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TECHNICAL MEMORANDUM X-64501 

SOME PHOTOGRAPHIC RESULTS OF 'THE APOOLLZI 11 MISSIZN 

S W R Y  

Photographic  cove rage  of  t h e  t o p o g r a p h i c a l  f e a t u r e s  i n  t h e  T r a n q u i l l -  
i t y  Base a r e a  is  provided by means of s t e reograms  and panoramic view 
c o n s t r u c t i o n s .  Based upon th i s  coverage,  i t  is  concluded t h a t  v e h i c l e s ,  
s u c h  as t h e  l u n a r  r o v i n g  v e n i c l e s  c u r r e n t l y  be ing  s t u d i e d ,  c a n  b e  maneu- 
v e r e d  and o p e r a t e d  s a f e l y  and e f f e c t i v e l y  i n  mare a r e a s  s i m i l a r  t o  t h e  
T r a n q u i l l i t y  Base area,  provided a r e a s o n a b l e  amount of d r i v e r  c a u t i o n  
and c a r e f u l  r o u t e  s e l e c t i o n  a r e  e x e r c i s e d .  La rge r  sca le  s t e reograms  of 
l u n a r  t o p o g r a p h i c a l  f e a t u r e s  s e e n .  from o r b i t  a r e  i n c l u d e d  f o r  u s e  i n  LRV 
t raverse  p lann ing  and o t h e r  f u t u r e  l u n a r  s u r f a c e  experiment  p l ann ing .  
High a l t i t u d e  e a r t h  s t e reograms  p resen ted  h e r e i n  s e r v e  as a reminder  of 
t h e  v a l u e  of  such  photography i n  e a r t h  r e s o u r c e s  a n a l y s e s .  A n a l y s i s  o f  
photographs r e s u l t i n g  from f u t u r e  Apo l lo  mis s ions  c a n  p r o v i d e  f u r t h e r  
c o n f i d e n c e  i n  LRV d e s i g n s  , and c a n  ass is t i n  advancing v e h i c l e  o p e r a t i n g  
g u i d e l i n e s .  Accord ing ly ,  i t  is recommended t h a t  s u c h  a n a l y s e s  b e  
conducted.  

I. INTRODUCTION 

The Apo l lo  program has been the  s o u r c e  of many e x c e l l e n t  photo- 
g r a p h s ,  t aken  by t h e  a s t r o n a u t s ,  of t h e  s u r f a c e s  of t h e  moon and t h e  
e a r t h .  These photographs a r e  a v a l u a b l e  r e s u l t  of  t h e  n a t i o n ' s  s p a c e  
e f f o r t s ,  and i t  is becoming i n c r e a s i n g l y  a p p a r e n t  t h a t  t h e  p i c t u r e s  
w i l l  b e  s t u d i e d  f o r  many y e a r s  t o  come. T y p i c a l  s t u d i e s  and a n a l y s e s  
f o r  which t h e  photographs may b e  u s e f u l  a r e  G e o l o g i c a l  Analyses  of t h e  
Moon and E a r t h ,  Lunar and Earth Cartography,  E a r t h  P o l l u t i o n  S t u d i e s ,  
E a r t h  Resources S t u d i e s ,  and M i l i t a r y  A p p l i c a t i o n s .  S e c t i o n  I1 of t h i s  
r e p o r t  p r e s e n t s  a b r i e f  summary of a l l  t h e  photographs t aken  d u r i n g  t h e  
Apo l lo  11 m i s s i o n ,  as a convenient  a i d  t o  t h o s e  who d e s i r e  t o  o b t a i n  
photographs f o r  t h e i r  s p e c i f i c  purposes .  

The work r e p o r t e d  h e r e i n  dea l s  p r i m a r i l y  w i t h  l u n a r  t e r r a i n ,  
topography,  and geography. However, pho tograph ic  i n t e r p r e t a t i o n s  of 
some e a r t h  p i c t u r e s  a re  i n c l u d e d ,  t o  s e r v e  as a reminder  of t h e  v a l u e  
of  t h e  Apo l lo  photography i n  conduct ing e a r t h  r e s o u r c e s  a n a l y s e s .  These 
e a r t h  s t e r e o g r a m s ,  t o g e t h e r  w i t h  t h e i r  pho tograph ic  i n t e r p r e t a t i o n s ,  a r e  
l o c a t e d  i n  S e c t i o n  111 of  t h i s  r e p o r t .  A l so  i n  S e c t i o n  111 a re  t h e  



s te reograms o f  t h e  l u n a r  s u r f a c e  i n  g e n e r a l ,  and of  t h e  T r a n q u i l l i t y  
Base a r e a  i n  p a r t i c u l a r .  Pho tograph ic  i n t e r p r e t a t i o n s  have  been p l a c e d  
immediately p reced ing  each  page of  s t e reograms  f o r  easy  r e f e r e n c e  w h i l e  
viewing the  S tereograms.  This  p a t t e r n  has  been fo l lowed throughout  t h e  
r e p o r t .  

A b r i e f  f e a s i b i l i t y  demons t r a t ion  of  two methods f o r  measur ing  d i f -  
f e r ences  i n  l u n a r  e l e v a t i o n s  pho togrammet r i ca l ly ,  i s  inc luded  i n  Sec- 
t i o n  I V Y  toge the r  w i t h  i l l u s t r a t i o n s  of  t h e  methods.  The purpose  of 
t h i s  s e c t i o n  was e s s e n t i a l l y  t o  h e l p  p r e p a r e  f o r  a n  e f f i c i e n t  e x p l o i t a -  
t i o n  of  v e r t i c a l  l u n a r  photographs which w i l l  e v e n t u a l l y  become a v a i l -  
a b l e ,  and t o  i n t r o d u c e  t h e  method t o  o t h e r s  who may have a need f o r  
making s imi la r  measurements.  

Sec t ion  V c o n t a i n s  s i n g l e  photographs showing craters  and o t h e r  
i n t e r e s t i n g  l u n a r  g e o l o g i c a l  f e a t u r e s ,  i n  c a s e s  where i n s u f f i c i e n t  
photographs were a v a i l a b l e  f o r  making s t e reograms .  

Sec t ion  V I  c o n t a i n s  e l even  views of t h e  l u n a r  s u r f a c e ,  each of 
which w a s  c o n s t r u c t e d  from two o r  more photographs .  Nine o f  t h e s e  con- 
s t r u c t e d  views provide  panoramic coverage  of t h e  T r a n q u i l l i t y  Base a r e a ,  
and t h e s e  should prove  h e l p f u l  t o  LRV d e s i g n e r s  and o t h e r  l u n a r  s u r f a c e  
exper iment  p l anne r s .  A key t o  t h e  d i r e c t i o n a l  o r i e n t a t i o n  of t h e  pano- 
ramic views of T r a n q u i l l i t y  Base is provided  i n  f i g u r e  23. F i g u r e  24 
shows t h e  geograph ica l  l o c a t i o n  of t h e  Apol lo  11 l a n d i n g  s i t e ,  
T r a n q u i l 1  i t y  Base. 

Apo l lo  11, manned by a s t r o n a u t s  N e i l  A. Armstrong,  Michael  C o l l i n s ,  
and Edwin E. A l d r i n ,  w a s  launched from Cape Kennedy on J u l y  16 ,  1969, a t  
13:32:01 Greenwich mean t i m e .  The l u n a r  module "Eagle" landed on t h e  
moon 102 hours ,  45 minu tes ,  and 40 seconds  a f t e r  launch .  Twenty-one 
hours  and 36 minutes  l a t e r ,  a s c e n t  from t h e  l u n a r  s u r f a c e  began,  and 
splashdown in  t h e  P a c i f i c  Ocean occur red  195 h o u r s ,  18 m i n u t e s ,  and 
35 seconds  a f t e r  launch .  
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t e c h n i c a l  c o n s u l t a t i o n  and s u g g e s t i o n s ;  Messrs .  Rober t  G .  Musgrove, 
M e r r i t t  J .  Bender, Richard W. Underwood, and Douglas E s t e n ,  of Manned 
S p a c e c r a f t  Center ,  f o r  v a r i o u s  i tems  of i n f o r m a t i o n  and a s s i s t a n c e ;  
M r s .  Evelyn C a r t e r ,  f o r  a r twork  and diagram p r e p a r a t i o n ;  M r s .  Sarah  
Hightower and M r s .  I r e n e  Do l in  f o r  f i n a l  manusc r ip t  e d i t i n g  and typ ing .  

2 



11. DESCRIPTIVE SUMMARY OF AVAILABLE PHOTOGRAPHS 

For background i n f o r m a t i o n ,  and as a h e l p  t o  chose who may w a n t  
t o  u s e  Apo l lo  11 photographs f o r  t h e i r  own s p e c i f i c  pu rposes ,  t h e  con- 
t e n t s  of t h e  9 magazines ,  exposed on t h e  Apo l lo  11 m i s s i o n ,  a r e  d e s c r i b e d  
below. This i n f o r m a t i o n  is e x t r a c t e d  from r e f e r e n c e  2. 

Magazine N ,  frame numbers AS-11-36-5291 t h r o u g h  5432 ( i n  c o l o r ) ,  
p r o v i d e s  cove rage  of  t h e  m i s s i o n ' s  t r a n s l u n a r  phase ,  e a r t h  p i c t u r e s  , 
c a p s u l e  i n t e r i o r  views, and o p e r a t i o n a l  photographs.  Lunar s u r f a c e  
o b j e c t s  shown were craters  I X ,  204, 205, 207, 2 1 1 ,  216, 217, 220, 275, 
282, 292, and t a r g e t s  o f  o p p o r t u n i t y  30, 34,  46 ,  and 50. 

Magazine R, frame numbers AS-11-37-5433 th rough  5555 ( i n  c o l o r ) ,  
c o n t a i n s  p i c t u r e s  t aken  from o r b i t a l  a l t i t u d e  ove r  t h e  l u n a r  s u r f a c e ,  
as w e l l  as l u n a r  s u r f a c e  p i c t u r e s  t a k e n  from t h e  LM a t  T r a n q u i l l i t y  
Base. T a r g e t s  of Oppor tun i ty  67 and 115 were covered i n  t h e  o r b i t a l  
p i c t u r e s .  An 80 mm l e n s  w a s  used f o r  a l l  photographs t a k e n  i n  
magazine R. 

Magazine ' 'Of ' ,  frame numbers AS-11-38-5556 th rough  5733 ( b l a c k  and 
w h i t e )  c o n t a i n s  photographs of the l u n a r  f a r s i d e ,  t h e  Sea of  F e r t i l i t y ,  
and T a r g e t  of  Oppor tun i ty  137 .  A 250 mm l e n s  w a s  used. 

Magazine "Q" , frame numbers AS-11-39-5737 through 5843 ( b l a c k  and 
w h i t e ) ,  c o n t a i n s  photography o f  t h e  T r a n q u i l l i t y  Base a r e a .  An 80 mm 
l e n s  and a 60 mm l e n s  w i t h  r e s e a u  images were used. 

Magazine "S", frame numbers AS-11-40-5844 th rough  5970 ( c o l o r )  , 
c o n t a i n s  p i c t u r e s  t aken  on t h e  l u n a r  s u r f a c e  a t  T r a n q u i l l i t y  Base. 
P i c t u r e s  of  the a s t r o n a u t s ,  the  l u n a r  module, experiment  packages , 
and t h e  l u n a r  h o r i z o n  a r e  included.  A 60 mm l e n s  w a s  used. 

Magazine "Pl', frame numbers AS-11-41-5971 th rough  6159 ( b l a c k  and 
w h i t e ) ,  c o n t a i n s  photographs o f  t h e  l u n a r  s u r f a c e  t aken  from t h e  com- 
mand module a t  a n  a l t i t u d e  of 60 n a u t i c a l  m i l e s .  An 8 0  mm l e n s  w a s  
used t o  r e c o r d  t a r g e t s  of o p p o r t u n i t y  34, 67, 80, 84, and 115. A 250 mm 
l e n s  w a s  used t o  photograph'  t a r g e t s  of  o p p o r t u n i t y  15 ,  80,  132, and 
c r a t e r  208. 

Magazine "U" , frame numbers AS-11-42-6160 th rough  6348 ( b l a c k  and 
w h i t e ) ,  c o n t a i n s  p i c t u r e s  of t h e  l u n a r  n e a r s i d e  and f a r s i d e ,  and t h e  
s o l a r  corona.  T a r g e t s  of o p p o r t u n i t y  photographed were  11, 1 6 a ,  33, 
43,  46,  66, and 67,. Both 80  mm and 250 mm l e n s e s  were used. 
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Magazine "T", frame numbers AS-11-43-6349 th rough  6539 ( b l a c k  and 
w h i t e ) ,  c o n t a i n s  photographs of  the l u n a r  s u r f a c e  from 108 d e g r e e s  eas t  
l o n g i t u d e  t o  100 degrees  e a s t  l o n g i t u d e ,  t a k e n  th rough  a 250 mm l e n s ,  
which covered targets of o p p o r t u n i t y  53  and 55. An o b l i q u e  sequence  
s t a r t i n g  a t  160 degrees  w e s t  l o n g i t u d e  and c o n t i n u i n g  t o  60 degrees  e a s t  
l o n g i t u d e ,  using a 250 mm l e n s ,  provided cove rage  of t a r g e t s  of oppor- 
t u n i t y  11, 1 6 ,  30, 34,  66, and 67. I n  a d d i t i o n ,  t a r g e t s  of o p p o r t u n i t y  
33 and 46 were photographed us ing  an 80 mm l e n s .  

Magazine "V", frame numbers AS-11-44-6540 th rough  6696 ( i n  c o l o r )  , 
c o n t a i n s  l u n a r  topography p i c t u r e s ,  p i c t u r e s  o f  e a r t h  b e f o r e  CSM s p l a s h -  
down, and t a r g e t s  of o p p o r t u n i t y  15, 35, 36,  43, 4 6 ,  47, 50,  53,  55 ,  57 ,  
61,  and 80. 

P r i n t s  of  t h e s e  photographs may be  o r d e r e d  th rough  t h e  MSFC Photo 
L a b o r a t o r y ,  o r  t h e  NASA Space S c i e n c e  Data C e n t e r ,  Goddard Space F l i g h t  
C e n t e r ,  Greenbe l t ,  Maryland, 20771. 



111. STEREOGRAMS OF THE EARTH AND THE MOON 

Twenty-seven s te 'rpngrams v e r e  prepared  , based tipon t he  Apollo 11 
photographs d e s c r i b e d  i n  S e c t i o n  11. The photograph frame numbers of 
each  s t e r e o  p a i r ,  t o g e t h e r  w i t h  an i n t e r p r e t a t i o n  of each  s t e r e o g r a m ' s  
c o n t e n t s ,  a r e  provided .  The s te reograms which a r e  marked w i t h  an  
a s t e r i s k  a r e  inc luded  i n  t h i s  r e p o r t  a s  f i g u r e s  1-A t h rough  14. Those 
which a r e  l i s t e d  and d i s c u s s e d ,  b u t  nor marked w i t h  a n  a s t e r i s k ,  a r e  
n o t  i nc luded  i n  t h e  r e p o r t  s i n c e  t h e  s t e r e o  q u a l i t i e s  of t h e  p a i r  were 
judged t o  b e  mediocre .  It should be  po in ted  o u t  t h a t  t h e  pho tograph ic  
i n t e r p r e t a t i o n s  p re sen ted  h e r e i n  were accomplished by t h e  a u t h o r ,  u s ing  
8 x 10- inch  photographs.  Obviously,  w i t h  t h e  much s m a l l e r  photographs 
u s e d  i n  t h i s  r e p o r t ,  and t h e  r e s u l t a n t  l o s s  of d e f i n i t i o n  due t o  r e p r o -  
d u c t i o n ,  some of  t h e  desc r ibed  f e a t u r e s  may b e  d i f f i c u l t  t o  obse rve  
o r  l o c a t e .  

When viewing t h e  s t e reograms ,  i t  is  sugges t ed  t h a t  t h e  r e a d e r  u se  a 
I 1  pocket  s t e r eoscope"  which is  r e a d i l y  a v a i l a b l e  from s u p p l i e r s  such  a s  
(1) Abrams Ins t rumen t  Corpora t ion ,  606 E. Shiawassee S t r e e t ,  Lans ing ,  

Michigan ,  48901; (2)  Nor th  American Technologica l  O p e r a t i o n s ,  P. 0. Box 
1012,  P i t t s f i e l d ,  Massachuse t t s ,  01201; o r  ( 3 )  A i r  Photo Supply Corpora- 
t i o n ,  Yonkers, New York, 10705. With some p r a c t i c e ,  c e r t a i n  i n d i v i d u a l s  
a r e  a b l e  t o  obse rve  a s t e r e o  model ( t h e  t r i d i m e n s i o n a l  image observed by 
viewing a s t e r e o  p a i r )  by i n d i r e c t  s t e r e o s c o p i c  p e r c e p t i o n ,  u s ing  t h e  
naked eye  and a s m a l l  c a rd  p laced  v e r t i c a l l y  between t h e  two photos  t o  
s e p a  ra t e them. 
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STEREOGRAMS CONSTRUCTED FROM APOLLO 11 PHOTOGRAPHS 

S t e r e o  P a i r  Frame Nos. : 5303/5302" (F igu re  1-A) 

F i l m  Type: Color S.O. 368 

S u b j e c t :  
B r i t i s h  Columbia, A l b e r t a ,  Saskatchewan, and Manitoba i n  Canada; 
Vancouver I s l a n d  is  v i s i b l e ,  as i s  M t .  Olympus i n  O l y m p i c  N a t i o n a l  
Pa rk ,  Washington. In l and  bod ies  of wa te r  c l e a r l y  v i s i b l e  a r e  G r e a t  
S a l t  Lake and Utah Lake i n  Utah; Pyramid Lake and Walker Lake i n  
Nevada; Lake Tahoe, sou thwes t  of Reno, Nevada; Columbia and Snake 
R ive r s  i n  Washington, and Lake Manitoba and p o r t i o n s  of  Lake Winnipeg 
i n  Manitoba,  Canada. The Sacajawea Peak i n  Oregon, e a s t  of t h e  
Columbia P l a t e a u ,  i s  v i s i b l e  as a r e  mountain r anges  Wasatch i n  Utah, 
S i e r r a  Nevada i n  C a l i f o r n i a ,  Cascade i n  Oregon and Washington, C lea rwa te r  
Mountains and B i t t e r r o o t  Range i n  Idaho ,  and Wind R ive r  Range and Bighorn 
Mountains i n  Wyoming. The w e s t e r n  c o a s t l i n e  v i s i b l e  i n  t h e  photographs 
ex tends  from j u s t  n o r t h  of San F r a n c i s c o  t o  P r i n c e s s  Royal I s l a n d  i n  
B r i t  i s h  Columbia. 

This i s  a n  e x c e l l e n t  view of Nor thwes te rn  United S t a t e s  and 

S t e r e o  P a i r  Frame Nos.: 5305/5306:" ( F i g u r e  1-B) 

Film Type: Color S.O. 368 

S u b j e c t :  This view shows Mexico and t h e  Baja and t h e  Yucatan p e n i n s u l a s .  
The Gulf of Mexico, Gulf of Tehuantepec ( s o u t h  of lower end of Mexico),  
and t h e  Gulf of C a l i f o r n i a  ( e a s t  of Baja p e n i s u l a ) ,  and White Sands 
N a t i o n a l  Monument, j u s t  t o  t h e  e a s t  of  t h e  Rio Grande. I n  a d d i t i o n  t o  
t h e  Rio Grande, p o r t i o n s  of  t h e  Canadian R ive r  i n  Oklahoma, and t h e  
Red R i v e r ,  between Oklahoma and Texas a r e  j u s t  b a r e l y  v i s i b l e .  The 
Sacremento mountains eas t  of  White Sands and ,  i n  Mexico, t h e  S i e r r a  
Madre O c c i d e n t a l ,  S i e r r a  Madre O r i e n t a l ,  and S i e r r a  Madre d e l  Sur 
mountain ranges can  b e  seen .  
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FIG. I - A .  530315302: NORTH WESTERN U. S. 
AND CANADA. 

FIG. I-B. 5305 /5306:  SOUTHWESTERN U.S. AND 
MEXICO. 

7 



S t e r e o  P a i r  Frame Nos. : 532315324': ( F i g u r e  2-A) 

F i lm Type: Color S.O. 368 

Sub jec t :  This s t e reogram of t h e  n o r t h e r n  hemisphere shows t h e  G r e a t  
Lakes,  Chesapeake Bay, Cape Cod, Greenland ,  p a r t  of t h e  A r c t i c  Ocean, 
Spa in ,  and  the  Medi te r ranean  Sea.  

S t e r e o  P a i r  Frame Nos.:  533815339 

F i l m  Type: Color S.O. 368 

Sub jec t :  The wes te rn  p a r t  of U. S . ,  Mexico, and p a r t s  of C e n t r a l  America 
a r e  s e e n  i n  t h e s e  photographs ,  as w e l l  a s  t h e  S i e r r a  Nevada Range i n  
C a l i f o r n i a  and t h e  Cascade Range i n  Oregon and Washington. H a w a i i  ( an  
i s l a n d  b u i l t  by t h e  c o a l e s c e n c e  of l a v a  from f i v e  l a r g e  s h i e l d  vo lcanoes )  
i s  j u s t  b a r e l y  d i s c e r n i b l e  through a h o l e  i n  t h e  c l o u d s  i n  approx ima te ly  
t h e  c e n t e r  of t h e  p i c t u r e s .  

S t e r e o  P a i r  Frame Nos.: 535215353': (F igu re  2-B) 

Fi lm Type: Color  S.O. 368 

Sub jec t :  This i s  an e x c e l l e n t  s t e r e o  p a i r  showing A f r i c a ,  Madagascar ,  
Saudi  Arab ia ,  I r a n ,  Afghan i s t an ,  a s m a l l  p o r t i o n  of t h e  USSR between t h e  
Caspian Sea and Lake Aral ,  P a k i s t a n ,  I t a l y ,  Spa in ,  and I n d i a  ( b a r e l y  
v i s i b l e  under t h e  c l o u d s ) .  The Red Sea, t h e  Gulf of Aden, t h e  P e r s i a n  
G u l f ,  t h e  Gulf of Oman, t h e  Med i t e r r anean  Sea,  t h e  Black Sea,  t h e  
Caspian Sea ,  Lake A r a l ,  t h e  Arabian  Sea,  and t h e  I n d i a n  Ocean a r e  a l l  
v i s i b l e .  I n  s o u t h e r n  Libya and n o r t h e r n  Chad, a "U-shaped" mountain 
r ange  is  v i s i b l e ;  t h e  opening i n  t h e  "U" p o i n t s  toward t h e  Q a t t a r a  
Depress ion  ( e l e v a t i o n  - 436 f e e t )  i n  t h e  n o r t h e r n  p a r t  o f  t h e  United 
Arab Republ ic  . 



FIG. 2 - A .  5 3 2 3 / 5 3 2 4 :  NORTHERN HEMISPHERE. 

FIG. 2-B.  5 3 5 2 / 5 3 5 3 :  NORTH 
AFRICA AND SOUTHERN 
EUROPE. 
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S t e r e o  P a i r  Frame Nos.: 53671 5366" ( F i g u r e  3-A) 

Film Type: Color  S.O. 368 

S u b j e c t :  This is  a f a i r l y  good view of Nor th  and South America. 

S t e r e o  P a i r  Frame Nos.: 545315459 

Film Type: Color  S.O. 368 

P r i n c i p a l  Po in t :  L a t i t u d e  - 0.67"N 

Longitude - 23.49"E 

Sun Angle: Low 

S u b j e c t :  A s h a l l o w  c r a t e r ,  SSW from t h e  LM and i n  t h e  LM's shadow, 
is  v i s i b l e .  

S t e r e o  P a i r  Frame Nos .: 5512/5511:'.- (F igu re  3-B) 

F i l m  Type: Color S.O. 368 

P r i n c i p a l  Po in t :  L a t i t u d e  - 0.67"N 

Longitude - 23.49"E 

Sun Angle:  Low 

S u b j e c t :  Shown h e r e  i s  a r a y  of c o a r s e  b locks  n o r t h  of t h e  LM, w i t h  
t h e  f l a g  and TV camera i n  t h e  fo reg round .  
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FIG. 3-A. 5367/5366: NORTH AND SOUTH 
AMERICA. 

FIG. 3-8.  5512/5511: TRANQUILLITY BASE - 
NORTH. 
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S t e r e o  P a i r  Frame Nos.: 5516/5517+: ( F i g u r e  4-A) 

Film Type: Color  S.O. 368 

P r i n c i p a l  Po in t :  L a t i t u d e  - 0.67"N 

Longitude - 23.49"E 

Sun Angle: Low 

S u b j e c t :  This view is  s imi la r  t o  t h e  p reced ing  s t e r e o  p a i r ,  b u t  
i n c l u d e s  LM t h r u s t e r  as w e l l .  

S t e r e o  Pair Frame Nos. : 5550/5548+: ( F i g u r e  4-B) 

Film Type: Color  S.O. 368 

P r i n c i p a l  Po in t :  L a t i t u d e  - 0.67"N 

Longitude - 23.49"E 

Sun Angle: Low 

S u b j e c t :  This is  a view look ing  s o u t h  from t h e  LM toward t h e  Laser 
Ranging Re t ro -Ref l ec to r  (LRRR) and P a s s i v e  Seismic Experiment (PSE) ; 
LM t h r u s t e r s  a r e  a l s o  v i s i b l e .  
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FIG. 4-A. 5 5 1 6 / 5 5 1 7 :  TRANQUILLITY BASE - 
NORTH. 

FIG. 4-B. 5 5 5 0 / 5 5 4 8 :  TRANQUILLITY BASE - 
SOUTH. 
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S t e r e o  P a i r  Frame Nos.: 5563/5562;? ( F i g u r e  5 - A )  

Film Type: Black and White - 3400 

P r i n c i p a l  P o i n t :  L a t i t u d e  - 7.0"s 

Longi tude - 178.5"E 

Sun Angle: Medium 

S u b j e c t :  Shown h e r e  i s  C r a t e r  308, a n  o l d  c r a t e r ,  p robab ly  Pre-  
E r a t o s t h e n i a n ,  w i t h  a n  eroded r i m  and ev idence  of slumping a t  t h e  
b a s e  of  t h e  w a l l .  The s o u t h e r n  p o r t i o n  i s  shown ( s e e  a l s o  f i g u r e  33 ) .  

S t e r e o  P a i r  Frame Nos.: 5590/5591+: ( F i g u r e  5-B) 

Film Type: Black and White - 3400 

P r i n c i p a l  P o i n t :  L a t i t u d e  - 4.0"s  

Longitude - 151.O"E 

Sun Angle: Medium 

Sub jec t :  This i s  a small  f r e s h  b r i g h t  Copernican c ra te r  on t h e  
n o r t h e a s t  r i m  of  crater  297. C r a t e r  297 's  diameter is approx ima te ly  
65 n a u t i c a l  miles  ( r e f e r e n c e  3 ) .  
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FIG. 5-A. 556315562 : CRATER 308. 

FIG. 5-49. 5590/5591: 
CRATER 297. 
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S t e r e o  P a i r  Frame Nos.  : 5594/5593" ( F i g u r e  6-A)  

Film Type: Black and White -3400 

P r i n c i p a l  Point :  L a t i t u d e  - 1 . 5 " s  

Longitude - 139.5"E 

Sun Angle: Medium 

S u b j e c t :  Shown h e r e  a r e  two i m p a c t  c r a t e r s  a b o u t  50 n.mi. n o r t h - n o r t h -  
west of c r a t e r  292 ' s  c e n t e r .  The l a r g e  one i s  a b o u t  7 n.mi. w ide ,  and 
t h e  smaller  one a b o u t  5 n.mi. wide.  

S t e r e o  P a i r  Frame Nos.: 565215653 

Film Type: Black and White - 3400 

S u b j e c t :  This photo of t h e  moon t aken  d u r i n g  t r a n s - e a r t h  c o a s t  i s  
o r i e n t e d  such t h a t  t h e  l u n a r  n o r t h  p o l e  i s  po in ted  t o  t h e  r i g h t  and 
down a b o u t  30 d e g r e e s .  Mare C r i s i u m  i s  t h e  d a r k  area on t h e  r i g h t ,  
c o n t a i n i n g  C r a t e r  P i c a r d ,  t h e  l a r g e s t  c r a t e r  v i s i b l e  n e a r  t h e  " top .  
Mare F e c u n d i t a t i s  i s  i n  t h e  t o p  c e n t e r  of t h e  pho to ,  w i t h  t h e  l a r g e  
b r i g h t  c r a t e r  Langrenus,  and above i t  Goclenius  ( e l e v a t i o n  - 6,100 f t ) ,  
and t o  i ts  r i g h t  R i m a  Goclenius  I and R i m a  Goclenius  11. The Pyrenees 
Mountains ,  a t  t h e  "bottom" of  Mare Nectaris a r e  v i s i b l e  j u s t  "above" 
Mare F e c u n d i t a t i s .  Also i n  Mare F e c u n d i t a t i s  ( t o p  c e n t e r  of photo)  can 
be  s e e n  t h e  crater  p a i r  Mess i e r  and W. H. P i c k e r i n g ,  w e l l  known because  
of t h e  p e c u l i a r  r a y  sys t em ex tend ing  westward from W .  H. P i c k e r i n g ,  which 
g i v e s  the  appearance of a comet ' s  t a i l .  P o s s i b l y  t h e  c ra te r  w a s  formed 
by a meteor  t h a t  came i n  a t  a s h a r p  a n g l e ,  s p l a s h i n g  m a t t e r  ma in ly  i n  
one d i r e c t i o n .  

I 1  

S t e r e o  P a i r  Frame Nos.: 5745/5744+: ( F i g u r e  6 - B )  

Film Type: Black and White - 3400 

P r i n c i p a l  Point :  L a t i t u d e  - 0.67"N 

Longitude - 23.49"E 

Sun Angle: Low 

S u b j e c t :  T h i s  is a p i c t u r e  of  t h e  l u n a r  s u r f a c e  t aken  from t h e  LM. 
"Tombstone Rock" i s  v i s i b l e  a s h o r t  d i s t a n c e  beyond t h e  c r a t e r  i n  t h e  
fo reg round .  T h i s  photo w a s  t aken  look ing  sou thwes t  from the  LM. 
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FIG. 6 -A .  55941 5593: 
IMPACT CRATERS 
NEAR CRATER 292. 

FIG. 6 - B .  5 7 4 5 / 5 7 4 4 :  TRANQUILL ITY 
BASE - SOUTHWEST. 
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S t e r e o  P a i r  Frame Nos.: 575715756°C ( F i g u r e  7-A) 

Film Type: Black and White - 3400 

P r i n c i p a l  Po in t :  L a t i t u d e  - 0.67"N 

Longitude - 23.49"E 

Sun Angle: Low 

Sub jec t :  This is a view look ing  sou th - sou thwes t  from t h e  LM i n t o  a 
s m a l l  c r a t e r .  

S t e r e o  P a i r  Frame Nos.: S76815767;k ( F i g u r e  7-E) 

Film Type: Black and White - 3400 

P r i n c i p a l  Po in t :  L a t i t u d e  - 0.67"N 

Longitude - 23.49"E 

Sun Angle: Low 

Sub jec t :  A view t o  t h e  n o r t h  from t h e  LM towards a r o c k  f i e l d  i s  
shown h e r e .  

18 



I -  
I .  

FIG. 7 -A.  5 7 5 7 / 5 7 5 6 :  TRANQUILLITY 
BASE - SOUTH SOUTHWEST. 

FIG. 7 -  6. 5 7 6 8 / 5 7 6 7  : ROCKFIEL D 
NEAR TRANQUILLITY BASE. 

1 9  



S t e r e o  P a i r  Frame N o s . :  579815800?: ( F i g u r e  8 -A)  

Film Type: Black and White - 3400 

P r i n c i p a l  Po in t :  L a t i t u d e  - 0.67"N 

Longitude - 23.49"E 

Sun Angle: Low 

S u b j e c t :  This s t e r e o  p a i r  w a s  i nc luded  t o  g i v e  a q u a l i t a t i v e  idea of 
l u n a r  s o i l  mechanics as i n d i c a t e d  by t h e  many b o o t p r i n t s .  The LM shadow 
is  i n  t h e  foreground.  

S t e r e o  P a i r  Frame Nos.: 5860158597k ( F i g u r e  8 - B )  

Film Type: Color S.O. 368 

P r i n c i p a l  Po in t :  L a t i t u d e  - 0.67"N 

Longitude - 23.49"E 

Sun Angle: Medium 

S u b j e c t :  The l u n a r  t e r r a i n  look ing  s o u t h e a s t  from LM i s  shown h e r e ,  
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FIG.  8 -  A. 5798 /5800:  BOOTPRINTS. 

c 

FIG. 8 - B .  586015859: TRANQUILLITY 
BASE - SOUTHEAST. 
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S t e r e o  P a i r  Frame Nos.: 593715938?? ( F i g u r e  9-A) 

Film Type: Color  S .O .  368 

P r i n c i p a l  Po in t :  L a t i t u d e  - 0.67"N 

Longitude - 23.49"E 

Sun Angle: Medium 

S u b j e c t :  The t e r r a i n ,  l ook ing  s o u t h  from a p o i n t  20 me te r s  t o  t h e  
s o u t h e a s t  of t h e  LM, i s  shown h e r e .  

S t e r e o  P a i r  Frame Nos. : 595615954;'; ( F i g u r e  9-B) 

Film Type: Color S.O. 368 

P r i n c i p a l  Po in t :  L a t i t u d e  - 0.67"N 

Longi tude - 23.49"E 

Sun Angle: Medium 

S u b j e c t :  This small  crater  w i t h  a rocky bottom w a s  photographed from a 
p o i n t  60 meters  from t h e  LM, l ook ing  n o r t h e a s t .  This  i s  n o t  a h i g h  q u a l i t y  
s t e r e o  p a i r ;  i . e . ,  i t s  s t e r e o  q u a l i t i e s  a r e  n o t  t h e  b e s t .  However, t h e  
two photos  were a r r anged  g e o m e t r i c a l l y  t o  o p t i m i z e  t h e  s t e r e o  q u a l i t i e s  
of t h e  r o c k  fo rma t ions  on t h e  c r a t e r  f l o o r .  I n  t h e  foreground of photo 
5954, one can s e e  t h e  s t e r e o  c l o s e - u p  camera designed by Eastman Kodak 
Company, f o r  making c lose -up  s t e r e o  photos  of l u n a r  s u r f a c e  f e a t u r e s .  
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F I G .  9 - A .  5 93 7/ 5 9 3 8 : A RE A 
SOUTH OF TRANQUILLITY 
BASE. 

F I G .  9 - B .  5 9 5 6 / 5 9 5 4 :  ROCKY CRATER FLOOR 
NEAR TRANQUILLITY BASE. 
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S t e r e o  P a i r  Frame Nos.: 6019/6018;'~ ( F i g u r e  10-A) 

Film Type: Black and White - 3400 

P r i n c i p a l  Po in t :  Above ho r i zon .  Sun Angle: High 

S u b j e c t :  Looking w e s t  ove r  Mare Symth i i  (90"E l o n g i t u d e  on t h e  e q u a t o r ) ,  
c r a t e r  189 c a n  b e  s e e n  i n  t h e  lower r i g h t - h a n d  c o r n e r  of t h e  s t e r e o  p a i r .  

S t e r e o  P a i r  Frame Nos.: 6068/6069 

Fi lm Type: Black and White - 3400 

P r i n c i p a l  Po in t :  Above h o r i z o n .  Sun Angle: High 

S u b j e c t :  Looking w e s t  ove r  Mare F e c u n d i t a t i s ,  t h e  c r a t e r  p a i r  Mess i e r  
and P i c k e r i n g  a r e  c l e a r l y  v i s i b l e .  The Pyrenees Mountains ,  d i v i d i n g  
Mare F e c u n d i t a t i s  and Mare N e c t a r i s ,  a r e  j u s t  b a r e l y  v i s i b l e  i n  t h e  
l e f t  background. 

S t e r e o  P a i r  Frame Nos.: 6084/6085 

Film Type: Black and White - 3400 

P r i n c i p a l  Po in t :  Above h o r i z o n .  Sun Angle: High 

S u b j e c t :  Looking w e s t  ove r  t h e  mare a r e a  between Mare N e c t a r i s  and Mare 
T r a n q u i l l i t a t i s ,  Maskelyne B i s  shown i n  lower r i g h t - h a n d  c o r n e r  of  t h e  
s t e r e o  p a i r .  Rough, i r r e g u l a r  t e r r a i n ,  d o t t e d  by many s m a l l  c r a t e r s ,  i s  
v i s i b l e  i n  t h e  foreground.  

S t e r e o  P a i r  Frame Nos. : 6093/6092+~ ( F i g u r e  10-B) 

F i lm  Type: Black and White - 3400 

P r i n c i p a l  Po in t :  Above h o r i z o n .  Sun Angle: Medium 

S u b j e c t :  This s t e r e o  p a i r  of  t h e  w e s t e r n  r e a c h e s  of Mare T r a n q u i l l i t a t i s ,  
p rov ides  good s t e r e o g r a p h i c  cove rage  of C r a t e r  Delambre ( l a r g e s t  c r a t e r  t o  
l e f t  of c e n t e r ) ;  Craters Sab ine ,  R i t t e r ,  R i t t e r  B ,  R i t t e r  D ( c l u s t e r  of  
f o u r  c r a t e r s  t o  r i g h t  of c e n t e r ) ;  and C r a t e r  Dionysius  ( a  b r i g h t ,  s h a r p  
rimmed c r a t e r  j u s t  beyond Sab ine  and R i t t e r ) .  Hypat ia  R i l l e s  a r e  v i s i b l e  
i n  t h e  foreground l e a d i n g  up t o  Sabine.  

S t e r e o  P a i r  Frame Nos.: 6122/6121 

F i lm Type: Black and White - 3400 

P r i n c i p a l  Point :  L a t i t u d e  - 1.O"N Sun Angle: Low 

S u b j e c t :  Shown h e r e  i s  a c l o s e - u p  of Sab ine  and R i t t e r ,  w i t h  a mountain- 
ous a r e a  i n  t h e  background which p a r a l l e l s  Ariadaeus R i l l e .  

Longi tude - 18.O"E 
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FIG. I O - A .  6 0 1 9 /  6 0 1 8 :  
MARE SMYTHII. 

F IG .  I O - B .  6093/6092:  WESTERN 
MAR E TRA N QUI L L I TATIS.  
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S t e r e o  P a i r  Frame Nos.: 6223/6221+: ( F i g u r e  1 1 - A )  

Fi lm Type: Black and White - 3400 

P r i n c i p a l  Po in t :  L a t i t u d e  - 15.O"N 
Longi tude  - 57.5"E 

Sun Angle: Medium 

Sub jec t :  This is a good view of  t h e  w e s t e r n  h a l f  of Mare Cr is ium,  show- 
ing  t h e  craters  Yerkes,  L i c k ,  and P i c a r d ,  j u s t  above t h e  c e n t e r  of  t h e  
photograph.  Yerkes and L ick  have d u l l  r i m s ,  and a r e  t h e r e f o r e  q u i t e  
o l d ,  probably pre-Era tos  t h e n i a n  i n  a g e .  Crater Yerkes ,  t h e  most  d i s t a n t  
of  t he  t h r e e ,  has a d i ame te r  of abou t  20 n a u t i c a l  m i l e s .  This  s t e r e o  
p a i r  i s  a r ranged  t o  o p t i m i z e  the  g e o l o g i c a l  f e a t u r e s  ( t e r r a c i n g  and i n n e r  
w a l l s )  on the  sou thwes t  boundary of 'Mare Cr is ium.  

S t e r e o  P a i r  Frame Nos.: 6305/6304;'~ ( F i g u r e  1 1 - B )  

Fi lm Type: Black and White - 3400 

P r i n c i p a l  Po in t :  L a t i t u d e  - 1 . 5 " s  
Longi tude  - 47.5"E 

Sun Angle: Medium 

S u b j e c t :  An e x c e l l e n t  s t e r e o  p a i r  of Messier and Mess i e r  A ( a l s o  known 
as W .  H. P i cke r ing )  is  s e e n  h e r e .  These photos  a r e  a r r anged  as i f  one 
were viewing t h e  c r a t e r s  from t h e  no r th -nor thwes t .  Rocky, hummocky 
d e p o s i t s  i n  t h e  f l o o r  of Messier A a r e  v i s i b l e .  

S t e r e o  P a i r  Frame Nos.: 6309/6310 

Fi lm Type: Black and White - 3400 

P r i n c i p a l  P o i n t :  L a t i t u d e  - 0.5"N 
Longi tude  - 42.O"E 

Sun Angle: Medium 

S u b j e c t :  The a r e a  s o u t h  of S e c c h i  U ,  showing r i l l e s  and c h a i r  c r a t e r s ,  
i s  v i s i b l e  i n  t h i s  p a i r .  
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FIG. 11- A .  6223/6221:  WESTERN 
MA RE CRISIUM. 

FIG. I1  - B. 6305 /6304:  CRATERS 
MESSIER AND MESSIER A .  
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S t e r e o  P a i r  Frame Nos.: 6312/6311+: ( F i g u r e  12-A)  

Film Type: Black and White - 3400 

P r i n c i p a l  Point :  L a t i t u d e  - 11 . O " S  
Longitude - 46.O"E 

Sun Angle: Low 

S u b j e c t :  This view, looking from t h e  n o r t h w e s t ,  shows c r a t e r  Gutenberg E ,  
w i t h  a dome i n  i t s  f l o o r ,  topped by a s m a l l  Copernican c r a t e r ;  Crater 
Goclenius  i n  t h e  photograph 's  c e n t e r ,  and o f f  t o  t h e  s o u t h e a s t ,  c r a t e r s  
Magelhaens and Magelhaens A .  N o t i c e  t h e  t h r e e  r i l l e s  go ing  from 
Gutenberg E t o  Goclenius .  

S t e r e o  P a i r  Frame Nos.: 639516396 

F i l m  Type: Black and White - 3400 

P r i n c i p a l  Point :  L a t i t u d e  - 4.5"N 
Longitude - 177.0"W 

Sun Angle: Medium 

S u b j e c t :  A p o r t i o n  of t h e  mountainous t e r r a i n  on t h e  l u n a r  f a r s i d e  
wes t  of c r a t e r  229 is  shown. 

S t e r e o  P a i r  Frame Nos.: 643116429'; ( F i g u r e  12-B) 

Film Type: Black and White - 3400 

P r i n c i p a l  Point :  L a t i t u d e  - 4.5"N 
Longitude - 142.O"E 

Sun Angle: High 

Sub jec t :  Shown here i s  a b r i g h t  impact c r a t e r  i n  " IX" ,  a l a r g e  b a s i n  
(= 160 n.mi. d i a m e t e r ) ,  surrounded by p i t t e d  p l a i n s .  

2 8  



FIG. 12-A. 6312/6311: CRATERS GUTENBERG 
E AND GOCL ENIUS. 

FIG. 12-B. 6431/6429:  IMPACT CRATER IN 
CRATER ' I=" .  
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S t e r e o  P a i r  Frame Nos.: 6465164649: ( F i g u r e  13-A) 

Film Type: Black and White - 3400 

P r i n c i p a l  Po in t :  L a t i t u d e  - 6.O"N 

Sun Angle: High 

S u b j e c t :  Th i s  c r a t e r ,  approx ima te ly  6.2 n.mi. i n  d i a m e t e r  (west  t o  e a s t  
a x i s ) ,  l i e s  on t h e  w e s t e r n  r i m  of c r a t e r  Banachiewicz.  One c a n  o b s e r v e  
a t e r r a c e  on t h e  w e s t e r n  edge of  t h e  f l o o r ,  a p p a r e n t l y  caused by slump- 
ing  of t h e  w a l l  m a t e r i a l .  A l so ,  one c a n  s e e  a p a t c h  of l i g h t e r  c o l o r e d ,  
more r e f l e c t i v e  m a t e r i a l ,  r a y s  of which seem t o  extend downward toward 
t h e  c r a t e r  f l o o r .  The f l o o r  i t s e l f  appears t o  be  q u i t e  hummocky. A 
d e l i c a t e ,  sharp-rimmed s t r u c t u r e  i s  q u i t e  prominent on t h e  r i g h t  ( e a s t e r n )  
r i m  of t h e  c ra te r .  

Longi tude - 79.5"E 

S t e r e o  P a i r  Frame Nos.: 650716508 

Fi lm Type: Black and White - 3400 

P r i n c i p a l  Po in t :  L a t i t u d e  - 1 . O " N  

Sun Angle: High 

S u b j e c t :  This o l d  eroded c r a t e r ,  shaped somewhat l i k e  a s q u a r e ,  is  
l o c a t e d  on the s o u t h e a s t  edge of t h e  Crater I X ,  whose d i ame te r  i s  
approx ima te ly  160 n.mi., and t h e  c ra te r  shown i n  t h e  s t e r e o  p a i r  is  
approx ima te ly  23 n.mi. i n  t h e  n o r t h  t o  s o u t h  dimension.  

Longi tude - 144.5"E 

S t e r e o  P a i r  Frame Nos. : 6513/6514+ ( F i g u r e  13-€3) 

Film Type: Black and White - 3400 

P r i n c i p a l  Po in t :  L a t i t u d e  - 1.5"N 
Longitude - 137.O"E 

Sun Angle: High 

S u b j e c t :  This i n t e r e s t i n g  view, look ing  wes t -northwes t from t h e  c o o r d i n -  
a t e s  g i v e n ,  w a s  t a k e n  from a p o i n t  j u s t  s o u t h  of " C r a t e r  IX" d i s c u s s e d  
above. This s t e r e o  p a i r  g i v e s  a comparison of c ra te r  a g e s .  The c r a t e r  
w i t h  t h e  prominent dome s t r u c t u r e  i n  i t s  f l o o r  i s  d e s i g n a t e d  216. (Some 
of  t h e  l a r g e r  domes i n  l u n a r  c r a t e r s  a r e  v i s i b l e  from e a r t h ,  and t h e y  
have been compared w i t h  smooth, r e l a t i v e l y  low-domed s t r u c t u r e s  of v o l -  
c a n i c  o r i g i n  o n  e a r t h . )  Craters 216 and 217 (217 is  toward t h e  camera 
from 216) a r e  "medium-aged" o r  " E r a t o s t h e n i a n . "  The two r e l a t i v e l y  s m a l l  
s h a r p  impact c r a t e r s ,  n e a r  t h e  c e n t e r  of t h e  s t e r e o  p a i r ,  and t h e  b r i g h t  
s m a l l  c r a t e r  i n  t h e  r i g h t  fo reg round ,  a r e  r e l a t i v e l y  "new," o r  "Copernican." 
C r a t e r  217 is approx ima te ly  30 n.mi. i n  d i a m e t e r .  
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FIG. 13-A. 6465/6464: RIM OF CRATER 
BA NACHlE WICZ. 

FIG.  13 - B. 6513/6514: CRATERS lX, 
216, AND 217. 
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S t e r e o  P a i r  Frame Nos.: 655116550;? ( F i g u r e  14)  

Fi lm Type: Color  S.O. 368 

P r i n c i p a l  Po in t :  L a t i t u d e  - 3.O"N 
Longitude - 85.O"E 

Sun Angle:  High 

Sub jec t :  This  s t e r e o  p a i r ,  a r r anged  from two photos  t aken  look ing  w e s t  
from a p o i n t  i n  t h e  n o r t h e a s t e r n  p o r t i o n  of Mare Smyth i i ,  i s  an  e x c e l -  
l e n t  example of t h e  v a l u e  of s t e r e o  viewing.  For  example,  obse rve  t h e  
s m a l l  " t w i n  peaks" on t h e  f l o o r  of  Mare Smyth i i ,  j u s t  "under," e a r t h ,  
and i n  f r o n t  of t h e  "mountain range" i n  t h e  background. Using s t e r e o -  
s c o p i c  viewing,  i t  becomes q u i t e  obvious t h a t  t h e  " twin  peaks" a r e  
a c t u a l l y  a dome s t r u c t u r e  i n  t h e  f l o o r  of  a f a i r l y  l a r g e  c r a t e r ,  whose 
d i ame te r  i s  approx ima te ly  15  n.mi. The "mountain range" is  a n  a r e a  of 
hummocks and c r a t e r s  t r e n d i n g  n o r t h e a s t ,  a d j a c e n t  t o  craters  Schuber t  B 
and Schuber t .  

S t e r e o  P a i r  Frame Nos.: 661016608 

Fi lm Type: Color  S.O. 368 

P r i n c i p a l  Po in t :  L a t i t u d e  - 7.O"N 
Longi tude  - 178.0"W 

Sun Angle: Low 

Sub jec t :  The s t e r e o  q u a l i t i e s  of t h i s  p a i r  a r e  poor ( i f  one a t t e m p t s  t o  
view t h e  e n t i r e  a r e a  of o v e r l a p  of t h e  two pho tos )  because  of t h e  l a r g e  
t i l t  a n g l e  d i f f e r e n c e s .  However, by a r r a n g i n g  t h e  two photos  s t e r e o -  
g r a p h i c a l l y  s e v e r a l  t imes , i n  s l i g h t l y  d i f f e r e n t  o r i e n t a t i o n s  , one  may 
view incrementa l  a r e a s ,  and g e t  a good impress ion  of a r e a s  t y p i c a l  of 
t h e  rugged l u n a r  f a r s i d e .  
t h e s e  photos ,  which were taken  nea r  T a r g e t  of  Oppor tun i ty  15. 

C r a t e r s  308 and 309 a r e  p a r t i a l l y  v i s i b l e  i n  
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FIG. 14. 6551/6550;  MARE SMYTHII. 
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I V .  FEASIBILITY DEMONSTRATION OF USING PHOTOGRAMMETRIC 

TECHNIQUES FOR MAKING LUNAR ELEVATION MEASUREMENTS 

Because of  t h e  vast  amount of h i g h  q u a l i t y  l u n a r  photography ava i l -  
a b l e  as a r e s u l t  of t h e  Apo l lo  f l i g h t s ,  i t  a p p e a r e d  t o  b e  wor thwhi l e  t o  
i n v e s t i g a t e  a v a i l a b l e  methods f o r  measuring e l e v a t i o n s ,  o r  d i f f e r e n c e s  
i n  e l e v a t i o n  between two p o i n t s ,  on l u n a r  photographs t a k e n  from t h e  LM 
and CSM. In fo rma t ion  a b o u t  e l e v a t i o n  d i f f e r e n c e s ,  s l o p e  a n g l e s ,  topo- 
g r a p h i c a l  con tour  p l o t s  , e t c .  , w i l l  b e  e s s e n t i a l  d u r i n g  a n a l y t i c a l  
s t u d i e s  , miss ion  p l a n n i n g ,  and t r a v e r s e  p l ann ing  a c t i v i t i e s  a s s o c i a t e d  
w i t h  t h e  Lunar Roving V e h i c l e  (LRV), manned and unmanned, programs. 

Photogrammetry i s  by no means a new s c i e n c e .  I n  f a c t ,  r e f e r e n c e s  
t o  t h e  u s e  of a e r i a l  photography ( t aken  from b a l l o o n s )  f o r  e a r l y  topo- 
g r a p h i c a l  mapping, which d a t e  back w e l l  ove r  100 y e a r s ,  have been found 
by t h e  a u t h o r .  

Today, a l a r g e  a r r a y  of s o p h i s t i c a t e d  photogrammetric equipment,  
some of which i s  coupled w i t h  e l e c t r o n i c  computers and p l o t t e r s ,  is  
a v a i l a b l e  t o  photogrammetric e n g i n e e r s .  Many f e d e r a l  and s t a t e  a g e n c i e s ,  
as w e l l  as u n i v e r s i t i e s  and p r i v a t e  companies,  have used v a r i o u s  types  
of  t h i s  equipment f o r  y e a r s .  

The s i m p l e r  t ypes  of equipment,  which a r e ,  of  c o u r s e ,  l e s s  expens ive  
and more r e a d i l y  a v a i l a b l e ,  have a s e r i o u s  drawback. The s t e r e o  photos  
which are  t o  be  used t o  o b t a i n  t o p o g r a p h i c a l  measurements of  a g i v e n  area 
must b e  "ver t ical ,"" '  o r  v e r y  n e a r l y  so.  
t h e  p l a n e  of t h e  photo is  n o t  h o r i z o n t a l ) ,  t hen  t h e  b a s i c  photogrammetric 
p r i n c i p l e s ,  which have been m a t h e m a t i c a l l y  d e r i v e d  f o r  v e r t i c a l  p h o t o s ,  
do n o t  hold t r u e .  It shou ld  b e  n o t e d ,  however, t h a t  c e r t a i n  c o r r e c t i o n  
procedures  have been dev i sed  f o r  manual ly  c a l c u l a t i n g  t h e  e f f e c t s  on 
photographic  s c a l e  of  s m a l l  t i l t  a n g l e s ,  and e l e v a t i o n  changes (due t o  
image d i sp lacemen t ) .  However, t h e s e  a r e  v e r y  time-consuming p rocedures  , 
and a r i t h m e t i c  e r r o r s  can e a s i l y  b e  i n t r o d u c e d .  

I f  t h e y  a re  n o t  "vertical" ( i . e . ,  

On t h e  o t h e r  hand, some of t h e  more e x o t i c  photogrammetric equipment 
cah be  ope ra t ed  and programmed t o  a c c e p t  photographs which a r e  t i l t e d ,  o r  
have s l i g h t l y  d i f f e r e n t  s c a l e s ,  e t c . ,  and can  c o r r e c t  i n t e r n a l l y  f o r  t h e s e  
d i s c r e p a n c i e s ,  and p r i n t  o u t  o r  p l o t  t h e  d e s i r e d  i n f o r m a t i o n ,  s u c h  as 
e l e v a t i o n s  , con tour s  , s l o p e s  , e t c .  

9c 
V e r t i c a l  a e r i a l  photographs a re  t h o s e  t aken  from a camera whose o p t i c a l  
axis  i s  k e p t  i n  a t r u l y  v e r t i c a l  p o s i t i o n ,  w h i l e  t h e  exposure i s  made .  
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It i s  q u i t e  l i k e l y  t h a t  photographic  m i s s i o n s  of f u t u r e  Apo l lo  
f l i g h t s  w i l l  i n c l u d e  p r o v i s i o n s  f o r  some v e r t i c a l  photographs of t h e  
l u n a r  s u r f a c e ,  s p e c i f i c a l l y  of t he  l u n a r  e x p l o r a t i o n  s i tes ,  and pro- 
posed LRV t r a v e r s e  r o u t e s .  Accordingly,  i t  w a s  decided t o  cleterizinz 
t h e  f e a s i b i l i t y  of u s ing  l o c a l l y  a v a i l a b l e  equipment f o r  making photo- 
grammetr ic  a n a l y s e s ,  s o  t h a t  when a p p r o p r i a t e  l u n a r  photography becomes 
a v a i l a b l e ,  i t  can  b e  f u l l y  e x p l o i t e d  f o r  t h e  b e n e f i t  of t h e  LRV program, 
and o t h e r  l u n a r  s u r f a c e  e x p l o r a t i o n  and e x p e r i m e n t a t i o n  programs t h a t  
may f o l l o w .  

Equipment a v a i l a b l e  l o c a l l y  was (1 )  a " S t e r e o  Comparagraph," Model 
No. 121 GE,  manufactured by Gordon E n t e r p r i s e s ,  5362 North Cahuenga 
Boulevard,  North Hollywood, C a l i f o r n i a ,  91601, and (2)  a drawing board 
and m i s c e l l a n e o u s  s t a n d a r d  items- of d r a f t i n g  equipment.  I l l u s t r a t i v e  
examples (us ing  Apo l lo  1 0  s t e reograms)  of t h e  a p p l i c a t i o n  of  t h e  
"Eng inee r ' s  Scale"  method and t h e  " S t e r e o  Comparagraph" method a re  
i n c l u d e d  i n  th i s  r e p o r t .  However, b o t h  methods a r e  based upon t h e  
"Theory of P a r a l l a x . "  Accordingly,  a s h o r t  t r e a t m e n t  of t h i s  p r i n c i p l e  
is  inc luded  a t  t h i s  p o i n t .  Before proceeding w i t h  t h e  examples, p lease 
see F i g u r e  15. 

From f i g u r e  15,  one can  r e a d i l y  s e e  how two a d j a c e n t  ( v e r t i c a l )  
photographs , a r ranged  s t e r e o s c o p i c a l l y  ( r e p r e s e n t e d  by "edges" EG and 
H K ) ,  c an  b e  used t o  c a l c u l a t e  e l e v a t i o n s  of v a r i o u s  ground p o i n t s ,  as 
long  as t h e  images of t h e  p o i n t s  can b e  s e e n  on t h e  photographs.  I n  
F i g u r e  1 5 ,  "h" r e p r e s e n t s  t h e  e l e v a t i o n  of t h e  p o i n t  i n  q u e s t i o n  above 
t h e  chosen datum p lane ;  "f" r e p r e s e n t s  t h e  f o c a l  l e n g t h  of t h e  camera; 

r e p r e s e n t s  t h e  a l t i t u d e  of t h e  a i r c r a f t  o r  s p a c e c r a f t  which is  
t a k i n g  t h e - p i c t u r e s ;  and "B" i s  t h e  d i s t a n c e  between p o i n t s  A and C 
where the -pho tographs  were t aken ,  The d i r e c t i o n  of s t a t i o n  D as s e e n  
from p o i n t s  A and C i s  d i f f e r e n t .  
t i o n  D is  d e f i n e d  as i t s  " p a r a l l a x . "  T h e o r e t i c a l l y ,  t h e  p a r a l l a x  f o r  
s t a t i o n  D is  t h e  a n g l e  8. Now, i f  one c o n s t r u c t s  a l i n e  a t  p o i n t  A 
p a r a l l e l  t o  C D ,  t h e  a n g l e  EAG i s  then  equal  t o  8. S i n c e  i t  is  more 
c o n v e n i e n t  t o  use  l i n e a r  q u a n t i t i e s  s c a l e d  from photographs than  t h e  
p a r a l l a x  a n g l e ,  u s e  of t h e  l i n e a r  i n t e r c e p t  EFG i s  t h e  g e n e r a l l y  
a c c e p t e d  p r a c t i c e .  EFG i s  then equa l  t o  FG p l u s  J H .  I f  one chooses  
t o  use, t h e  "air  base" AC as t h e  x - a x i s  of t h e  two s t e r e o s c o p i c a l l y  
a r r a n g e d  pho tographs ,  t hen  t h e  p a r a l l a x  "p,"  a c c o r d i n g  t o  t h e  g e n e r a l l y  
a c c e p t e d  prac t ice ,  is t h e  a l g e b r a i c  a d d i t i o n  of  t h e  two x - c o o r d i n a t e s  
(FG, HJ) .  T r i a n g l e s  ACD and EAG a r e  s imi l a r .  T h e r e f o r e ,  one is  a b l e  
t o  s t a t e  t h a t  

II I I  H 

Th i s  d i f f e r e n c e  i n  d i r e c t i o n  of s ta -  
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where p equa l s  t h e  l i n e a r  p a r a l l a x  f o r  s t a t i o n  D.  Then, 

This  r e s u l t i n g  equa t ion ,  c a l l e d  t h e  p a r a l l a x  e q u a t i o n ,  can  then  b e  used 
t o  c a l c u l a t e  s t a t i o n  e l e v a t i o n s  of s t a t i o n s  v i s i b l e  on t h e  two photo- 
g raphs  of a s t e reogram,  provided one has  knowledge of t h e  d i s t a n c e  
between t h e  two s t a t i o n s  from which t h e  photographs were t aken ,  t h e  
e l e v a t i o n  of t h e  a i r c r a f t  o r  s p a c e c r a f t  which took t h e  p i c t u r e s ,  t h e  
f o c a l  l e n g t h  of t h e  camera used,  and some means f o r  measuring t h e  
p a r a l l a x  from t h e  photographs.  

Now t h a t  t h e  b a s i c  p r i n c i p l e  of  p a r a l l a x  has  been i l l u s t r a t e d ,  
t h e  "Eng inee r ' s  Scale"  method and t h e  "S te reo  Comparagraph" method f o r  
measuring para l lax ,  and hence e l e v a t i o n s ,  w i l l  be  demonst ra ted .  To t h e  
a u t h o r ' s  knowledge, t h e r e  a r e  no photographs i n  t h e  Apol lo  1 0  o r  Apo l lo  11 
groups  which a r e  w i t h i n  3 degrees  of  be ing  v e r t i c a l .  However, as 
mentioned ea r l i e r ,  some t r u l y  v e r t i c a l  photographs a r e  expected t o  r e s u l t  
f rom f u t u r e  Apol lo  m i s s i o n s ,  and i t  appea r s  w i s e  t o  be  prepared  f o r  t h i s  
occu r rence .  However, f o r  i l l u s t r a t i v e  pu rposes ,  photographs were chosen 
which "appeared" approximate ly  v e r t i c a l .  

A .  Enginee r ' s  S c a l e  Method 

Apol lo  10 photographs 4067 and 4066 (see f i g u r e  16-A), which show 
c r a t e r  225 ,  a t  0.4"N and 172.8"E, were chosen f o r  t h i s  i l l u s t r a t i o n .  It 
w a s  known beforehand t h a t  t h e s e  photographs have a tilt  a n g l e  of approx i -  
m a t e l y  22 d e g r e e s ;  however, t h e  procedures  o u t l i n e d  below, which were used 
f o r  t h i s  f e a s i b i l i t y  demons t r a t ion ,  a r e  based on t h e  assumpt ion  t h a t  t h e  
photographs a r e  v e r t i c a l :  

(1)  Loca te  and mark t h e  c e n t e r  of each  photograph.  

( 2 )  Loca te  t h e  p o i n t  on t h e  l e f t  photograph which co r re sponds  
t o  t h e  c e n t e r  of t he  r i g h t  photograph ,  and mark i t .  (This 
is  c a l l e d  t h e  r i g h t  photograph ' s  c o n j u g a t e  c e n t e r . )  

( 3 )  Locate  t h e  p o i n t  on t h e  r i g h t  photograph  which co r re sponds  
t o  t h e  c e n t e r  of the  l e f t  photograph,  and mark it .  (This  
i s  c a l l e d  t h e  l e f t  photographs '  c o n j u g a t e  c e n t e r . )  

( 4 )  O r i e n t  t h e  photographs s o  t h a t  t h e  l i n e s  of  c e n t e r s  c o i n c i d e  
and t h e  images a r e  a p rope r  d i s t a n c e  a p a r t  f o r  good s t e r e o -  
s c o p i c  v i s  ion .  
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(5) Through t h e  c e n t e r  of each photograph,  e r e c t  a perpendicu-  
lar  t o  t h e  l i n e  of c e n t e r s ,  t h e s e  be ing  ca l l ed  t h e  y-axes 
of  t h i s  p a i r  of  photographs.  

(6)  The x - c o o r d i n a t e s ,  of p o i n t s  f o r  which e l e v a t i o n s  a r e  
d e s i r e d ,  a r e  then  measured on each  photograph w i t h  a 
f i n e l y  d iv ided  e n g i n e e r ' s  s c a l e  ( s e e  f i g u r e  16-B). 

(7) The p a r a l l a x  is then  determined from t h e  a l g e b r a i c  d i f -  
f e r e n c e  of t h e  two x - c o o r d i n a t e s ;  i . e . ,  p = xa - xb where 
xa = x-coord ina te  of l e f t  photograph and xb = x - c o o r d i n a t e  
of t h e  r i g h t  photograph f o r  t h e  p a r t i c u l a r  p o i n t  l o c a t i o n  
be ing  cons ide red .  

F i g u r e  16-A shows t h e s e  two photographs a r r anged  on a drawing board w i t h  
t h e  l i n e  of  c e n t e r s  r o t a t e d  s l i g h t l y  down t o  t h e  l e f t  s o  t h a t  i t  i s  
p a r a l l e l  t o  t h e  T-square,  t he reby  f a c i l i t a t i n g  a c c u r a t e  measurements of 
x - c o o r d i n a t e s .  

L e t  us suppose  w e  wanted t o  de te rmine  t h e  d i f f e r e n c e  i n  e l e v a t i o n  
between p o i n t  1, a p o i n t  on t h e  f l o o r  of t h e  c r a t e r  between two s m a l l  
i m p a c t  c r a t e r s  (marked by a b l a c k  arrow i n  t h e  c e n t e r  of  t h e  l e f t  photo-  
g r a p h  of F i g u r e  16-A), and p o i n t  2 ,  a p o i n t  on t h e  l e f t  s i d e  of a f a i r l y  
prominent  c ra te r  on t h e  lower r i g h t  quadran t  of c r a t e r  225 ( a l s o  marked 
by a b l a c k  a r row) .  The x -coord ina te s  would be  measured from t h e  c e n t e r  
of  each  photograph f o r  p o i n t  1 and s u b t r a c t e d  t o  o b t a i n  t h e  p a r a l l a x  of 
p o i n t  1. P a r a l l a x  f o r  p o i n t  2 would b e  de te rmined  t h e  same way. Then 
u s i n g  t h e  p a r a l l a x  equa t ion ,  t h e  e l e v a t i o n  of  t h e  two p o i n t s  can  b e  
de te rmined  , t he reby  a l lowing  us t o  c a l c u l a t e  t h e  d i f f e r e n c e  i n  e l e v a t i o n .  
The o t h e r  terms i n  t h e  p a r a l l a x  equat ion  a r e  r e a d i l y  a v a i l a b l e  from 
f l i g h t  da t a ,  i . e . ,  H,  t h e  f l y i n g  h e i g h t ,  By t h e  d i s t a n c e  between exposure  
s t a t i o n s ,  and f ,  t h e  camera 's  f o c a l  l e n g t h ,  For t h e  s a k e  of  complete-  
n e s s ,  t h e  v a l u e s  of p a r a l l a x  f o r  p o i n t s  1 and 2 ,  c o r r e c t e d  f o r  s c a l e  d i f -  
f e r e n c e s  between photograph and n e g a t i v e ,  were p l  = 17.6 mm and p 2  = 
21.2 mm. This  experiment  demonstrated t h a t  p a r a l l a x  can be  de te rmined  
q u i t e  e a s i l y  from t h e  types  of  photographs t aken ,  and t h a t  t h e  r e s o l u -  
t i o n  q u a l i t i e s  of t h e  photographs a r e  s a t i s f a c t o r y  f o r  t h i s  purpose.  

B. S t e r  eo-Comparagraph Method 

The photographs chosen f o r  t h i s  exper iment  were a l s o  from Apol lo  10 
photography numbers 4199 and 4200, which show a l a r g e  c r a t e r  s o u t h  of 
c ra te r  216, c o o r d i n a t e s  0.2"N and 133.2"E ( s e e  F i g u r e  17-A). The photo-  
g r a p h  a l ignmen t  procedures  f o r  p repa r ing  t h e  photographs f o r  "S te reo -  
Comparagraph" viewing a r e  i d e n t i c a l  t o  s t e p s  1 through 4 ,  d e s c r i b e d  
p r e v i o u s l y  f o r  t h e  " e n g i n e e r ' s  s c a l e "  method, and a r e  n o t  r epea ted  h e r e .  
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A f t e r  t h e  l i n e s  of c e n t e r s  of t h e  two photographs a r e  made t o  c o i n c i d e ,  
t h e  photographs a r e  f a s t e n e d  t o  a p i ece  of b r i s t o l  boa rd ,  and t h e  e n t i r e  
assembly  is p o s i t i o n e d  s o  t h a t  t h e  l i n e  of c e n t e r s  i s  made p a r a l l e l  t o  
t h e  i l -square of a drawing board.  T'ne b r i s t o i  board i s  then  f a s t e n e d  t o  
t h e  drawing boa rd ,  as i n  f i g u r e  17-A. F i g u r e  17-b shows t h e  S t e r e o -  
Comparagraph p o s i t i o n e d  on t h e  drawing boa rd ,  w i t h  i t s  b a s e  a l i g n e d  
para l le l  t o  t h e  T-square ,  and hence p a r a l l e l  t o  t h e  l i n e  of c e n t e r s ,  
sometimes c a l l e d  t h e  "air  base." A t  t h i s  p o i n t ,  one is ready  t o  s t a r t  
r e a d i n g  p a r a l l a x  va lues  d i r e c t l y  from t h e  micrometer  on t h e  r igh t -hand  
s i d e  of t h e  i n s t r u m e n t ,  a s  shown i n  F i g u r e  17-B. The micrometer  i s  then  
a d j u s t e d  s o  t h a t  t h e  measuring m a r k  d o t s  on t h e  meniscus l e n s e s  appea r  
t o  b e  fused  t o g e t h e r  ( c o i n c i d e n t )  over a g iven  p o i n t  on t h e  c r a t e r  r i m ,  
e . g . ,  p o i n t s  2 ,  3 ,  and 4 marked on t h e  r i m  on t h e  l e f t  s i d e  of t h e  c r a t e r .  
The micrometer  i s  then r e a d ,  and the v a l u e  no ted .  The i n s t r u m e n t  is t h e n  
moved over  t h e  photographs t o  a p o i n t  one chooses  t o  c o n s i d e r  t h e  datum 
l e v e l ,  e . g . ,  a p o i n t  i n  t h e  f l o o r  of t h e  c r a t e r ,  making c e r t a i n  t h a t  t h e  
f i n a l  p o s i t i o n  of t h e  in s t rumen t  base is p a r a l l e l  t o  t h e  s t e r e o s c o p i c  
b a s e  (air b a s e ) .  The micrometer  i s  t hen  r e a d j u s t e d  over  t h e  datum p o i n t  
t o  make t h e  measuring mark d o t s  appear t o  be fused  t o g e t h e r  a g a i n .  A 
micrometer  r e a d i n g  is then  t a k e n ,  and t h e  d i f f e r e n c e  i n  t h e  two r e a d i n g s  
is t h e  p a r a l l a x  v a l u e  f o r  t h e  po in t  o r i g i n a l l y  measured on t h e  c r a t e r  
r i m .  Then, u s ing  t h e  p a r a l l a x  equa t ion ,  one can c a l c u l a t e  t h e  e l e v a t i o n  
of t h e  p o i n t  on t h e  r i m .  Even though t h e s e  photographs were t i l t e d  
15 d e g r e e s ,  c o n s i s t e n t  p a r a l l a x  measurements were ob ta ined  , a g a i n  demon- 
s t r a t i n g  t h a t  t h e  photograph q u a l i t y ,  r e s o l u t i o n ,  and c l a r i t y  would be 
amenable  t o  good ins t rumen t  measurements i f  t h e  photographs were t r u l y  
v e r t i c a l .  On t h i s  p a i r  of photographs ,  t h e  d a t u m  p o i n t  ( p o i n t  1) w a s  
chosen  j u s t  below t h e  r o s e t t e - s h a p e d  c r a t e r  i n  t h e  f l o o r  of t h e  l a r g e  
c r a t e r ,  j u s t  above t h e  c e n t e r .  P a r a l l a x  r ead ings  f o r  p o i n t s  2 ,  3 ,  and 
4 r e l a t i v e  t o  p o i n t  1 ( t h e  datum) were 4 . 7 0 ,  4 . 9 9 ,  and 4.98 mm, 
r e s p e c t i v e l y .  With t h e  Stereo-Cornparagraph, one c a n  a l s o  p l o t  con tour  
l i n e s  of a photographed a r e a ,  provided t h e  two photographs i n  t h e  s t e r e o -  
gram a r e  v e r t i c a l  ( w i t h i n  3 d e g r e e s ) ,  and t h a t  t h e i r  s c a l e s  a r e  ve ry  n e a r l y  
e q u a l .  

V. SELECTED SINGLE LUNAR PHOTOGRAPHS 

Seventeen s i n g l e  photographs were s e l e c t e d  f o r  i n c l u s i o n  i n  t h i s  
r e p o r t  t o  show a v a r i e t y  of the  types of l u n a r  t e r r a i n  photographed by 
t h e  Apo l lo  11 a s t r o n a u t s ,  which could prove v a l u a b l e  i n  f u t u r e  l u n a r  s u r -  
f a c e  m i s s i o n  p l ann ing .  Objec ts  included i n  t h i s  s e r i e s  of s i n g l e  photo-  
g r a p h s ,  and f o r  which photographic  i n t e r p r e t a t i o n s  a r e  p rov ided ,  a r e  
c r a t e r s  , r i l l e s  , mare a r e a s  , rough a r e a s  , and c h a i n  c r a t e r s .  Photograph 
frame numbers , o b j e c t  l o c a t i o n s  , and photographic  i n t e r p r e t a t i o n s  a r e  
i n c l u d e d .  
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SELECTED SINGLE LUNAR PHOTOGRAPHS FROM THE APOLLO 11 MISSION 

Photograph Frame No.: 5433 ( F i g u r e  18-A) 

Film Type: Color  S.O. 368 

P r i n c i p a l  Po in t :  L a t i t u d e  - 4.O"N Sun Angle: High 

Sub jec t :  C r a t e r  218 ,  on t h e  l u n a r  f a r s i d e ,  i s  shown. Located on t h e  
e a s t e r n  pe r ime te r  of Basin I X ,  i t s  d i a m e t e r  i s  approx ima te ly  57 n .mi . ,  
r i m  t o  r i m ,  measured i n  an e a s t - w e s t  d i r e c t i o n .  C r a t e r  218 has  a dome 
i n  i t s  c e n t e r ,  and is  surrounded by craters  of v a r i o u s  ages  [ 4 ] .  The 
photograph shows t h e  c r a t e r  as viewed from t h e  e a s t .  

Longi tude - 146.O"E 

Photograph Frame No.: 5437 ( F i g u r e  18-B) 

Film Type: Color S.O. 368 

P r i n c i p a l  Po in t :  L a t i t u d e  - 0.2"N Sun Angle: Low 

S u b j e c t :  This photograph,  t i l t e d  approx ima te ly  60" t o  t h e  w e s t ,  p rov ides  
some coverage of t h e  a r e a  e a s t  of " T r a n q u i l l i t y  Base," Hypat ia  R i l l e s ,  
and "Boot H i l l "  [ l ] .  The l a r g e  c r a t e r  i n  t h e  lower r i g h t  i s  Maskelyne, 
and T o r r i c e l l i  C i s  n e a r  t h e  l e f t  margin,  c e n t e r .  The p i c t u r e  was t aken  
from t h e  nor t h e a s  t . 

Longitude - 24.5"E 

Photograph Frame No.: 5438 ( F i g u r e  18-C) 

F i lm  Type: Color  S.O. 368 Sun Angle: Semi-darkness 

S u b j e c t :  The r i l l e  s t r u c t u r e s  shown a r e  p o s s i b l y  i n  w e s t e r n  Mare 
T r a n q u i l 1  i t a  t i s .  

Photograph Frame No.: 5466 ( F i g u r e  18-D) 

Fi lm Type: Black and White - 3400 

P r i n c i p a l  Po in t :  L a t i t u d e  - 17.5"s  Sun Angle: Medium 

S u b j e c t :  This l a r g e  c r a t e r ,  named "Washington" i n  t h e  Rand-McNally Lunar 
Globe Index,  i s  approx ima te ly  70 n.mi. i n  d i a m e t e r  ( r im  t o  r im)  i n  t h e  
e a s t - w e s t  d i r e c t i o n .  When viewed from t h e  l e f t  c o r n e r ,  photograph 5466 
is  t i l t e d  approximately 65" t o  t h e  s o u t h .  Of i n t e r e s t  t o  t h e  l u n a r  m i s s i o n  
and experiment p l anne r s  a r e  t h e  l a r g e ,  smooth mare a r e a  c o n t a i n e d  w i t h i n  
t h e  c r a t e r  and t h e  dome and h i l l s .  A b r i g h t  Copernican c r a t e r ,  a p p r o x i -  
m a t e l y  20 n.mi. i n  d i a m e t e r ,  r i m  t o  r i m  i n  t h e  n o r t h - s o u t h  d i r e c t i o n ,  is 
v i s i b l e  on t h e  n o r t h  r i m  of c r a t e r  Washington (numbered 307 on A C I C  c h a r t s ) .  
On t h i s  mi s s ion ,  c r a t e r  Washington w a s  c l a s s i f i e d  as T a r g e t  of Oppor tun i ty  
(T.O.) #19. 

Longi tude - 173.O"E 
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I FIG.  18-A.  5433: 
CRATER 2 1 8 .  

FIG. 1 8 - C .  5438: WESTERN 
MARE TRAN- 
QUILL I TATIS. 

FIG. 18-B. 5437: SOUTH- 
WESTERN MARE 
TRANQUIL LITATIS. 

FIG. 18-D.  5566:  CRATER 
' I  WASH IN G TON 'I .  
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Photograph Frame No.: 5567 ( F i g u r e  19-A) 

Fi lm Type: Black and White - 3400 

P r i n c i p a l  Po in t :  L a t i t u d e  - 12.0"s  Sun Angle: Medium 

Sub jec t :  This c r a t e r ,  numbered 302, landmark d a t a  check  p o i n t  8-2 f o r  t h e  
Apol lo  11 miss ion ,  i s  viewed i n  t h e  photograph  from t h e  n o r t h e a s t ;  t h e  
photograph ' s  t i l t  a n g l e  i s  approx ima te ly  65" t o  t h e  sou thwes t .  
d i a m e t e r  i s  approximate ly  75 n.mi. ,  r i m  t o  r i m ,  i n  t h e  east-west d i r e c t i o n .  
It has a c e n t r a l  dome o r  peak, b u t  i t s  f l o o r ,  u n l i k e  t h a t  of  c ra te r  
Washington d i scussed  i n  t h e  p rev ious  i n t e r p r e t a t i o n ,  is  marked by numerous 
s m a l l  c r a t e r s  of v a r i o u s  s i z e s  and a g e s .  N o t i c e  t h e  prominent  t e r r a c e s  
on t h e  sou the rn  w a l l  of t h e  c r a t e r .  

Longi tude  - 159.5"E 

Crater 302's 

Photograph Frame No.: 5568 ( F i g u r e  19-B) 

Fi lm Type: Black and White  - 3400 

p r i n c i p a l  Poin t :  L a t i t u d e  - 7.0"s  Sun Angle:  Medium 

Sub jec t :  This photograph,  t aken  from t h e  nor  th-nor  t h e a s  t , shows p a r t  of 
a c r a t e r  cha in  t r e n d i n g  toward c r a t e r  Washington. This  t y p e  of fo rma t ion  
i s  p o s s i b l y  i n d i c a t i v e  of  a s u b - s u r f a c e  f i s s u r e .  An e a r t h  ana log  of  t h i s  
c r a t e r  cha in  i s  a group of  c i n d e r  cones a l i g n e d  a l o n g  a f i s s u r e  i n  t h e  
Cascade Mountains of Oregon, i n  t h e  v i c i n i t y  of Mount J e f f e r s o n .  

Longi tude - 173.O"E 

Photograph Frame No.: 5571 ( F i g u r e  19-C) 

Fi lm Type: Black and White - 3400 

P r i n c i p a l  Poin t :  L a t i t u d e  - 11 .5"s  Sun Angle: Medium 

Sub jec t :  Another view of  c r a t e r  302, t h i s  photograph w a s  t aken  from a 
more n o r t h e r l y  d i r e c t i o n  t h a n  w a s  5567, gnd thus  p rov ides  a b e t t e r  l o n g i -  
t u d i n a l  view of t h e  c r a t e r ' s  c e n t r a l  cone and t e r r a c e d  s t r u c t u r e s  on t h e  
s o u t h  w a l l .  The t ilt  a n g l e  of t h i s  photograph is  abou t  65" t o  t h e  s o u t h  
when viewed from t h e  lower r igh t -hand  c o r n e r .  

Longi tude  - 160.5"E 

Photograph Frame No.: 5582 ( F i g u r e  19-D) 

Fi lm Type: Black and White - 3400 

P r i n c i p a l  Poin t :  L a t i t u d e  - 6 . 0 " s  Sun Angle: Medium 

Sub jec t :  This view shows t h e  ve ry  rough t e r r a i n  between craters  305 and 
308 on t h e  luna r  fars i .de.  It w a s  t aken  from a p o i n t  f a r t h e r  w e s t  t han  w a s  
photograph 5568. 
can b e  s e e n  on t h i s  photograph,  j u s t  t o  t h e  r i g h t  of c e n t e r .  The approx i -  
mate  s c a l e  of t h i s  photograph is  1 :1 ,174 ,600 ,  w h i l e  t h a t  of 5568 i s  
1: 830,000 [2] .  

44 

Longi tude  - 173.O"E 

On c l o s e  examinat ion ,  t h e  c r a t e r  c h a i n  of photograph 5568 



FIG. 19-A.  5567: 
CRATER 302. 

k i  

FIG. 19-C. 5571: 
CRATER 302.  

FIG. 19-6. 5 5 6 8 :  CHAIN 
OF CRATERS. 

FIG. 19-D. 5 5 8 2 :  TERRAIN 
BET WEEN CRATERS 
305 AND 308. 
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Photograph Frame No.: 5589 ( F i g u r e  20-A) 

Film Type: Black and White - 3400 

P r i n c i p a l  Point :  L a t i t u d e  - 4.0'5 Sun Angle: Medium 

S u b j e c t :  C r a t e r  297 (diameter  a p p r o x i m a t e l y  63 n.mi.) shows a good con- 
t r a s t  of r e l a t i v e  ages  of l u n a r  c r a t e r s .  The b r i g h t  Copernican c ra te r  
on the  r i m  c l o s e s t  t o  t h e  viewer i s  t h e  newest  and f r e s h e s t ;  the s m a l l  
sharp-rimmed c r a t e r  (diameter  = 5 .5  n.mi.) t o  t h e  l e f t  of  2 9 7 ' s  c e n t r a l  
peak o r  dome, could b e  c l a s s i f i e d  i n  t h e  E r a t o s t h e n i a n  (middle)  Age, and 
c ra te r  297 i t s e l f ,  w i t h  i t s  eroded r i m  and slumped i n n e r  w a l l s ,  cou ld  b e  
c l a s s i f i e d  P r e - E r a t o s t h e n i a n ,  o r  r e l a t i v e l y  t h e  o l d e s t .  N o t i c e  t h e  
f a i r l y  l a r g e  c r a t e r  i n  t h e  lower r igh t -hand  c o r n e r  of t h e  photograph,  
w i t h  t h e  small c ra te r  on t h e  l e f t  s i d e  of i t s  r i m .  Which d o ' y o u  t h i n k  
is  t h e  o l d e r  of t h e  two? 

Longi tude - 152.O"E 

Photograph Frame No.: 5602 (F igu re  20-B) 

Film Type: Black and White - 3400 

P r i n c i p a l  Po in t :  L a t i t u d e  - 2.0"s Sun Angle: Medium 

S u b j e c t :  This i s  a good p i c t u r e  of Mess i e r  "A" ( fo rmer ly  c a l l e d  c r a t e r  
W .  H. P i c k e r i n g )  i n  Mare F e c u n d i t a t i s .  A s t e r e o g r a m  of t h i s  c r a t e r  i s  
shown i n  s t e r e o  p a i r  6305/6304, F i g u r e  1 1 - B .  Photograph 5602, a view 
from t h e  n o r t h - n o r t h e a s t 7  i s  t i l t e d  approx ima te ly  40" t o  t h e  sou thwes t .  

Longi tude - 46.5"E 

Photograph Frame No.: 6151 (F igu re  20-C) 

Film Type: Black and White - 3400 

P r i n c i p a l  Point :  L a t i t u d e  - 6 .5"s  Sun Angle: Low 

S u b j e c t :  This  photograph shows t h e  e a s t e r n  h a l f  of c r a t e r  308. See a l s o  
s t e r e o  p a i r  5563/5562 (F igu re  5-A) f o r  a s t e r e o  view of t h e  s o u t h e r n  por- 
t i o n ,  and F i g u r e  33 f o r  a mosaic  c o n s t r u c t i o n .  
approximately 48 n.mi. i n  t h e  eas  t - t o - w e s t  d i r e c t i o n .  

Longi tude - 180.0"W 

C r a t e r  308 ' s  d i a m e t e r  i s  

Photograph Frame No.: 6179 ( F i g u r e  20-D) 

Film Type: Black and White - 3400 

S u b j e c t :  This p i c t u r e  of t h e  s o l a r  co rona  was . t aken  from t h e  CSM while  
on a n e a r  c i r c u l a r  l u n a r  e q u a t o r i a l  o r b i t .  
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FIG. 20-A. 5589: 
CRATER 297. 

FIG. 2 0 - C .  6151: CRATER 
308 - EASTERN 
HALF.  

FIG. 20-8. 5602:  CRATER 
MESSIER A .  

FIG. 20-0. 61 79 : 
SOLAR CORONA. 
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Photograph Frame No. : 6217 ( F i g u r e  21-A) 

F i l m  Type: Black and White  - 3400 

P r i n c i p a l  Point :  L a t i t u d e  - 9.0"s 
Longi tude  - 62.O"E 

Sun Angle: Medium 

Sub jec t :  This is  a p i c t u r e  of c r a t e r  Langrenus,  when viewed from t h e  
n o r t h e a s t .  This c r a t e r  i s  approx ima te ly  65 n.mi. i n  d i a m e t e r .  The 
photograph ' s  t ilt  a n g l e  i s  a b o u t  60" t o  t h e  sou thwes t .  

Photograph Frame No.: 6231 ( F i g u r e  21-B) 

F i l m  Type: Black and White  - 3400 

P r i n c i p a l  Po in t :  L a t i t u d e  - 12 .0"s  
Longi tude  - 42 .5"E  

Sun Angle: Low 

Sub jec t :  This  photograph p rov ides  a ve ry  c l e a r  view of t h e  n o r t h e a s t e r n  
quadran t  of Mare T r a n q u i l l i t a t i s .  The camera w a s  po in t ed  toward t h e  n o r t h -  
wes t  when t h e  p i c t u r e  was t aken .  C r a t e r  T a r u n t i u s ,  whose d e p t h  from t h e  
top  of t h e  r i m  t o  t h e  bot tom of t h e  f l o o r  is 2950 f e e t ,  is i n  t h e  f o r e -  
ground. C r a t e r  Cauchy, t h e  prominent  impact  c r a t e r  t o  t h e  l e f t  of t h e  
c e n t e r ,  i s  enc losed  by Cauchy R i l l e  on t h e  r i g h t  and Rupes R i l l e  on t h e  
l e f t .  The l a r g e  f looded  c r a t e r ,  t o  t h e  r i g h t  of c e n t e r  and j u s t  i n  f r o n t  
of t h e  c r a t e r s  on t h e  h o r i z o n ,  is M a r a l d i  D.  To i t s  r i g h t  is  Macrobius A 
on t h e  wes te rn  r eaches  of Pa lus  Somnii ( s l e e p i n g  marsh) .  

Photograph Frame No.: 6356 ( F i g u r e  21-C) 

F i l m  Type: Black and White - 3400 
P r i n c i p a l  Po in t :  L a t i t u d e  - 9.5"N 

Longi tude  - 103.O"E 
Sun Angle: High 

Sub jec t :  This view, look ing  toward t h e  n o r t h - n o r t h e a s t ,  shows c r a t e r s  
198, 197 ,  and 200, i n  t h a t  o r d e r ,  from foreground t o  background. The 
photograph ' s  tilt a n g l e  is  approx ima te ly  60" t o  t h e  n o r t h .  On t h e  wes t  
r i m  of t h e  c r a t e r  198,  one can  obse rve  a Copernican c r a t e r ,  p o r t i o n s  of 
which have s l i d  over i n t o  c r a t e r  198. C r a t e r  198 i s  approx ima te ly  
33 n.mi. i n  d i a m e t e r .  

c 
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FIG. 21-A.  6217: CRATER 
LANGRENUS. 

FIG. 2 1 - 8 .  6 2 3 1 :  NORTHEAST 
MARE TRANQUIL L l -  
TATIS. 

FIG.  2 1 - C .  6356: CRATERS 
1 9 8 ,  191, AND 200. 
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Photograph Frame No.: 6449 ( F i g u r e  22-A) 

Film Type: Black and White - 3400 

P r i n c i p a l  Po in t :  L a t i t u d e  - 6 . O " N  
Longitude - 120.5"E 

Sun Angle: High 

S u b j e c t :  Crater 2 1 1  i s  r e l a t i v e l y  b r i g h t ,  and may be  of  Copernican 
age .  A l s o  known as T a r g e t  of  Oppor tun i ty  4 6 ,  t h i s  c r a t e r  has  a l a r g e  
"U" shaped c e n t r a l  cone. 
t h i s  fo rma t ion ,  which can  be  s e e n  i n  s t e r e o g r a m  i n  r e f e r e n c e  1, page 1 0  

The Apo l lo  1 0  a s t r o n a u t s  a l s o  photographed 

Photograph Frame No.:  6472 ( F i g u r e  2 2 - B )  

Film Type: Black and White - 3400 

Sun Angle: High 

S u b j e c t :  This n o r t h w e s t e r l y  view shows C r a t e r  Condorcet on t h e  s o u t h -  
e a s t e r n  quadran t  of Mare C r i s i u m .  The l a r g e  mountain t o  t h e  l e f t  of 
c e n t e r  i s  Promontorium Agarum. The a n g l e  of t i l t  of t h i s  photograph 
i s  approx ima te ly  70" t o  t h e  n o r t h w e s t .  C r a t e r  Condorcet is  a p p r o x i -  
m a t e l y  42- n a u t i c a l  m i l e s  i n  d i a m e t e r .  
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F I G .  22-A. 6449:  
CRATER 211. 

F I G .  22-6.  6472:  CRATER 
51 CON DORC E T. 



V I .  PHOTOGRAPHIC CONSTRUCTIONS 

Nine panoramic views,  one s t r i p  sequence ,  and one mosaic  c o n s t r u c -  
t i o n  a r e  included i n  t h i s  s e c t i o n .  The panoramic views a re  shown i n  
F i g u r e s  25 through 31, and F i g u r e  2 3  p rov ides  a key  t o  t h e i r  l o c a t i o n ,  
r e l a t i v e  t o  t h e  LM l o c a t i o n .  
of t h e  Apollo 11 l and ing  s i t e .  I n  most c a s e s ,  t h e  component photographs 
of t h e  panoramic views were f i t t e d  t o g e t h e r  t o  p rov ide  t h e  b e s t  p o s s i b l e  
p i c t o r i a l  r e p r e s e n t a t i o n  of  t h e  t e r r a i n  i n  t h e  fo reg round ,  and n o t  i n  
t h e  background o r  h o r i z o n  a r e a .  These were p repa red  i n  t h i s  manner i n  
o r d e r  t o  g i v e  t h e  most a c c u r a t e  r e p r e s e n t a t i o n  p o s s i b l e  of t h e  n e a r e s t  
t opograph ica l  f e a t u r e s  t h a t  can  b e  s e e n  t h e  b e s t ,  e .g . ,  r o c k s ,  c r a t e r  
r i m s ,  hummocky t e r r a i n ,  e t c .  This  accoun t s  f o r  t h e  d i s c o n t i n u i t y  on t h e  
h o r i z o n  between some of t h e  component photographs .  

F i g u r e  24 shows t h e  g e o g r a p h i c a l  l o c a t i o n  

F i g u r e  32 provides  a sequence  of  photographs of a n  a r e a  a long  t h e  
equa to r  ex tending  westward from C r a t e r s  Sab ine ,  R i t t e r ,  and Schmidt.  
F i g u r e  33 i s  a mosaic c o n s t r u c t i o n  of  c r a t e r  308 on t h e  l u n a r  f a r s i d e .  

52  



3 
W 



- *  

. 

54 



PANORAMIC VIEWS, STRIP SEQUENCE, AND MOSAIC VIEW 
CONSTRUCTED FROM APOLLO 11 PHOTOGRAPHS 

F i g u r e  Number: 25 

Component Photographs: 544915450 

Subjec t :  This is  a view t o  t h e  southwes t  from t h e  LM window; t h e  
LM t h r u s t e r  is i n  t h e  foreground ( T r a n q u i l l i t y  Base). 
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F i g u r e  Number: 26 

Component Photographs: 5454/5455/5456/5457/5458 

S u b j e c t :  This  i s  a view rang ing  from t h e  w e s t  ( l e f t  end of s e r i e s ) ,  
t o  t h e  no r th -nor thwes t  ( r i g h t  end of s e r i e s ) ,  f rom t h e  LM window, 
b e f o r e  the f l a g  and TV camera were emplaced. 
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F i g u r e  Number: 2 7  

Component Photographs: 5 4 6 5 / 5 4 6 6 / 5 4 6 7 / 5 4 6 8 / 5 4 6 9  

S u b j e c t :  
r o c k  f i e l d  i n  background, and t h e  TV camera and t h e  f l a g  i n  t h e  f o r e -  
ground. 

This i s  a n o r t h w e s t e r l y  view a t  T r a n q u i l l i t y  Base w i t h  t h e  

8 
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F i g u r e  Number: 28 

Component Photographs: 5759/5760/5761/5762 

Sub jec t :  This  is  a s o u t h w e s t e r l y  view from t h e  LM, showing t h e  doub le  
c r a t e r  and shadow of t h e  LM on t h e  l u n a r  s u r f a c e .  
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F i g u r e  Number: 29-A 

Component Photographs: 5 8 5 3 / 5 8 5 4 / 5 8 5 5 / 5 8 5 6 / 5 8 5 7 / 5 8 5 8  

S u b j e c t :  This composi te  view, r a n g i n g  from a s o u t h w e s t e r l y  d i r e c t i o n  on 
t h e  l e f t  t o  a n o r t h e a s t e r l y  d i r e c t i o n  on t h e  r i g h t ,  g i v e s  a good i d e a  
of  t h e  types o f  t e r r a i n  i n  t h e  v i c i n i t y  of T r a n q u i l l i t y  Base. I n  t h e  
c e n t e r  of t h i s  panoramic view, some f a i r l y  l a r g e  b o u l d e r s  can  b e  s e e n .  
This  se r ies  w a s  t aken  from a p o i n t  c l o s e  t o  t h e  western-most  foo tpad  
of  t h e  LM. 

F i g u r e  Number: 29-B 

Component Photographs: 5888/5889/5890/5891 

Sub jec t :  The photographs i n  th i s  panoramic s c e n e  were t aken  from a 
p o i n t  approx ima te ly  11 meters t o  t h e  wes t - sou thwes t  of t h e  LM a t  
T r a n q u i l l i t y  Base. The d i r e c t i o n  of  view v a r i e s  from e a s t - s o u t h e a s t  
gn t h e  l e f t  end t o  s o u t h - s o u t h e a s t  on t h e  r i g h t .  A s t r o n a u t  A l d r i n  
e v i d e n t l y  s tood on t h e  r i m  of a c ra te r ,  approx ima te ly  1 2  me te r s  i n  
d i a m e t e r ,  w h i l e  t a k i n g  t h i s  s e r i e s  of  p i c t u r e s .  

64 





F i g u r e  Number: 30-A 

Component Photographs: 5907/5908/5909/5910/5911 

S u b j e c t :  This panoramic s e r i e s  w a s  taken from a p o i n t  approx ima te ly  
1 2  me te r s  n o r t h  of  t h e  LM; t h e  d i r e c t i o n  of  view ranges  from nor thwes t  
on t h e  l e f t  end, through n o r t h  i n  t h e  c e n t e r ,  t o  e a s t - n o r t h e a s t  on t h e  
r i g h t  end. The TV camera i s  shown approximately 1 2  me te r s  t o  t h e  n o r t h -  
w e s t  o f  t h e  p o i n t  from which t h e  p i c t u r e s  were taken.  The s o i l  mater ia l  
on t h e  r i m  of t h e  c r a t e r  i n  t h e  immediate foreground appea r s  t o  be  q u i t e  
l o o s e  and g r a n u l a r .  

F i g u r e  Number: 30-B 

Component Photographs: 5937/5938/5939/5940/5941 

S u b j e c t :  Th i s  s e r i e s  of photographs was t aken  by A s t r o n a u t  Armstrong 
from a p o i n t  approx ima te ly  20 me te r s  s o u t h e a s t  of  t h e  LM. D i r e c t i o n  
of view ranges  from s o u t h e a s t  a t  t h e  l e f t  end of t h e  panoramic s e r i e s ,  
t h rough  s o u t h ,  t o  w e s t  a t  t h e  r i g h t  end o f  t h e  s e r i e s .  The a r e a  i s  
f a i r l y  w e l l  covered w i t h  rocks  and s m a l l  b o u l d e r s .  
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F i g u r e  Number: 31 

Component Photcgraphs:  5955/j956/5557/5958/5560 

S u b j e c t :  This  s e r i e s  w a s  t aken  from the  r i m  of a 35-meter-diameter  
c r a t e r  by A s t r o n a u t  Armstrong, who was s t a n d i n g  a t  a p o i n t  approx i -  
ma te ly  62 meters  t o  t h e  e a s t  o f  t h e  LM. The d i r e c t i o n  of  view ranges  
from nor thwes t  a t  t h e  l e f t  end of  t h e  s e r i e s ,  th rough n o r t h ,  t o  e a s t -  
n o r t h e a s t  on t h e  r i g h t  end of t h e  s e r i e s .  I n  t h e  foreground,  one can  
obse rve  t h e  s t e r e o  c lose -up  camera 'des igned  by t h e  Eas tman Kodak Company 
f o r  photographing t h e  f i n e  s t r u c t u r e  of l u n a r  s o i l s  b e f o r e  t h e  samples 
were dug f o r  r e t u r n  t o  e a r t h .  The camera was a l s o  des igned  f o r  photo-  
g raph ing  l a r g e r  rocks  o r  f i s s u r e s ,  o r  the  j u n c t i o n  of i n t e r e s t i n g  forma- 
t i o n s .  When extended f o r  u se ,  t h e  camera i s  14.5 inches  h i g h ,  and t h e  
hand le  t e l e s c o p e s  t o  a h e i g h t  o f  32 inches above t h e  s u r f a c e  t o  be  photo-  
graphed .  The camera holds  t h e  f i l m  approximate ly  10  inches  from t h e  
s u r f a c e ;  t h e  r e s u l t i n g  photographs w i l l  enab le  s c i e n t i s t s  t o  see p a r t i c l e s  
s m a l l e r  than  2/1000ths  of a n  i n c h ,  and t o  i d e n t i f y  t h e  s h a p e  of p a r t i c l e s  
a s  sma l l  a s  4 /1000ths  of an inch .  Each exposure y i e l d s  a s t e r e o  p a i r  of  
t h e  l u n a r  s u r f a c e  t h r e e  inches  s q u a r e .  The camera l e n s e s  a r e  a r r anged  
such  t h a t  a 9-degree  s t e r e o  a n g l e  is  provided.  The camera has  a f i x e d  
s h u t t e r  speed of 1 / 1 0 0 t h  of a s econd ,  a f i x e d  e f f e c t i v e  a p e r t u r e  of 
f l 2 2 . 6 ,  and i s  equipped w i t h  an e l e c t r o n i c  f l a s h  mechanism which pro-  
v i d e s  a 200 microsecond f l a s h .  

72 





N 
m 

.. 
M 
aJ 
P 

z 
s 
aJ 
2 
M 

rl a -. 
m 
N 
-l 
9 

.. 
m 
-E. 
m 
M 
M 
0 
U 
0 e 
6, 
U 

G 
0 a 

V 

U 
C 
a J E  u o  
M M  

5 m  o s  e a  
a m  

v) 
a, 
aJ 

0 
h 

0 
U 

In 
9 



f ZG9 

bZL9  

G Z 1 9  

LZL9 

- 

8ZG9 

6ZC9 
c 



F i g u r e  Number: 33 

Component Photographs:  6151j615216i53 

S u b j e c t :  This  mosa ic ,  which was cons t ruc t ed  from t h e  t h r e e  photo-  
graphs  l i s t e d  above,  p r e s e n t s  an ob l ique  view of c r a t e r  308, approx i -  
ma te ly  5"S,  179"E. The s c a l e  of photograph 6152 is approx ima te ly  27 p e r -  
c e n t  g r e a t e r  than  t h a t  o f  6151 and 6153; a l s o ,  t h e  t i l t  a n g l e  of 6152 i s  
approx ima te ly  65" t o  t h e  s o u t h e a s t ;  whereas ,  t h a t  of 6151 and 6153 is  
approx ima te ly  55" t o  t h e  s o u t h .  These two d i f f e r e n c e s  accoun t  f o r  t h e  
d i s c o n t i n u i t y  on t h e  c ra te r  r i m  between photographs 6152 and 6153. 



6151 

FIG.  33. 6 i S i  i 6152 / 6?53: 
OF C R A T E R  308. 



S W R Y  REMARKS 

There i s  no doub t  tha t  t h e  p i c t o r i a l  i n f o r m a t i o n  ob ta ined  by t h e  
Apo l lo  a s t r o n a u t s  w i l l  c o n t r i b u t e  much toward conduc t ing  r ea l i s  t i c  f u t u r e  
m i s s i o n  p l ann ing .  Use of  t h e  photography r e s u l t i n g  from Apo l lo  11, as 
w e l l  as p rev ious  and f u t u r e  Apo l lo  f l i g h t s ,  should be  f u l l y  e x p l o i t e d .  

S c i e n t i s t s  engaged i n  e a r t h  r e s o u r c e s  a n a l y s e s  shou ld  f i n d  t h a t  
t h e  e a r t h  photographs r e s u l t i n g  from t h i s  m i s s i o n ,  such  as those  shown 
i n  F i g u r e s  1-A,  1-B, 2-A, 2-B, and 3-A i n  t h i s  r e p o r t ,  c o n t a i n  a v a s t  
amount of u s e f u l  i n f o r m a t i o n .  

Based upon pho tograph ic  cove rage  of t h e  t e r r a i n  i n  and around t h e  
T r a n q u i l l i t y  Base area,  i t  i s  concluded t h a t  l u n a r  rov ing  v e h i c l e s  can 
b e  maneuvered and o p e r a t e d  s a f e l y  and e f f e c t i v e l y  i n  mare a r e a s  s imi la r  
t o  t h e  T r a n q u i l l i t y  Base a r e a ,  provided a r e a s o n a b l e  amount of d r i v e r  
c a u t i o n  and r o u t e  s e l e c t i o n  i s  e x e r c i s e d .  

A n a l y s i s  of photographs t a k e n  d u r i n g  f u t u r e  Apo l lo  l u n a r  s u r f a c e  
a c t i v i t i e s  w i l l  i n c r e a s e  t h e  c o n f i d e n c e  i n  l u n a r  r o v i n g  v e h i c l e  d e s i g n ,  
and w i l l  b e  h e l p f u l  i n  p r e p a r i n g  v e h i c l e  o p e r a t i n g  g u i d e l i n e s .  
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