v e  i m p o r t a n t  p a r a m e t e r s  o n l y ;  no p h o t o g r a p h s  u n l e s s  

p i l o t s  c o n s i d e r  i t  w a r r a n t e d .  The comet  w i l l  b e  l o c a t e d  a t  

a b o u t  gh  00" R i g h t  A s c e n s i o n  a n d  - 3 5 O  D e c l i n a t i o n  i n  t h e  

c o n s t e l l a t i o n  o f  P y x i s  w i t h  a Mi lky  Way b a c k g r o u n d  a n d  w i l l  b e  

o f  v e r y  low m a g n i t u d e  mak ing  i t  v e r y  d i f f i c u l t  t o  v i e w .  However ,  

t h e  p i l o t s  s h o u l d  be o n  t h e  l o o k o u t  f o r  o t h e r ,  u n d i s c o v e r e d  

comets n e a r  t h e  s u n ,  a n d  h e n c e ,  n o t  v i e w a b l e  f r o m  t h e  e a r t h .  

9 .  L i g h t n i n g  

The me thods  o f  o b s e r v a t i o n  w i l l  b e  e x a c t l y  l i k e  t h o s e  

f o r  meteors ( s e e  I t e m  7 a b o v e ) .  L i k e w i s e ,  t h e r e  a r e  two me thods  

f o r  p h o t o g r a p h y - - t h e  " t o t a l  c o u n t  me thod"  and  " i n d i v i d u a l  r e c o r d  

method" .  The phenomenon s h o u l d  b e  c o n s i d e r a b l y  b r i g h t e r ,  a n d  

e v e n t s  l o c a t e d  n e a r  t h e  h o r i z o n  s h o u l d  b e  much more u s e f u l  a s  

p h o t o g r a p h i c  s u b j e c t s  t h r o u g h  t h e  t e l e s c o p i c  l e n s .  The 

i n d i v i d u a l  r e c o r d  method of p h o t o g r a p h y  f o r  t h e  l i g h t n i n g  

a n d  meteors s h o u l d  p r o b a b l y  be combined  so t h a t  t h e  

s h u t t e r  s h o u l d  be closed when e i t h e r  e v e n t  b r e a k s  t h e  d a r k n e s s ,  

w h i c h e v e r  o c c u r s  f i r s t .  

Camera Lens  & Method 
& F i l m  F - s t o p  Used 

S e t -  
t i n g  1 2 3 4 

H a s s e l b l a d  250mm T o t a l  c o u n t  T 
- -  8~ 2 4 7 5  F 5 . 6  I n d i v i d u a l  r e c o r d  T 10 30 120 300 

A s  r e q u i r e d  t o  make r e c o r d  
T o t a l  c o u n t  T 10 30 120 300 H a s s e l b l a d  8 O m m  

*. 8~ 2 4 7 5  F 2 . 8  I n d i v i d u a l  r e c o r d  T AS r e q u i r e d  t o  make r e c o r d  

10. A i - t i f i c i a l  N i g h t  L i g h t i n g  o n  t h e  E a r t h ' s  S u r f a c e  

T h i s  r e f e r s  t o  s u c h  l i g h t i n g  a s  c i t i e s ,  s h i p s .  gas  w e l l s ,  

f o r e s t  f i r e s ,  S p e c L l a r  r e f l e c t i o n  o f  inoon, p l a n e t ,  o r  s t a r l i g h '  



by  w a t e r  o r  m e t a l l i c / g l o s s y  s u r f a c e s ,  e t c .  S c i n t i l l a t i o n  o r  

l a c k  o f  s c i n t i l l a t i o n  ( w h e t h e r  p o i n t  s o u r c e  o r  f i n i t e  s u r f a c e  

sobrce is  i n v o l v e d  h e r e )  i s  a n  i m p o r t a n t  c h a r a c t e r i s t i c  p e c u l i a r  

t o  t h i s  t y p e  o f  l i g h t  a n d  s h o u l d  b e  n o t e d  a s  d a t a ,  The c a u s e  

of t h i s  e f f e c t  i s ,  of c o u r s e ,  t h e  a t m o s p h e r e  j u s t  a s  a g r o u n d  

o b s c r v e i .  sees s t a r s  t w i n k l e  w h i l e  p l a n e t s ,  moon a n d  s a t e l l i t e s  

usLta l ly  do n o t ,  

Ca1ll1era & Lens  & S e t -  

H a s s e l b l a d  8 0 m m  

F i  l m  F.- S t OP t i n g  1 2 

2475  F 2 .8  T 1/8 1 /2 

H a s s e l b l a d  2 5 0 m m  
2475  F 5.6  T 1 /'4 1 

11. G a l a c t i c  P o l e - t o  Edge S u r v e y  

T h i s  s t u d y  a t t e m p t s  t o  mcasui'e t h e  amount o f  g a l a c t i c  

l i g h t  p r e s e n t  a s  a p a r t  of t h e  t o t a l  l i g h t  s e e n  f r o m  t h e  

e a r t h  ( i . e o ,  a l l  s t a r l i g h t ,  z o d i a c a l  l i g h t ,  a n d  a i r g l o w ) .  

Knowledge o f  a more e x a c t  q u a n t i t y ,  a s i d e  f r o m  i t s  i n t r i n s i c  

v a l u e ,  w i l l  p r o v i d e  a s t r o n o m y  a n d  a s t r o p h y s i c s  w i t h  a b e t t e r  

means o f  c a l c u l a t i n g  p h o t o m e t r i c  r e s u l t s  w h e r e  g a l a c t i c  l i g h t  

is a c o n t r i b u t i n g  c o n t a m i n a n t  t o  t h e  m e a s u r e m e n t  o f  l i g h t  

f rom o t h e r  s o u r c e s ,  I t  w i l l  a l s o  i n d i c a t e  t h e  u p p e r  l e v e l  

of e x p o s u r e  t i m e s  p o s s i b l e  i n  f u t u r e  p h o t o g r a p h i c  e x p e r i m e n t s  

f r o m  manned a n d  unmanned s p a c e  v e h i c l e s ,  T h i s  s t u d y  mus t  be 

c o n s i d e r e d  a s  v e r y  l o w  p r i o r i t y  b e c a u s e  t h e  c a m e r a  f i e l d  mus t  

be  h e l d  t o  k lo d u r i n g  e a c h  of t h e s e  l o n g  e x p o s u i - e s  w i t h  no 

c a b i n  l i g h t  o r  m o o n l i g h t  r e f l e c t i o n s  o n  t h e  window. T h e r e  

a r c  f o u r  s e r i e s  o f  p h o t o g r a p h s  s u g g e s t e d ;  t h e  t h i r d  r e q u i r e s  

t h e  y e l l o w  a n d  b l t i e  comet f i l t e r s ,  a n d  t h e  f o u r t h  r e q u i r e s  t h e  

s u n  t o  b e  up w i t h  no s u n  o r  e a r t h s h i n e  r e f l e c t i o n s  o n  the. 

window which would r e q u i r e  a c c ~ r a t e  i n e r t i a l  p l a t f o r m  p o i n t i n g  

s i n c e  t h e  p i l o t s  w i l l  p r o b a b l y  n o t  be a b l e  t o  see  C O n S t e l ~ a t i O n S  

t o  be p h o t o g r a p h e d .  

2 
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12. S u n l i t  A i r g l o w  ___- 

T h i s  s t u d y  compares  s u n l i t  a i r g l o w  f r o m  s e v e r a l  d i f f e r e n t  

v i e w i n g  a n g l e s  a s  w e l l  a s  w i t h  t h e  n o n - i l l u m i n a t e d  a i r g l o w .  

By c o m p a r i s o n  o f  s i m i l a r  s p e c t r a l  r e g i o n s  ( n a r r o w  b a n d s  o f  

w a v e l e n g t h s )  f u n d a m e n t a l  t o  t h e  c o m p o s i t i o n  o f  a i r g l o w ,  

d i f f e r e n c e s  a n d  s i m i l a r i t i e s  s h o u l d  become s t r i k i n g l y  a p p a r e n t .  

The h i g h - s p e e d  B&W film is  r e n d e r e d  co lo r  s e n s i t i v e  by  t h e  

u s e  of t h r e e  n a r r o w  b a n d p a s s  f i l t e r s  w h i c h  a l l o w  h i g h  t r a n s m i s s i o n  

( a p p r o x i m a t e l y  80% a v e r a g e )  of t h e  d e s i r e d  s p e c t r a l  r e g i o n  

w h i l e  c o m p l e t e l y  r emov ing  t h e  s p e c t r a l  c o n t i n u u m  o n  e i t h e r  

s i d e  by i n t e r f e r e n c e  t e c h n i q u e s .  The c e n t r a l  w a v e l e n g t h s  of 

t h e  t r a n s m i t t e d  b a n d s  a r e  63008 (a = Xngstrorn u n i t  = 10 c m ,  
a l s o  63008 : 0 - 6 3  m i c r o n )  62258 a n d  53008, 
t h e s e ,  63008 is a s t r o n g  e m i s s i o n  l i n e  f r o m  a t o m i c  o x y g e n .  

T h e s e c o n d ,  62258, i n d i c a t e s  e m i s s i o n  f r o m  t h e  h y d r o x y l  r a d i c a l  

(OH) w h i c h  i s  a n o t h e r  s t r o n g  component  o f  t h e  a i r g l o w  b u t  

o c c u r r i n g  a t  l o w  a l t i t u d e s .  The l a s t ,  53008, is e x a m i n i n g  a 

f r e q u e n c y  band i n  wh ich  t h e r e  is no  known s t r o n g  e m i s s i o n  

f rom o t h e r  c o m p o n e n t s ;  t h u s ,  i t  r e p r e s e n t s  a s t u d y  o f  t h e  

-8 

The f i r s t  of 

( ~ o n t i n u u m "  which  is  s i m p l y  due  t o  s c a t t e r e d  s u n l i g h t  a n d  a I 1  

g c n c ' r a l  background  w i t h i n  t h e  a i r g l o w ,  T h u s ,  t h e  f i l t e r  

s t u d y  w i l l  s h o w  n o t  o n l y  how much ( d e r i v e d  b y  a c o m p a r i s o n  

o f  i n t e n s i t i e s  r e l a t i v e  t o  t h e  c o n t i n u u m )  o f  t h e  o x y g e n  a n d  

OH components  a r e  p r e s e n t ,  b b t  a l s o  e x a c t l y  where  i n  a l t i t u d e  

t h e y  a r e  l o c a t e d  ( p o s i t i o n  above  h o r i z o n  i n  t h e  f r a m e ) .  I t  

w i l l  a l s o  a n s w e r  a q u e s t i o n  p o s e d  b y  unmanned r o c k e t  s t u d i e s ,  

" I s  t h e  h i g h  a l t i t u d e  a i r g l o w  e n h a n c e d  t o w a r d s  t h e  s u n l i t  

p o l e s  ( i  e , ,  is i ts  i n t e n s i t y  a f u n c t i o n  o f  l a t i t u d e ) ? "  I t  

is i m p o r t a n t  t h a t  t h e  s u n  a l w a y s  be below t h e  h o r i z o n  by  

a b o u t  o n e  t o  t w o  m i n u t e s  of t i m e  to o b t a i n  t h e  p r o p e r  e x p o s u r e  

v n ~ u e s  w i t h  f i l t e r  f a c t o 1 . s  i n c l u d e d .  O t h e r  c o n s i d e r a t i o n s  a r e  

a s  f o l l o w s ;  t h e  m o o n  s h o u l d  not b e  i n  camel-a  f i e l d - o f - v i e w  

a n d  s h o u l d  no t  C;\LSC g l a r e  o r  s c a t t e r i n g  on t h e  window,  

a l l  c a b i n  l i g h t  o f f  o r  c o v e r e d ,  a n d  no  b r i g h t  c i t i e s  o r  

l i g h t n i n g  s h o u l d  b e  i n c l u d e d  i n  t h e  e x p o s u r e s ,  The  s t u d y  

c o n s i s t s  o f  5 s e r i e s  i n  d e s c e n d i n g  oi-der of p r i o r i t y  w i t h  N o ,  1 

.. . 



b e i n g  a v i e w  o f  t h e  h o r i z o n  w i t h  f i r s t  p h o t o g r a p h  60 s e c o n d s  

a f t e r  s u n s e t ,  N o .  5 t h e  same s c e n e  w i t h  t h e  l a s t  p h o t o g r a p h  

60 s e c o n d s  p r i o r  t o  s u n r i s e ,  and  N o .  4 t h e  same s c e n e  o f  

e i t h e r  p r e - s u n r i s e  o f  p o s t - s u n s e t  b u t  c h o s e n  s o  t h a t  t h e  

s p a c e c r a f t  is  a s  f a r  N o r t h  a s  p o s s i b l e ,  S e r i e s  N o .  2 is a l s o  

p r e - s u n r i s e  o r  p o s t - s u n s e t  b u t  w i t h  t h e  s p a c e c r a f t  p o i n t e d  

w i t h i n  * 5 O  o f  t h e  S o u t h  h o r i z o n  a t  a t i m e  when t h e  s u n r i s e  

o r  s e t  is  a s  f a r  S o u t h  a s  poss ib le .  S e r i e s  N o ,  3 c a n  be t a k e n  

a t  a n y  t i m e  w i t h i n  h10 m i n u t e s  o f  l o c a l  m i d n i g h t  p o i n t e d  a t  

e i t h e r  t h e  N o r t h  o r  S o u t h  h o r i z o n  f 5 O  ( s p a c e c r a f t  c a n  be a t  

a n y  l a t i t u d e  f o r  t h i s  s e r i e s ) .  N o s .  1, 2 ,  4 a n d  5 u s e  a s i x -  

p h o t o g r a p h  s e r i e s .  The o r d e r  shown be low is  f o r  s u n s e t ;  i t  
MUST BE REVERSED FOR SUNRISE. ( i o e o ,  s t a r t  w i t h  s e t t i n g s  f o r  

p h o t o g r a p h  6 a n d  work up  t o  p h o t o g r a p h  1 ) .  

* I 
I 

VERTICAL TO SUN 
(NORTH POLE OR SOUTH POLE) 

SHOULD BE CENTERED IN FRAME 

I 
I 

1/4 FRAME 
1 

CSUN ABOUT TO R I S E  
OR JUST S E T  
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General  Comments and Notes on Technique 

*. 

1. Give l i b e r a l  t i m e  "hacks" or "marks" on s t a r ,  p l a n e t  
or moon l imb r i se  or se t  when pass ing  through each  edge of 
l aye r s  or when a l i g n e d  w i t h  f e a t u r e  a t  same p a r a l l e l  a l t i t u d e  
above e a r t h  or a i rg low c u r v a t u r e .  I d e n t i f y  marker s tar  or 
p l a n e t ,  i f  known. 

measurements of angu la r  d i s t a n c e s  ( i . e . ,  moon wid ths  where 
Diameter F u l l  Moon = ' 0 . 5 O  or b o l t  t o  b o l t  on window frame 
and even f i n g e r  wid ths  w i t h  f i n g e r s  on window edge and head 
h e l d  f i x e d  i n  a known, braced p o s i t i o n  i n  a l l  c a s e s ) .  

2 .  U s e  r e t ic le  or any u s e f u l  objects t o  make a c c u r a t e  

3. Recommended photographic  exposures  a r e  given f o r  
b r a c k e t i n g  l i g h t  l e v e l s  w i t h  changes i n  a p e r a t u r e  l e v e l s  
g e n e r a l l y  fo l lowed by i n c r e a s e s  i n  exposure t i m e  t o  o b t a i n  
best r e s u l t s  where t h e  ambient l i g h t  l e v e l  is d imin i sh ing  
( o r d e r  of s e t t i n g s  would be reversed i f  l i g h t  l e v e l  is i n -  
c r e a s i n g )  or where t h e  v a l u e s  of l i g h t  l e v e l  is not  a c c u r a t e l y  
known. I n  t h e  l a t t e r  case r e s u l t s  from p i l o t s '  photographs 
w i l l  g r e a t l y  improve the  accuracy w i t h  which l i g h t  l e v e l s  
w i l l  be known. When sequences c a l l  f o r  exposures  g r e a t e r  
t h a n  one second,  "Bulb" s e t t i n g  on t h e  Hasse lb lad  and hold-  
down of s h u t t e r  release for t h e  s p e c i f i e d  t i m e  w i l l  be 
r e q u i r e d .  I t  is very  important  t o  mark ( v o i c e  t a p e  w i t h  

w r i t t e n  backup a f t e r  sequence is complete) s t a r t  and s t o p  of 
"Bulb" exposures ;  i n  f a c t ,  t h i s  is more impor tan t  t h a n  t r y i n g  
t o  o b t a i n  t h e  e x a c t  exposure va lue  s p e c i f i e d .  If t h e  p i l o t s  
feel  t h a t  d r i f t  r a tes  are in t roduc ing  unacceptab le  smearing 
(beyond t h e i r  a b i l i t y  t o  compensate i n  t h e  c a s e  of t h e  hand- 
h e l d  pho tographs ) ,  t h e y  should t e r m i n a t e  t h e  exposure sho r t  
of t h e  d e s i r e d  t i m e ,  n o t e  "stop" of exposure ,  and  t r y  f o r  
l o n g e r  exposure if and when t h e  o p p o r t u n i t y  a g a i n  o c c u r s .  I n  
the  case of t h e  ve ry  long  exposures ,  it is expec ted  t h a t  
photography w i l l  be d i f f i c u l t ,  and t h e  amount of smearing 
v e r s u s  t h e  c o n t i n u a t i o n  of exposure w i l l  be l e f t  e n t i r e l y  t o  
t h e  p i l o t s '  judgement.  



4 .  V i s u a l  o b s e r v a t i o n s  a l o n g  w i t h  o r  independent  of 

( a )  S u b j e c t  or f e a t u r e  b e i n g  s t u d i e d ,  i f  known. 
(b)  Other  a s s o c i a t e d  or s i g n i f i c a n t  f e a t u r e s  ( i . e . ,  

s t a r s ,  p l a n e t s ,  o r  c o n s t e l l a t i o n s )  i n  view or nearby t o  t i e -  
down g e n e r a l  l o c a t i o n  of o b s e r v a t i o n ,  p a r t i c u l a r l y  i f  t h e  

basic phenomenon is unknown, l a r g e  i n  e x t e n t ,  o r  s e e n  on ly  
o c c a s i o n a l l y  ( i . e . ,  a u r o r a e ,  upper  a i r g l o w ,  l i g h t e n i n g  or 
meteors  nea r  t he  h o r i z o n ,  t e r r a i n  f e a t u r e s  d u r i n g  t h e  day ,  
or l i g h t s  of known c i t i e s  and v i s i b l e  c o a s t l i n e s  a t  n i g h t ) .  

( c )  E s t i m a t e  of a t t i t u d e s  a n d ,  when i m p o r t a n t ,  r a tes  
if p l a t f o r m  is  n o t  o r  cannot  be used .  I f  h o r i z o n  is i n  t h e  

view of pho tographs ,  t h e n  on ly  a n  estimate of yaw would be 

r e q u i r e d .  

window g l a r e ,  i n t e r n a l  c a b i n  l i g h t i n g ,  s u n l i g h t  i n s i d e  t h e  

c a b i n )  and impor t an t  e x t e r n a l  c o n d i t i o n s  under  which t h e  

o b s e r v a t i o n s  are made ( i . e . ,  sun  or moon f l a r e  off of water,  
haze, or s p a c e c r a f t  s k i n ) .  Such c o n d i t i o n s  might  enhance 
or h inde r  v i s u a l  a s  w e l l  as pho tograph ic  o b s e r v a t i o n s .  

photography are ex t r eme ly  v a l u a b l e  and shou ld  g e n e r a l l y  i n c l u d e :  
6 . 1  

(d)  P e r t i n e n t  c o n f i g u r a t i o n  of s p a c e c r a f t  ( i . e . ,  

5. Q u a n t i t a t i v e  i n f o r m a t i o n  abou t  f e a t u r e s  b e i n g  observed  
and/or photographed s h o u l d  be a s  o b j e c t i v e  a s  p o s s i b l e  and 

might i n c l u d e  : 

l i n e s  of v a r y i n g  t h i c k n e s s  and/or  c o l o r ) ,  and s e c t o r i n g  
( s e p a r a t i o n s  or d i s j o i n t m e n t  of p a r t s )  . 

i n  t h e  same scene a t  t h e  same t i m e  s u c h  as "b lue r  than"  O r  

"same shade  of r e d  as" ) .  

(a)  S t r a t i f i c a t i o n  ( l a y e r i n g ) ,  s t r i a t i o n  (streaks or 

(b)  Color  and hues (compared t o  o t h e r  c o l o r s  a v a i l a b l e  

.- 
( C )  Angular s ize  or a n g u l a r  t h i c k n e s s  (See  I t e m  2 above) .  

(d)  Angular s e p a r a t i o n s  and  d i s t a n c e  between l a y e r  e d g e s ,  
p o i n t  s o u r c e s  o r  o p p o s i t e  s i d e s  of t he  same phenomenon (see 
Item 2 above) .  

2 I -, 
.) 



. .. ( e )  R e l a t i v e  b r i g h t n e s s  compared t o  t h e  b r i g h t n e s s  
of s imi l a r  phenomenon ( i . e . ,  compare p o i n t  sou rce  of l i g h t  
t o  p o i n t  sou rce  and extended r e g i o n  b r igheness  t o  a n o t h e r  
r e g i o n ,  b u t  do n o t  compare p o i n t  s o u r c e  t o  r e g i o n  b r i g h t n e s s  
excep t  t h a t  t h e  p o i n t  sou rce  is comple te ly  o c c u l t e d  by t h e  

r e g i o n ) .  Br igh tness  comparisons shou ld  denote  whether t w o  
or more phenomenon are  of equa l  b r i g h t n e s s ,  or, i f  n o t  
e q u a l ,  which is t h e  b r i g h t e r .  I f  p o s s i b l e ,  b r i g h t n e s s  of 
p o i n t  s o u r c e s  should  be bracke ted  by f i n d i n g  known stars i n  
t h e  same f i e l d  of view t h a t  are  j u s t  a l i t t l e  b r i g h t e r  and 
dimmer when t h e  e x a c t  same magnitude is not  a v a i l a b l e .  

( f )  Edge c h a r a c t e r i s t i c s  shou ld  inc lude  in fo rma t ion  
on s t r a i g h t n e s s ,  c u r v a t u r e ,  f o l d e d  c u r v e ,  s c a l l o p e d ,  and 
whether t h e  edge b r i g h t n e s s  is s h a r p  or d i f f u s e .  

of stars v i s i b l e  w i t h i n  a c l e a r l y  s p e c i f i e d  r e g i o n  of t h e  

ce les t ia l  s p h e r e  ( i . e . ,  head of Hydra ,  squa re  of Pegasus) or 
t h e  number of meteors  seen over a s p e c i f i e d  t i m e  i n t e r v a l  
i n c l u d i n g  t h e  t i m e  when t h e  count  is s t a r t ed  or s topped .  

se t  ( i . e . ,  i n s t a n t  when upper l i m b  descends from or r e t u r n s  
t o  view) whenever conven ien t ly  obse rvab le .  
(NOTE: Photography of most of the n ight - t ime and dim l i g h t  
phenomenon has  only  r e c e n t l y  gained a g r e a t  chance f o r  s u c c e s s  
because  of t h e  newly a v a i l a b l e ,  ve ry  high-speed, b l ack  and 
w h i t e ,  Kodak f i l m  No. 2475 (ASA 1200-2400 bu t  can be pushed 
above 4000) .  
f l i g h t  q u a l i f i c a t i o n  j u s t  p r i o r  t o  t h e  a b o r t e d  ET-6 f l i g h t  
f o r  u s e  on t h e  Ikeya-Seki comet o b s e r v a t i o n s . )  

(g)  Count of s t a r s  or meteors should  i n c l u d e  t h e  number 

(h)  Exact  t i m e  of s u n r i s e ,  s u n s e t ,  moonrise,  and moon- 

The f i l m  was r a p i d l y  ob ta ined  hnd moved through 



D I M  L I G H T  P H O T O G R A P H Y  

O D I N G :  1 = H A S S E L B L A D  2 = 1 6  MM M A U R E R  
3 = 2 4 7 5  B & W 4 = S O  2 1 7  C O L O R  
A = 8 0  MM L E N S  B = 2 5 0  MM L E N S  

X = 75 MM L E N S  Y = 1 F P S ,  1 / 5 0  
C = F - S T O P  2 . 8  D = F - S T O P  5 . 6  

. T W I L I G H T  B A N D S :  P O S T - S U N S E T  OR P R E - S U N R I S E  
t Q U I P  1 2 3 4 5 6 
C O D E  F 1 1  5 . 6  5 . 6  5 . 6  5 . 6  5 . 6  

, 1 4 B  T 1 / 5 0 0  1 / 5 0 0  1 / 1 2 5  1 / 3 0  1 / 8  1 / 2  
C O D E  F 3 2  2 2  1 6  1 1  8 5 . 6  
24XY I T  1 0  I 1 0  I 1 0  I 1 0  I 101 10 I 

7 1 8  9 1 1 0  
5 .61  5 . 6  5.61 5 . 6  R E V E R S E  O R D E R  O F  S E Q U E N C E  

4 1 2 . 5 1  I 2 I 1 0 1  301 1 2 0  I F O R  P R E - S U N R I S E ;  H O R I Z O N  
J U S T  A B O V E  S U N S E T  I N  L O W -  

I E R  L E F T  OR R I G H T  C O R N E R  

. N I G H T  C L O U D  C O V E R :  C O D E  1 3 A C ,  T R A C K  C L O U D S  
C O N D I T I O N S  V S  T I M E  I 1 1 2  1 3 1 4  
N O  MOO N 1 8  1 1 6 1 - 1 -  

I Q U A R T E R  MOON 1 / 4  1 / 2  1 2 
F U L L  MOON 1 / 3 0  1 / 1 5  1 / 8  1 / 4  

. S U N L I T  A I R G L O W :  C O D E  1 3 A C .  

S E T  P O I N T  C E N -  

P A R T  O F  P H O T O  I F T R 1 5 3 0 0  I 6 2 2 5 1 6 3 0 0  
S M O S T  S E T / R I S E I  ( S A M E  T I M E / F I L T E R  

+ / - 6 0  N O R T H  H Z I  S E Q U E N C E  A S  N O . l )  
S U N R I S E  - 6 0  I ( R E V R S  T I M E / F I L T E R  
S E C  A T   HORIZON^ S E Q U E N C E  A S ’  N O .  1 )  
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7 . M E T E O R S :  
C O D E  1 3 A C  

! . D A Y  S K Y  B A C K G R O U N D :  C O D E  1 3 A C ,  W I N D O W  
S H A D E D  F R O M  S U N  & E A R T H S H I N E  - P O I N T  
C A M E R A  T O W A R D  S K Y ,  3 E X P ;  5 ,  3 0 ,  1 2 0  S E C  

T O T A L  C O U N T  1 3 0 ( 1 2 0 1 3 0 0  
I N D I V I D U A L  R E C O R D l A S  R E Q U I R E D  

, . N I G H T  A I R G L O W  E D G E - O N :  C O D E  1 3 A C  - 5 E X P ;  
1 / 2 ,  1 ,  2 ,  4 ,  8 S E C  W I T H  H O R I Z O N  I N  F I E L C  

, . A U R O R A E :  C O D E  1 3 A C  B R I G H T 1 1 / 8 1 1 / 2 1  2 
TWO T Y P E S  O F  A U R O R A  D I M  I 1 I 4 115 

8 - L I G H T N I N G :  U S E  W I T H  B O T H  C O D E S ;  1 3 A C  1 3 B D  

9 . A R T I F I C I A L  L I G H T I N G :  C O D E  1 3 A C ,  1 / 8 ,  1 1 2 ;  
A N D  C O D E  1 3 B D ,  1 / 4 ,  1 S E C  

1 0 . G A L A C T I C  S U R V E Y :  C O D E  1 3 ,  H O L D  + 1 / 2  D E G  
S U B J E C T / C O N D I  1 I 2 1 3 1 4 I 5 I 6 I 7 
O R I O N  OR P E G 1  801 801 801 801 8 0 1 2 5 0 1 2 5 0  

I A S U S .  MOON 1 2 . 8 1 2 . 8 1 2 . 8 1 5 . 6 1 5 . 6 1 5 . 6 ( 5 . 6  
4 5  D E G  AWAY 1 6 0 ( 1 2 0 ~ 2 4 0 / 1 2 0 ~ 2 4 0 ~ 1 2 0 ~ 2 4 0  
C O D E  A C ,  E A C H  E X P  90 S E C ,  DO E A C H  Z O D I A -  

1 C A L  C O N S T E L L A T I O N  T O  W I T H I N  1 5 "  O F  S U N  

1 1 . Z O D I A C A L  L I G H T  & G E G E N S C H E I N :  C O D E  1 3 A C  
5 - 1 0  M I N I  Z O D I A C A L J 1 / 1 6 1 1 / 4  1 1  I 3 1 5 1 

I N T O  D A R K L G E G E N S C H I  1 0  I 30 I 6 0 1 1 2 0  I - I 
1 2 . C O M E T :  C O D E  1 3 A C  OR 1 3 B D  I F  P H O T O S  T A K E N  

F O L L O W I N G  L I S T  OF K E Y  W O R D S / P H R A S E S  A S  R E F  

T I M E  H A C K  S T A R  T R A N S I T S  
A N G U L A R  M E A S U R E M E N T S  
L O C A T E  P O S I T I O N  
A D J A C E N T  S T A R S / P L A N E T S  
E S T I M A T E  A T T I T U D E / R A T E S  

G L A R E  & L I G H T I N G  

N E S S / S E P E R A T I O N / H U E /  
C O L O R / B R I G H T N E S S /  
E D G E  F E A T U R E S / C O U N T  

L A Y E R S / S T R E A K / T H I C K -  


