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APOLLO 11 

The Uni ted  S t a t e s  w i l l  l aunch  a three-man s p a c e c r a f t  

toward t h e  Moon on J u l y  16 w i t h  t h e  g o a l  o f  l a n d i n g  two a s t r o n a u t -  

e x p l o r e r s  on t h e  l u n a r  s u r f a c e  f o u r  d a y s  l a t e r .  

I f  t h e  mis s ion - -ca l l ed  Apollo 11-5s s u c c e s s f u l ,  man w i l l  

accomplish h i s  long-time dream o f  walk ing  on a n o t h e r  c e l e s t i a l  

body. 

The f i r s t  a s t r o n a u t  on the  Moon's s u r f a c e  w i l l  be  38-year-old 

N e i l  A.  Armstrong of Wapakoneta, Ohio, and h i s  i n i t i a l  a c t  w i l l  be 

to u n v e i l  a p l aque  whose message symbol izes  t h e  n a t u r e  o f  t h e  

jou rney  . 

Aff ixed  to t he  l e g  o f  t h e  l u n a r  l a n d i n g  v e h i c l e ,  t h e  p laque  

i s  s i g n e d  by P r e s i d e n t  Nixon, Armstrong and h i s  Apollo 11 compan- 

i o n s ,  Michael  C o l l i n s  and Edwin E .  A l d r i n ,  Jr. 
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It b e a r s  a map of  the  E a r t h  and t h i s . i n s c r i p t i o n :  

HERE MEN FROM THE PLANET EARTH 

FIRST SET FOOT UPON THE MOON 

J U L Y  1969 A . D .  

WE CAME I N  PEACE FOR ALL MANKIND 

The p l aque  i s  f a s t e n e d  to t h e  descen t  s t a g e  of  t h e  l u n a r  

module and t h u s  becomes a permanent a r t i f a c t  on the l u n a r  s u r -  

f a c e .  

Later Armstrong and A l d r i n  w i l l  emplant  an American f l a g  

on t h e  s u r f a c e  o f  t h e  Moon. 

The Apollo 11 crew w i l l  a l s o  c a r r y  to t h e  Moon and r e t u r n  

two l a r g e  American f lags ,  f lags  of t he  50 s ta tes ,  D i s t r i c t  of  

Columbia and U . S .  T e r r i t o r i e s ,  flags of  o t h e r  n a t i o n s  and t h a t  

of t h e  Uni ted  Nat ions  O r g a n i z a t i o n .  

During t h e i r  22-hour s t a y  on t h e  l u n a r  s u r f a c e ,  Armstrong 

and A l d r i n  w i l l  spend up t o  2 hour s  and 40 minutes  o u t s i d e  t h e  

l u n a r  module, a l s o  g a t h e r i n g  samples o f  l u n a r  s u r f a c e  mater ia l  

and dep loy ing  s c i e n t i f i c  exper iments  which w i l l  t r a n s m i t  back 

to E a r t h  v a l u a b l e  data on the  l u n a r  environment .  

Apollo 11 i s  schedu led  f o r  launch  a t  9:32 a . m .  EDT J u l y  1 6  

from t h e  N a t i o n a l  Aeronau t i c s  and Space A d m i n i s t r a t i o n ' s  Kennedy 

Space Center  Launch Complex 39-A. The miss ion  w i l l  b e  the  f i f t h  

manned Apollo f l i g h t  and t h e  t h i r d  to t h e  Moon. 

-more- 
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The prime mis s ion  o b j e c t i v e  of  Apollo 11 i s  s ta ted simply:  

"Perform a manned l u n a r  l a n d i n g  and r e t u r n " .  S u c c e s s f u l  f u l f i l l -  

ment of t h i s  o b j e c t i v e  w i l l  meet a n a t i o n a l  g o a l  of  t h i s  decade ,  

as s e t  by P r e s i d e n t  Kennedy May 25,  1961. 

Apollo 11 Commander Armstrong and Command Module P i l o t  

C o l l i n s  38, and Lunar Module P i l o t  A l d r i n ,  39, w i l l  each  b e  

making h i s  second space  f l i g h t .  Armstrong w a s  Gemini 8 commander, 

and backup Apollo 8 commander; C o l l i n s  was Gemini 1 0  p i l o t  and 

was command module p i l o t  on the  Apollo 8 crew u n t i l  s p i n a l  

s u r g e r y  f o r c e d  h i m  to l e a v e  the  crew f o r  r e c u p e r a t i o n ;  and A l d r i n  

was Gemini 1 2  p i l o t  and Apollo 8 backup l u n a r  module p i l o t .  

Armstrong i s  a c i v i l i a n ,  C o l l i n s  a U S A F  l i e u t e n a n t  c o l o n e l  and 

A l d r i n  a USAF c o l o n e l .  

Apollo 11 backup crewmen are Commander James A .  L o v e l l ,  

Command Module P i l o t  W i l l i a m  A .  Anders, b o t h  of  whom were on t h e  

Apollo 8 f i rs t  l u n a r  o r b i t  mi s s ion  crew, and Lunar Module P i l o t  

F red  W. Haise. 

-more- 
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The backup crew f u n c t i o n s  i n  t h r e e  s i g n i f i c a n t  c a t e g o r i e s .  

They h e l p  t h e  prime crew w i t h  miss ion  p r e p a r a t i o n  and hardware 

checkout a c t i v i t i e s .  They r e c e i v e  n e a r l y  complete  miss ion  

t r a i n i n g  which becomes a va luab le  founda t ion  for l a t e r  assignment  

as a prime crew and f i n a l l y ,  should  the  prime crew become unava i l -  

ab l e ,  they  a r e  p repa red  to f l y  as prime crew on schedule  up u n t i l  

t h e  l as t  f e w  weeks a t  which t i m e  f u l l  d u p l i c a t e  t r a i n i n g  becomes 

t o o  c o s t l y  and t i m e  consuming to be  p r a c t i c a l .  

Apollo 11, a f t e r  launch  from Launch Complex 39-A, w i l l  

beg in  t h e  three-day voyage to t h e  Moon about  two and a h a l f  h o u r s  

a f t e r  t h e  s p a c e c r a f t  i s  i n s e r t e d  i n t o  a 1 0 0 - n a u t i c a l  m i l e  c i r c u l a r  

Earth p a r k i n g  o r b i t .  The Sa tu rn  V launch v e h i c l e  t h i r d  stage w i l l  

r e s t a r t  t o  i n j e c t  Apollo 11 i n t o  a t r a n s l u n a r  t r a j e c t o r y  as t h e  v e -  

h i c l e  pas ses  ove r  t h e  P a c i f i c  midway through t h e  second Ea r th  park-  

i n g  o r b i t .  

The "go" f o r  t r a n s l u n a r  i n j e c t i o n  w i l l  f o l low a complete check- 

ou t  o f  t he  space veh ic l e ' s  r e a d i n e s s  to b e  committed f o r  i n j e c t i o n .  

About a ha l f  hour  a f t e r  t r a n s l u n a r  i n j e c t i o n  ( T L I ) ,  t he  command/ 

s e r v i c e  module w i l l  s e p a r a t e  from t h e  Sa tu rn  t h i r d  s t a g e ,  t u r n  around 

and dock w i t h  t h e  l u n a r  module n e s t e d  i n  t h e  s p a c e c r a f t  LM adapter.  

Spring-loaded l u n a r  module holddowns w i l l  be r e l e a s e d  to e j e c t  t h e  

docked s p a c e c r a f t  from t h e  a d a p t e r .  

-more- 
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Later ,  l e f t o v e r  l i q u i d  p r o p e l l a n t  i n  the  S a t u r n  t h i r d  stage 

w i l l  be ven ted  th rough  t h e  e n g i n e  b e l l  t o  p l a c e  the  s t a g e  i n t o  

a " s l i n g s h o t "  t r a j e c t o r y  to m i s s  t h e  Moon and go i n t o  s o l a r  o r b i t .  

During the  t r a n s l u n a r  c o a s t ,  Apollo 11 w i l l  be  i n  the  p a s s i v e  

thermal c o n t r o l  mode i n  which t h e  s p a c e c r a f t  r o t a t e s  s lowly  about  

one o f  i t s  axes  to s t a b i l i z e  thermal r e sponse  to s o l a r  h e a t i n g .  Four  

midcourse c o r r e c t i o n  maneuvers are p o s s i b l e  d u r i n g  t r a n s l u n a r  c o a s t  

and w i l l  b e  p lanned  i n  r e a l  t i m e  to a d j u s t  t h e  t r a j e c t o r y .  

Apollo 11 w i l l  f i rs t  be i n s e r t e d  i n t o  a 60-by-170-nautical  

m i l e  e l l i p t i c a l  l u n a r  o r b i t ,  which two r e v o l u t i o n s  l a t e r  w i l l  b e  

a d j u s t e d  t o  a n e a r - c i r c u l a r  54 x 6 6  nm. Both l u n a r  o r b i t  i n s e r t i o n  

burns  (LOI), us ing  the s p a c e c r a f t ' s  20,500-pound-thrust  s e r v i c e  

p r o p u l s i o n  system, w i l l  b e  made when Apol lo  11 is  beh ind  the  Moon and 

o u t  of " s i g h t "  of Manned Space F l i g h t  Network s t a t i o n s .  

Some 2 1  hours  a f t e r  e n t e r i n g  l u n a r  o r b i t ,  Armstrong and 

A l d r i n  w i l l  man and check o u t  the l u n a r  module f o r  t h e  descen t  to 

t he  s u r f a c e .  The LM d e s c e n t  p r o p u l s i o n  system w i l l  p l a c e  t h e  LM i n  

an e l l i p t i c a l  o r b i t  w i t h  a p e r i c y n t h i o n ,  o r  low p o i n t  above t h e  Moon, 

of 50,000 f e e t ,  from which the  a c t u a l  d e s c e n t  and touchdown w i l l  b e  

made. 

-more- 
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Af te r  touchdown,the l a n d i n g  crew w i l l  f i r s t  ready t h e  l u n a r  

module f o r  immediate a s c e n t  and t h e n  t a k e  a b r i e f  r e s t  b e f o r e  

d e p r e s s u r i z i n g  t h e  c a b i n  f o r  two-man EVA about  1 0  hours  a f t e r  

touchdown. Armstrong w i l l  s t e p  o n t o  t h e  l u n a r  s u r f a c e  f i r s t ,  

fo l lowed by A l d r i n  some 4 0  minutes  l a t e r .  

During t h e i r  two hours  and 40 minutes  on t h e  s u r f a c e ,  

Armstrong and Ald r in  w i l l  g a t h e r  g e o l o g i c  samples f o r  r e t u r n  to 

E a r t h  i n  sealed sample r e t u r n  c o n t a i n e r s  and s e t  up two s c i e n t i f i c  

exper iments  f o r  r e t u r n i n g  Moon data to Ear th  long  a f t e r  t h e  mis s ion  

i s  complete.  

One exper iment  measures moonquakes and meteoro id  impacts  on t h e  

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

or t h a t  w i l l  m i r r o r  l a se r  beams back to p o i n t s  on E a r t h  to a id  i n  

expanding s c i e n t i f i c  knowledge bo th  o f  t h i s  p l a n e t  and  of t h e  Moon. 

The l u n a r  module 's  descen t  s t a g e  w i l l  s e r v e  as a launching  

pad f o r  t h e  crew c a b i n  as t h e  3,500-pound-thrust  a s c e n t  engine  

p r o p e l s  t h e  LM a s c e n t  s t a g e  back i n t o  l u n a r  o r b i t  f o r  rendezvous 

w i t h  C o l l i n s  i n  t h e  command/service module--orbi t ing 60 mi les  above 

t h e  Moon. 

-more- 
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Four b a s i c  maneuvers, a l l  performed by t h e  LM crew u s i n g  

the  s p a c e c r a f t ' s  small maneuvering and a t t i t u d e  t h r u s t e r s ,  w i l l  

b r i n g  t h e  LM and t h e  command module t o g e t h e r  f o r  docking  about  

three and a h a l f  hour s  af ter  l i f t o f f  from t h e  Moon. 

The boos t  o u t  of  l u n a r  o r b i t  f o r  t h e  r e t u r n  jou rney  i s  planned 

f o r  about  135 hours  a f t e r  E a r t h  l i f t o f f  and a f te r  t h e  LM a s c e n t  

s t a g e  has been j e t t i s o n e d  and l u n a r  samples and f i l m  stowed aboard  

the  command module. An o p t i o n a l  p l a n  p r o v i d e s  f o r  a 12-hour  d e l a y  

i n  t h e  t r a n s e a r t h  i n j e c t i o n  burn  to a l low t h e  crew more res t  a f t e r  

a long  hard  d a y ' s  work on t h e  l u n a r  s u r f a c e  and f l y i n g  t h e  rendezvous.  

The t o t a l  mi s s ion  t i m e  to splashdown would remain about  t h e  same, 

s i n c e  t h e  t r a n s e a r t h  i n j e c t i o n  burn would i m p a r t  a h i g h e r  v e l o c i t y  

to b r i n g  t h e  s p a c e c r a f t  back to t h e  mid -Pac i f i c  recovery  l i n e  a t  

about  t h e  same t i m e .  

The rendezvous sequence to be  flown on Apol lo  11 has twice  

been flown w i t h  t he  Apollo spacecraf t - - -once  i n  E a r t h  o r b i t  on 

Apollo 9 and once i n  l u n a r  o r b i t  w i t h  Apollo 1 0 .  The Apollo 10  

mis s ion  d u p l i c a t e d ,  e x c e p t  for t h e  a c t u a l  l a n d i n g ,  a l l  a s p e c t s  o f  

t h e  Apollo 11 t i m e l i n e .  

-more- 
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During t h e  t r a n s e a r t h  c o a s t  p e r i o d ,  Apollo 11 w i l l  a g a i n  

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

"barbeque" t e c h n i q u e .  Three t r a n s e a r t h  midcourse c o r r e c t i o n s  are 

p o s s i b l e  and w i l l  b e  p lanned  i n  r ea l  t i m e  to a d j u s t  t h e  E a r t h  

e n t r y  c o r r i d o r .  

Apollo 11 w i l l  e n t e r  t h e  E a r t h ' s  atmosphere (400 ,000  f e e t )  

a t  195 hour s  and f i v e  minutes  a f t e r  l aunch  a t  36,194 f e e t  p e r  

second. Command module touchdown w i l l  be 1285 n a u t i c a l  miles 

downrange from e n t r y  a t  1 0 . 6  degrees  n o r t h  l a t i t u d e  b y  172.4 

w e s t  l o n g i t u d e  at 195 hours ,19  minutes  a f t e r  Ea r th  launch 12:46 p.m. 

EDT J u l y  2 4 .  The touchdown p o i n t  i s  about  1040 n a u t i c a l  mi l e s  

southwes t  o f  Honolulu,  H a w a i i .  

(END OF GENERAL RELEASE; BACKGROUND INFORMATION FOLLOWS) 

-more- 
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Official  A p o l l o  11 I n s i g n i a  

T h i s  p h o t o g r a p h  n o t  f o r  re lease 
b e f o r e  S a t u r d a y ,  J u l y  5 #  1969 
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APOLLO 11 COUNTDOWN 

The clock for the Apollo 11 cmnt8own w i l l  start a t  T-28 
hours, w i t h  a six--hour built-in-hold planned at T-9 hours, p r i o r  
t o  launch vehicle propellant loading, 

The countdown is preceded by a pre-count operation that 
begins some 5 days before launch, During t h i s  er iod the tasks 
include mechanical buildup of both the  command..ervice module 
and W, f u e l  ce l l  ac t iva t ion  and servicing and loading of the 
super c r i t i ca l  helium aboard t h e  LM descent stage,  

Following are sane of the highlights of the  f i n a l  count: 

T-28 hrs,  Official countdown starts 

T-27 hrs. 30 mins, I n s t a l l  launch vehicle f l i g h t  batteries 
( t o  23 hrs,  30 mins,) 

LM stowage and cabin closeout ( t o  15 hrs.) 

T-21 hrs  , 

T-16 hrs,  

Top off IJVI super cr i t ical  helium ( t o  

Launch vehicle range safety checks ( t o  

19 hrs. ) 

15 hr s  , ) 

T-11 hrs,  30 mins. I n s t a l l  launch vehicle destruct  devices 
( t o  10 hrs,  45 mins,) 

operations 
Command/service module pre-ingress 

T-10 hrs. Start mobile service s t ruc ture  move t o  
park si te 

T-9 hrs,  Start s i x  hour built-in-hold 

T-9 hrs. counting Clear blast area f o r  propellant loading 

T-8 hrs, 30 rnins. Astronaut backup crew t o  spacecraft f o r  
prelaunch checks 

T-8 hrs. 15 mins, Launch Vehicle propellant loading, three 
stages ( l iqu id  oxygen i n  first stage) 
l i qu id  oxygen and l i qu id  hydrogen i n  
second, t h i r d  stages , 

Continues thru T-3 hrs, 38 mins, 

-more- 
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T-5 hrs. 17 mins. 

T-5 hrs. 02 mins. 

T-4 hrs. 32 mins. 

T-3 hrs. 57 mins. 

T-3 hrs.  07 mins. 

T-2 hrs .  55 

T-2 hrs. 40 mins. 

T-1 hr. 55 rnins. 

~ - 1  hr. 50 mins. 

~ - i  hr. 46 mins. 

T-43 mins. 

T-42 mins, 

T-40 mins. 

T-30 mins. 

T-20 mins, to 
T-10 mlns. 

T-15 mins. 

T-6 mins. 

T-5 mlns. 

T-3 mins, 10 sec, 

T-50 sec. 

Flight crew alerted 

Medical examinat ion  

Breakfast 

Don space s u i t s  

Depart Manned Spacecraft Operations Build- 
ing  f o r  LC-39 via crew t r a n s f e r  van 

Arrive a t  LC-39 

Start f l i g h t  crew Ingress 

Mlsslon Control Center-Houston/spacecraft 
command checks 

Abort advisory system checks 

Space vehicle  Rnergency Detection System 

Retrack Apollo access am to  standby 

(EM) test 

pos i t i on  (12 degrees) 

Arm launch escape system 

Final  launch vehicle  range safety checks 

Launch vehicle  power t r a n s f e r  test 

I& switch over t o  i n t e r n a l  power 

( t o  35 mins.) 

Shutdown IN operat ional  Instrumentation 

Spacecraft  t o  i n t e r n a l  power 

Space vehicle  f i n a l  s t a t u s  checks 

P . r m  des t ruc t  system 

Apollo access arm f u l l y  r e t r a c t e d  

I n i t i a t e  firing command (automatic sequencer) 

Launch vehicle  t r a n s f e r  t o  i n t e r n a l  power 

-more- 
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T-8.9 see. Ignition sequence start 

T-2 sec. 

T-O 

A311 engines running 

Uftoff  

*Note: Some changes In the  above countdown are pO8f3Ible as a 
result of experience gained In the Countdown Demonstration 
Test (CDIYF) which occurs about 10 days before launch. 

-more- 
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M I S S I O N  TRAJECTORY AND MANEUVER DESCRIPTION 

In fo rma t ion  p r e s e n t e d  h e r e i n  i s  based upon a J u l y  16 launch  
and i s  s u b j e c t  to change p r i o r  t o  t h e  mis s ion  or i n  real  t i m e  
d u r i n g  the  miss ion  to meet changing c o n d i t i o n s .  

Launch 

Apollo 11 w i l l  be launched from Kennedy Space Cen te r  Launch 
Complex 39A on a launch  azimuth tha t  can vary  from 72 degrees t o  
106 degrees ,  depending upon the t i m e  o f  day of launch .  The azimuth 
changes w i t h  t i m e  of day to p e r m i t  a fuel-optimum i n j e c t i o n  from 
Ear th  p a r k i n g  o r b i t  i n t o  a f r e e - r e t u r n  c i rcumlunar  t r a j e c t o r y .  
Other f a c t o r s  i n f l u e n c i n g  the launch windows are a day l igh t  launch  
and p r o p e r  Sun a n g l e s  on the  l u n a r  l a n d i n g  s i tes .  

The planned Apollo 11 launch  date o f  J u l y  1 6  w i l l  c a l l  f o r  
l i f t o f f  a t  9:32 a . m .  EDT on a launch  azimuth of 72 degrees. The 
7.6-million-pound t h r u s t  S a t u r n  V f i rs t  stage b o o s t s  t he  space  
v c 5 i c l e  to an a l t i t u d e  of 36.3 nm at  50.6 nm downrange and i n c r e a s e s  
t h e  v e h i c l e ' s  v e l o c i t y  to 9030.6 fps  i n  2 minutes  40.8 seconds 
of powered f l i g h t .  F i r s t  stage t h r u s t  b u i l d s  t o  9,088,419 pounds 
be fo re  c e n t e r  eng ine  shutdown. Fol lowing out-board eng ine  shutdown, 
the  f i r s t  stage s e p a r a t e s  and f a l l s  i n t o  t h e  A t l a n t i c  Ocean about 
340 nm downrange ( 3 0 . 3  degrees North l a t i t u d e  and 73.5 degrees West 
l o n g i t u d e )  some 9 minutes  a f t e r  l i f t o f f .  

The 1-million-pound t h r u s t  second stage (S-11) c a r r i e s  t he  
space  v e h i c l e  to an a l t i t u d e  o f  1 0 1 . 4  nm and a d i s t a n c e  of 885 nm 
downrange. Before engine  bu rnou t ,  t he  v e h i c l e  w i l l  be  moving a t  a 
speed of 22,746.8 fps .  The o u t e r  5-2 eng ines  w i l l  burn 6 minutes 
29 seconds d u r i n g  t h i s  powered phase, b u t  t h e  c e n t e r  eng ine  w i l l  be 
c u t  o f f  a t  4 minutes  56 seconds a f t e r  S-I1 i g n i t i o n .  

A t  ou tboard  eng ine  c u t o f f ,  t h e  S-I1 separates and ,  f o l l o w i n g  
a b a > l i s t i c  t r a j e c t o r y ,  p lunges  i n t o  t h e  A t l a n t i c  Ocean about 
2,300 nm downrange from t h e  Kennedy Space Cen te r  ( 3 1  degrees  North 
l a t i t u d e  and 33.6 degrees West l o n g i t u d e )  some 20 minutes  a f t e r  
l i f t o f f .  

The first burn  o f  t he  S a t u r n  V t h i r d  s t a g e  (S-IVB) occur s  
immediately a f t e r  S-I1 stage s e p a r a t i o n .  It w i l l  l a s t  l o n g  enough 
(145 seeonds)  to i n s e r t  t he  space  v e h i c l e  i n t o  a c i r c u l a r  E a r t h  park-  
i n g  o r b i t  beg inn ing  at  about  4,818 nm downrange. V e l o c i t y  a t  E a r t h  
o r b i t a l  i n s e r t i o n  w i l l  be 25,567 f p s  a t  11 minutes  5Q seconds ground 
elapsed t i m e  (GET). I n c l i n a t i o n  w i l l  b e  32.6 deg rees .  

-more- 
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The crew w i l l  have a backup t o  launch vehic le  guidance during 
powered f l i g h t .  I f  the Saturn instrument u n i t  i n e r t i a l  p la t form 
f a i l s ,  t h e  crew can switch guidance t o  t he  command module systems 
f o r  f i r s t - s t a g e  powered f l i g h t  automatic con t ro l .  Second and t h i r d  
s t age  backup guidance i s  through manual takeover  i n  which crew hand 
c o n t r o l l e r  i npu t s  are fed through t h e  command module computer t o  the 
Saturn instrument u n i t ,  

Ea r th  Parking O r b i t  (EPO) 

Apollo 11 w i l l  remain i n  Ea r th  parking o r b i t  f o r  one-and-one- 
ha l f  revolu t ions  a f t e r  i n s e r t i o n  and w i l l  hold a l o c a l  h o r i z o n t a l  
a t t i t u d e  during t h e  e n t i r e  per iod.  The crew w i l l  perform spacec ra f t  
systems checks i n  prepara t ion  f o r  t h e  t r a n s l u n a r  i n j e c t i o n  ( T L I )  
burn. The f i n a l  "go" f o r  the  TLI  burn w i l l  be given t o  t h e  crew 
through t h e  Carnarvon, Aus t r a l i a ,  Manned Space F l i g h t  Network 
s t a t i o n .  

Translunar I n j e c t i o n  ( T L I )  

t h e  S- IVB th i rd - s t age  engine w i l l  r es ta r t  a t  2:44:15 GET over the  
mid-Pacific j u s t  south of t h e  equator  t o  i n j e c t  Apollo 11 toward 
t h e  Moon. The ve loc i ty  w i l l  increase  from 25,567 fps  t o  35,533 f p s  
a t  TLI cutoff--a ve loc i ty  increase  of 9971 f p s .  The T L I  burn i s  
t a r g e t e d  f o r  about 6 f p s  overspeed to compensate f o r  t h e  l a t e r  SPS 
evasive maneuver a f t e r  LM e x t r a c t i o n .  T L I  w i l l  p lace Apollo 11 on 
a f r ee - r e tu rn  circumlunar t r a j e c t o r y  from which midcourse co r rec t ions  
i f  necessary could b e  made w i t h  t he  SM RCS t h r u s t e r s .  Entry from a 
f ree- re turn  t r a j e c t o r y  would be at 10:37 a . m .  EDT July 22 a t  1 4 . 9  
degrees south l a t i t u d e  by 174 .9  east  longi tude  a f t e r  a f l i g h t  time 
of 145 h r s  04  min. 

Midway through t h e  second revolu t ion  i n  E a r t h  parking o r b i t ,  

Transposi t ion,  Docking and Ejec t ion  (TD&E) 

A t  about t h r e e  hours a f t e r  l i f t o f f  and 2 5  minutes a f t e r  t h e  
TLI  burn, t h e  Apollo 11 crew w i l l  separa te  the command/service 
module from the spacec ra f t  lunar  module adapter  ( S L A ) ,  t h r u s t  out 
away from t h e  S-IVB, t u r n  around and move back i n  f o r  docking wi th  
t h e  lunar  module. Docking should take  p lace  a t  about t h r e e  hours 
and 2 1  minutes GET, and a f t e r  t h e  crew confirms a l l  docking l a t c h e s  
s o l i d l y  engaged, they  w i l l  connect t h e  CSM-to-LN umbil icals  and 
Pressur ize  t h e  LM w i t h  t h e  command module surge tank.  A t  about 4 : 0 9  
GET, t h e  spacec ra f t  w i l l  b e  e j e c t e d  from t h e  spacecraf t  LM adapter  
by sp r ing .dev ices  at  t h e  f o u r  LM landing gear  "knee" a t t a c h  po in t s .  
The e j e c t i o n  sp r ings  w i l l  impart about one fps  ve loc i ty  t o  t h e  
spacec ra f t .  A 19.7 f p s  s e r v i c e  propulsion s y s t e m  (SPS) evasive 
maneuver i n  plane a t  4: 39 \ET w i l l  s epa ra t e  t h e  spacec ra f t  t o  a safe 
d i s t ance  f o r  t h e  S-IVB "s l ingshot"  maneuver i n  which r e s i d u a l  launch 
vehic le  l i q u i d  p rope l l an t s  w i l l  be dumped through t h e  5-2 engine b e l l  
t o  p r o p e l l  t h e  s t age  i n t o  a t r a j e c t o r y  pass ing  behind t h e  Moon's 
t r a i l i n g  edge and on i n t o  so la r  o r b i t .  

-more- 
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T r a n s l u n a r  Coast 

Up to f o u r  midcourse c o r r e c t i o n  burns  are planned d u r i n g  the  
t r a n s l u n a r  c o a s t  phase ,  depending upon the  accuracy  o f  t h e  t r a j e c t o r y  
r e s u l t i n g  f r o m t h e  TLI  maneuver. If r e q u i r e d ,  t h e  midcourse 
c o r r e c t i o n  burns  are p lanned  at TLI  +9 h o u r s ,  TLI  +24  hour s ,  l u n a r  
o r b i t  i n s e r t i o n  ( L O I )  -22 hour s  and LO1 -5 h o u r s .  

During c o a s t  p e r i o d s  between midcourse c o r r e c t i o n s ,  t h e  
s p a c e c r a f t  w i l l  be' i n  t he  p a s s i v e  thermal c o n t r o l  (PTC) or "barbecue" 
mode i n  which t h e  s p a c e c r a f t  w i l l  r o t a t e  s lowly  about  one a x i s  to 
s t a b i l i z e  s p a c e c r a f t  thermal r e sponse  t o  the cont inuous  s o l a r  
exposure .  

Lunar O r b i t  I n s e r t i o n  ( L O I )  

The f i r s t  o f  two l u n a r  o r b i t  i n s e r t i o n  bu rns  w i l l  be made at  
75:54:28 GET a t  an a l t i t u d e  of about  80 nm above t h e  Moon. LOI-1 
w i l l  have a nominal r e t r o g r a d e  v e l o c i t y  change of  2 , 9 2 4  f p s  and w i l l  
i n s e r t  Apollo 11 i n t o  a 60x170-nm e l l i p t i c a l  r l u n a r  o r b i t .  LOI-2 
two o r b i t s  l a t e r  a t  80:09:30 GET w i l l  a d j u s t  t h e  o r b i t  t o  a 54x65-nm 
o r b i t ,  which because o f  p e r t u r b a t i o n s  o f  t h e  l u n a r  g r a v i t a t i o n a l  
p o t e n t i a l ,  w i l l  become c i r c u l a r  a t  60  nm a t  t h e  t i m e  o f  rendezvous 
w i t h  t h e  LM. The bu rn  w i l l  be  157 .8  f p s  r e t r o g r a d e .  Both LO1 man- 
euve r s  w i l l  be  w i t h  t h e  SPS eng ine  n e a r  p e r i c y n t h i o n  when t h e  space-  
c r a f t  i s  behind  t h e  Moon and o u t  of c o n t a c t  w i t h  MSFN s t a t i o n s .  
After LOI-2 ( c i r c u l a r i z a t i o n ) ,  t h e  l u n a r  module p i l o t  w i l l  e n t e r  
t h e  l u n a r  module f o r  a b r i e f  checkout and r e t u r n  to the  command 
module. 

Lunar ModuleDescent , . Lunar Landing 

The l u n a r  module w i l l  be manned and checked ou t  f o r  undock- 
i n g  and subsequent  l a n d i n g  on the  l u n a r  s u r f a c e  at Apollo s i t e  2 .  
Undocking w i l l  take p l a c e  a t  100:09:50 GET p r i o r  to the,MSFN 
a c q u i s i t i o n  of s i g n a l .  A readial ly  downward s e r v i c e  module RCS 
burn  of  2 .5  f p s  w i l l  p l a c e  the.CSM on an e q u i p e r i o d  . o r b i t  w i t h  
a maximum s e p a r a t i o n  o f  2 . 2  nm one ha l f  r e v o l u t i o n  a f t e r  t h e  
s e p a r a t i o n  maneuver. A t  t h i s  p o i n t ,  on l u n a r  fars ide,  t h e  d e s c e n t  
o r b i t  i n s e r t i o n  burn  ( D O I )  w i l l  ,be made w i t h  t h e  l u n a r  module 
d e s c e n t  engine  f i r i n g  r e t r o g r a d e  74.2 f p s  a t  101:38:48 GET. The 
burn  w i l l  s tart  a t  10 p e r  c e n t  t h r o t t l e  f o r  15 seconds and t h e  
remainder  a t  40 p e r  c e n t  t h r o t t l e .  

The D O 1  maneuver lowers  LM p e r i c y n t h i o n  to 50,000 fee t  a t  
a p o i n t  about  1 4  deg rees  uprange o f  l a n d i n g  s i t e  2 .  

-more- 
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A t h ree -phase  powered descen t  i n i t i a t i o n  ( P  
begins  at  p e r i c y n t h i o n  at 102:53:13 GET u s i n g  
to brake  the v e h i c l e  o u t  of t h e  descent  t r a n s f  
ance -con t ro l l ed  PDI  maneuver s ta r t s  about  260 nm p r i o r  to touchdown, 
and i s  i n  r e t r o g r a d e  a t t i t u d e  to reduce  v e l o c i t y  t o  e s s e n t i a l l y  z e r o  
a t  t h e  t ime v e r t i c a l  descent  beg ins .  Spacec ra f t  a t t i t u d e s  range from 
windows down a t  t h e  s t a r t  of PDI ,  to windows up as the s p a c e c r a f t  
r eaches  45,000 f e e t  above t h e  l u n a r  s u r f a c e  and LM l a n d i n g  r a d a r  
data can b e  i n t e g r a t e d  by t h e  LM guidance  computer. The braking 
phase ends a t  about  7 , 0 0 0  f e e t  above the  s u r f a c e  and t h e  s p a c e c r a f t  
i s  r o t a t e d  to an u p r i g h t  windows-forward a t t i t u d e .  The s t a r t  of t h e  
approach phase i s  c a l l e d  high g a t e ,  and t h e  s tar t  of the l a n d i n g  
phase a t  500 feet i s  c a l l e d  low g a t e .  

Both t h e  approach phase and l a n d i n g  phase  a l low p i l o t  take- 
over  from guidance  c o n t r o l  as w e l l  as v i s u a l  e v a l u a t i o n  of  t h e  land-  
i n g  s i t e .  The f i n a l  v e r t i c a l  descen t  t o  touchdown beg ins  a t  about  
150 f e e t  when a l l  forward  v e l o c i t y  i s  n u l l e d  o u t .  V e r t i c a l  descen t  
r a t e  w i l l  be t h r e e  f p s .  Touchdown w i l l  t a k e  p l a c e  at  802:47:11  GET. 
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Lunar Sur face  E x t r a v e h i c u l a r  A c t i v i t y  (EVA) 

end about  22  hours  on t h e  
t o  47:11 
t nd prepara-  

t i o n s  f o r  cont ingency  a scen  i n g ,  t h e  LM crew w i l l  eat  
and r e s t  b e f o r e  d e p r e s s u r i z i n g  t h e  LM f o r  l u n a r  s u r f a c e  
EVA. Both crewmen w i l l  don p o r t a b l e  l i f e  suppor t  s y s t e m  
(PLSS) backpacks w i t h  oxygen purge s y s t e m  u n i t s  (OPS) a t t a c h -  
ed. 

LM d e p r e s s u r i z a t i o n  i s  scheduled  for 112:30 GET w i t h  t h e  
commander b e i n g  the  f i rs t  t o  egress t h e  LM and s t e p  on to  t h e  
l u n a r  s u r f a c e .  H i s  movements w i l l  b e  r eco rded  on still and 
motion p i c t u r e  f i l m  b y  t he  l u n a r  module p i l o t  and by TV de- 
ployed by t h e  commander p r i o r  t o  descending  t h e  l adde r .  The 
LM p i l o t  w i l l  l e a v e  t h e  LM about  2 5  minutes  a f t e r  t h e  com- 
mander and b o t h  crewmen w i l l  c o l l e c t  samples of  l u n a r  mater ia l  
and deploy t h e  E a r l y  Apollo S c i e n t i f i c  Expe’riments Package 
(EASEP) and t h e  s o l a r  wind composi t ion (SWC) experiment .  

The commander, s h o r t l y  a f t e r  s e t t i n g  f o o t  on t h e  l u n a r  
s u r f a c e ,  w i l l  c o l l e c t  a cont ingency  sample of  s u r f a c e  mater- 
i a l  and p l a c e  it i n  h i s  s u i t  pocke t .  Later bo th  crewmen w i l l  
c o l l e c t  as m w h  as 130 pounds o f  l o o s e  materials and c o r e  
samples which w i l l  be  stowed i n  a i r - t i g h t  sample r e t u r n  con- 
t a i n e r s  f o r  r e t u r n  t o  E a r t h .  

P r i o r  to s e a l i n g  t h e  SRC, t h e  SWC exper iment ,  which 
measures t he  e l e m e n t a l  and i s o t o p i c  c o n s t i t u e n t s  of t h e  noble  
( i n e r t )  gases i n  t h e  s o l a r  wind, i s  r o l l e d  up and p l aced  i n  
t h e  c o n t a i n e r  f o r  r e t u r n  to E a r t h  f o r  a n a l y s i s .  P r i n c i p a l  ex- 
pe r imen te r  i s  D r .  Johannes Geiss, U n i v e r s i t y  of  Bern, S w i t z e r l a n d .  

The crew w i l l  photograph t h e  l and ing  s i t e  t e r r a i n  
and i n s p e c t  t h e  LM dur ing  t h e  EVA. They can range ou t  t o  
about  1 0 0  f e e t  from t h e  LM. 

Af te r  both  crewmen have i n g r e s s e d  t h e  LM and have con- 
nec ted  t o  t h e  c a b i n  s u i t  c i r c u i t ,  t h e y  w i l l  d o f f  t h e  PLSS 
backpacks and j e t t i s o n  them a long  w i t h  o t h e r  g e a r  no l o n g e r  
ne  , th rough t h e  LM f r o n t  h a t c h  on to  t h e  l u n a r  s u r f a c e .  

The LM c a b i n  w i l l  be r e p r e s s u r i z e d  at ,out  2 h r s .  4 0  min. 
a f t e r  EVA i n i t i a t i o n  t o  permi t  t r a n s f e r  by  t h e  crew t o - t h e  
LM l i f e  suppor t  s y s t e m s .  The LM w i l l  t h e n  b e  d e p r e s s u r i z e d  
t o  j e t t i s o n  unnecessary equipment t o  t h e  l u n a r  s u r f a c e  and 
be r e p r e s s u r i z e d .  The crew will have a meal and r e s t  p e r i o d  

i n g  f o r  a s c e n t  i n t o  l u n a r  o r b i t  and rendezvousing 

-more- 
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Lunar Sample Collection 

is housed in the modularized equipment stowage assembly (MESA) 
on the LM descent stage. The commander will unstow the equip- 
ment after adjusting to the lunar surface environment. 

Equipment for collecting and stowing lunar surface samples 

Items stowed in the MESA are as follows: 

* Black.and white TV camera. 
* Large scoop for collecting bulk and documented samples 

of loose lunar surface material. 

* Extension handle that fits the large scoop, core tubes 
and hammer. 

* Tongs f o r  collecting samples of rock and for picking up 
dropped t o o l s .  

* Gnomon for vertical reference, color and dimension scale 
for lunar surface photography. 

* Hammer for driving core tubes, chipping rock and for 
trenching (with extension handle attached). 

* 35mm stereo camera. 
* Two sample return containers (SRC) for returning up to 

130 pounds of bulk and documented lunar'samples. Items such as 
large and small sample bags, core tubes, gas analysis and lunar 
environment sample containers are stowed in the SRCs. Both 
containers are sealed after samples have been collected, docu- 
mented and stowed, and .the crew will hoist them into the ascent 
stage by means of an equipment conveyor for transfer into the 
command module and subsequent return t o  Earth for analysis in 
the Lunar Receiving Laboratory. 

Additionally, a contingency lunar sample return container 
is stowed in the LM cabin for use by the commander during the 
early phases of his EVA. The device is a bag attached to an 
extending handle in which the commander will scoop up about one 
liter of lunar material. He then will jettison the handle and 
stow the contingency sample in his pressure suit pocket. 
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LM Ascent ,  Lunar O r b i t  Rendezvous 

commander and a r  module 
Fol lowing  t h e  22-hour l u n a r  s t a y  t i m e  

ments Pack 

s t a g e  w i l l  l i f t  o f f  the  l u n a r  s u r f a c e  
w i t h  t h e  o r b i t i n g  CSM. I g n i t i o n  o f  the  LM a 
1 2 4 : 2 3 : 2 1  f o r  a 7 min 1 4  s e c  burn  w i t h  a t o t a l  v e l o c i t y  of  6,055 f p s .  
Powered a s c e n t  i s  i n  two phases :  v e r t i c a l  a s c e n t  f o r  t e r r a i n  c l e a r -  
ance and t h e  o r b i t a l  i n s e r t i o n  phase .  P i t c h o v e r  a l o n g  t h e  desired 
launch azimuth b e g i n s  as t h e  v e r t i c a l  a s c e n t  ra te  reached  50 f p s  
about  1 0  seconds a f t e r  l i f t o f f  a t  about  250 f e e t  i n  a l t i t u d e .  
I n s e r t i o n  i n t o  a -9  x 45-nm l u n a r  o r b i t  w i l l  take p l a c e  about  166 
nm west  of  t h e  l a n d i n g  s i t e .  

Fol lowing LM i n s e r t i o n  i n t o  l u n a r  o r b i t ,  t h e  LM crew w i l l  
compute onboard t h e  f o u r  major  maneuvers f o r  rendezvous w i t h  t h e  
CSM which i s  about  255 nm ahead o f  t h e  LM a t  t h i s  p o i n t .  A l l  
maneuvers i n  t he  sequence w i l l  b e  made w i t h  t h e  LM RCS t h r u s t e r s .  
The p remiss ion  rendezvous sequence maneuvers, t i m e s  and v e l o c i t i e s  
which l i k e l y  w i l l  d i f f e r  s l i g h t l y  i n  r ea l  t i m e ,  are as f o l l o w s :  

-more- 
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Concen t r i c  sequence i n i t i a t e  (CSI): A t  f i r s t  LM apolune a f t e r  
i n s e r t i o n  125:21:20 GET, 49 f p s  p o s i g r a d e ,  f o l l o w i n g  some 20 minutes  
of LM rendezvous r a d a r  t r a c k i n g  and CSM sextant/VHF rang ing  navi -  
g a t i o n .  CSI w i l l  be  t a r g e t e d  t o  p l a c e  t h e  LM i n  an o r b i t  1 5  nm 
below t h e  CSM a t  t h e  t i m e  of  t h e  l a t e r  c o n s t a n t  d e l t a  h e i g h t  ( C D H )  
maneuver. The CSI burn may a l s o  i n i t i a t e  c o r r e c t i o n s  f o r  any out-of- 
p l ane  d i s p e r s i o n s  r e s u l t i n g  from i n s e r t i o n  azimuth e r r o r s .  R e s u l t i n g  
LM o r b i t  a f te r  CSI w i l l  b e  45.5 x 44 .2  nm and w i l l  have a catchup 
r a t e  t o  t h e  CSM o f  .072 degrees  p e r  minute.  

Another p l ane  c o r r e c t i o n  i s  p o s s i b l e  about  29  minutes  a f t e r  CSI 
a t  t h e  noda l  c r o s s i n g  of t h e  CSM and LM o r b i t s  to p l a c e  bo th  v e h i c l e s  
a t  a common node a t  t h e  t i m e  of t h e  CDH maneuver a t  1 2 6 : 1 9 : 4 0  GET. 

Terminal  phase  i n i t i a t e  ( T P I )  : This  maneuver occur s  a t  1 2 6 :  58: 2 6  
and adds 2 4 . 6  f p s  a long  t h e  l i n e  o f  s i g h t  toward t h e  CSM when t h e  
e l e v a t i o n  a n g l e  t o  t h e  CSM reaches  2 6 . 6  deg rees .  The LM o r b i t  becomes 
61.2 x 43.2 nm and t h e  catchup ra te  t o  t h e  CSM d e c r e a s e s  t o  .032 
degrees  p e r  second, or a c l o s i n g  ra te  o f  1 3 1  f p s .  

Two midcourse c o r r e c t i o n  maneuvers w i l l  b e  made i f  needed, 
fol lowed by f o u r  b r a k i n g  maneuvers a t :  1 2 7 :  39: 43  GET, 11.5 f p s ;  
127:40:56, 9 . 8  f p s ;  1 2 7 : 4 2 : 3 5  GET, 4 .8  f p s ;  and a t  1 2 7 : 4 3 : 5 4  GET, 
4 .7  f p s .  Docking nominal ly  w i l l  t a k e  p l a c e  a t  1 2 8  h r s  GET t o  end 
t h r e e  and one-half  hours  of t h e  rendezvous sequence.  

T r a n s e a r t h  I n j e c t i o n  ( T E I )  

h a r d  docking and t h e  CSM w i l l  make a 1 f p s  r e t r o g r a d e  s e p a r a t i o n  
maneuver . 

The LM a s c e n t  s t a g e  w i l l  be  j e t t i s o n e d  about  f o u r  hours  a f t e r  

The nominal t r a n s e a r t h  i n j e c t i o n  burn w i l l  b e  a t  135:24  GET 
fo l lowing  59 .5  hours  i n  l u n a r  o r b i t .  T E I  w i l l  t a k e  p l a c e  on t h e  
l u q a r  fars ide and w i l l  be  a 3,293 f p s  pos ig rade  SPS burn of  2 min 
29 s e c  d u r a t i o n  and w i l l  produce an e n t r y  v e l o c i t y  o f  36,194 f p s  
a f t e r  a 59.6 h r  t r a n s e a r t h  f l i g h t  t i m e .  

An o p t i o n a l  T E I  p l a n  f o r  f i v e  r e v o l u t i o n s  l a t e r  would a l low 
a crew r e s t  p e r i o d  b e f o r e  making t h e  maneuver. T E I  i g n i t i o n  under 
t h e  o p t i o n a l  p l a n  would t a k e  p l a c e  a t  145 :23 :45  GET w i t h  a 3,698 f p s  
pos ig rade  SPS burn  producing  an e n t r y  v e l o c i t y  o f  36 ,296  f p s  and a 
t r a n s e a r t h  f l i g h t  t i m e  o f  51.8 hrs.. 
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T ransea r th  c o a s t  

Three c o r r i d o r - c o n t r o l  t r a n s e a r t h  midcourse c o r r e c t i o n  
burns  w i l l  be  made if needed: MCC-5 a t  TEI +15 hrs, MCC-6 a t  
e n t r y  i n t e r f a c e * ( E I = 4 0 0 , 0 0 0  f e e t )  -15 hrs and MCC-7 a t  E1 -3 h r s .  

Entry Landinq  

Apollo 11 w i l l  encoun te r  the  E a r t h ' s  a tmosphere (400 ,000  f e e t )  
a t  195:05:04 GET a t  a v e l o c i t y  of  36,194 f p s  and w i l l  l and  some 
1,285 nm downrange from t h e  e n t r y - i n t e r f a c e  p o i n t  u s i n g  the  space- 
c r a f t ' s  l i f t i n g  c h a r a c t e r i s t i c s  t o  r each  the  l a n d i n g  p o i n t  .' Touch- 
down w i l l  be a t  195:19:05 a t  10 .6  deg rees  n o r t h  l a t i t u d e  b y  172.4 
west l o n g i t u d e .  
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DROGUE PILOT CHUTES 
CHUTES 

DRAG 
CHUTE 

SPLASH DOWN VELOCITIES: 

3 CHUTES - 31 FT/SEC 
2 CHUTES - 36 FT/ SEC 

-- --- - -  - -  _I - -  - - 
- _  --- 

M A I N  CHUTES RELEASED 
AFTER T O U C H D O W N  -. -- - - - -  - 

EARTH RE-ENTRY AND LANDING 
-more - 
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RECOVERY OPERATIONS, QUARANTINE 

The prime recovery  l i n e  f o r  Apollo 11 i s  the  mid-Pacif ic  a long  
the  175th  west mer id i an  of  l o n g i t u d e  above. 15  degrees  n o r t h  l a t i t u d e ,  
and jogg ing  to 165 degrees  wes t  l o n g i t u d e  below t h e  e q u a t o r .  The 
a i r c r a f t  c a r r i e r  USS Hornet ,  Apollo 11 prime recovery  s h i p ,  w i l l  be  
s t a t i o n e d  n e a r  t h e  end-of-mission aiming p o i n t  p r i o r  to e n t r y .  

on t i m e  J u l y  16 w i l l  be a t  1 0 . 6  degrees  n o r t h  by 172.5 degrees  west 
a t  a ground e l a p s e d  t ime o f  195 h r s  15 min. 

Splashdown f o r  a f u l l - d u r a t i o n  l u n a r  l a n d i n g  miss ion  launched 

The l a t i t u d e  of  splashdown depends upon the  t i m e  of t h e  t r a n s -  
e a r t h  i n j e c t i o n  burn and t h e d e c l i n a t i o n  of t h e  Moon a t  t h e  t i m e  of 
t h e  burn.  A s p a c e c r a f t  r e t u r n i n g  from a l u n a r  miss ion  w i l l  e n t e r  t h e  
E a r t h ' s  a tmosphere and s p l a s h  down a t  a p o i n t  on t h e  E a r t h ' s  f a r s i d e  
d i r e c t l y  o p p o s i t e  t he  Moon. T h i s  p o i n t ,  c a l l e d  the  a n t i p o d e ,  i s  a 
p r o j e c t i o n  of  a l i n e  from t h e  c e n t e r  of t h e  Moon through the  c e n t e r  
o f  t he  E a r t h  t o  t h e  s u r f a c e  o p p o s i t e  t h e  Moon. The mid-Pac i f ic  
recovery  l i n e  r o t a t e s  through t h e  an t ipode  once each 2 4  hour s ,  and 
t h e  t r a n s e a r t h  i n j e c t i o n  burn w i l l  b e  t a rge ted  for splashdown a l o n g  
t h e  p r i m a r y  recovery l i n e .  

O t h e r  planned recovery l i n e s  f o r  l u n a r  miss ions  are t h e  E a s t  
P a c i f i c  l i n e  ex tending  roughly p a r a l l e l  t o  t h e  c o a s t l i n e s  of  North 
and South America; t h e  A t l a n t i c  Ocean l i n e  running  a l o n g  t h e  30th 
west mer id i an  i n  t h e  n o r t h e r n  hemisphere and a long  t h e  25th  west 
mer id ian  i n  t h e  sou the rn  hemisphere,  and t h e  Ind ian  Ocean a long  t h e  
65th east  mer id i an .  

miss ion  are i n  t h r e e  zones---one i n  t h e  P a c i f i c  and two i n  t he  
A t l a n t i c .  

Secondary l and ing  a r e a s  f o r  a p o s s i b l e  Ear th  o r b i t a l  a l t e r n a t e  

Launch. a b o r t  l and ing  areas ex tend  downrange 3 ,200  n a u t i c a l  
m i l e s  from Kennedy Space Center ,  fanwise 50 nm above and below 
the  l i m i t s  of  the v a r i a b l e  launch azimuth (72-106 d e g r e e s ) .  Ships  
on s t a t i o n  i n  the  launch  a b o r t  area w i l l  be the  d e s t r o y e r  USS N e w  -9 

t h e  i n s e r t i o n  t r a c k i n g  s h i p  U S N S  Vanguard and t h e  minesweeper- 
countermeasures  s h i p  USS Ozark. 

I n  a d d i t i o n  t o  t he  p r i m a r y  recovery s h i p  l o c a t e d  on t h e  m i d -  
P a c i f i c  recovery  l i n e  and s u r f a c e  v e s s e l s  on t h e  A t l a n t i c  Ocean 
recovery  l i n e  and i n  t h e  launch a b o r t  area, 13  HC-130 a i r c r a f t  
w i l l  be  on s tandby a t  seven s t a g i n g  bases  around t h e  E a r t h :  Guam; 
Hawaii; Bermuda; Lajes, Azores; Ascension I s l a n d ;  Maur i t i u s  and 
t h e  Panama Canal  Zone. 

-more- 
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Apollo 11 recovery opera t ions  w i l l  b e  d i r ec t ed  from t h e  
Recovery Operations Control  Room i n  t h e  Mission Control  Center and 
w i l l  be  supported by t h e  A t l a n t i c  Recovery Control Center,  Norfolk, 
V a . ,  and t h e  P a c i f i c  Recovery Control  Center,  Kunia, H a w a i i .  

After splashdown, the Apollo 11 crew w i l l  don b i o l o g i c a l  i s o l a -  
t i o n  garments passed t o  them through the  s p a c e c r a f t  h a t c h  by  a 
recovery swimmer. The crew w i l l  be  c a r r i e d  by h e l i c o p t e r  t o  the  
Hornet where t h e y  w i l l  e n t e r  a Mobile Quarant ine  F a c i l i t y  (MQF) 
about 90 minutes a f t e r  landing.  The MQF, w i t h  crew aboard,  w i l l  b e  
off loaded a t  Ford I s l a n d ,  H a w a i i  and loaded on a C - 1 4 1  a i rc raf t  
f o r  t h e  f l i g h t  t o  E l l i n g t o n  AFB, Texas, and thence t rucked t o  the 
Lunar Receiving Laboratory (LRL)  . 

l u n a r  landing  mission and w i l l  go i n t o  t h e  LRL C r e w  Reception area 
f o r  a t o t a l  of 2 1  days quarant ine  s t a r t i n g  from t h e  t i m e  they l i f t e d  
o f f  t h e  l una r  su r face .  The command module w i l l  a r r i v e  a t  t h e  LRL 
two o r  t h ree  days l a t e r  t o  undergo a s imilar  quarant ine .  Lunar 
material  samples w i l l  undergo a concurrent a n a l y s i s  i n  t he  LRL 
Sample Operations area dur ing  t h e  quarant ine  pe r iod .  

The crew w i l l  a r r i v e  a t  t he  LRL on Ju ly  27 fol lowing a nominal 

Lunar Receiving Laboratory 

The Manned Spacecraf t  Center Lunar Receiving Laboratory has 
as i t s  main func t ion  t h e  quarant ine  and . t e s t i n g  of l una r  samples, 
spacec ra f t  and f l i g h t  crews f o r  poss ib l e  harmful organisms brought 
back from t h e  l u n a r  su r face .  

Deta i led  a n a l y s i s  of  r e tu rned  luna r  samples w i l l  b e  done i n  two 
phases---t ime-crit ical  i n v e s t i g a t i o n s  wi th in  t h e  quarant ine  pe r iod  
and post-quarantine s c i e n t i f i c  s t u d i e s  of l u n a r  samples repackaged and 
d i s t r i b u t e d  t o  p a r t i c i p a t i n g  s c i e n t i s t s  . 

There are  36 s c i e n t i s t s  and s c i e n t i f i c  groups s e l e c t e d  
i n  open world-wide competit ion on t h e  s c i e n t i f i c  merits of 
t h e i r  proposed experiments.  They represent  some 20 i n s t i t u -  
t i o n s  i n  Aus t r a l i a ,  Belgium, Canada, Finland,  Federa l  Republic 
of  Germany, Japan, Switzer land and t h e  United Kingdom. Major 
f i e l d s  of i n v e s t i g a t i o n  w i l l  b e  mineralogy and petrology,  
chemical and i so tope  a n a l y s i s ,  phys ica l  p r o p e r t i e s ,  and bio- 
chemical and organic  a n a l y s i s .  

The crew recep t ion  area serves as quarters for t h e  f l i g h t  
crew and a t t endan t  t echn ic i ans  for t h e  quarant ine  per iod i n  
which t h e  p i l o t s  w i l l  b e  debr ie fed  and examined. The o t h e r  
crew recept ion  area occupants are phys ic ians ,  medical tech- 
n i c i a n s ,  housekeepers and cooks. The CRA i s  a l s o  a contingency 
quarant ine  area f o r  sample opera t ions  area people exposed t o  
s p i l l s  or vacuum s y s t e m  breaks. 

8 0 t h  t h e  crew recep t ion  area and t h e  sample opera t ions  
area are contained wi th in  b i o l o g i c a l  ba r r i e r  systems t h a t  pro- 
t e c t  l u n a r  f ia ter ia ls  from E a r t h  contamination as w e l l  as pro- 
t e c t  t h e  ou t s ide  world from poss ib l e  contamination b y  l una r  
mater ia ls .  

-more- 
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ar  
Analys is  o f  l u n a r  samples w 9 1 1  be done i n  t h e  sample 

a, and w i l l  i n c l u d e  vacuum, magnet ics ,  gas a n a l y s i s ,  b 
ope ra t  i o n s  
o l o g i c a l  

t e s t ,  r a d i a t i o n  coun t ing  and phys ica l -chemica l  t e s t  l a b o r a t o r i e s .  

Lunar sample r e t u r n  c o n t a i n e r s ,  or "rock boxes", w i l l  f i rs t  be 
brought  t o  t h e  vacuum l a b o r a t o r y  and opened i n  t h e  u l t r a - c l e a n  
vacuum s y s t e m .  After  p r e l i m i n a r y  examinat ion ,  t he  samples w i l l  b e  
repackaged f o r  t r a n s f e r ,  s t i l l  under  vacuum, t o  t h e  gas a n a l y s i s ,  
b i o l o g i c a l  p r e p a r a t i o n ,  physical-chemical  t e s t  and r a d i a t i o n  count- 
i n g  l a b o r a t o r i e s .  

The gas  a n a l y s i s  l a b  w i l l  measure amounts and t y p e s  of gases  
produced by  l u n a r  samples,  and geochemists  i n  the phys ica l -chemica l  
t e s t  l a b  w i l l  t e s t  t h e  samples f o r  t h e i r  r e a c t i o n s  t o  a tmospheric  
gases and wa te r  vapor .  Addit- ional ly  , t he  phys ica l -chemica l  t e s t  
l a b  w i l l  make d e t a i l e d  s t u d i e s  o f  t he  mine ra log ic ,  p e t r o l o g i c ,  
geochemical and p h y s i c a l  p r o p e r t i e s  o f  t h e  samples. 

Other  p o r t i o n s  of l u n a r  samples w i l l  t r a v e l  th rough t h e  LRL 
vacuum s y s t e m  t o  t h e  b i o l o g i c a l  test  l a b  where t h e y  w i l l  undergo 
t e s t s  to determine i f  there  i s  l i f e  i n  the  m a t e r i a l  that  may 
r e p l i c a t e .  These tes ts  w i l l  i n v o l v e  i n t r o d u c t i o n  of  l una r samples  
i n t o  small germ-free animals  and p l a n t s .  The b i o l o g i c a l  t e s t  
l a b o r a t o r y  i s  made up of  s e v e r a l  smaller labs---bioprep,  b io-  
a n a l y s i s ,  germ-free,  h i s t o l o g y ,  normal  animals  (amphibia  and 
i n v e r t e b r a t e s ) ,  i n c u b a t i o n ,  anae rob ic  and t i s s u e  c u l t u r e ,  crew 
microbiology and p l a n t s  * 

Some 50 f e e t  below the  LRL ground f l o o r ,  t h e  r a d i a t i o n  coun t ing  
l a b  w i l l  conduct low-background r a d i o a c t i v e  assay o f  l u n a r  samples  
us ing  gamma r a y  spec t romet ry  t e c h n i q u e s .  

(See Contaminat ion Con t ro l  Program s e c t i o n  f o r  more de ta i l s  
on LRL, BIGS, and t h e  Mobile Q u a r a n t i n e  F a c i l i t y . )  

-more- 
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SCHEDULE FOR TRANSPORT' OF SAMPLES, SPACECRAFT, CREW 

Samples 

r ecove ry  s h i p  bo . Johns ton  I s l a n d  whepe t h e y  w i l l  be p u t  aboard  
a C - 1 4 1  and flown dS t l y  t o  Houston and t h e  Lunar Receiving 
Labora tory  (LRL). The samples sh3uLd a r r i v e  a t  E l l i n g t o n  A i r  
Force  Base a t  abou t  27 hours  a f t e r  necovery and r e c e i v e d  in  
t h e  LRL a t  abou t  9 or 10 a . m .  CDT, du ly  25. 

- 
Two h e l % c o p t e r s  wXBl carry l u n a r  samples from t h e  

S pa c e c ra f t - 
The s p a c e c r a f t  i s  scheduled  t o  be brought  aboard t h e  

recovery  s h i p  abou t  two hours  a f t e r  recovery .  About 55 h x r s  
a f t e r  recovery  t h e  s h i p  i s  expected t o  a r r i v e  i n  H a w a i i .  The 
s p a c e c r a f t  w i l l  be d e a c t i v a t e d  in  H a w a i i  (Ford  I s l a n d )  between 
55 and 127 hours  a f t e r  r ecove ry ,  A t  130 hours  it i s  scheduled  
t o  be loaded  on  a C-133 f o r  r e t u r n  t o  E l l i n g t o n  AFB. Es t ima ted  
t ime of a r r i v a l  a t  t h e  LRL i s  on J u l y  29, 140 hours  a f te r  
recovery .  

Crew - 
The f l i g h t  crew i s  expec ted  t o  enter t h e  Mobile  Quaran'time 

F a c i l i t y  (MW) on t h e  recovery  s h i p  abou t  90 minutes  a f t e r  s p l a s h -  
down. The  s h i p  i s  expec ted  t o  a r r i v e  i n  H a w a i ' i  a t  recovery  p l u s  
55 hours  and t h e  Mobile  Q u a r a n t i n e  F a c i l i t y  w i l L  be t r a n s f e r r e d  
t o  a C - 1 4 1  a i rcraf t  a t  recovery  p l u s  57 hours .  T h e " a i r c r a f t  
w i l l  l a n d  a t  E l l i n g t o n  AFB a t  recovery  p l u s  65 h o w s  -and t h e  
MQF w i l l  a r r i v e  a t  t h e  LRL abou t  two hours  l a t e r  ( J u l y  2.7). 

-more- 



LUNAR R E C E I V I N G  LABORATORY PROCEDURES TIMELINE (TENTATIVE) 

Sample Operations Area (SOAO) 

Arr iva l  LRL Event Locat i o n  

Ar r iva l  

Ar r iva l  

Sample conta iners  a r r ive  crew C r e w  r ecep t ion  area 
r ecep t ion  area, o u t e r  covering 
checked, t apes  and f i l m s  removed 

Container #1 int roduced i n t o  Vacuum chamber l a b  
system 

I? I? I? Containers weighed 
?? ?? I? Transfer  contingency sample t o  

F-25a chamber f o r  examination a f t e r  
conta iners  #1 and # 2  

I? 11 11 Containers s t e r i l i z e d ,  d r i e d  i n  
atmospheric decontamination and 
passed i n t o  glove chamber F201 

?? I? I1 Residual gas analyzed (from con- 
t a i n e r s  ) 

" p lus  5 hours Open conta iners  ?I I? 11 

Weigh, prel iminary exam of samples 
and f i r s t  v i s u a l  i n spec t ion  by 
prel iminary eva lua t ion  team 

" p lus  8 hours Remove samples t o  Radiat ion Count- 
ing ,  Gas Analysis Lab &MinePology 
& Petrology Lab 

Prel iminary information Radiat ion 
count ing.  Transfer  conta iner  #1 
out  o f  chamber 

" plus  13 hours 

I n i t i a l  de t a i l ed  exam by P r e -  
l iminary Evaluat ion Team Members 

S t e r i l e  sample t o  Bio prep (100  
gms) ( 2 4  t o  48 h r  p repa ra t ion  f o r  
a n a l y s i s )  
Monopole experiment 

I? 11 I? 

Vacuum chamber l a b  RCL- 
Basement Min-Pet 1st 
f l o o r  

Vacuum chamber l a b  

11 11 ?I 

Bio T e s t  area - 1st 
f l o o r  

Vacuum chamber l a b  

-more- 



Arr iva l  LRL Event Locat i o n  

p l u s  1 3  hours  

p l u s  24 hours 

p l u s  1-2 days 

It p l u s  4-5 days 

It  p lus  about 7 - 
15 days 

'I p lus  15 days 

p lus  17 d a y s  

"plus  30 days 

Transfer  samples t o  Phys-Chem Lab Phys-Chem - 1st f l o o r  

Detailed photography of samples and Vacuum chamber l a b  
microscopic work 

A l l  samples canned and remain i n  
chamber 

11 1I l? 

Prepara t ions  of samples i n  bioprep B i o . t e s t  labs - 1st 
l a b  f o r  d i s t r i b u t i o n  t o  b i o  t e s t  f l o o r  
labs.  (Bacter iology,  Virology, 
Germ-free mice) through TEI p l u s  
2 1  days 

E a r l y  release of  phys-chem analy- Phys-(%em labs - 1st 
s is  f l o o r  

Detailed b i o  a n a l y s i s  & f u r t h e r  Bio t e s t  & min-;2et 
phys-chem a n a l y s i s  1s t  f l o o r  

Conventional samples t r a n s f e r r e d  1st f l o o r  
t o  b i o  t e s t  area (24-48 hours 
p repa ra t ion  f o r  a n a l y s i s )  

Bio t e s t  begins  on a d d i t i o n a l  1st f l o o r  
b a c t e r i o l o g i c a l ,  v i r o l o g i c a l ,  
microbio logica l  i n v e r t e b r a t e s ,  
( f i s h ,  shr imp,oys te rs ) ,  b i r d s ,  
mice, lower i n v e r t e b r a t e s  (house- 
f l y ,  moth, german cockroach, e t c ) ,  
p l a n t s  (about 20) (through 
approximately a r r i v a l  p lus  30 days)  

Bio t e s t  i n f o  r e l eased  on pre- 1st f l o o r  
l iminary  f ind ings  

Samples go t o  t h i n  s e c t i o n  l a b  Is t f l o o r  
( f i r s t  t i m e  ou t s ide  bar r ie r )  f o r  
p repa ra t ion  and shipment t o  
p r i n c i p a l  i n v e s t i g a t o r s  

-more- 
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with the. flight crew. 

Go/no-go decisions will be made prior to the following events: 

* Launch phase go/no-go at 10 min GET f o r  orbit 
insertion 

* Translunar inject ion 
* Transposition, docking and LM extraction 
* Each translunar midcourse correction burn 
* Lunar orbit insertion burns Nos. 1 and 2 
* CSM-LM undocking and separation 
* LM descent orbit insertion 
* LM powered descent initiation 
* LM landing 
* Periodic go/no-gos during lunar stay 
* Lunar surface extravehicular activity 
* LM ascent and rendezvous (A no-go would de 
one .revolution) 

or more revolutions to allow maneuver preparations to 
be completed) 

* Transearth injection burn (no-go would delay TEI one 

* Each transearth midcou 
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Six Apollo 11 alternate missions, each aimed toward 
meeting the maximum number of mission objectives and gaining 
maximum Apollo systems experience, have been evolved for real- 
time choice by the mission director. The alternate missions 
are summarized as follows: 

Alternate 1 - S-IVB fils prior to Earth orbit insertion: 
CSM only contingency orbit insertion (COI) with service propul- 
sion system. The mission in Earth orbit would follow the lunar 
mission timeline as closely as possible and would include SPS 
burns similar in duration to LO1 and TEI, while at the same time 
retaining an RCS deorbit capability. Landing would be targeted 
as closely as possible to the original aiming point. 

Alternate 2 - S-IVB fails to restart for TLI: CSM would 
dock with and extract the LM as soon as possible and perform 
an Earth orbit mission, including docked DPS burns and possibly 
CSM-active rendezvous along the lunqr mission timeline, with 
landing at the original aiming point. Failure to extract the 
LM would result in an Alternate 1 type mission. 

Alternate 3 - No-go for nominal TLI because of orbital 
conditions or insufficient S-IYB propellants: TLI retargeted for 
lunar mission if possible; if not possible, Alternake 2 would be 
followed. The S-IVB would be restarted for a high-ellipse injec- 
tion provided an apogee greater than 35,000 nm could be achieved. 
If propellants available in the S-IVB veTe too low to reach the 
35,000 nm apogee, the TLI burn would be targeted out of plane and 
an Earth orbit mission along the lunar mission timeline would be 
f lown.  

Depending upon the quantity of S-IVB propellant available 
f o r  a TLI-type burn that would produce an apogee greater than 
35,000 nm, Alternate 3 is broken down into four subalternates; 

Alternate 3A - Propellant insufficient to reach 35,000 nm 
Alternate 3B - Propellant sufficient to reach apogee between 

35,000 and 65,000 nm 

65,000 and 200,000 nm 
Alternate 3C - Propellant sufficient to reach apogee between 

3D - Propellant sufficient to ch apogee of 
200,000 nm or greater; this alternate would 
be a near-nominal TLI burn and midcourse 
correction burn No. 1 would be targeted to 
adjust to a free-return trajectory. 

- more - 
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p o i n t .  

and docking:  
l u n a r  o r b i t  m i  

de scen t  p r o p u l s i o n  s y s t e m  o p e r a t e d  normal ly ,  t h e  

no-go, t h e  e n t i r e  LM would b e  j e t t i s o n e d  p r i o r  t o  T E I .  

- more - 
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T 
dur ing  
a f t e r  

Abort modes can be summarized as follows: 

Launch phase -- 
Mode I - Launch escape s y s t e m  (LES) tower propels  

command module away from launch veh ic l e .  T h i s  mode i s  i n  
e f f e c t  from about T-45 minutes when LES i s  armed u n t i l  LES 
tower j e t t i s o n  a t  3:07 GET and command module landing poinS 
can range from t h e  Launch Complex 39A area t o  400 nm downrange. 

Mode I1 - Begins when LES tower i s  j e t t i s o n e d  and runs 
u n t i l  t h e  SPS can be used t o  i n s e r t  t h e  CSM i n t o  a safe E a r t h  
o r b i t  ( 9 : 2 2  GET) o r  u n t i l  landing p o i n t s  approach t h e  African 
coas t .  Mode I1 r e q u i r e s  manual separa t ion ,  en t ry  o r i e n t a t i o n  and 
f u l l - l i f t  en t ry  w i t h  landing between 350 and 3,200 nm downrange. 

Mode I11 - Begins when f u l l - l i f t  landing po in t  reached. 
3,200 nm (3,560 s m ,  5,931 km) and extends through E a r t h  o r b i t a l  
i n s e r t i o n .  The  CSM would sepa ra t e  from t h e  launch v e h i c l e ,  and 
i f  necessary,  an SPS r e t rog rade  burn would be made, and the  com- 
mand module would b e  flown h a l f - l i f t  t o  en t ry  and landing a t  
approximately 3,350 nm (3,852 s m ,  6,197 km) downrange. 

Mode I V  and Apogee Kick - Begins a f t e r  t h e  po in t  t h e  SPS 
could b e  used t o  i n s e r t  t h e  CSM i n t o  an E a r t h  parking o r b i t  -- 
from about 9 : 2 2  GET. The SPS burn i n t o  o r b i t  would be made 
two minutes a f t e r  sepa ra t ion  from the  S-IVB and t h e  mission 
would continue as an E a r t h  o r b i t  a l t e r n a t e .  Mode I V  i s  pre- 
ferred over  Mode 111. A v a r i a t i o n  of Mode I V  i s  t h e  apogee 
kick i n  which t h e  SPS would b e  i g n i t e d  a t  f i r s t  apogee t o  ra ise  
per igee  f o r  a safe o r b i t .  

Deep Space Aborts 

Translunar  I n j e c t i o n  Phase -- 

Aborts dur ing  t h e  t r a n s l u n a r  i n j e c t i o n  phase are only 
a remote poss ib ly ,  bu t  i f  an abor t  became necessary dur ing  the  
T L I  maneuver, an SPS r e t rog rade  burn could be  made t o  produce 
spacec ra f t  e n t r y .  T h i s  mode of abor t  would be  used only i n  t h e  
event of  an extreme emergency tha t  a f f e c t e d  crew s a f e t y .  The 
spacec ra f t  landing po in t  would vary w i t h  launch azimuth and length  
of  t h e  T L I  burn. Another T L I  abor t  s i t u a t i o n  would be  used i f  a 
malfunction cropped up a f te r  i n j e c t i o n .  A re t rograde  SPS burn 
a t  about 90 minutes a f t e r  TLI  shu to f f  would allow t a r g e t i n g  t o  land 
on t h e  A t l a n t i c  Ocean recovery l i n e .  
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T r a n s l u n a r  Coast  phase  -- 
Aborts  a r i s i n g  d u r i n g  the  three-day t r a  

phase  would be similar i n  n a t u r e  to t h e  
Aborts  from deep space  b r i n g  i n t o  t he  p 
pode ( l i n e  p r o j e c t e d  from Moon's c e n t e r  t h rough  E a r t  
to t h e  s u r f a c e  o p p o s i t e  t h e  Moon) and t h e  e 
r o t a t i o n  upon t h e  g e o g r a p h i c a l  l o c a t i o n  o f  
t i m e s  would be s e l e c t e d  f o r  l a n d i n g  when t h e  165 d e g r e e  west 
l o n g i t u d e  l i n e  c r o s s e s  t h e  a n t i p o d e .  The mid -Pac i f i c  r ecove ry  
l i n e  c r o s s e s  t h e  a n t i p o d e  once each  24 h o u r s ,  and i f  a t i m e -  
c r i t i c a l  s i t u a t i o n  f o r c e s  an a b o r t  e a r l i e r  t h a n  t h e  s e l e c t e d  
f i x e d  a b o r t  t i m e s ,  l a n d i n g s  would b e  t a r g e t e d  for t h e  A t l a n t i c  
Ocean, West P a c i f i c  or I n d i a n  Ocean r ecove ry  l i n e s  i n  t h a t  o r d e r  
o f  p r e f e r e n c e .  When t h e  s p a c e c r a f t  e n t e r s  t h e  Moon's sphe re  
o f  i n f l u e n c e ,  a c i r cumluna r  a b o r t  becomes f a s t e r  t h a n  an a t t empt  
to r e t u r n  d i r e c t l y  to Ear th .  

Lunar O r b i t  I n s e r t i o n  phase -- 

E a r l y  SPS shutdowns d u r i n g  t h e  l u n a r  o r b i t  i n s e r t i o n  
burn  ( L O I )  are covered by t h r e e  modes i n  t h e  Apollo 11 miss ion .  
A l l  t h ree  modes would r e s u l t  i n  t h e  CM l a n d i n g  a t  t h e  E a r t h  
l a t i t u d e  o f  t h e  Moon a n t i p o d e  a t  t h e  t ime t h e  a b o r t  was per -  
formed. 

Mode I would be  a LM DPS p o s i g r a d e  bu rn  i n t o  an Ea r th -  
r e t u r n  t r a j ' e c t o r y  about  two hour s  ( a t  n e x t  p e r i c y n t h i o n )  
a f t e r  an LO1 shutdown d u r i n g  t h e  f i r s t  two minutes  o f  t h e  LO1 
bu rn .  

Mode 11, for SPS shutdown between two and t h r e e  minutes  
a f t e r  i g n i t i o n ,  would u s e  t h e  LM DPS eng ine  to a d j u s t  t h e  o r b i t  
to a safe,  non-lunar  impact t r a j e c t o r y  fo l lowed by  a second 
DPS p o s i g r a d e  burn  a t  n e x t  p e r i c y n t h i o n  t a r g e t e d  f o r  t h e  m i d -  
P a c i f i c  r ecove ry  l i n e .  

Mode 111, from t h r e e  minutes  a f t e r  LO1 i g n i t i o n  u n t i l  
normal c u t o f f ,  would a l low t h e  s p a c e c r a f t  to c o a s t  t h rough  one 
or two l u n a r  o r b i t s  b e f o r e  do ing  a DPS p o s i g r a d e  burn  a t  p e r i -  
c y n t h i o n  t a r g e t e d  for t h e  mid-Pac i f ic  r ecove ry  l i n e .  

Lunar O r b i t  Phase  -- 
I f  d u r i n g  l u n a r  p a r k i n g  o r b i t  i t  becartie n e c e s s a r y  t o  

a b o r t ,  t h e  t r a n s e a r t h  i n j e c t i o n  ( T E I )  burn would b e  made e a r l y  
and would t a r g e t  s p a c e c r a f t  l a n d i n g  to t h e  mid-Pac i f ic  
r ecove ry  l i n e .  
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T r a n s e a r t h  I n j e c t i o n  phase -- 
E a r l y  shutdown o f  t h e  T E I  burn  between i g n i t i o n  and 

two minutes  would cause  a Mode I11 a b o r t  and a SPS p o s i g r a d e  
T E I  burn would be  made a t  a l a t e r  p e r i c y n t h i o n .  C u t o f f s  
a f t e r  two minutes  TEI  burn  t i m e  would c a l l  f o r  a Mode I 
a b o r t - - r e s t a r t  o f  SPS as soon as p o s s i b l e  f o r  E a r t h - r e t u r n  
t r a j e c t o r y .  Both modes produce mid -Pac i f i c  r ecove ry  l i n e  
l a n d i n g s  n e a r  t h e  l a t i t u d e  o f  t h e  a n t i p o d e  a t  t h e  t i m e  of 
t h e  TEI  burn .  

T r a n s e a r t h  Coast phase -- 
Adjustments of  t h e  l a n d i n g  p o i n t  are p o s s i b l e  d u r i n g  

t h e  t r a n s e a r t h  c o a s t  t h rough  burns  w i t h  t h e  SPS o r  t h e  s e r v i c e  
module R C S  t h r u s t e r s ,  b u t  i n  g e n e r a l ,  these are covered i n  t h e  
d i s c u s s i o n  o f  t r a n s e a r t h  midcourse c o r r e c t i o n s .  No a b o r t  burns  
w i l l  be  made la te r  t h a n  2 4  hour s  p r i o r  t o  e n t r y  t o  avo id  e f f e c t s  
upon CM e n t r y  v e l o c i t y  and f l i g h t  p a t h  a n g l e .  

-more- 
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Two t e l e v i s  o a r d  Apol lo  11. 
A c o l o r  camera of  t h e  t y p e  used  on Apollo 1 0  w i l l  b e  stowed 
f o r  u se  aboard  the  command module, and t h e  black-and-white 
Apollo l u n a r  t e l e v i s i o n  camera w i l l  be stowed i n  t h e  LM des- 
c e n t  s t a g e  f o r  t e l e v i s i n g  back to E a r t h  a real-time r e c o r d  
o f  man's f i r s t  s t e p  on to  t he  Moon. 

The l u n a r  t e l e v i s i o n  camera weighs 7.25 pounds and draws 
6.5 watts o f  24-32 v o l t s  D C  power. Scan ra te  i s  10  frames-per- 
second a t  320 l ines-per - f rame.  The camera body i s  1 0 . 6  i n c h e s  
long ,  6 . 5  i n c h e s  wide and 3.4 i n c h e s  deep. The bayonet  l e n s  
mount p e r m i t s  l e n s  changes b y  a crewman i n  a p r e s s u r i z e d  s u i t .  
Two l e n s e s ,  a wideangle  l e n s  f o r  c lose-ups  and large a r e a s ,  
and a l u n a r  day l e n s  f o r  v iewing  l u n a r  s u r f a c e  f e a t u r e s  and 
a c t i v i t i e s  i n  the  n e a r  f i e l d  o f  view w i t h  s u n l i g h t  i l l u m i n a t i o n ,  
w i l l  be p rov ided  f o r  the  l u n a r  TV camera. 

The black-and-white l u n a r  t e l e v i s i o n  camera i s  stowed i n  
t he  MESA (Modular Equipment Stowage Assembly)  i n  t h e  LM d e s c e n t  
stage and w i l l  be  powered up b e f o r e  Armstrong s tar ts  down the  
LM ladder .  When he p u l l s  the  l a n y a r d  to deploy t h e  MESA, t h e  
TV camera w i l l  a l s o  swing down on t h e  MESA to t h e  l e f t  o f  t he  
ladder (as  viewed from LM f r o n t )  and r e l a y  a TV p i c t u r e  o f  h i s  
i n i t i a l  s t eps  on the  Moon. Armstrong l a t e r  w i l l  mount the  TV 
camera on a t r i p o d  some d i s t a n c e  away from the  LM a f t e r  A l d r i n  
has descended to t he  s u r f a c e .  The camera w i l l  be l e f t  untended 
to cover  t h e  c r e w ' s  a c t i v i t i e s  d u r i n g  the  remainder  o f  the EVA. 

The Apollo l u n a r  t e l e v i s i o n  camera i s  b u i l t  b y  Westinghouse 
E l e c t r i c  Corp.,  Aerospace D i v i s i o n ,  Ba l t imore ,  Md. 

The c o l o r  TV camera i s  a 12-pound Westinghouse camera 
w i t h  a zoom l e n s  f o r  wideangle  o r  c lose-up  u s e ,  and has a three- 
i n c h  moni tor  which can be mounted on the camera o r  i n  t h e  
command module. The c o l o r  camera o u t p u t s  a s t a n d a r d  525- l ine ,  
30 frame-per-second s i g n a l  i n  c o l o r  by  use  o f  a r o t a t i n g  c o l o r  
wheel. The black-and-white signal from t h e  s p a c e c r a f t  w i l l  
be  conver ted  to c o l o r  a t  the Miss ion  C o n t r o l  Center .  

The f o l l o w i n g  i s  a p r e l i m i n a r y  p l a n  for TV passes based 
upon a 9 :  32 a . m .  EDT, J u l y  16 l aunch .  
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Still and motion pictures will be made of m 
maneuvers as well as of the lunar surface and of crew activities 
in the Apollo 11 cabin. During lunar surface activities after 
lunar module touchdown and the two hour 40 minute EVA, emphasis 
will be on photographic documentation of crew mobility, lunar 
surface features and lunar material sample collection. 

Camera equipment carried on Apollo 11 consists of one 70mm 
Hasselblad electric camera stowed aboard the command module, 
two Hasselblad 70mm lunar surface superwide angle cameras stowed 
aboard the LM and a 35mm stereo close-up camera in the LM MESA. 

The 2.3 pound Hasselblad superwide angle camera in the LM 
is fitted with a 38mm f/4.5 Zeiss Biogon lens with a focusing 
range from 12 inches to infinity. Shutter speeds range from 
time exposure and one second to 1/500 second. The angular field 
of view with the 38mm lens is 71 degrees vertical and horizontal 
on the square-format film frame. 

The command module Hasselblad electric camera is normally 
fitted with an 80mm f/2.8 Zeiss Planar lens, but bayonet-mount 
6omm and 25Omm lens may be substituted for special tasks. The 
80mm lens has a focusing range from three feet to infinity and 
has a field of view of 38 degrees vertical and horizontal. 

Stowed with the Hasselblads are such associated items as 
a spotmeter, ringsight, polarizing filter, and film magazines. 
Both versions of the IIasE~lblad accept the same type film 
magazine . 

For motion pictures, two Msurer 1Smm data acquisition 
cameras (one in tile CSM, cne in the LM) with variable frame 
speed (1, 6, 12 and 24 frames per second) will be used. The 
cameras each weigh 2.3 pounds witl: a l30-foot film magazine 
attached. The command mcaule l6mm camera will have lenses of 
5, 1s and 75mm focal lengki; available, while the LM camera will 
be Pitted with the lsmx wideangle lens. Motion picture cam 
accessories include a rigtit-ansle mirror, a power cable and a 
command module boresight window bracket. 

-inore- 
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During t h e  l u n a r  s u r f a c e  e x t r a v e h i c u l a r  a c t i v i t y ,  the  
commander w i l l  be f i lmed  by  t h e  LM p i l o t  w i t h  t h e  LM 1 6 m m  
camera a t  normal o r  near-normal frame rates ( 2 4  and 1 2  f p s ) ,  
b u t  when he l e a v e s  t h e  LM t o  j o i n  t h e  commander, he w i l l  sw i t ch  
t o  a one frame-per-second r a t e .  The camera w i l l  be mounted 
i n s i d e  t h e  LM look ing  through t h e  r igh t -hand  window. The 18m 
l e n s  has a h o r i z o n t a l  f i e l d  of  view of  32 degrees  and a v e r t i c a l  
f i e l d  o f  view of  23 degrees .  A t  one f p s ,  a l3O-foot 16mm maga- 
z ine  w i l l  run  ou t  i n  87 minutes  i n  r e a l  t i m e ;  p r o j e c t e d  a t  t h e  
s t a n d a r d  2 4  f p s ,  t h e  f i l m  would compress the 87 minutes  t o  3.6 
minutes .  

Armstrong and Ald r in  w i l l  use  the  Hasselblad l u n a r  s u r f a c e  
camera e x t e n s i v e l y  d u r i n g  t h e i r  s u r f a c e  EVA t o  document each  of  
t h e i r  major  tasks. A d d i t i o n a l l y ,  t h e y  w i l l  make a 360-degree 
ove r l app ing  panorama sequence of s t i l l  photos  of  t h e  l u n a r  h o r i -  
zon, photograph s u r f a c e  f e a t u r e s  i n  t h e  immediate a r e a ,  make 
c lose-ups  of  g e o l o g i c a l  samples and t h e  a r e a  from which they  
were c o l l e c t e d  and r e c o r d  on f i l m  t h e  appearance  and c o n d i t i o n  
of  t h e  l u n a r  module a f t e r  l and ing .  

Stowed i n  the MESA i s  a 35mm s t e r e o  close-up camera which 
shoots  24mm square  c o l o r  s t e r e o  pairs w i t h  an image s c a l e  o f  one- 
ha l f  a c t u a l  s i z e .  The camera i s  f i x e d  focus  and i s  equipped 
w i t h  a s t and-o f f  hood t o  p o s i t i o n  t h e  camera a t  t h e  p rope r  focus  
d i s t a n c e .  A long  hand le  pe rmi t s  an EVA crewman t o  p o s i t i o n  the 
camera wi thou t  s toop ing  f o r  s u r f a c e  o b j e c t  photography.  D e t a i l  
as sma l l  as 40 microns can be r eco rded .  

A ba t te ry-powered  e l e c t r o n i c  f l a s h  p rov ides  i l l u m i n a t i o n .  

The s t e r e o  close-up camera w i l l  pe rmi t  t h e  Apollo 11 land ing  

F i l m  c a p a c i t y  i s  a minimum of 100 s t e r e o  pairs .  

crew t o  photograph s i g n i f i c a n t  s u r f a c e  s t r u c t u r e  phenomena which 
would remain i n t a c t  on ly  i n  t he  l u n a r  environment ,  such as f i n e  
powdery d e p o s i t s ,  c r acks  o r  h o l e s  and adhes ion  of p a r t i c l e s .  

stowed i n  t h e  commander's cont ingency  sample c o n t a i n e r  pocket  
and the camera body w i l l  be l e f t  on t h e  l u n a r  s u r f a c e .  

Near t h e  end of EVA, t h e  f i l m  c a s e t t e  w i l l  be removed and 
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LWAR DESCRIPTION 

Ter ra in  - MOUnta inOU8 and crater-pitted, the former 
r i s i n g  thousands of feet and the lat ter ranging f f e w  
inches t o  180 m i l e e ,  i n  diameter. The craters  are thought 
t o  be formed by the impact of meteorites, The surface i s  
covered with a layer of fine-grained material resembling 
silt or sand, as w e l l  as small rocks and boulders, 

Environment - No a i r  no wind, and no moisture. The 
temperature ranges from 243 degrees i n  the two-week lunar 
day t o  279 degrees below zero i n  the two-week lunar night, 
Gravi ty  is one-sixth that of Earth, 
Moon (there is no atmosphere t o  burn them up), Radiation 
might present a problem during periods of unusual solar activity.  

is a complete mystery. 
craf t  and since then has been photographed many times, particu- 
l a r l y  by NASA's Lunar Orbiter spacecraft and Apollo 8, 

O r 1  in - There i s  still no agreement among ecient is ts  
on the -37 or g i n  of the Moon. The three theories: (1) the Moon 
once was part of Earth and s p l i t  off i n to  i t a  own orbit, (2) 
it evolved as a separate body a t  the 883118 time as Earth, and 
(3) it formed el8ewhere i n  space and wandered u n t i l  It was 
captured by Earth's gravitational f i e l d ,  

Micrometeoroids pel t  the 

Dark Side - The dark o r  hidden s i d e  of the Moon no lonfger 
It was first photographed by a Ru8sian 

Mameter 

Circumf erence 

Mstance from E a r t h  

Surface temperaeure 

Surface gravity 

Mass 

Volume 

Lunar day and night 

Mean velocity In  orb i t  

Escape velocity 

Physical Facts 

2,160 miles (about f that of Earth) 

6,790 miles (about f that of Earth) 

238,857 mlles (mean; 221,463 minlmwn 
t o  252,710 maxiapunr) 

+243OF (Sun at zenith) -279OP ( n i e t )  

1/6 that of Earth 

1/100th that of Earth 

1/50th that of Earth 

14 Earth days each 

2,287 miles per hour 

1,48 m i l e s  per second 

Month (period of rotation 
around Earth) 27 days, 7 houra, 43 minutes 
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e 
r8. Thirty si se 

have been narm 
( s i t e  1 current 

photographs by Lunar Orbiter spacecraft, plus close- hotos 

landed on the Moon. 

Selection of' the f i n a l  sites was based on high reqolution 

and surface data provided by the Surveyor spacecraft  C h  s o f t  - 
The ora i n a l  sites are located on the v i s i b l e  s i d e  of the 

Moon n i t h l n  t 5 degrees east and west of the Moon's center  and 
5 degrees north and south of Its equator. 

The f i n a l  s i te choices were based on these factors :  

*Smoothness ( r e l a t ive ly  few craters and boulders) 

*Approach (no large hills, high cliffs, o r  deep c ra t e r s  
that could cause incorrect  a l t i t u d e  signals t o  the l u n a r  
module landing  radar) 

expenditure of' spacecraft  propel lants)  
*Propellaat requirements (oelected sites require the least 

*Recycle (selected sites allow ef fec t ive  launch preparation 

*Free re turn  (sites are w i t h i n  reach of the spacecraft 

I f  the Apollo Saturn V countdown I s  delayed) 

launched on a free return t ranslunar  trajecto,ry) 

ere i s  l i t t l e  sl -- less than 2 degrees in 
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Site 2 

Site 3 

Site 5 

The Apollo 11 Landing Sites Are: 

O 42' 50" North 
longitude 23O 42 '  

Site 2 is located on ea 
central part of the 
western Mar Tranquillitatis. The 
site is approximately 62 m 
(100 kilometers) east of the rim 
of Crater Sabine and approximately 
118 miles (190 kilometers) south- 
west of the Crater Maskelyne. 

in south- 

latitude O o  21' 10" North 
longitude lo 17' 57'' West 

Site 3 is located near the center 
of the visible face of the Moon 
in the southwestern part of Sinus 
Medii. The site is approximately 
25 miles (40 kilometers) west of 
the center of the face and 21miles 
(50  kilometers) southwest of the 
Crater Bruce. 

latitude lo 40' 41" North 
longitude 41° 53' 57" West 

Site 5 is located on the west 
central part of the visible face 
in southeastern Oceanus Procel- 
larum. The site is approximately 
130  miles (210 kilometers) south- 
west of the rim of Crater Kepler 
and 118 miles (190 kilometers) 
north northeast of the rim of 
Crater Flamsteed. 
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COMMAND AND SERVICE MODULE STRUCTURE, SYSTEMS 

The Apollo spacec ra f t  f o r  t h e  Apollo 11 mission i s  comprised 
of Command Module 107, Service Module 1 0 7 ,  Lunar Module 5 ,  a 
spacecraf t - lunar  module adapter  (SLA) and a launch escape system. 
The SLA serves  as a mating s t r u c t u r e  between t h e  instrument u n i t  
a top  the S-IVB s t a g e  of  t h e  Saturn V launch veh ic l e  and as a 
housing for t h e  l u n a r  module. 

Launch Escape System (LES) -- Propels command module to 
sa fe ty  i n  an abor ted  launch. It i s  made up of  an open-frame tower 
s t r u c t u r e ,  mounted t o  t h e  command module by f o u r  f r ang ib le  b o l t s ,  and 
t h r e e  so l id-propel lan t  rocke t  motors: a 1 4 7 , 0 0 0  pound-thrust launch 
excape s y s t e m  motor, a 2,400-pound-thrust p i t c h  con t ro l  motor, and 
a 31,500-pound-thrust tower j e t t i s o n  motor. Two canard vanes nea r  
t h e  top deploy t o  t u r n  t h e  command module aerodynamically t o  an 
a t t i t u d e  w i t h  t h e  hea t - fh ie ld  forward. Attached to t h e  base of 
t h e  launch escape tower i s  a boost p r o t e c t i v e  cover composed of 
r e s i n  impregnated f i b e r g l a s s  covered w i t h  cork,  t h a t  p r o t e c t s  t he  
command module from aerodynamic hea t ing  during boost and rocket  
exhaust gases from t h e  main and t h e  j e t t i s o n  motors. The system 
i s  33 f e e t  t a l l ,  fou r  f e e t  i n  diameter a t  t h e  base,  and weighs 
8,9 10 pounds. 

Command Module ( C M )  S t r u c t u r e  -- The b a s i c  s t r u c t u r e  of t h e  
command module i s  a pressure  v e s s e l  encased i n  heat s h i e l d s ,  cone- 
shaped 11 fee t  5 inches high, base diameter of 1 2  f e e t  1 0  inches,  and 
launch weight 12,250 pounds. 

The command module c o n s i s t s  of t h e  forward compartment which 
conta ins  two r eac t ion  con t ro l  engines and components of t he  E a r t h  
landing s y s t e m ;  t h e  crew compartment o r  i n n e r  pressure  v e s s e l  
containing crew accomodations, con t ro l s  and d i sp lays ,  and many 
of  t h e  spacec ra f t  s y s t e m s ;  and t h e  a f t  compartment housing t e n  
r eac t ion  c o n t r o l  engines ,  p rope l lan t  tankage, helium tanks,  water 
tanks ,  and t h e  CSM umbi l ica l  cab le ,  The crew compartment contains  
2 1 0  cubic f e e t  of hab i t ab le  volume. 

Heat-shields around the  t h r e e  compartments a r e  made o f  
brazed s t a i n l e s s  stee.1 honeycomb w i t h  an o u t e r  l a y e r  of phenol ic  
epoxy r e s i n  as an a b l a t i v e  material .  Shie ld  th i ckness ,  varying 
according t o  heat l oads ,  ranges from 0.7 inch a t  the  apex t o  2.7 
inches a t  t h e  a f t  end. 

The spacec ra f t  i n n e r  s t r u c t u r e  i s  of sheet-aluminum honey- 
comb bonded sandwhich ranging i n  thickness  from 0 . 2 5  inch t h i c k  
a t  forward access  tunnel  t o  1 . 5  inches t h i c k  a t  base. 
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CSM 107  and LM-5 are equipped w i t h  t h e  probe-and-drogue 
docking hardware.  The probe assembly i s  a powered f o l d i n g  
coup l ing  and impact  a t t e n t u a t i n g  dev ice  mounted on t h e  CM t u n n e l  
t h a t  mates wi th  a c o n i c a l  drogue mounted i n  t h e  LM docking t u n n e l .  
A f t e r  t h e  12 au tomat i c  docking  l a t c h e s  are checked f o l l o w i n g  a 
docking maneuver, bo th  t h e  probe and drogue a s sembl i e s  are removed 
from t h e  v e h i c l e  t u n n e l s  and stowed to a l low f r e e  crew t r a n s f e r  
between t h e  CSP4 and LM. 

S e r v i c e  Module (SM) S t r u c u t r e  -- The s e r v i c e  module i s  a 
c y l i n d e r  1 2  f e e t  10 i n c h e s  i n  d i ame te r  b y  2 4  f e e t  7 i n c h e s  h igh .  
For t h e  Apollo 11 m i s s i o n ,  it w i l l  weigh, 51,243 pounds a t  launch .  
Aluminum honeycomb pane l s  one i n c h  t h i c k  form t h e  o u t e r  s k i n ,  and 
m i l l e d  aluminum r a d i a l  beams s e p a r a t e  t h e  i n t e r i o r  i n t o  s i x  s e c t i o n s  
a r o m a  a c e n t r a l  c y l i n d e r  c o n t a i n i n g  two he l ium s p h e r e s ,  f o u r  s e c t i o n s  
c o n t a i n i n g  s e r v i c e  p r o p u l s i o n  s y s  t e m  f u e l - o x i d i z e r  tankage , a n o t h e r  
c o n t a i n i n g  f u e l  c e l l s ,  c ryogenic  oxygen and hydrogen, and one 
s e c t o r  e s s e n t i a l l y  empty. 

a d a p t e r  i s  a t r u n c a t e d  cone 28 f e e t  l o n g  t a p e r i n g  from 260  inches  
d i ame te r  a t  t h e  base  to 154 inches  a t  t h e  forward  end a t  t h e  
s e r v i c e  module mating l i n e .  Aluminum honeycomb 1 . 7 5  i n c h e s  t h i c k  
i s  t h e  s t r e s s e d - s k i n  s t r u c t u r e  f o r  t h e  s p a c e c r a f t  a d a p t e r .  The 
SLA weighs 4,000 pounds.  

Spacecraft-LM Adapter  (SLA) S t r u c t u r e  -- The s p a c e c r a f t  LM 

CSM Systems 

Guidance, Naviga t ion  and Con t ro l  System (GNCS) -- Measures 
and c o n t r o l s  s p a c e c r a f t  p o s i t i o n ,  a t t i t u d e ,  and v e l o c i t y ,  c a l c u l a t e s  
t r a j e c t o r y ,  c o n t r o l s  s p a c e c r a f t  p r o p u l s i o n  s y s t e m  t h r u s t  v e c t o r ,  
and d i s p l a y s  a b o r t  d a t a .  The guidance  s y s t e m  c o n s i s t s  o f  th ree  
subsystems:  i n e r t i a l ,  made up o f  an i n e r t i a l  measurement u n i t  and 
a s s o c i a t e d  power and data  components; computer which p r o c e s s e s  
i n f o r m a t i o n  to or from o t h e r .  components; and o p t i c s ,  i n c l u d i n g  
scann ing  t e l e c o p e  and s e x t a n t  f o r  c e l e s t i a l  and/or  landmark 
s p a c e c r a f t  n a v i g a t i o n .  CSM l o 7  and subsequent  modules are equipped 
w i t h  a VHF r a n g i n g  dev ice  as a backup to t h e  LM rendezvous r a d a r .  

S t a b i l i z a t i o n  and C o n t r o l  Systems (SCS) -- Cont ro l s  space-  
c r a f t  r o t a t i o n ,  t r a n s l a t i o n ,  and t h r u s t  v e c t o r  and p rov ides  d i s p l a y s  
f o r  c r e w - i n i t i a t e d  maneuvers;  backs up t h e  guidance  s y s t e m .  It 
has t h r e e  subsystems;  a t t i t u d e  r e f e r e n c e ,  a t t i t u d e .  c o n t r o l  , and 
t h r u s t  v e c t o r  c o n t r o l .  

S e r v i c e  P ropu l s ion  System (SPS) -- Prov ides  t h r u s t  f o r  l a r g e  
s p a c e c r a f t  v e l o c i t y  changes th rough  a gimbal-mounted 20,500-pound- 
t h r u s t  h y p e r g o l i c  eng ine  u s i n g  a n i t r o g e n  t e t r o x i d e  o x i d i z e r  and a 
50-50 mix tu re  o f  unsymmetr ical  d ime thy l  hydraz ine  and hydraz ine  f u e l .  
T h i s  system i s  i n  t h e  s e r v i c e  module. The sys tem responds  to auto-  
m a t i c  f i r i n g  commands from t h e  guidance  and n a v i g a t i o n  system or to 
manual commands from t h e  crew. The eng ine  p rov ides  a c o n s t a n t  
t h r u s t  l e v e l .  The s t a b i l i z a t i o n  and c o n t r o l  s y s t e m  gimbals  t h e  
eng ine  to d i r e c t  t h e  t h r u s t  v e c t o r  th rough t h e  s p a c e c r a f t  c e n t e r  of  
g r a v i t y .  
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Telecommunications System -- Provides  vo ice ,  t e l e v i s i o n ,  t e l e -  
m e t r y ,  and command data and t r a c k i n g  and r a n g i n g  between the  space-  
c r a f t  and E a r t h ,  between t h e  command module and t h e  l u n a r  module 
and between t h e  s p a c e c r a f t  and the  e x t r a v e h i c u l a r  a s t r o n a u t .  It 
a l s o  p r o v i d e s  in te rcommunica t ions  between a s t r o n a u t s .  The t e l e -  
communications s y s t e m  c o n s i s t s  of p u l s e  code modulated te lemet ry  
f o r  r e l a y i n g  to Fianned Space F l i g h t  Network s t a t i o n s  data on space-  
c r a f t  s y s t e m s  and crew c o n d i t i o n ,  VHF/AM v o i c e ,  and u n i f i e d  S-Band 
t r a c k i n g  t r a n s p o n d e r ,  a i r - to-ground vo ice  communications, onboard 
t e l e v i s i o n ,  and a VHF recovery  beacon. Network s t a t i o n s  can t r a n s m i t  
to t he  s p a c e c r a f t  such  i tems as updates  t o  t h e  Apollo guidance 
computer and c e n t r a l  t i m i n g  equipment,  and real-t ime commands f o r  
c e r t a i n  onboard f u n c t i o n s .  

The high-gain s t ee rab le  S-Band an tenna  c o n s i s t s  o f  f o u r ,  
31-inch-diameter p a r a b o l i c  d i shes  mounted on a f o l d i n g  boom a t  
t h e  a f t  end o f  t h e  s e r v i c e  module. Nested a l o n g s i d e  t h e  s e r v i c e  
p r o p u l s i o n  s y s t e m  engine  nozz le  u n t i l  deployment,  t h e  an tenna  
swings out  a t  r i g h t  a n g l e s  t o  t h e  s p a c e c r a f t  l o n g i t u d i n a l  a x i s ,  
w i t h  t h e  boom p o i n t i n g  52  degrees  below t h e  heads-up h o r i z o n t a l .  
S i g n a l s  from t h e  ground s t a t i o n s  can b e  t r a c k e d  e i t h e r  a u t o m a t i c a l l y  
or manually w i t h  t h e  a n t e n n a ' s  g imba l l ing  s y s t e m .  Normal S-Band 
v o i c e  and upl ink/downlink communications w i l l  be  handled  b y  t h e  
omni and h igh-ga in  an tennas .  

S e q u e n t i a l  System -- I n t e r f a c e s  w i t h  o t h e r  s p a c e c r a f t  s y s t e m s  
and subsystems to i n i t i a t e  t i m e  c r i t i c a l  f u n c t i o n s  d u r i n g  launch ,  
docking maneuvers, s u b - o r b i t a l  a b o r t s ,  and e n t r y  p o r t i o n s  of  a 
mis s ion .  T h e  s y s t e m  a l s o  c o n t r o l s  r o u t i n e  s p a c e c r a f t  sequencing 
such as s e r v i c e  module s e p a r a t i o n  and deployment of  t h e  E a r t h  land-  
i n g  system. 

Emergency D e t e c t i o n  System (EDS) -- D e t e c t s  and d i s p l a y s  to 
t h e  crew launch  v e h i c l e  emergency c o n d i t i o n s ,  such as e x c e s s i v e  
p i t c h  or roll rates or two engines  o u t ,  and a u t o m a t i c a l l y  or 
manually s h u t s  down t h e  b o o s t e r  and a c t i v a t e s  t h e  l aunch  escape 
s y s t e m ;  f u n c t i o n s  u n t i l  t h e  s p a c e c r a f t  i s  i n  o r b i t .  

Ea r th  Landing System ( E L S )  -- Inc ludes  t h e  drogue and main 
pa rachu te  s y s t e m  as w e l l  as pos t - landing  recovery  a ids .  I n  a 
normal e n t r y  d e s c e n t ,  t h e  command module forward heat s h i e l d  
i s  j e t t i s o n e d  a t  24 ,000  f e e t ,  p e r m i t t i n g  mor t a r  deployment o f  
two reefed  16.5-foot  diameter drogue p a r a c h u t e s  f o r  o r i e n t i n g  
and d e c e l e r a t i n g  t h e  s p a c e c r a f t .  After disreef  and drogue re lease,  
th ree  mor ta r  deployed p i l o t  chu te s  p u l l  o u t  the  three main 83.3- 
f o o t  diameter p a r a c h u t e s  w i t h  two-stage r e e f i n g  to provide  g r a d u a l  
i n f l a t i o n  i n  three s t e p s .  Two main p a r a c h u t e s  ou t  of t h ree  can 
p rov ide  a safe l a n d i n g .  
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Reaction Control System ( R C S )  -- The command module and the  
se rv ice  module each has i t s  own independent system. The S M  RCS 
has f o u r  i d e n t i c a l  RCS "quads" mountea &round-the SM 90 degrees 
a p a r t .  Each quad has fou r  100 pound-thrust engines ,  two f u e l  and 
two ox id ize r  tanks and a helium p res su r i za t ion  sphere.  The SM 
RCS provides redundant spacec ra f t  a t t i t u d e  c o n t r o l  through cross- 
coupling l o g i c  inpu t s  from the  s t a b i l i z a t i o n  and guidance s y s t e m s .  
Small  ve loc i ty  change maneuvers can a l s o  *be made w i t h  t h e  SM RCS.  

The CM RCS c o n s i s t s  of two independent six-engine subsystems 
of s i x  93  pound-thrust engines each. Both subsystems are a c t i v a t e d  
j u s t  p r i o r  t o  CM sepa ra t ion  from the  SM: one i s  used f o r  spacec ra f t  
a t t i t u d e  c o n t r o l  during e n t r y .  The o the r  se rves  i n  standby as a 
backup. Propel lan ts  f o r  both CM and SM RCS a r e  monomethyl hydrazine 
f u e l  and n i t rogen  t e t r o x i d e  ox id ize r  w i t h  helium p res su r i za t ion .  
These p rope l l an t s  a r e  hypergol ic ,  i . e . ,  they burn spontaneously 
when combined without an i g n i t e r .  

E l e c t r i c a l  Power System ( E P S )  -- Provides e l e c t r i c a l  energy 
sources ,  power genera t ion  and c o n t r o l ,  power conversion and condition- 
ing ,  and power d i s t r i b u t i o n  to t h e  spacec ra f t  throughout the mission. 
The EPS a l s o  fu rn i shes  dr inking  water t o  t he  a s t ronau t s  as a by- 
product of the  f u e l  c e l l s .  The primary source of e l e c t r i c a l  power 
i s  t h e  f u e l  c e l l s  mounted i n  t h e  SM. Each c e l l  c o n s i s t s  of a hydrogen 
compartment, an oxygen compartment, and two e l ec t rodes .  The cryogenic 
gas s to rage  s y s t e m ,  a l s o  loca ted  i n  t h e  SM, supp l i e s  t h e  hydrogen 
and oxygen used i n  t h e  f u e l  c e l l  power p l a n t s ,  as w e l l  as t h e  oxygen 
used i n  t h e  ECS. 

Three s i l v e r - z i n c  oxide s to rage  ba t t e r i e s  supply power to t h e  
CM during e n t r y  and a f t e r  landing,  provide power f o r  sequence con- 
t r o l l e r s ,  d d  supplement t h e  f u e l  c e l l s  dur ing  per iods of peak 
power demand. These b a t t e r i e s  a re  loca ted  i n  the  CM lower equip- 
ment bay. A b a t t e r y  ciiarger i s  loca ted  i n  t he  same bay  t o  assure  
a f u l l  charge p r i o r  t o  e n t r y .  

Two o t h e r  s i l v e r - z i n c  oxide b a t t e r i e s ,  independent of and 
completely i s o l a t e d  from t h e  r e s t  of t h e  de power system, are used 
t o  supply power f o r  explosive devices  f o r  CM/SM sepa ra t ion ,  
parachute deployment and sepa ra t ion ,  th i rd-s tage  sepa ra t ion ,  launch 
excape system tower sepa ra t ion ,  and o the r  pyrotechnic  uses .  

Environmental Control System (ECS) -- Controls spacec ra f t  
atmosphere, p ressure ,  and temperature and manages water. I n  
a d d i t i o n  t o  r e g u l a t i n g  cabin and s u i t  gas pressure ,  temperature 
and humiaity,  t h e  s y s t e m  removes carbon dioxide,  odors and 
p a r t i c l e s ,  and v e n t i l a t e s  t h e  cabin a f t e r  landing.  It c o l l e c t s  and 
s t o r e s  f u e l  c e l l  po tab le  water f o r  crew use,  supp l i e s  water t o  the 
g l y c o l  evapora tors  f o r  cool ing ,  and dumps surp lus  water overboard 
through t h e  u r ine  dump valve.  P r o p e r  ope ra t ing  temperature of 
e l e c t r o n i c s  and e l e c t r i c a l  equipment i s  maintained by  t h i s  system 
through t h e  use of t h e  cabin heat exchangers, the  space r a d i a t o r s ,  
and the g lyco l  evaporators .  
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Recovery aids i n c l u d e  the u p r i g h t i n g  system, swimmer i n t e r -  
phone connec t ions ,  sea dye marker, f l a s h i n g  beacon, VHF r ecove ry  
beacon,  and VHF t r a n s c e i v e r .  The u p r i g h t i n g  s y s t e m  c o n s i s t s  of 
t h ree  compresso r - in f l a t ed  bags t o  u p r i g h t  the s p a c e c r a f t  i f  it 
shou ld  l a n d  i n  the water apex down (s table  I1 p o s i t i o n ) .  

Caut ion and Warning S y s t e m  -- Monitors  s p a c e c r a f t  s y s t e m s  f o r  
o u t - o f - t o l e r a n c e  c o n d i t i o n s  and alerts crew b y  v i s u a l  and a u d i b l e  
alarms s o  t h a t  crewmen may t roub le - shoo t  t he  problem. 

C l  -- Provide  r e a d o u t s  and c o n t r o l  f u n c t i o n s  
of a l l  o t h e r  s p a c e c r a f t  systems i n  t h e  command and s e r v i c e  modules. 
All c o n t r o l s  are d e s i g n e d - t o  be o p e r a t e d  by crewmen i n  p r e s s u r i z e d  
s u i t s .  D i s p l a y s  are grouped by s y s t e m  and l o c a t e d  a c c o r d i n g  t o  t h e  
f r equency  t h e  crew refers t o  them. 
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LUNAR MODULE STRUCTURES, WEIGHT 

The lunar module is a two-stage vehicle designed f o r  
space operations near and on the Moon, The LM is incapable 
of reentering the atmosphere. The lunar module stands 22 
f e e t  11 inches high and is 31 f e e t  wide (diagonally across 
landing gear) , 

Joined by four explosive bo l t s  and umbilicals, the as- 
cent and descent stages of  the Idvl operate as a u n i t  u n t i l  
staging, when the ascent stage functions as a s ingle  space- 
c r a f t  f o r  rendezvous and docking with the CSM. 

Ascent Stage 

Three main sections make up the ascent stage: the crew 
compartment, midsection, and a f t  equipment bay. Only the 
crew compartment and midsection a r e  pressurized (4.8 psig; 
337.4 gm/sq cm) as part of the IM cabin; a l l  other sect ions 
of the LM are unpressurized. The cabin volume is 235 cubie 
f e e t  (6.7 cubic meters). The ascent stage measures 12 f e e t  
4 inches high by 14 f e e t  1 inch In  diameter, 

Structural ly ,  the ascent stage ha8 six substructural  
areas: crew compartment, midsection, a f t  equipment bay, th rua t  
chamber assembly c lus t e r  supports, antenna supports and thermal 
and micrometeoroid shield.  

The cyl indr ica l  crew compartment I s  a semlmonocoque 
s t ruc ture  of machined longerons and fusion-welded aluminum sheet 
and is 92 inches (2.35 m) i n  d i m e t e r  and 42 inches (1.07 m) 
deep. Two f l i g h t  s t a t ions  a r e  equipped with control  and d i s -  
play panels, armrests, body r e s t r a i n t s ,  landing aids, two f ront  
windows, an overhead docking window, and an alignment op t i ca l  
telescope i n  the center between the two f l i gh t  s t a t ions ,  The 
habitable volume is 160 cubic f e e t ,  

Two t r iangular  f ront  windows and the 32-inch (0.81 m )  
square inward-opening forward hatch a r e  i n  the crew compartment 
f ront  face. 

EZterna1 s t r u c t u r a l  beams support the crew compartment 
and serve t o  support the lower in te rs tage  mounts a t  their 
lower ends, Ring-stiffened semlmonocoque construction is em- 
ployed i n  the midsection, with chem-milled aluminum skin over 
fusion-welded longerons and s t i f f e n e r s  , Fore-and-aft beams 
across the top of the midsection join w i t h  those running acroas 
the top of the cabin to  take a l l  ascent stage stress loads and, 
i n  e f f ec t ,  i s o l a t e  the cabin from stresses. 
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DOCKING 

A U  LUNAR SURFACE SENSING PROBE (3) 

APOLLO LUNAR MODULE 
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The ascent stage engine compartment i s  formed by two 
beams running across the lower midsection deck and mated 
t o  the fore  and a f t  bulkheads. Systems located i n  the 
midsection include the LM guidance computer, the power and 
servo assembly, ascent engine propellant tanks, RCS pro- 
pe l lan t  tanks, the environarental control system, and the 
waste management section. 

A tunnel ring atop the aseent stage meshes wi th  the 
command module docMng l a t ch  assemblies. 
the CM docking ring and latches &re aligned by the LM 
drogue and the CSM probe, 

16 inches (40 em). 
meter and is used f o r  crew t r ans fe r  between the CSM and LM. 
The upper hatch on the inboard end of the docMng tunnel 
hinges downward and cannot be opened w i t h  the LM pressurized 
and undocked. 

During docking, 

The docking tunnel extends downward i n t o  the snidsection 
The tunnel i s  32 inches (0.81 cm) i n  dia- 

A thermal and micrometeoroid shield of  multiple layers  
of mylar and a s ing le  thickness of t h in  aluminum skin encases 
the e n t i r e  ascent stage s t ruc ture .  

Descent Stage 

The descent stage consis ts  of a cruciform load-carrying 
s t ruc ture  of two pairs of parallel beams, upper and lower decks, 
and enclosure bulkheads -- a l l  of conventional skin-and-stringer 
aluminum a l loy  construction. The center  compartment houses 
the descent engine, and descent propellant tanks are housed 
i n  the four square bays around the engine. The descent stage 
measures 10 f e e t  7 inches high by 14 feet 1 inch i n  diameter. 

Four-legged t rus s  outriggers mounted on the ends of each 
pair of beams serve as SLA attach points and as "knees" f o r  the 
landing gear main s t r u t s ,  

Triangular bays between the  main beams are enclosed in to  
quadrants housing such components as the ECS water tank, helium 
tanks, descent engine control  assembly of the guidance, navi- 
gation and control subsystem, ECS gaseous oxygen tank, and 
batteries f o r  the e l e c t r i c a l  power system. Like the ascent 
stage, the descent stage is encased i n  the mylar and aluminum 
alloy thermal and micrometeoroid shield. 

The LM externa l  platform, o r  "porch", is mounted on the 
forward outrigger j u s t  below the  forward hatch. A ladder ex- 
tends down the forward landing gear s t r u t  from the porch fo r  
crew lunar surface operations. 

-more - 
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LM-5 flown on the Apollo 11 d s s i o n  w i l l  have a launch 
weight of 33,205 pounds, The weight breakdown I s  as follows: 

Ascent stage, dry 

Descent stage,  dry 

4,804 lbs .  Includes water 
and oxygen; no 

4,483 1bS. crew 

RCS propellants (loaded) 604 lbs .  

DPS propellants (loaded) 18,100 lbs .  

APS propellants (loaded) 5,214 lbs .  

33,205 lbs. 
Lunar Module Systems 

E lec t r i ca l  Power System -- The LM DC e l e c t r i c a l  system 
m d s t s  of six s i l v e r  zinc prlmary b a t t e r i e s  -- four i n  the 
descent stage and two i n  the ascent stage, each with i t 8  own 
e l e c t r i c a l  control  assembly (ECA) 
primary b a t t e r i e s  pass through c i r c u i t  breakers t o  energize 
the LM DC buses, from which 28-voit DC power Id d is t r ibu ted  
through c i r c u i t  breakers t o  a l l  LH systems. 
( 1 1 7 ~  400Hz) is supplied by two inverters ,  e i t h e r  of which can 
supply spacecraft  AC load needs t o  the AC buses. 

r ev i t a l i za t ion  section, oxygen supply and cabin pressure control 
section, water management, heat t ransport  section, and o u t l e t s  
fo r  oxy en and water servicing of the Portable L i f e  Support 
System TPLss).  

Power feeders from a l l  

AC power 

Environmental Control System -- Consists of the  atmosphere 

-more - 
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Components of the a%mosphere revitalization.sect1on are 
the suit circuit assembly which cools and ventilates the 
pressure.gaments, reduces carbon dioxide levels, removes 
odors, noxiourp gasea and excessive moisture; the cabin re- 
circulation aslsembly which ventilates and controls cabin 
atmosphere temperatures; and the steam flex duct which vents 
t o  space steam from the suit circuit water evaporator. 

'Phe oxygen supply and cabin pressure section supplies 
gaseous oxygen to the atmosphere revitalization section for 
maintaining suit and cabin pressure. The descent stage 
oxygen supply provides descent flight phase and lunar stay 
oxygen needs, and the ascent stage oxygen supply provides 
oxygen needs for the ascent and rendezvous flight phase. 

Water for drinking, cooling, fire fighting, food pre- 
paration, and refilling the PLSS cooling water servicing 
tank I s  supplied by the water management section. The water 
is contained in three nitrogen-pressurized bladder-type tanks, 
one of 367-pound capacity In the descent stage and two of 
47.5-pound capacity in the ascent stage. 

The heat transport section has primary and secondary 
water-glycol solution coolant loops. The primary coolant 
loop circulates Water-glyCOl for temperature control of cabin 
and suit circuit oxygen and for thermal control of batteries 
and electronic components mounted on cold plates and rails. 
If the primary loop becomes inoperative, the secondary loop 
circulates coolant through the rails and cold plates only. 
Suit circuit cooling during secondary coolant loop operation 
is provided by the suit loop water boiler. Waste heat from 
both loops is vented overboard by water evaporation or sub- 
limators. 

Communication System -- Two S-band transmitter-receivers, 
two v€€F transmitter -rece ivers , a signal processing as sernbly , 
and associated spacecraft antenna make up the LM communications 
system. The system transmits and receives voice, tracking 
and rangin data, and transmits telemetry data on about 270 

tions between the LM and ground stations is by S-band, and 
between the LM and CSM voice is on . 
measuremen f s and TV signals to the ground. Voice communica- 
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ssion Control 
e vector updates. 

h a 10-hour 
nto the CSM 

Guidance, Navigation and Control Systen -9 Co 
s i x  sections:  primary guidance and navigation sec t  
abort  guidance sect ion (AGS), radar section, cont 
sect ion (CES), and o r b i t a l  rate dr ive e lec t ronics  
and IN (ORDEAL). 

* The PGNS is an aided i n e r t i a l  guidance system updated 
by the alignment op t i ca l  telescope, an i n e r t i a l  measurement 
uni t ,  and the rendezvous and landing radars,, The system pro- 
vides  i n e r t i a l  reference data f o r  computations, produces 
i n e r t i a l  alignment reference by feeding op t i ca l  sighting data 
i n t o  the LM guidance computer, displays posi t ion and velocity 
data, computes LM-CSM rendezvous data from radar inputs, con- 
t r o l s  a t t i t u d e  and th rus t  t o  maintain desired LM t ra jectory,  
and controls descent engine t h r o t t l i n g  and gimbaling'. 

The LM-5 guidance computer has the Lwmin 
program f o r  processing landing radar a l t i t u d e  a 
information f o r  lunar landing,, LM-4, flown on 
not have the landing phase i n  its guidance computer 
program. 

* The AGS is an independent backup system f o r  the PGNS, 

-more- 
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* The CES controls LJVI attitude and.translation about all - -  
axes. It also controls by PGNS command the automatic operation 
of the ascent and descent engines, and the reaction control 
thrusters. Manual attitude controller and s t -trans lation 
controller commands are also handled by the CES. 

dicator, is the computed local vertical in the pitch axis 
during circular Earth or lunar orbits. 

* ORDEAL, displays on the flight director attitude in- 

Reaction Control System -- The LM has four RCS engine 
clusters of four 100-pound (45.4 k g )  thrust engines each which - 
use helium-pressurized hypergolic propellants. The oxidizer 
is nitrogen tetroxide, fuel is Aerozine 50 (50/50 blend of 
hydrazine and unsymmetrical dimethyl hydrazine). Propellant 
plumbing, valves and pressurizing components are in two 
parallel, independent systems, each feeding half the engines 
in each cluster. Either system is capable of maintaining 
attitude alone, but if one supply system fails, a propellant 
crossfeed allows one system to supply all 16 engines. 
Additionally, interconnect valves permit the RCS system to 
draw from ascent engine propellant tanks. 

The engine clusters are mounted on outriggers 90 degrees 
apart on the ascent stage. 

The RCS provides small stabilizing impulses during ascent 
and descent burns, controls LM attitude during maneuvers, and 
produces thrust for separation, and ascent/deacent engine tank 
ullage. The system may be operated in either the pulse or 
steady-state modes. 

Descent Propulsion System -0 #axianun rated thrust of the 
descent engine is 9,s 0 pounds (4,380.9 kg) and is throttleable 
between 1,050 pounds 476.7 kg) and 6,300 pounds (2,860.2 a). 
The engine can be ginbaled six degrees in any direction in 
response to attitude commands and for offset center of gravity 
trimming. 
nitrogen tetroxide . 
thrust ascent engine is not gimbaled and performs at full 
thrust. 
stage separates from the descent stage, 
same as are burned by the RCS engines and the descent engine. 

systems have the same function aboard the lunar module as they 
do aboard the command module. 

Propellants are helium-pressurized Aerozine 50 and 

Ascent Propulsion System -- The 3J500=pound (1,589 kg) 
The engine remains dormant until after the ascent 

Propellants are the 

Caution and Warning, Controls and Displays -- These two 
(See CSM systems section.) 

-more- 



-107- 

Tracking and Dockhg Lights -- A flashing tracking l ight  
(once per second, 20 milliseconds duration) on the front  face 
of the lunar module is an aid f o r  contingency CSM-active 
rendezvous LM rescue. 
milea through the CSM sextant to 130 miles with the naked eye. 
Five docking l ights  analagous t o  a i r c r a f t  runnlng l i g h t s  are 
mounted on the I24 for CSM-active rendezvous: two forward 
yellow l igh t s ,  aft  white l i g h t ,  port  red l igh t  and starboard 
green l ight .  All docking l3ghts have about a 1,000-foot 
v i a l b i l i t y  . 

V i s i b i l i t y  ranges from 400 naut ica l  

-more - 
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SATURN V LAUNCH VEHICLE DESCRIPTION AND OPERATION 

The Apollo 11 spacec ra f t  w i l l  be boosted i n t o  E a r t h  o r b i t  
and then  onto a l u n a r  t r a j e c t o r y  by  the  s i x t h  Saturn V launch 
veh ic l e .  The 281-foot high Saturn V generates  enough t h r u s t  t o  
place a 125-ton payload i n t o  a l o 5  nm E a r t h  o r b i t  o r  boos t  about 
50 tons  t o  l u n a r  o r b i t .  

The Sa turn  V, developed b y  the NASA-Marshall Space F l i g h t  Center,  
underwent research  and development t e s t i n g  i n  t h e  "all-up" mode. 
From t h e  f i r s t  launch a l l  stages have been l i v e .  Th i s  has r e s u l t e d  
i n  "man r a t i n g "  of t h e  Saturn V i n  two launches. The t h i r d  Saturn V 
(AS-503) c a r r i e d  Apollo 8 and its crew on a l u n a r  o r b i t  mission. 

Saturn V rocke ts  were launched November 9 ,  1967, A p r i l  4, 1968,  
December 2 1 ,  1968, March 3,  1969, and May 18,  1969. The first two 
space vehic le  were unmanned; t h e  l a s t  three c a r r i e d  the A p ~ o l l ~  8, 9 
and 1 0  crews, r e spec t ive ly .  

Launch Vehicle Range Safe ty  Provis ions 

I n  t h e  event of  an imminent emergency dur ing  the launch 
veh ic l e  powered f l i g h t  phase it could become necessary t o  abor t  the  
mission and remove t h e  command module and crew from immediate danger. 
After  providing f o r  crew safe ty ,  t h e  Range S a f e t y  Of f i ce r  may take 
f u r t h e r  a c t i o n  i f  t h e  remaining i n t a c t  vehic le  c o n s t i t u t e s  a hazard 
t o  overflown geographic areas. Each launch veh ic l e  propuls ive Stage 
i s  equipped w i t h  a p rope l l an t  d i spe r s ion  s y s t e m  t o  te rmina te  the 
veh ic l e  f l i g h t  i n  a safe loca t ion  and disperse  p rope l l an t s  w i t h  a 
minimized i g n i t i o n  p r o b a b i l i t y .  A t r ansmi t t ed  ground command s h u t s  
down a l l  engines and a second command de tona tes  explos ives  which 
open t h e  f u e l  and ox id ize r  tanks enabl ing  the  p rope l l an t s  t o  d i sperse .  
On each stage t h e  t ank  c u t s  are made i n  non-adjacent a r eas  t o  
minimize p rope l l an t  mixing. The stage p rope l l an t  d i spe r s ion  s y s t e m s  
are safed by ground command. 
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SATURN V LAUNCH VEHICLE 

N 
00 

tz 

0 r I /// I THIRD STAGE 

SECOND STAGE 
(S-I I) 

I Ill 

FIRST STAGE &-IC) 

DIAMETER-33 FEET 
HEIGHT 138 FEET 
WEIGHT 5,022,674 LBS. FUELED 

288,750'LBS. DRY 

PROPELLANTS- LIQUID OXYGEN (3,307,855 LBS ., ENG I NES FIVE F-I 

346,372 GALS ,) RP-I (KEROSENE) 
- (1,426,069 LBS., 212,846 GALS.) 

THRUST 7,653,854 LBS AT LIFTOFF 

SECOND STAGE (S-11) 

DIAMETER-33 FEET 
HEIGHT 81.5 FEET 
WEIGHT 1,059,171 LBS. FUELED 

79,918 LBS . DRv 
ENGINES FIVE J-2 
PROPELLANTS- LlQU ID OXYGEN (82 1,022 LBS ., 

85,973 GALS .) LIQUID HYDROGEN 
(158,221 LBS ., 282,555 GALS .) 

THRUST 1,120,216 TO 1,157,707 LBS. 
I N TE RSTAGE - 1 ,353 (SM A LL) 

8,750 (LARGE) 

THIRD STAGE (S-IVB) 

DIAMETER-21.7 FEET 
HEIGHT 58.3 FEET 
WEIGHT 260,523 LBS . FUELED 

25,000 LBS . DRY 
E NG I NES ONE J-2 
PROPELLANTS-LIQUID OXYGEN (192,023 LBS., 

20,107 GALS.) LIQUID HYDROGEN 
(43,500 LBS . , 77,680 GALS .) 
178,161 TO 203,779 LBS . THRUST 

lNTERSTAGE-8,081 LBS. 

INSTRUMENT UNIT 

DIAMETER- 21.7 FEET 
HEIGHT 3 FEET 

WEIGHT 4,306 LBS . 

NOTE: WEIGHTS AND MEASURES GIVEN ABOVE ARE FOR THE NOMINAL VEHICLE CONFIGURATION 
FOR APOLLO 1 1 .  THE FIGURES MAY VARY SLIGHTLY DUE TO CHANGES BEFORE LAUNCH TO MEET 
CHANGING CONDITIONS. WEIGHTS NOT INCLUDED IN ABOVE ARE FROST AND MISCELLANEOUS 
SMALLER ITEMS. 
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SPACE VEHICLE WEIGHT SUMMARY (pounds)  

Event Wt. Chg. Veh. Wt. 

A t  i g n i t i o n  
Thrus t  b u i l d u p  p r o p e l l a n t  used  

A t  f i rs t  motion 
S-IC f r o s t  
S-IC n i t r o g e n  purge  
S- I1  frost 
S-I I  i n s u l a t i o n  purge gas 
S-IVB f r o s t  
Cen te r  eng ine  decay p r o p e l l a n t  used  
Center  e n g i n e  expended p r o p e l l a n t  
S-IC mains tage  p r o p e l l a n t  used  
Outboard eng ine  decay p r o p e l l a n t  used  
S-IC s t a g e  drop weight  
S-IC/S-I1 small i n t e r s t a g e  
S- I1  u l l a g e  p r o p e l l a n t  used 

A t  S-IC s e p a r a t i o n  
S- I1  t h r u s t  b u i l d u p  p r o p e l l a n t  u sed  
S-I1 s t a r t  t a n k  
S-I1 u l l a g e  p r o p e l l a n t  used  
S- I1  mains tage  p r o p e l l a n t  and v e n t i n g  
Launch e scape  tower 
S - I1  a f t  I n t e r s t a g e  
S- I1  t h r u s t  decay p r o p e l l a n t  used 
S-I1 s t a g e  drop weight  
S-II/S-IVB i n t  e r s t a g e  
S-IVB a f t  frame dropped 
S-IVB d e t o n a t o r  package 

A t  S-II/S-IVB s e p a r a t i o n  
S-IVB u l l a g e  r o c k e t  p r o p e l l a n t  

At S-IVB i g n i t i o n  
S-IVB u l l a g e  p r o p e l l a n t  
S-IVB hydrogen i n  s t a r t  t a n k  
Thrus t  b u i 1 dup prop e 1 l a n  t 
S-IVB mains tage  p r o p e l l a n t  used 
S-IVB u l l a g e  r o c k e t  c a s e s  
S-IVB APS p r o p e l l a n t  

At first S-IVB c u t o f f  s i g n a l  
Thrus t  decay p r o p e l l a n t  used  
APS p r o p e l l a n t  ( u l l a g e  
Engine p r o p e l l a n t  lost 

A t  p a r k i n g  o r b i t  i n s e r t i o n  
Fuel  t a n k  v e n t  
APS p r o p e l l a n t  
Hydrogen i n  s t a r t  t a n k  
02/H2 b u r n e r  
LOX t a n k  vent  
S-IVB f u e l  lead lo s s  

6,484,280 
85,745 

6,398,535 
650 

37 
450 
120  
2 00 

2,029 
406 

4,567,690 
8,084 

363 , 425 
1 ,353  

73 

1 ,303  
25 

1 ,288  
963,913 

8,930 
8,750 

480 
94,140 

8 , 0 8 1  
48 

3 

1,454,014 

96 

22  
4 

4 36 
66,796 

135 
2 

89 

36 7,053 

366,957 

299,586 

5 
30 

2,879 
235 

2 
16  
46 
5 

299,562 
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V e h .  W t .  

A t  se 296,379 
s-I 4 
T h r  569 
s-I 164,431 
APS p r o p e l l a n t  used  

Thrus t  decay p r o p e l l a n t  used 
Engine p r o p e l l a n t  10s t 

A t  second S-IVB c u t o f f  s i g n a l  

A t  t r a n s l u n a r  i n j e c t i o n  139,369 
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F i r s t  Stage 

h r  
n a  

Marshall Space F l i g h t  Center  and the  Boeing Co. 

The Marshall Cen te r  assembled f o u r  S-IC s 
t e s t  model, a s t a t i c  t e s t  v e r s i o n ,  and t h e  fir 
Subsequent f l i g h t  stages are assembled by Boeing 
Assembly F a c i l i t y ,  N e w  Or l eans .  

The S-IC f o r  t h e  Apollo 11 miss ion  was t h e  t h i r  
b o o s t e r  t e s t ed  a t  t h e  NASA-Mississippi T e s t  F a c i l i t y  
S-IC t e s t  at  MTF was on May 11, 1967, the  second on August 9 ,  1967, 
and the th i rd- - the  b o o s t e r  f o r  Apollo 11--was on August 6 ,  1968. 
Ear l ier  f l i g h t  stages were s t a t i c  f i r e d  a t  t h e  Marshall Center .  

The b o o s t e r  s t a g e  s t a n d s  138 fee t  h i g h  and i s  33 fee t  i n  
diameter. Major s t r u c t u r a l  components i n c l u d e  t h r u s t  s t r u c t u r e ,  
f u e l  t a n k ,  i n t e r t a n k  s t r u c t u r e ,  o x i d i z e r  t a n k ,  and forward s k i r t .  
I t s  f i v e  eng ines  burn  kerosene  (RP-1)  f u e l  and l i q u i d  oxygen. The 
s t a g e  weighs 288,750 empty and 5,022,674 pounds f u e l e d .  

Normal p r o p e l l a n t  f low r a t e  t o  t h e  f ive  F-1 e n g i n e s  i s  
29,364.5 pounds ( 2 , 2 3 0  g a l l o n s )  p e r  second.  Four of t he  eng ines  
are mounted on a r i n g ,  a t  90 degree  i n t e r v a l s .  These f o u r  are 
gimballed t o  c o n t r o l  the  r o c k e t ' s  d i r e c t i o n  of  f l i g h t .  The f i f t h  
engine  i s  mounted r i g i d l y  i n  t h e  c e n t e r .  

Second S tage  

t h e  1 m i l l i o n  pound t h r u s t  S-I1 s t a g e  at Seal Beach, C a l i f o r n i a .  
The 81 f o o t  7 i n c h  long ,  33 f o o t  diameter stage i s  made up of t h e  
forward  s k i r t  t o  which t h e  t h i r d  s t a g e  a t t a c h e s ,  t h e  l i q u i d  hydro- 
gen t a n k ,  l i q u i d  oxygen t a n k  (separated from t h e  hydrogen t a n k  by  
an i n s u l t e d  common bu lkhead) ,  t h e  t h r u s t  s t r u c t u r e  on which the  
eng ines  are mounted, and a n  i n t e r s t a g e  s e c t i o n  t o  which t h e  f i r s t  
s t a g e  a t t a c h e s  

F ive  J-2 e n g i n e s  power t h e  S-11. The o u t e r  f o u r  e n g i n e s  
are e q u a l l y  spaced  on a 17.5 f o o t  diameter c i r c l e .  These f o u r  

y be gimbal led through a p o r  minus seven-degree 
t e r n  f o r  t h r u s t  v e c t o r  con 1. A s  on the f i r s t  s t a g e ,  

t h e  c e n t e r  eng ine  (number 5 )  i s  moun on the s t a g e  c e n t e r l i n e  
and i s  f i x e d  i n  p o s i t i o n .  

performance 5-2 e n g i n e s  t ha t  burn  l i a _ u i d  oxygen and l i q u  
"he s t a g e ' s  purpose i s  to p r o v i d e  s t a g e  boos t  a lmost  t o  

The Space D i v i s i o n  of North American Rockwell Corp. b u i l d s  

The second stage (S - I I ) ,  l i k e  t h e  t h i r d  s t a g e ,  u ses  high 
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-113- 

The S-I1 f o r  Apollo 11 was s t a t i c  t e s t e d  by North American 
Hockwell a t  t h e  NASA-Mis s s i p p i  T e s t  F a c i l i t y  on September 3, 1968.  
Th i s  stage was sh ipped  t t e s t  s i t e  v i a  t h e  Panama Canal f o r  t h e  
t e s t  f i r i n g .  

Th i rd  S tage  

The t h i r d  stage ( S - I V B )  was developed by t h e  McDonnell Douglas 
A s t r o n a u t i c s  Co. at Huntington Beach, Cal i f .  A t  Sacramento,  Ca l i f . ,  
t h e  s t a g e  passed  a s t a t i c  f i r i n g  t e s t  on J u l y  17 ,  1968,  as p a r t  o f  
Apollo 11 miss ion  p r e p a r a t i o n .  The s t a g e  was flown d i r e c t l y  to t h e  
NASA-Kennedy Space Center  by t h e  s p e c i a l  a i r c r a f t ,  Super  Guppy. 

Measuring 58 f e e t  4 i n c h e s  long  and 2 1  f e e t  8 i n c h e s  i n  d i a -  
meter,  t h e  S-IVB weighs 25,000 pounds d r y .  A t  f i r s t  i g n i t i o n ,  i t  
weighs 262,000 pounds. The i n t e r s t a g e  s e c t i o n  weighs an a d d i t i o n a l  
8,081 pounds. 

The 
192,023 p 
235,523 P 
i s  necess  

f u e l  t a n k s  c o n t a i n  4 3 , 5 0 0  pounds of l i q u i d  hydrogen and 
ounds o f  l i q u i d  oxygen a t  f i r s t  i g n i t i o n ,  t o t a l l i n g  
ounds of  p r o p e l l a n t s .  I n s u l a t i o n  between t h e  two t a n k s  
a r y  because  t h e  l i q u i d  oxygen, a t  about  293  deg rees  below 

z e r o  F a h r e n h e i t ,  i s  w a r m  enough, r e l a t i v e l y ,  t o  r a p i d l y  h e a t  t h e  
l i q u i d  hydrogen, a t  423  deg rees  below z e r o ,  and cause  i t  t o  t u r n  
to g a s .  The s i n g l e  J-2 engine  produces a maximum 230,000 pounds o f  
t h r u s t .  The s t a g e  p r o v i d e s  p r o p u l s i o n  t w i c e  d u r i n g  t h e  Apollo 11 
miss ion .  

Ins t rument  Unit  

The i n s t r u m e n t  u n i t  ( I U )  i s  a c y l i n d e r  t h r e e  f e e t  h i g h  and 2 1  
f ee t  8 i n c h e s  i n  d i a m e t e r .  It weighs 4 ,306  pounds and c o n t a i n s  t h e  
guidance ,  n a v i g a t i o n  and c o n t r o l  equipment to s t e e r  t h e  v e h i c l e  
th rough i t s  E a r t h  o r b i t s  and i n t o  t h e  f i n a l  t r a n s l u n a r  i n j e c t i o n  
maneuver. 

The I U  a l s o  c o n t a i n s  t e l e m e t r y ,  communications, t r a c k i n g ,  and 
crew s a f e t y  s y s t e m s ,  a long  w i t h  i t s  own s u p p o r t i n g  e l e c t r i c a l  power 
and  envi ronmenta l  c o n t r o l  s y s t e m s .  

Components making up t h e  " b r a i n "  of t h e  S a t u r n  V are mounted 
on c o o l i n g  p a n e l s  f a s t e n e d  t o  t h e  i n s i d e  s u r f a c e  o f  t h e  in s t rumen t  
u n i t  s k i n .  The "co ld  p l a t e s "  are p a r t  of a s y s t e m  t h a t  removes 
heat by  c i r c u l a t i n g  cooled  f l u i d  through a hea t  exchanger t h a t  
e v a p o r a t e s  water from a s e p a r a t e  supply i n t o  t h e  vacuum of space .  

The s i x  major  s y s t e m s  of t h e  ins t rument  u n i t  are s t r u c t u r a l ,  
t h e r m a l  c o n t r o l ,  gu idance  and c o n t r o l ,  measuring and t e l e m e t r y ,  
r a d i G  f r equency ,  and e l e c t r i c a l .  
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kou t  and 1 

n t h e  S a t u r n  

I f  a f t e r  second stage i g n i t i o n  t h e  v e h i c l e  d e v i a t e s  from t h e  
optimum t r a j e c t o r y  i n  c l imb,  t h e  v e h i c l e  d e r i v e s  and c o r r e c t s  t o  a 
new t r a j e c t o r y .  C a l c u l a t i o n s  are  made about  once each  second 
throughout  t he  f l i g h t .  The launch  v e h i c l e  d i g i t a l  computer and 
data adapter  perform t h e  n a v i g a t i o n  and guidance computat ions and 
t h e  f l i g h t  c o n t r o l  computer c o n v e r t s  g e n e r a t e d  a t t i t u d e  e r r o r s  i n t o  
c o n t r o l  commands. 

The ST-124M i n e r t i a l  platform--the heart o f  t h e  n a v i g a t i o n ,  
guidance and c o n t r o l  system--provides  space- f ixed  r e f e r e n c e  coordin-  
a t e s  and measures a c c e l e r a t i o n  a long  t h e  three mutua l ly  perpendic-  
u l a r  axes  o f  t h e  c o o r d i n a t e  system. If t h e  i n e r t i a l  p l a t f o r m  f a i l s  
du r ing  boost, s p a c e c r a f t  s y s t e m s  con t inue  guidance and c o n t r o l  
f u n c t i o n s  f o r  t h e  r o c k e t .  A f t e r  second s t a g e  i g n i t i o n  the  crew 
can manually s t e e r  t h e  space  v e h i c l e .  

I n t e r n a t i o n a l  Business  Machines Corp.,  i s  prime c o n t r a c t o r  
f o r  t h e  in s t rumen t  u n i t  and i s  t h e  s u p p l i e r  o f  t h e  guidance s i g n a l  
p r o c e s s o r  and guidance computer.  Major s u p p l i e r s  of ins t rument  
u n i t  components are: E l e c t r o n i c  Communications, I n c . ,  c o n t r o l  
computer; Bendix Corp.,  ST-124M i n e r t i a l  p l a t fo rm;  and IBM F e d e r a l  
Systems D i v i s i o n ,  launch v e h i c l e  d i g i t a l  computer and launch v e h i c l e  
data adapter .  

-more- 
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The F-1 
h i g h  and h a s  
undergoes s t  
f o r  t h e  160.- 
The eng ine  c 

eng ine  weighs a lmost  1 0  t o n s ,  i s  more t h a n  18  f e e t  
a n o z z l e - e x i t  diameter of  n e a r l y  1 4  e t .  The F-1 

a t i c  t e s t i n g  f o r  an average 650 secon  i n  q u a l i f y i n g  
second r u n  d u r i n g  t h e  S a t u r n  V f irst  stage b o o s t e r  phase.  
onsumes a lmost  t h r e e  t o n s  of  p r o p e l l a n t s  p e r  second. 

The f i r s t  stage of t h e  S a t u r n  V f o r  t h i s  mi s s ion  has e i g h t  
o t h e r  r o c k e t  motors .  These are t h e  s o l i d - f u e l  r e t r o r o c k e t s  which 
w i l l  slow and s e p a r a t e  t h e  s t a g e  from t h e  second s t a g e .  Each 
r o c k e t  produces a t h r u s t  o f  87 ,900  pounds f o r  0.6 second.  

The  main p r o p u l s i o n  f o r  t h e  second s t a g e  i s  a c l u s t e r  o f  
f i v e  5-2 eng ines  b u r n i n g  l i q u i d  hydrogen and l i q u i d  oxygen. 
Each e n g i n e  develops  a mean t h r u s t  o f  more t h a n  227,000 pounds 
a t  5:l mix tu re  r a t i o  ( v a r i a b l e  from 224,000 to 231,000 i n  phases  
of t h i s  f l i g h t ) ,  g i v i n g  t h e  s tage  a t o t a l  mean t h r u s t  o f  more 
t h a n  1.135 m i l l i o n  pounds.  

Designed to o p e r a t e  i n  t h e  h a r d  vacuum of space ,  t h e  3,500- 
pound 5-2 i s  more e f f i c i e n t  t h a n  t h e  F-1 because i t  burns  t h e  
high-energy f u e l  hydrogen. F-1 and J-2 e n g i n e s  are produced 
by  t h e  Rocketdyne D i v i s i o n  o f  North American Rockwell Corp. 

The second s t a g e  has  f o u r  21,000-pound-thrust  s o l i d  f u e l  
r o c k e t  e n g i n e s .  These are t h e  u l l a g e  r o c k e t s  mounted on t h e  
S-IC/S-I1 i n t e r s t a g e  s e c t i o n .  These r o c k e t s  f i r e  to s e t t l e  l i q u i d  
p r o p e l l a n t  i n  t h e  bottom of t h e  main t a n k s  and h e l p  a t t a i n  a 
"c l ean"  s e p a r a t i o n  from t h e  f i r s t  s t a g e ;  t h e y  remain w i t h  t h e  
i n t e r s t a g e  when i t  d rops  away a t  second p l a n e  s e p a r a t i o n .  Four 
r e t r o r o c k e t s  are l o c a t e d  i n  t h e  S-IVS a f t  i n t e r s t a g e  (which neve r  
s e p a r a t e s  from t k - e  S-11) to separa te  t h e  S-I1 from t h e  S-IVB p r i o p  
to S-IVB i g n i t i o n .  

Eleven r o c k e t  e n g i n e s  perform v a r i o u s  f u n c t i o n s  on t h e  t h i r d  
s t a g e .  A s i n g l e  J-2 p r o v i d e s  the  main p r o p u l s i v e  forc 'e ;  t h e r e  are 
two j e t t i s o n a b l e  main u l l a g e  r o c k e t s  and e i g h t  smaller eng ines  i n  
t h e  two a u x i l i a r y  p r o p u l s i o n  s y s t e m  modules. 

Launch Veh ic l e  I n s t r u m e n t a t i o n  and Communication 

A t o t a l  of  1,348 measurements w i l l  b e  t a k e n  i n  f l i g h t  on t h e  
S a t u r n  V launch  v e h i c l e :  330 on t h e  f i r s t  s t a g e ,  514 on t h e  second 
s t a g e ,  283 on t h e  t h i r d  s t a g e ,  and 221 on t h e  i n s t r u m e n t  u n i t .  

T e l e m e t r y  on t h e  S a t u r n  V i n c l u d e s  FM and PCM s y s t e m s  on t h e  
S-IC, two FM and a FCDI on t h e  S-11, a PCM on t h e  S--IVB, and an 
FM, a FCM and a CCS on t h e  IIJ. Each p r o p u l s i v e  stage has  a 
range  safety s y s t e m ,  and t h e  I U  has  C-Band and command s y s t e m s .  

Not e : 
FM (Frequency Modulated) PCM ( P u l s e  Code Nodulated)  CCS (Command 
Communications System) 
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S-IVB Restart 

The t h i r d  stage o f  t h e  S a t u r n  V r o c k e t  f o r  t h e  Apollo miss ion  
w i l l  burn  twice i n  space .  The second burn  p l a c e s  t h e  s p a c e c r a f t  
on t h e  t r a n s l u n a r  t r a j e c t o r y .  The f i r s t  o p p o r t u n i t y  f o r  t h i s  burn 
i s  a t  2 hour s  4 4  minutes  and 15 seconds a f t e r  launch .  

The pr imary p r e s s u r i z a t i o n  s y s t e m  o f  t h e  p r o p e l l a n t  t a n k s  
f o r  t h e  S-IVB restar t  u s e s  a he l ium h e a t e r .  I n  t h i s  sys tem,  n i n e  
hel ium s t o r a g e  s p h e r e s  i n  t h e  l i q u i d  hydrogen t a n k  c o n t a i n  gaseous 
hel ium -charged to about  3,000 p s i .  Th i s  he l ium i s  passed  through 
t h e  h e a t e r  which h e a t s  and expands t h e  g a s  b e f o r e  it e n t e r s  t h e  
p r o p e l l a n t  t a n k s .  The h e a t e r  o p e r a t e s  on hydrogen and oxygen gas  
from t h e  main p r o p e l l a n t  t a n k s .  

The backup s y s t e m  c o n s i s t s  of f i v e  ambient he l ium sphe res  
mounted on t h e  stage t h r u s t  s t r u c t u r e .  Th i s  s y s t e m ,  c o n t r o l l e d  by 
t h e  f u e l  r e - p r e s s u r i z a t i o n  c o n t r o l  module, can r e p r e s s u r i z e  t h e  
t a n k s  i n  case t h e  pr imary  sys tem f a i l s .  The res tar t  w i l l  use  t h e  
pr imary s y s t e m .  If t h a t  s y s t e m  f a i l s ,  t h e  backup s y s t e m  w i l l  be used.  

D i f f e r e n c e s  i n  Launch Veh ic l e s  f o r  Apollo 1 0  and Apollo 11 

The g r e a t e s t  d i f f e r e n c e  between t h e  S a t u r n  V l aunch  v e h i c l e  
f o r  Apollo 10 and t h e  one for Apollo 11 i s  i n  t h e  number of 
i n s t r u m e n t a t i o n  measurements planned f o r  t h e  f l i g h t .  Apollo 11 
w i l l  be  f l y i n g  t h e  o p e r a t i o n a l  c o n f i g u r a t i o n  o f  i n s t r u m e n t a t i o n .  
Most r e s e a r c h  and development i n s t r u m e n t a t i o n  has  been removed, 
r educ ing  t h e  total number of measurements from 2,342 on Apollo 10 
to 1,348 on Apollo 11. Measurements on Apollo 1 0 ,  w i t h  Apollo 11 
measurements i n  p a r e n t h e s e s ,  were: S-IC, 6 7 2  ( 3 3 0 ) ;  S-11, 
980 (514); S-IVB, 386 ( 2 8 3 ) ;  and I U ,  2 9 8  ( 2 2 1 ) .  

The c e n t e r  eng ine  of  t h e  S-I1 w i l l  b e  c u t  o f f  e a r l y ,  as 
w a s  done d u r i n g  t h e  Apollo 10  f l i g h t ,  to e l i m i n a t e  t h e  l o n g i t u d i n a l  
o s c i l l a t i o n s  r e p o r t e d  by a s t r o n a u t s  on t h e  Apollo 9 mis s ion .  
C u t t i n g  o f f  t h e  eng ine  e a r l y  on Apollo 1 0  w a s  the  s i m p l e s t  and 
q u i c k e s t  method o f  s o l v i n g  t h e  problem. 
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APO 

L i f e  Support Equipment - Space S u i t s  

Apollo 11 crewmen w i l l  wear two versions of the Apollo 
space suit: 
worn by the command module p i l o t  and the extravehicular pres- 
8ure garment assembly worn by the commander and the lunar 
module p i l o t ,  Both versions are bas ica l ly  iden t i ca l  except 
that the extravehicular version has an i n t e g r a l  thermal/ 
meteoroid garment over the basic s u i t .  

an lntravehicular  pressure gament  assembly 

From the skin out, the basic presaure garment cons is t s  
of a nomex comfort layer, a neoprene-coated nylon pressure 
bladder and a nylon r e s t r a i n t  layer. The outer  layens of the 
i n t r a v e h l c u h r  suit are, from the inside out,  nomex aTLd two 
layers of Teflon-coated Beta cloth.  The extravehicular i n t e -  
gral thermal/meteorold cover consis ts  of  a l i n e r  of two layers 
of neoprene-coated nylon, seven layers of Betafiapton spacer 
laminate, and an outer  layer  of Teflon-coated Beta fabric.  

The extravehicular s u i t ,  together with a l iquid cooling 
garment, portable l i f e  support system (PLSS), oxygen purge 
system, lunar  extravehicular v i sor  assembly and other  components 
make up the extravehicular mobility u n i t  (EMU). The EMU pro- 
vides  an extravehicular crewman w i t h  l i fe  support f o r  a four- 
hour mission outside the lunar module without replenishing 
expendables. EMU t o t a l  w e i g h t  is 183 pounds. The i n t r a -  
vehicular s u i t  weighs 35 , 6 pounds. 

--A knit ted nylon-spandex garment 
bing through which cooling water with 

from the PLSS i s  circulated.  It is worn next t o  the s k i n  and 
replaces the constant wear-garment during EVA only. 

-A backpack supplying oxygen 
a t  3. e l iqu id  cooling garment. 
Return oxygen is cleansed of solid and-gas contaminants by a 
lithim hydroxide canSrrter. The PLSS includes communications 
and telemetry equipmefit, displays and controls,  and a main 
power supply, The PLSS is covered by a thermal insu la t ion  
jacket,  (Two stowed bn W) . 

Oxygen purge system--Mounted atop the PLSS, the oxygen 
purge system provldes d' contingency 30-minute supply of 
gaseous oxygen in two twowpound bo t t l e s  pressurized to  5,880 
psia. The,! aystem may also be worn separately on the f ront  of 
the pressure gament  assembly torso.  It serves aa a mount f o r  
She VHF antenna f o r  the PLSS, (Two stowed i n  XM).  
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and 
The 

Lunar extravehicular v i sor  assembly -- A polycarbonate shell 
two visors  with thermal control and opt ica l  c o a t i w s  on them. 
EVA visor  is  attached over the pressu& helmet t o  i rovide 

impact, micrometeoroid, thermal and u l t r a v i o l e t  infrared l i gh t  
protection t o  the EVA crewman. 

Extravehicular gloves--Built of an outer s h e l l  of  
Chromel-R fabr ic  and thermal insulat ion to  provlde protec- 
t ion  when handling extremely hot and cold objects.  The f inger  
t i p s  are made of s i l i cone  rubber t o  provide the crewman more 
sens i t i v i ty .  

johns", is worn as an undergarment f o r  the space suit In i n t r a -  
vehicular operations and f o r  the i n f l i g h t  coveralls.  The 
garment j.8 porous-knit cotton w i t h  a waist-to-neck zipper f o r  
donning. Biomedical harness a t tach  points a r e  provided. 

A one-piece constant-wear garment, similar t o  "long 

During periods out of  the space s u i t s ,  crewmen w i l l  wear 
two-piece Teflon fabric  i n f l i g h t  coveral ls  f o r  warmth and f o r  
pocket stowage of personal items. 

Communications c a r r i e r s  ("Snoopy hats") w i t h  redundant 
microphones and earphones a r e  worn w i t h  the pressure helmet; 
a lightweight headset i s  worn with the i n f l i g h t  coveralls. 

-more- 
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HOLD DOWN STRAP 

LOOP TAPE 

ACCESS FLAP 

@ (Sb 
63 @ 

SHOULDER 
DISCONNECT \ 

a .  

LOOP TAPE 

SLIDE FASTENER 
P l  A n  

ASSISTS 

SCISSORS POCKET 

CI- - - --  - - 

h\ r w r  
ACTIVE 
DOSIMETER'; 
POCKET 

IECKLIST POCKt I - 
INTEGRATED THERMAL MICROMETEROID GARMENT 
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EXTRAVEHICULAR MOBILITY UNIT 
BACKPACK SUPPORT STRAPS 

BACKPACK CONTROL BOX 

OXYGEN PURGE 
SYSTEM ACTUATOR 

PENLIGHT POCKET 
CONNECTOR COVER 
COMMUNICATION, 
VENTILATION, AND 

PURGE SYSTEM 

UTI L lTY  POCKET 

LM RESTRAINT R I N  

INTEGRATED THERMAL 
METEOR01 D GARMENT 

UR I NE TRANSFER CONNECTOR, 

DOSIMETER ACCESS FLAP AND 
DONNING LANYARD POCKET 
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APOLLO 11 CREW MENU 

The Apollo 11 crew had a wide range  o f  food i tems from which 
to s e l e c t  t h e i r  d a i l y  mis s ion  space  menu. More t h a n  70  i tems 
comprise t h e  food s e l e c t i o n  l i s t  o f  f r e e z e - d r i e d  r e h y d r a t a b l e ,  w e t -  
pack and spoon-bowl f o o d s .  

Balanced meals f o r  f i v e  days have been packed i n  man/day over- 
wraps, and i tems  similar to t h o s e  i n  t h e  dai lymenus have been 
packed i n  a s o r t  o f  snack  p a n t r y .  The snack pan t ry  p e r m i t s  t h e  
crew to l o c a t e  e a s i l y  a food i t e m  i n  a smorgasbord mode wi thou t  
having  to "rob" a r e g u l a r  meal somewhere down deep i n  a s t o r a g e  
box. 

Water f o r  d r i n k i n g  and r e h y d r a t i n g  food i s  ob ta ined  from 
t h r e e  s o u r c e s  i n  t h e  command module--a d i s p e n s e r  f o r  d r i n k i n g  water 
and two water s p i g o t s  a t  t h e  food p r e p a r a t i o n  s t a t i o n ,  one supply ing  
wa te r  a t  about  155 degrees  F ,  t h e  o t h e r  a t  about  55 deg rees  F .  
The p o t a b l e  water  d i s p e n s e r  s q u i r t s  wa te r  con t inuous ly  as long  as 
t h e  t r i g g e r  i s  h e l d  down, and t h e  food p r e p a r a t i o n  s p i g o t s  d i spense  
water i n  one-ounce increments .  Command module p o t a b l e  water i s  
s u p p l i e d  from s e r v i c e  module f u e l  c e l l  byproduct  wa te r .  

A cont inuous-feed hand water d i s p e n s e r  s imilar  to t h e  one i n  
t h e  command module i s  used aboard t h e  l u n a r  module f o r  cold-water  
r e h y d r a t i o n  of  food p a c k e t s  ntowed aboard t h e  LM. 

A f t e r  w a t e r  has been in , j ec t ed  i n t o  a food bag ,  i t  i s  kneaded 
f o r  about  t h r e e  minu tes .  The bag neck i s  t h e n  c u t  o f f  and t h e  food 
squeezed i n t o  t h e  crewman's mouth. Af te r  a meal, germic ide  p i l l s  
a t t a c h e d  to t h e  o u t s i d e  of  t h e  food bags are p l a c e d  i n  t h e  bags to 
preven t  f e r m e n t a t i o n  and gas  fo rma t ion .  The bags are t h e n  r o l l e d  
and stowed i n  waste d i s p o s a l  compartments. 

The day-b:/-day, meal-by-meal Apollo 11 menu f o r  each  crew- 
man as w e l l  as c o n t e n t s  o f  t h e  snack p a n t r y  are  l i s t e d  on t h e  
f o l l o w i n g  pages :  

-more- 
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ACCESSORIES Uni t  

Chewing gum 

Wet s k i n  c l e a n i n g  towe l s  

O r a l  Hygiene U t  

3 toothbr;ushes 

1 e d i b l e  t o o t h p a s t e  

1 d e n t a l  f l o s s  

Contingency Feeding  System 

3 food r e s t r a i n e r  pouches 

3 beverage packages 

1 v a l v e  a d a p t e r  (pon tube )  

Spoons 

15 

30 

1 

1 

3 

-more- 
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Snack Pantry 

Breakfast 

Peaches 

F r u i t  Cocktail  

Canadian Bacon and Applesauce 

Bacon Squares (8)  

Sausage Pat t ies* 

Sugar Coated Corn Flakes 

Strawberry Cubes ( 4 )  

Cinn. Tstd. Bread Cubes. ( 4 )  

Apricot Cereal Cubes ( 4 )  

Peanut Cubes ( 4 )  

Salads/Me a t  s 

Salmon Salad 

Tuna Salad 

Cream of Chicken Soup 

Shrimp Cocktail  

Spaghetti  and Meat Sauce* 

Beef Eot Roast 

Beef and Vegetables 

Chicken and Rice* 

Chicken Stew* 

Beef Stew* 

Pork and Scalloped Potatoes* 

Ham and Potatoes (Wet) 

Turkey and Gravy (Wet) 

Units  

6 

6 

3 
12 

3 

6 

3 

6 

3 

3 

51 

- 

6 

6 

3 

6 

57 
- 

%Spoon-Bowl Package 
-more - 
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Snack P a n t r y  

Rehydratab l e  Desserts 

Banana Pudding 

B u t t e r s c o t c h  Pudding 

Applesauce 

Chocola te  Pudding 

Beverages 

Orange Drink 

Orange-Grapef ru i t  Dr ink  

Pineapple-Grape f r u i t  Drink 

G r a p e f r u i t  Drink 

Grape Drink 

Grape Punch 

Cocoa 

Coffee ( B )  

Coffee  ( S )  

Coffee  ( C  and S )  

Uni t s  

6 

6 

6 

6 
24  
- 

6 

3 

3 

3 

6 

3 

6 

15 

15 

- 15 

75 
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Snack Pantry 

Sandwich Spread 

Ham Sa lad  ( 5  0%. 1 

Tuna Salad ( 5  02.1 

Chicken S a l a d  ( 5  02. ) 

Cheddar Cheese ( 2  02.) 

Bread 

RY e 

Whit e 

Units  

6 

6 

6 

6 

6 

stow - 
1 

1 

1 

6 

6 
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Snack Pan t ry  

B i t e s  

Cheese Cracker  Cubes ( 6 )  

BBQ Beef B i t s  (4) 

Chocolate  Cubes (4) 

Brownies ( 4 )  

Date F r u i t c a k e  ( 4 )  

P ineapple  F r u i t c a k e  ( 4 )  

J e l l i e d  Fruit Candy ( 4 )  

Caramel Candy (4) 

Uni ts  

6 

6 

6 

6 

6 

6 

6 

6 
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LM-5 Food 

Meal A. Bacon Squares ( 8)  

Peaches 

Sugar Cookie Cubes ( 6 )  

Coffee 

Pineapple-Grapefruit drink 

Meal B. Beef stew 

Cream of Chicken Soup 

Date Fru i t  Cake (4) 

Grape Punch 

Orange Drink 

Units 
Extra Beverage 8 

Dried F ru i t  4 

Candy B a r  4 

Ham Salad Spread (tube food) 

Turkey and Gravy 2 

Spoons 2 

Bread 2 

1 

-more- 
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Personal Hygiene 

C r e w  personal hygiene equipment aboard Ago110 11 in- 
cludes body cleanl iness  items, the waste management system 
and one medical kit. 

Packaged with the food are a toothbrush and a two-ounce 
tube of toothpaste f o r  each crewman. Each man-meal package 
contains a 3.5-by-four-inch wet-wipe cleansing towel. 
Additionally, three packages of 12-by-12-inch dry towels are 
stowed beneath the command module p i l o t ' s  couch. Each package 
contains seven towels. Also stowed under the command module 
p i l o t ' s  couch are seven tissue dispensers containing 53 three- 
ply t i s sues  each. 

Solid body wastes are col lected i n  Qeminl-type plastic 
defecation bags which contain a germicide to-prevent  bacter ia  
and gas formation. The bags a re  sealed after use and stowed 
i n  empty food containers f o r  post-f l ight  analysis .  

Urine col lec t ion  devices are provided f o r  uae while 
wearing either the pressure s u i t  o r  the i n f l l g h t  coveral ls ,  
The ur ine is dumped overboard through the spacecraf t  u r i n e  
dump valve In  the CW and s tored i n  the IN. 

Medical K i t  
The 5x5x8-inch aedical accessory k i t  I s  stowed I n  a com- 

partment on the spacecraft  r ight  s ide  w a l l  beside the lunar 
module p i l o t  couch. The medical k i t  contains three motion 
sickness in jec tors ,  three pain suppression Indectors, one two- 
ounce b o t t l e  first aid ointment, two one-ounce b o t t l e  eye 
drops, three nasal  sprays, two compress bandages, 12 adhesive 
bandages, one o r a l  thermometer and four  spare crew biomedical 
harnesses. P i l l s  In  the medical k i t  are 60 ant ib io t ic ,  12 
nausea, 12 stimulant, 18 pain k i l le r ,  60 decongestant, 24 
diarrhea, 72 a sp i r in  and 21 sleeping. Additionally, a small 
medical k i t  containing four stimulant, e ight  diarrhea, two 
sleeping and four pain k i l l e r  pills, 12 aspir in ,  one bo t t l e  eye 
drops and two compress bandages is stoned i n  the lunar module 
f l ight  data f i l e  compartment . 

hand 

Survival Gear 

The survival  k i t  18 stowed i n  two rucksacks i n  the r lght-  
forward equipment bay above the lunar module p i lo t .  

Content8 of rucksack No. 1 are: two combination survival  
l igh ts ,  one desalter k i t ,  three pair sunglasses, one radio 
beacon, one spare radio beacon battery and spacecraf t  connector 
cable, one knife  i n  sheath, three water containers and two con- 
ta iners  of Sun lot ion.  

-more- 
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Q Rucksack No. 2: one three-man l i f e  raft  with CO 
i n f l a t e r ,  one sea anchor, two sea dye markers, three un- 
bonnets, one mooring lanyard, three manlines, and two a t t ach  
brackets. 

The survival  k i t  is designed to  provide a 48-hour 
postlanding (water o r  land) survival  capabi l i ty  f o r  three 
crewmen between 40 degrees North and South latitudes. 

Biomedical I n f l i g h t  Monitoring 

'The Apollo 11 crew biomedical telemetry data received 
by the Manned Space Pl ight  Metwork w i l l  be relayed f o r  in- 
stantaneous display a t  Miasion Control Center where heart 
rate and breathing rate data w i l l  be displayed on the f l i g h t  
su rgeon~s  console. Heart rate and resp i ra t ion  rate average, 
range and deviation are computed and displayed on d ig i t a l  TV 
screens . 

I n  addition, the instantaneous heart r a t e ,  real-time and 
delayed EKG and resp i ra t ion  a r e  recorded on s t r i p  char t s  f o r  
each man. 

Biomedical telemetry w i l l  be s lml taneous  Prom a l l  crew- 
men while i n  the CSM, but selectable  by a manual onboard 
sn i tch  i n  the LM. 

Biomedical data observed by the f l i g h t  surgeon and 
his team i n  the L i f e  Support Systems Staff Support Room w i l l  
be correlated with spacecraft  and space s u i t  environmental 
data displays. 

Blood pressures are no longer telemetered as they were 
In  the Mercury and Gemini programs. Oral temperature, how- 
ever, can be measured onboard fo r  diagnostic purposes and 
voiced down by the crew In case of i n f l i g h t  I l l nes s .  

-more- 
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Trainin& 

The crewmen of Apollo 11 have spent more than f ive  hours 
of formal crew t ra in ing  for each hour of the lunar-orbi t  
mlssionls eight-day duration. 
were i n  the Apollo 11 crew t ra in ing  syllabus over and above 
the normal preparations for the mlssion--technical br ief ings 
and reviews,  p i l o t  meetings and study. 

factur ing checkouts a t  the North American Rockwell plant  i n  
DOwney, Cal i f . ,  a t  arumman Aircraf t  Engineering Corp., Bethpage, 
N.Y., and In  prelaunch t e s t ing  a t  NASA Kennedy Space Center. 
Taking part I n  factory and launch area  t e s t ing  has provided the 
crew with thorough operat ional  knowledge of the complex vehicle. 

More than 1,000 hours of t ra ining 

The Apollo 11 crewmen a l so  took pa r t  i n  spacecraft  manu- 

Highlights of special ized Apollo 11 crew training topics  
are : 

* Detailed series of br ief ings on spacecraf t  systems, 
operation and modifications. 

* Saturn launch vehicle br ief ings on countdown, range 
safe ty ,  f l i g h t  dynamics, f a i l u r e  modes and abort  conditions. 
The launch vehicle br ief ings were updated periodcally.  

Massachusetts I n s t i t u t e  of Technology Instrumentation Laboratory. 
* Apollo Guidance and Navigation system brief ings a t  the 

* Briefings and continuous t ra ining on mission photo- 
graphic object ives  and use of camera equipment. 

* Extensive p i l o t  par t ic ipa t ion  i n  reviews of a l l  f l i g h t  
procedures fo r  normal as w e l l  as emergency s i tua t ions .  

* Stowage reviews and pract ice  i n  t ra ining sessions i n  
t h e  spacecraft ,  mockups and command module simulators allowed 
the crewmen t o  evaluate spacecraf t  stowage of crew-associated 
equipment. 

* More than 400 hours of t ra ining per man i n  command module 
and lunar  module simulators a t  MSC and KSC, including closed- 
loop simulations wi th  f l i g h t  control lers  i n  the Mission Control 
Center. Other Apollo simulators a t  various locations were 
used extensively f o r  special ized crew t ra ining.  

* Entry corr idor  deceleration p r o f i l e s  at lunar-return 
conditions i n  the MSC Fl ight  Acceleration Fac i l i t y  manned 
centr i fuge 

-more- 
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* Lunar surface briefings and 1-g walk-throughs O f  .lunar 
surface EVA operations covering; lunar geology and microbiology 
and deployment of experiments i n  the Early Apollo Surface 
Experiment Package (EASEP). Training in lunar  surface EVA 
included ,practice sessions with lunar  surface sample gathering 
tools  and return containers,  cameras, the erectable  S-band 
antenna and the modular equipment stowage assembly (MESA) 
housed i n  the LM descent stage,  

* Proficiency f l i gh t s  i n  the lunar landing t ra in ing  
vehicle (LLTV) for the commander, 

* Zero-g a i r c r a f t  f l i gh t s  using command module and lunar 
dule mockups f o r  E V A  and pressure suit doffing/donning 

pract ice  and t ra ining.  

* Underwater zero-g t ra in ing  i n  the MSC Water Immersion 
Fac i l i t y  using spacecraft  mockups t o  further familiarize crew 

t r ans fe r  and E V A  i n  pressurized s u i t s .  
i t h  a l l  aspects of CSM-LM docang tunnel intravehicular  

* Water egress t ra in ing  conducted i n  indoor tanks as 
w e l l  as i n  the Gulf of Mexico included uprighting from the 
Stable II posi t ion (apex down] t o  the Stable I posit ion (apex 
up), egress onto r a f t s  and hel icopter  pickup. 

* Launch pad egress t ra in ing  from mockups and from the 
a c t u a l  spacecraft  on the launch pad f o r  possible emergencies 
such as f i re ,  contaminants and power fa i lures .  

* The t ra in ing  covered use of Apollo spacecraft  f i r e  
suppression equipment i n  the cockpit. 

* Planetarium reviews a t  Morehead Planetarium, Chapel 
H i l l ,  N.C. ,  and a t  G r i f f i t h  Planetarium, Los Angeles, Calif., 
of the c e l e s t i a l  sphere with special  emphasis on the 37 
navigational stars used by the Apollo guidance computer. 

-more- 



-13 8- I 

N A T I O N A L  A E R O N A U T I C S  A N D  SPACE A D M I N I S T R A T I O N  

WASHINGTON, D. C. 20546 

8 I OG R A P  HI C AL D A T A  

NAME: N e i l  A. Armstrong ( Mr.) 
NASA Astronaut, Commander, Apollo 11 

BIRTHPLACE AND DATE: Born in Wapakoneta, Ohio, on August 5, 
1930; he is the son of Mr. and M r s .  Stephen Armstrong 
of Wapakoneta. 

11 inches; weight: 165 pounds. 
PHYSICAL DESCRIPTION: Blond hair; blue eyes; he ight :  5 feet  

EDUCATION: Attended secondary school i n  Wapakoneta, Ohio; 
received a Bachelor of Science degree i n  Aeronautical 
Engineering from Purdue University i n  1955. Graduate 
School - University of Southern California.  

MARITAL STATUS: Married t o  t h e  former Janet  Shearon of Evanston, 
I lTinois,  who i s  t h e  daughterof Mrs. Louise  Shearon of 
Pasadena, California 

CHILDREN: E r i c ,  June 30, 1957; Mark, Apr i l  8, 1963. 

OTHER ACTIVITIES: His hobbies include soaring ( for  which he i s a  
Federation Aeronautique Internat ionale  gold badge holder) . 

ORGANIZATIONS: Associate Fellow of t h e  Society of Experimental 
T e s t  P i lo t s ;  associate fellow of the  American I n s t i t u t e  
of Aeronautics and Astronautics; and member of t h e  Soaring 
Society of America. 

SPECIAL HONORS: ReciDient of' t h e  1962 I n s t i t u t e  of Aerospace 
Sciences Octave Chanute Award; t h e  1966 A I A A  Astronautics 
A w a r d ;  the  NASA Exceptional Service Medal; and t h e  1962 
John J. Montgomery Award. 

EXPERIENCE: Armstrong was a naval av ia to r  from 1949 t o  1952 and 
flew 78 combat missions during t h e  Korean action. 

H e  joined N A S A ' s  L e w i s  Research Center i n  1955 (then NACA 
L e w i s  P l i g h t  Propulsion Laboratory) and later t ransfer red  
t o  the NASA High Speed F l i g h t  S ta t ion  (now F l i g h t  Research 
Center) a t  Edwards A i r  Force Base, California, as an 
aeronaut ical  research p i l o t  f o r  NACA and NASA. In  t h i s  
capacity, he performed as an X-15 projec t  p i l o t ,  f l y i n g  
that a i r c r a f t  t o  over 200,000 feet and approximately 4,000 
miles per hour. 

-more- 
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O t h e r  f l i g h t  test  work inc luded  p i l o t i n  the X - 1  rocket 
a i r p l a n e ,  t h e  3'-100, F-101, F-102, F-10 , ED, B-47, t he  
paraglider, and o t h e r s .  

A s  p i l o t  of t h e  B-29 "drop" a i r c r a f t ,  he p a r t i c i p a t e d  i n  
t h e  launches  of over  100 r o c k e t  a i r p l a n e  f l i g h t s .  

H e  has logged  more t h a n  4,000 hours  f l y ing  time. 

by NASA i n  September 1962. H e  s e r v e d  as backup command 
p i l o t  f o r  t h e  Gemini 5 f l i g h t .  

A s  command p i l o t  f o r  t heGemin i  8 miss ion ,  which was launched 
on March 16, 1966, he performed the  first s u c c e s s f u l  dock- 
i n g  of two v e h i c l e s  i n  space, The f l i gh t ,  o r i g i n a l l y  
scheduled  t o  last three days, was t e rmina ted  early due t o  
a ma l func t ion ing  OAMS t h r u s t e r ;  bu t  t h e  crew demonstrated 
e x c e p t i o n a l  p i l o t i n g  s k i l l  i n  overcoming t h i s  problem 
and b r i n g i n g  the  spacecraft t o  a safe l and ing ,  

CURRENT ASSIGNMENT: M r .  Armstrong was selected as a n  a s t r o n a u t  

He subsequen t ly  se rved  as backup command p i l o t  f o r  t h e  
Gemini 11 m i s s i o n  and i s  c u r r e n t l y  a s s igned  as t h e  
commander f o r  t h e  Apollo 11 miss ion ,  and w i l l  p robab ly  
b e  t h e  f irst  human t o  se t  f o o t  on the Moon. 

A s  3. c i v i l  s e r v a n t ,  Armstrong, a GS-16 Step 7, e a r n s  
$30,054 per qnnm 
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B I O G R A P H I C A L  D A T A  

NAME : Michael Collins (Lieutenant Colonel, USAF) 

BIRTHPLACE AND DATE: Born i n  Rome, I t a ly ,  on October 31, 1930. 

NASA Astronaut, Command Module P i lo t ,  Apollo 11 

His mother, M r s .  James L. Collins, resides i n  Washington, 
D. C. 

PHYSICAL DESCRIPTION: Brown h a i r ;  brown eyes; neight: 5 feet 
11 inches; weight: 165 pounds. 

EDUCATION: Graduated from Saint  Albans School i n  Washington, 
D.C.; received a Bachelor of Science degree from t h e  
United States Mil i tary Academy a t  West Point, New York, 
i n  1952. 

MARITAL STATUS: Married t o  the  former Pa t r i c i a  M. Finnegan of 

CHILDREN: Kathleen, May 6, 1959; Ann S., October 31, 1961; 

Boston, Massachusetts. 

Michael L., February 23, 1963. 

OTHER ACTIVITIES: H i s  hobbies include f i sh ing  and handball. 

ORGANIZATIONS: Member of the  Society of Experimental T e s t  Pi lots .  

SPECIAL HONORS: Awarded the :USA Exceptional Service Medal, t h e  
A i r  Force Command P i l o t  Astronaut Wings, and the  Air Force 
Distinguished Flying Cross. 

EXPERIENCE: Collins, an A i r  Force L t  Colonel, chose an A i r  Force 
career following graduation from West Point. 

H e  served as an experimental f l i g h t  test o f f i c e r  a t  the  A i r  
Force F l igh t  T e s t  Center, Edwards A i r  Force Base, California, 
and, i n  that capacity, tested performance and s t a b i l i t y  and 
control  characteristics of A i r  Force aircraft--primarily 
j e t  f ighters.  

He  has logged more than 4,000 hours f ly ing  time, including 
more than 3,200 hours i n  j e t  aircraft .  

-more- 



CURHENT ASSIGNMENT: Lt ,Colonel  C o l l i n s  w a s  one of t h e  t h i r d  
group of a s t r o n a u t s  named by NASA i n  October 1963. 
nas s i n c e  se rved  as backup p i l o t  f o r  t h e  Gemini 7 
miss ion .  

H e  

A s  p i l o t  on t h e  +day 44- revo lu t ion  Gemini 10 miss ion ,  
launched J u l y  la, 1956, C o l l i n s  shares w i t h  command 
p i l o t  John Young i n  the accomplishments of t h a t  r eco rd -  
s e t t i n g  f l i g h t .  These accomplishments i n c l u d e  a success- 
f u l  rendezvolis and dock ing  with a s e p a r a t e l y  launched 
Agena target v e h i c l e  and, u s i n g  t h e  power of t h e  Agena, 
maneuvering t h e  G e m i n i  s p a c e c r a f t  i n t o  a n o t h e r  o r b i t  f o r  
a rendezvous w i t h  a second, p a s s i v e  Agena. C o l l i n s '  s k i l l -  
f u l  performance i n  complet ing two p e r i o d s  of e x t r a v e h i c u l a r  
a c t i v i t y ,  i n c l u d i n g  h i s  r ecove ry  of a mic rometeo r i t e  
d e t e c t i o n  experiment  from the  p a s s i v e  Agena, added greatly 
t o  ou r  knowledge of manned space  f l i g h t .  

Gemini 10 a t t a i n e d  a n  apogee of  a p p r o x i n a t e l y  475 s t a t u t e  
miles and t r a v e l e d  a d i s t a n c e  of 1,215,091 s t a t u t e  m i l e s - -  
after which splashdown occur red  i n  the  West A t l a n t i c  
529 statute  m i l e s  east of Cape Kennedy. The s p a c e c r a f t  
l anded  2.6 miles from t h e  USS GUADALCANAL and became t h e  
second i n  t h e  Gemini program t o  l a n d  w i t h i n  eye andcamera  
range  of a prime r ecove ry  v e s s e l .  

H e  is c u r r e n t l y  a s s igned  as command module p i l o t  on t h e  
Apollo 11 miss ion .  The annual  pay and a l lowances  of an  
A i r  Fo rce  l i e u t e n a n t  c o l o n e l  w i t h  C o l l i n s '  t i m e  i n  s e r v i c e  
t o t a l s  $17,147.36. 

-more- June 1969 
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N A T I O N A L  A E R O N A U T I C S  A N D  SPACIE A D M I N I S T R A T I O N  

WASHINGTON, D. C. 20546 

B I O G R A P H I C A L  D A T A  

NAME: Edwin E. Aldrin, Jr. (Colonel, USAF) 

BIRTHPLACE AND DATE: Born i n  Montclair, N e w  Jersey, on January 

NASA Astronaut, Lunar Module P i l o t ,  Apollo 11 

20, 1930, and i s  t h e  son of t h e  late Marion Moon Aldrin 
and Colonel (USAF Retired) Edwin E. Aldrin, who resides 
i n  B r i e l l e ,  N e w  Jersey. 

PHYSICAL DESCRIPTION: Blond h a i r ;  blue eyes; height : 5 feet  

EDUCATION: Graduated from Montclair High School, Montclair, N e w  

10 inches; weight: 165 pounds. 

Jersey; received a Bachelor of Science degree from t h e  
United States Military Academy a t  West Point, N e w  York, 
i n  1951 and a Doctor of Science degree i n  Astronautics 
from t h e  Massachusetts I n s t i t u t e  of Technology i n  1963; 
rec ip ien t  of an Honorary Doctorate of Science degree from 
Gustavus Adolphus College i n  1967, Honorary degree from 
Clark University, Worchester, Mass . 

MARITAL STATUS: Married t o  the former Joan A. Archer of Ho-Ho-Kus, 
N e w  Jersey, whose parents, M r .  and M r s .  Michael Archer, are 
res idents  of t h a t  c i ty .  

CHILDREN: J. Michael, September 2, 1955; Jan ice  R., August 16, 
1957; Andrew J., June 17, 1958. 

OTHER ACTIVITIES: He i s  a Scout Merit Badge Counsellor and an 
Elder and Trustee of t h e  Webster Presbyterian Church. 
H i s  hobbies include running, scuba diving, and high bar 
exercises.  

ORGANIZATIONS : Associate Fellow of t h e  American I n s t i t u t e  of 
Aeronautics and Astronautics; member of the Society of 
Experimental T e s t  P i lo t s ,  Sigma Gamma Tau (aeronautical  
engineering society) ,  Tau Beta P i  (national engineering 
society) ,  and Sigma X i  (nat ional  science research society) ; 
and a 32nd Degree Mason advanced through the Commandery 
and Shrine. 

-more- 
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SPECIAL HONORS: Awarded t h e  Distinguished Flying Cross with one 
OakLeaf Cluster, the A i r  Medal w i t h  two O a k  Leaf Clusters, 
t h e  A i r  Force Commendation Medal, the NASA Exceptional 
Service Medal and Air Force Command P i l o t  Astronaut W i n g s ,  
t he  NASA Group Achievement A w a r d  f o r  Rendezvous Operations 
Planning Team, an Honorary L i f e  Membership i n  the In te r -  
nat ional  Association of Machinists and Aerospace Workers, 
and an Honorary Membership i n  t h e  Aerospace Medical 
Association. 

EXPERIENCE: Aldrin, an A i r  Force Colonel, was graduated t h i r d  
i n  a class of 475 from t h e  United States Military Academy 
a t  West Point i n  1951 and subsequently received h i s  Wings 
a t  Bryan, Texas, i n  1952. 

He flew 66 combat missions i n  F-86 aircraft while on duty 
i n  Korea w i t h  t h e  5 l p t  F ighter  Interceptor  Wing and was 
credited with destroying t w o  M I G - 1 5  aircraft. A t  Nellis 
A i r  Force Base, Nevada, he served as a n  aerial gunnery 
ins t ruc tor  and then attended t h e  Squadron Officers' School 
a t  the  A i r  University, Maxwell A i r  Force Base, Alabama. 

Following h i s  assignment as Aide t o  t h e  Dean of Faculty a t  
the United States A i r  Force Academy, Aldrin Flew F-100 
aircraft as a f l i g h t  commander wi th  t h e  36th Tactical 
Fighter Wing at  Bitburg, Germany. He attended MIT, 
receiving a doctorate after completing h i s  thesis concern- 
ing guidance f o r  manned o r b i t a l  rendezvous, and was then 
assigned t o  t h e  Gemini Target Office of t h e  A i r  Force Space 
Systems Division, Los Angeles, Calfornia. H e  was later 
t ransferred t o  the  USAF F i e ld  Office a t  t h e  Manned Space- 
c r a f t  Center w h k h  was responsible for  integrat ing DOD 
experiments i n t o  t h e  NASA Gemini f l i g h t s .  

H e  has logged approximately 3,500 hours f l y i n g  time, 
including 2,853 hours i n  j e t  a i rcraf t  and 139 hours i n  
helicopters.  He has  made several  f l i g h t s  i n  t h e  lunar 
landing research vehicle. 

CURRENT ASSIGNMENT: Colonel Aldrin was one of t h e  t h i r d  group 
of astronauts named by NASA i n  October 1963. 
served as backup p i l o t  for  t h e  Gemini 9 mission and prime 
p i l o t  f o r  t h e  Gemini 12  mission. 

He has since 

-more- 
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On November 11, 1966, he and command p i l o t  James Love11 
were launched i n t o  space i n  t h e  Gemini 12 spacecraft  on 
a b d a y  59-revolution f l i g h t  which brought the Gemini 
Program t o  a successful close. Aldrin established a new 
record f o r  extravehicular a c t i v i t y  (EVA) by accruing 
slightly more than 5 s  hours outside t h e  spacecraft. 
t h e  umbilical EVA, he attached a tether t o  t h e  Agena; 
re t r ieved  a micro-meteorite experiment package from t h e  
spacecraft;  and evaluated t h e  u s e  of body r e s t r a i n t s  
specially designed for completing work tasks outside t h e  
spacecraft  . H e  completed numerous photographic experiments 
and obtained t h e  first p ic tures  taken from space of an 
ec l ipse  of t h e  sun. 

Other major accomplishments of tk 94-hour 35-minute f l i g h t  
included a third-revolution rendezvous wi th  t h e  previously 
launched Agena, using f o r  t h e  first time backup onboard 
computations due t o  a radar fa i lure ,  and a fully automatic 
control led reent ry  of a spacecraft. Gemini 12 splashed 
down i n  t h e  Atlant ic  within 2$ m i l e s  of t h e  prime recovery 
ship USS WASP. 

During 

Aldrin i s  current ly  assigned as lunar  module p i l o t  f o r  t h e  
Apollo 11 f l i g h t .  The annual pay and allowances of an A i r  
Force colonel w i t h  Aldrin's t i m e  i n  service total $18,622.56. 

-more - 
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EARLY APOLLO SCIENTIFIC EXPERIMENTS PACKAGE (EASEP) 

The Apollo 11 scientific experiments for deployment 
on the lunar surface near the touchdown point of the lunar 
module are stowed in the LM's scientific equipment bay at 
the left rear quadrant of the descent stage looking for- 
ward. 

The Early Apollo Scientific Experiments Package (EASEP) 
will be carried only on Apollo 11; subsequent Apollo lunar 
landing missions will carry the more comprehensive Apollo 
Lunar Surface Experiment Package (ALSEP). 

EASEP consists of two basic experiments: the passive 
seismic experiments package (PSEP) and the laser ranging 
retro-reflector (LRRR). Both experiments are independent, 
self-contained packages that weigh a total of about 170 
pounds and occupy 12 cubic feet of space. 

PSEP uses three long-period seismometers and one short- 
period vertical seismometer for measuring meteoroid impacts 
and moonquakes. Such data will be useful in determining the 
interior structure of the Moon; for example, does the Moon 
have a core and mantle like Earth. 

The seismic experiment package has four basic subsystems: 
structure/thermal subsystem for shock, vibration and thermal 
protection; electrical power subsystem generates 34 to 46 
watts by solar panel array; data subsystem receives and decodes 
MSFN uplink commands and downlinks experiment data, handles 
power switching tasks; passive seismic experiment subsystem 
measures lunar seismic activity with long-period and short- 
period seismometers which detect inertial mass displacement. 

The laser ranging retro-reflector experiment is a retro- 
reflector array with a folding support structure for aiming 
and aligning the array toward Earth. The array is built of 
cubes of fused silica. Laser ranging beams from Earth will 
be reflected back to their point of origin for precise mea- 
surement of Earth-Moon distances, motion of the Moon's center 
of mass, lunar radius and Earth geophysical information. 

Earth stations which will beam lasers to the LRRR in- 
clude the McDonald Observatory at Ft. Davis, Tex.; Lick Obser- 
vatory, Mt. Hamilton, Calif.; and the Catalina Station of the 
University of Arizona. Scientists in other countries also 
plan t o  bounce laser beams off the LRRR. 

Principal investigators for these experiments are 
Dr. C. 0. Alley, University of Maryland (Laser Ranging Retro 
Feflector) and Dr. Garry Latham, Lamont Geological Observatory 
(Passive Seismic Experiments Package). 

-more- 
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APOLLO LUNAR RADIOISOTOPIC HEATER (ALRH) 

An i s o t o p i c  heater system b u i l t  i n t o  the  pass ive  
seismometer experiment package which Apollo 11 as t ronau t s  
w i l l  leave on t h e  Moon w i l l  p r o t e c t  t h e  seismic recorder  
during f r i g i d  luna r  n i g h t s .  

The Apollo Lunar Radioisotopic  Heater (ALRH) ,  developed 
by t h e  Atomic Energy Commission, w i l l  b e , t h e  f i r s t  major use 
of  nuc lear  energy i n  a manned space f l i g h t  mission. Each o f  
t h e  two heaters i s  fue l ed  w i t h  about 1 . 2  ounces of plutonium 
238. Heat i s  given o f f  as t h e  w e l l  s h i e lded  r ad ioac t ive  
material decays. 

During t h e  luna r  day ,  t h e  seismic device w i l l  send back 
t o  E a r t h  data on any luna r  seismic a c t i v i t y  or "Moonquakes." 
During t h e  340-hour lunar  n igh t ,  when temperatures drop as low 
as 279 degrees below zero F . ,  t h e  15-watt h e a t e r s  w i l l  keep 
t h e  seismometer a t  a minimum of -65 degrees below zero F.  
Exposure to lowr temperatures would damage t h e  device.  

Power f o r  t h e  seismic experiment, which opera tes  only 
during t h e  d a y ,  i s  from two s o l a r  pane ls .  

The heaters a r e  t h r e e  inches i n  diameter, t h r e e  inches 
long,  and weigh two pounds and two ounces each inc luding  mul- 
t i p l e  l a y e r s  of  sh i e ld ing  and p r o t e c t i v e  m a t e r i a l s .  The com- 
p l e t e  seismometer package weighs 1 0 0  pounds. 

They a re  mounted i n t o  t h e  seismic package before  launch. The 
e n t i r e  u n i t  w i l l  be c a r r i e d  i n  the  luna r  module s c i e n t i f i c  equipment 
bay and a f t e r  landing on t h e  Moon w i l l  be deployed by  an as t ronaut  a 
s h o r t  d i s t ance  from t h e  lunar  vehic le .  There  i s  no handling r i s k  
t o  t h e  a s t ronau t .  

They a r e  mounted i n t o  t h e  seismic package before. launch. 
The  e n t i r e  u n i t  w i l l  b e  c a r r i e d  i n  t h e  lunar  module s c i e n t i f i c  
by  an a s t ronau t  a sho r t  d i s t ance  from t h e  luna r  veh ic l e .  
T h e r e  i s  no handling r i s k  t o  t h e  a s t ronau t .  

The plutonium f u e l  i s  encased i n  var ious  ma te r i a l s  chosen 
f o r  r a d i a t i o n  sh ie ld ing  and f o r  hea t  and shock r e s i s t a n c e .  The 
ma te r i a l s  inc lude  a tantalum-tungsten a l l o y ,  a platinum-rhodium 
a l l o y ,  t i t an ium,  f ib rous  carbon, and g r a p h i t e .  The outs ide  l a y e r  
i s  s t a i n l e s s  s t e e l .  

Extensive s a f e t y  analyses  and t e s t s  were performed by 
Sandia Laborator ies  a t  Albuquerque, N e w  Mexico, to determine 
e f f e c t s  of an abor t  or any conceivable accident  i n  connection 
w i t h  t h e  Moon f l i g h t .  The safe ty  r epor t  b y  t h e  Interagency 
Safe ty  Evaluat ion Panel,  which i s  made up of r ep resen ta t ives  of 
NASA, t h e  AEC,  and t h e  Department of Defense, concluded t h a t  
t h e  hea te r  p re sen t s  no undue safe ty  problem t o  t h e  genera l  pop- 
u l a t i o n  under any accident  condi t ion  deemed poss ib l e  f o r  t h e  
Apollo mission. 

-more- 
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Sandia  L a b o r a t o r i e s  i s  o p e r a t e d  f o r  t h e  AEC by Western 
E l e c t r i c  Company, The h e a t e r  was f a b r i c a t e d  by A E C ' s  Mound 
Labora tory  a t  Miamisburg, Ohio, which i s  ope ra t ed  by Monsanto 
Research Corpora t ion .  

1 9 6 1  w i t h  t h e  l aunch ing  o f  a n a v i g a t i o n  
g e n e r a t o r .  Plutonium 238 f u e l s  t h e  d e v i  
Two similar u n i t s  were launched i n  1 9 6 1  and two more i n  1963.  

The f i r s t  major  u se  o f  n u c l e a r  energy 

Last A p r i l ,  NASA launched Nimbus 111, a weath 
wi th  a 2-uni t  n u c l e a r  i s o t o p i c  s y s t e m  for g e n e r a t i  
c a l  power. The Systems f o r  Nuclear  A u x i l i a r y  Power (SNAP-19) 
g e n e r a t o r ,  developed by AEC, p rov ides  supplementary power. 

Apollo 1 2  i s  scheduled  to c a r r y  a SNAP-27 r a d i o i s o t o p e  
t h e r m o e l e c t r i c  g e n e r a t o r ,  a l s o  developed b y  AEC,  t o  p rov ide  power 
to o p e r a t e  t h e  Apollo Lunar Sur face  Experiments  Package (ALSEP). 
The SNAP-27 a l s o  c o n t a i n s  plutonium 238 as t h e  h e a t  sou rce .  
The rmoe lec t r i c  e lements  conve r t  t h i s  h e a t  d i r e c t l y  i n t o  e l e c -  
t r i c a l  energy.  

-more- 
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APOLLO LAUNCH OPERATIONS 

Prelaunch Prepara t ions  

NASA's John F. Kennedy Space Center performs p r e f l i g h t  
checkout, t e s t  and launch of  t h e  Apollo 11 space veh ic l e .  
A government-industry beam of  about 500 w i l l  conduct t h e  
f i n a l  countdown from F i r i n g  Room 1 of the  Launch Control 
Center ( L C C ) .  

The f i r i n g  room m i s  backed up by more than 5,000 
persons who are d i r e  involved i n  launch opera t ions  a t  KSC 
from t h e  t i m e  the  veh ic l e  and spacec ra f t  s t ages  a r r i v e  a t  the  
Center u n t i l  the  launch i s  completed. 

I n i t i a l  checkout of  the Apollo spacec ra f t  i s  conducted 
i n  work s tands  and i n  the a l t i t u d e  chambers i n  t h e  Manned 
Spacecraf t  Operations Building (MSOB) a t  Kennedy Space Center. 
Af te r  completion of checkout t h e r e ,  t h e  assembled spacec ra f t  
i s  taken to t he  Vehicle Assembly Bui lding (VAB) and mated w i t h  
t h e  launch veh ic l e .  There t h e  f i r s t  i n t e g r a t e d  spacec ra f t  and 
launch vehic le  t e s t s  are conducted. The assembled space veh ic l e  
i s  then r o l l e d  out  to the  launch pad f o r  f i n a l  p repara t ions  and 
countdown to launch. 

I n  e a r l y  January, 1969 ,  f l i g h t  hardware f o r  Apollo 11 began 
a r r i v i n g  a5 Kennedy Space Center,  j u s t  as Apollo 9 and Apollo 1 0  
were undergoing checkout a t  KSC. 

The l u n a r  module w a s  t h e  f i r s t  p iece  of Apollo 11 f l i g h t  
hardware to a r r i v e  a t  K S C .  The two s t ages  of  t he  LM were moved 
i n t o  t h e  a l t i t u d e  chamber i n  the  Manned Spacecraf t  Operations 
Building a f t e r  an i n i t r a l  r eee iv ing  in spec t ion  i n  January.  
I n  t h e  chamber the  LM underwent s y s t e m s  t e s t s  and both unmanned 
and manned chamber runs.  During these runs t h e  chamber a i r  was 
Sumped out  to s imula te  t h e  vacuum of space a t  a l t i t u d e s  i n  
excess of 200 ,000 f ee t .  There the  spacec ra f t  systems and t h e  
a s t ronau t s '  l i f e  support  systems were tes ted.  

While the LM was undergoing prepara t ion  f o r  i t s  manned 
a l t i - tude  chamber runs ,  t he  Apollo 11 command/service module 
a r r ived  a t  K S C  and a f t e r  rece iv ing  inspec t ion ,  i t ,  too ,  w a s  
p laced i n  an a l t i t u d e  chamber i n  t h e  MSOB f o r  s y s t e m s  tes ts  
and unmanned and manned chamber runs.  The prime and backup 
crews p a r t i c i p a t e d  i n  the  chamber runs on both t h e  LM and t h e  
CSM. 

a r l y  Apr i l ,  t he  LM and CSM were removed from t h e  

e nozzle on t h e  CSM, the  LM was encapsulated i n  t h e  
t LM adapter  (SLA) and the  CSM w a s  mated to t he  SLA. 
1 4 ,  t he  assembled spacec ra f t  was moved to t h e  VAB 

After i n s t a l l i n g  t h e  landing  gear  on t h e  LM and t h e  

where it was mated to t he  launch vehic le .  
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The launch  v e h i c l e  f l i g h t  hardware began a r r i v i n g  a t  
K S C  i n  mid-January and by  March 5 t h e  three s t a g e s  and the  
i n s t r u m e n t  u n i t  were e r e c t e d  on Mobile Launcher 1 i n  high 
bay  1. T e s t s  were conducted on i n d i v i d u a l  sys tems on each 
of  t h e  stages and on the  o v e r a l l  l aunch  v e h i c l e  b e f o r e  the  
s p a c e c r a f t  was e r e c t e d  a t o p  t h e  v e h i c l e .  

After s p a c e c r a f t  e r e c t i o n ,  t he  s p a c e c r a f t  and launch  
v e h i c l e  were e l e c t r i c a l l y  mated and the f i r s t  o v e r a l l  t e s t  
(p lugs - in )  o f  t he  space  v e h i c l e  w a s  conducted.  I n  accordance 
w i t h  the  ph i losophy  o f  accompl ish ing  as much o f  t h e  checkout 
as p o s s i b l e  i n  t h e  VAB, the  o v e r a l l  t e s t  was conducted b e f o r e  
t h e  space  v e h i c l e  w a s  moved t o  t h e  l aunch  pad.  

The p lugs - in  t e s t  v e r i f i e d  t he  c o m p a t i b i l i t y  o f  the  space  
v e h i c l e  s y s t e m s ,  ground s u p p o r t  equipment and o f f - s i t e  suppor t  
f a c i l i t i e s  by demons t r a t ing  t h e  a b i l i t y  o f  t h e  sys t ems  to 
proceed  through a s i m u l a t e d  countdown, launch  and f l i g h t .  
During t h e  s i m u l a t e d  f l i g h t  p o r t i o n  o f  t h e  t e s t ,  t h e  s y s t e m s  
were r e q u i r e d  to respond to b o t h  emergency and normal f l i g h t  
c o n d i t i o n s .  

The move to Pad A from the  VAB on May 2 1  o c c u r r e d  while  
Apollo 1 0  was e n r o u t e  to t he  Moon f o r  a dress rehearsal o f  a 
l u n a r  l a n d i n g  mis s ion  and the  f i r s t  t e s t  o f  a complete s p a c e c r a f t  
i n  t h e  n e a r - l u n a r  environment .  

Apollo 11 w i l l  mark t h e  f i f t h  launch  a t  Pad A on Complex 
39. The f i rs t  two unmanned S a t u r n  V l aunches  and the manned 
Apollo 8 and 9 l aunches  took p l a c e  a t  Pad A .  Apollo 1 0  w a s  
the  only  launch  to date from Pad B. 

The space  v e h i c l e  F l i g h t  Readiness  T e s t  was conducted 
June 4-6. Both the prime and backup crews p a r t i c i p a t e  i n  
p o r t i o n s  of  t h e  FRT, which i s  a f i n a l  o v e r a l l  t e s t  o f  t h e  space 
v e h i c l e  systems and ground s u p p o r t  equipment when a l l  systems 
are as n e a r  as p o s s i b l e  t o  a launch  c o n f i g u r a t i o n .  

After h y p e r g o l i c  f u e l s  were loaded  aboard t h e  space  
v e h i c l e  and the  l aunch  v e h i c l e  f i rs t  stage f u e l  (RP-1) was 
brought  aboard,  t he  f i n a l  major  t e s t  of  t he  space  v e h i c l e  began. 
This was t h e  countdown demons t r a t ion  test ( C D D T ) ,  a dress re- 
hearsal f o r  t h e  f i n a l  countdown to l aunch .  The CDDT f o r  
Apollo 11 was d i v i d e d  i n t o  a "wet" and a ' rdryrr  p o r t i o n .  During 
t h e  f irst ,  o r  " w e t "  p o r t i o n ,  the  e n t i r e  countdown, i n c l u d i n g  
p r o p e l l a n t  l o a d i n g ,  w a s  c a r r i e d  o u t  down to T-8.9 seconds ,  t he  
t i m e  f o r  i g n i t i o n  sequence s t a r t .  The a s t r o n a u t  crew d i d  n o t  
p a r t i c i p a t e  i n  the w e t  CDDT. 
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A t  t h e , c o m p l e t i o n  of t h e  w e t  CDDT, t he  c ryogen ic  pro-  
p e l l a n t s  ( l i q u i d  oxygen and l i q u i d  hydrogen) were of f - loaded ,  
and t h e  f i n a l  p o r t i o n  of  the countdown w a s  r e - run ,  t h i s  t i m e  
s i m u l a t i n g  the f u e l i n g  and w i t h  the  prime a s t r o n a u t  crew 
p a r t i c i p a t i n g  as they  w i l l  on launch  day. 

By t h e  t i m e  Apollo 11 was e n t e r i n g  t h e  f i n a l  phase  o f  i t s  
checkout  procedure  a t  Complex 39A, crews had already s ta r ted  
t h e  checkout o f  Apollo 1 2  and Apollo 13. The Apollo 1 2  space- 
c r a f t  completed a l t i t u d e  chamber t e s t i n g  i n  June and w a s  la ter  
mated t o  t h e  launch  v e h i c l e  i n  the VAB. Apollo 13 f l i g h t  hard- 
ware began a r r i v i n g  i n  June to undergo p r e l i m i n a r y  checkout .  

Because o f  t h e  complexi ty  invo lved  i n  t he  checkout  of  t h e  
3 6 3 - f o o t - t a l l  (110.6 meters) Apollo/Saturn V c o n f i g u r a t i o n ,  t h e  
l aunch  teams make use  o f  e x t e n s i v e  au tomat ion  i n  t h e i r  checkout .  
Automation i s  one o f  t h e  major d i f f e r e n c e s  i n  checkout used i n  
Apollo compared t o  t h e  p rocedures  used i n  the Mercury and 
Gemini programs. 

Computers, data d i s p l a y  equipment and d i g i t a l  data t ech -  
n i q u e s  are used throughout  the  au tomat i c  checkout  from t h e  t i m e  
t he  launch  v e h i c l e  i s  e r e c t e d  i n  t he  VAB through l i f t o f f .  A 
similar, b u t  separate computer o p e r a t i o n  c a l l e d  ACE (Acceptance 
Checkout-Equipment) i s  used t o  v e r i f y  t h e  f l i g h t  r e a d i n e s s  of 
t h e  s p a c e c r a f t .  S p a c e c r a f t  checkout  i s  c o n t r o l l e d  from separate 
rooms i n  t h e  Manned S p a c e c r a f t  Opera t ions  B u i l d i n g .  
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LAUNCH COMPLEX 39 

Launch Complex 39 f a c i l i t i e s  at  the Kennedy Space Center 
were planned and b u i l t  spec i f i ca l ly  f o r  t h e  Apollo Saturn V, 
the space vehicle that  w i l l  be used t o  carry astronauts t o  
the Moon. 

Complex 39 introduced the  mobile concept of launch operations, 
a departure from the  f ixed launch pad techniques used previously 
a t  Cape Kennedy and other launch sites. Since the e a r l y  1950's 
when the first b a l l i s t i c  missiles were launched, t he  fixed launch 
concept had been used on NASA missions, This method cal led f o r  
assembly, checkout and launch of 8 rocket a t  one site-the launch 
pad. In  addition t o  tying up the pad, t h i s  method a l s o  of ten l e f t  
the f l i g h t  equipment exposed t o  the outside influences of the  
weather f o r  extended periods, 

Using t he  mobile concept, the space vehicle is thoroughly 
checked i n  an enclosed bu i ld ing  before it is  moved t o  the launch 
pad for f i n a l  preparations. T h i s  affords  greater protection, a 
more systematic checkout process using computer techniques and 
a high launch rate f o r  the future,  s ince the pad time is  minimal, 

ocean-going vessels and spec ia l ly  designed a i r c r a f t ,  such as the  
Guppy. Apollo spacecraft  modules are transported by air. The 
spacecraft  components a r e  first taken t o  the Manned Spacecraft 
Operations Building f o r  preliminary checkout. The Saturn V 
stages are brought immediately t o  the Vehicle Assembly Building 
after a r r i v a l  a t  t h e  nearby tu rn ing  basin. 

Saturn V stages are shipped t o  the Kennedy Space Center by 

The major components of Complex 39 include: (1) the 
Vehicle Assembly Building (VAB) where the Apollo 11 was 
assembled and prepared; (2) the Launch Control Center, where 
the launch team conducts the preliminary checkout and f i n a l  
countdown; (3) the mobile launcher, upon which the Apollo 11 
was erected f o r  checkout and from where i t  w i l l  be launched; 
(4)  the mobile service s t ruc ture ,  which provides external  access 
t o  the space vehicle a t  the  pad; (5) the transporter,  which 
ca r r i e s  the space vehicle and mobile launcher, as well as the 
mobile service s t ruc ture  t o  the pad; (6) the crawlermy over 
which the space vehicle t r ave l s  from the VAB t o  the launch pad; 
and (7) the launch pad i tself .  
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Vehicle Assembly Building 

The Vehicle Assembly Building is the heart of Launch Complex 
Covering eight acres, it is where the 363-foot-tall space 39. 

vehicle is  assembled and tested, 

The VAB contains 129,482,000 cubic feet of space, It Is 
716 feet long, and 518 feet wide and it covers 343,500 square 
feet of f l o o r  space. 

each 16 inches i n  diameter, driven from 150 t o  170 feet t o  bed- 
rock, If placed end t o  end, these p i l ings  would extend a distance 
of 123 m i l e s ,  The skeletal s t ruc tu re  of the building contains 
approximately 60,000 tons of s t r u c t u r a l  steel. The ex te r io r  is 
covered by more than a mil l ion square feet of insulated aluminum 
siding. 

The building is  divided i n t o  a high bay area 525 feet high 
and a low bay area 210 feet high, with both areas serviced'by a 
t r ans fe r  aisle f o r  movement of vehicle stages. 

The foundation of the VAE! rests on 4,225 steel pilings, 

The low bay work area, approximately 442 f e e t  wide and 274 
f e e t  long, contains eight stage-preparation and checkout cells. 
These c e l l s  are equipped with systems t o  s imulate  stage in te r face  
and operation with other  stages and the  instrument un i t  of the  
Saturn V launch vehicle. 

After the Apollo 11 launch vehicle upper stages ar r ived  a t  
Kennedy Space Center, they were moved t o  the low bay of the 
VAB. Here, the second and t h i r d  stages underwent acceptance and 
checkout testing p r i o r  t o  mating with the S - I C  first stage atop 
the Mobile Launcher i n  the Ngh  bay area. 

The high bay provides f a c i l i t i e s  f o r  assembly and checkout 
of both the launch vehicle and spacecraft. It contains four 
separate bays 'for v e r t i c a l  assembly and checkout. 
three bays are equipped, and t h e  four th  w i l l  be reserved f o r  
possible changes i n  vehicle configuration, 

Work platforms -0 some as high as three-story bu i ld ings  -- i n  
the high bays provide access by surrounding the vehicle a t  varying 
leve ls ,  Each high bay has f i v e  platforms. Each platform consis ts  
of two bi-parting sect ions t h a t  move i n  from opposite sides and 
mate, providing a 360-degree access t o  the sect ion of the space 
vehicle being checked. 

t o  cool about 3,000 homes, helps t o  control  t h e  environment within 
the  e n t i r e  off ice ,  laboratory, and workshop complex located ins ide  
the low bay area of t he  VAB. 
individual  platform l eve l s  located around the vehicle. 

A t  present, 

A 10,000-ton-capacity air  conditioning system, suf f ic ien t  

A i r  conditioning is a l s o  fed t o  
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There are 141 lift- devices i n  the  VAB, ranging from one- 

ton h o l i t s  t o  two 250-ton high-lift bridge cranes. 

The mobile launchers, carried by t ransporter  vehicles, move 
i n  and out of the VAB through four doors i n  the high bay area, one 
i n  each of the  bays, Each door is shaped like an inverted T. They 
are 152 feet wide and 114 feet high a t  the base, narrowing t o  76 
feet i n  width. Total door height is 456 feet, 

The lower section of each door is of the aircraft hangar type 
that slides horizontally on tracks. Above t h i s  are seven telescop- 
ing ve r t i ca l  l i f t  panels stacked one above the other, each 50 feet 
high and driven by an individual motor, Each panel slides over 
t h e  next t o  create an opening large enough t o  permit passage of 
the mobile launcher. 

Launch Control Center 

Adjacent t o  the  VAB is t he  Launch Control Center (LCC). T h i s  
four-story s t ructure  is a radical departure from the  dane-shaped 
blockhouses a t  other launch sites, 

The electronic "braln" of Launch Complex 39, t h e  LCC was used 
fo r  checkout and test  operations while Apollo 11 was being assembled 
inside the  VAB, The LCC contains display, monitoring, and control 
equipment used fo r  both checkout and launch operations. 

The building has telemeter checkout s ta t ions  on its second 
floor,  and four firing rooms, one for each high bay of the VAB, 
on i ts  t h i r d  f loor ,  Three firing rooms contain ident ica l  sets of 
control and monitoring equipment, so that  launch of a vehicle and 
checkout of others take place simultaneously. A ground computer 
f a c i l i t y  i s  associated with each f i r ing room. 

The high speed computer data l ink  is provided between the LCC 
and the mobile launcher f o r  checkout of the launch vehicle, This 
l i n k  can be connected t o  the mobile launcher a t  either the VAB 
o r  a t  the pad. 

contain controls and displays required f o r  t h e  checkout process. 
The digital data links connecting with the  high bay area8 of the 
VAB and the launch pads carry vast  amounts of data required during 
checkout and launch. 

The three equipped firing rooms have some 450 consoles which 

There are 15 display systems i n  eaeh LCC f i r i n g  room, with 
each system capable of providing d ig i ta l  information inatantane- 
ously. 
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Sixty te levis ion cameras are positioned around the Apollo/ 
Saturn V tranwnltting pictures on 10 modulated channels. The LCC 
firing room a l s o  contains 112 operational Intercommunication 
channels used by t h e  crews i n  the checkout and launch countdown. 

Mobile Launcher 

The mobile launcher is a transportable launch base and 
umbilical tower f o r  t h e  space vehicle. Three mobile launchers are 
used at Complex 39. 

The launcher base is a two-story steel structure, 25 fee t  high, 
160 feet long, and 135 feet wide. 
pedestals 22 feet Ngh when i n  the VAB or  at  the  launch pad. 
the launch pad, i n  addition t o  the six steel pedestals, four exten- 
dable columns a l s o  are used t o  s t i f f e n  t h e  mobile launcher against 
rebound loads, If the Saturn engines c u t  off. 

form, i s  mounted on o m  end of t he  launcher base. A hammerhead 
crane a t  the  top has a hook height of 376 feet above the  deck with 
a traverse radius  of 85 feet from the center of the  tower. 

It i s  posltioned on s i x  steel 
A t  

The umbilical tower, extending 398 feet above the launch plat- 

The 12-million-pound mobile launcher stands 445 feet high 
when resting on its pedestals. 
acre, i s  a compartmented s t rueture  b u i l t  of 25-foot steel girders,  

allows an ou t l e t  fo r  engine exhausts i n to  the launch pad trench 
containing a flame deflector. This opening is lined with a re- 
placeable steel b3ast shield, independent of t he  structure,  and 
I s  cooled by a water curtain i n i t i a t e d  two seconds after l i f t o f f .  

The base, covering about half  an 

The launch vehicle sits over a 45-foot-square opening which 

There are nine hydraulically-operated service arms on the  
umbilical tower. These service arms support l i n e s  f o r  the vehic le  
umbilical systems and provide access for personnel t o  the stages 
as well as the  astronaut crew t o  t h e  spacecraft. 

On Apollo 11, one of the service arms is retracted early i n  
the count. The Apollo spacecraft access arm is partially re- 
tracted a t  T-43 minutes. 
seconds, and a fourth a t  about T-16.5 seconds. The remaining 
f i v e  anns are set t o  swing back a t  vehicle first motion a f t e r  T-0. 

A t h i r d  service arm is released a t  T-30 

The service arms are equipped with a backup retract ion system 
an case the primary mode fails ,  
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The Apollo access ann (service ann g), located a t  the 320- 
foot leve l  above the launcher base, provides access t o  the space- 
craft eabln for the closeout team and astronaut crews. The fl ight 
crew wi l l  board t h e  spacecraft starting about T-2 hours, 40 minutes 
i n  the count. The access arm w i l l  be moved t o  a parked position, 
12 degrees from the spacecraft, at about T-43 m h u t e s ,  Thls i l p  a 
diatance of about three feet ,  which permits a rapid reconnection 
of the arm to the spacecraft i n  t h e  event of an emergency condition, 
The ann is fu l ly  retracted at the T-5 minute mark i n  the count, 

The Apollo 11 vehicle is secured t o  the mobile launcher by 
four cumbination 8uppor-t; and hold-down anus mounted on the launcher 
deck. The hold-down arm8 are cast i n  one piece, about 
at the base and 10 feet tall, weighing more than 20 tons. 
struts secure the vehicle near i ts  top. 

6 x 9 feet 
Damper 

After the engines ignite, the am8 hold Apollo 11 fo r  about 
s i x  f38COndS u n t i l  the engines build up t o  95 percent t h r u s t  and 
other monitored systems indicate they are functioning properly. 
The arms release on receipt of a launch commit signal at the zero 
mark in the count, But the vehicle i s  prevented from accelerating 
too rapidly by controlled release mechanisms. 

The mobile launcher provides emergency egress fo r  the crew and 
clo8w!Out service personnel. Personnel may descend the tower v i a  
two 600-feet per minute elevators or  by a slide-wire and cab to  a 
bunker 2,200 feet from the launcher. If high speed elevators are 
ut i l ized t o  level. A of the launcher, two options are then avail- 
able. The personnel m y  slide down the escape tube t o  the blast 
mom below the pad or  take elevator B t o  the bottom of the pad 
and board armored perrsonnel car r ie rs  and depart the area. 

Transporter 

The six-million-pound transpsrters move mobile launchers 
in to  the VAB and mobile launchers with assembled Apollo space 
vehicles t o  the launch pad. They 8 l S O  are used t o  t ransfer  the 
mobile service structure t o  and f r o m  the launch pads. Two 
transporters are i n  use a t  Complex 39. 

The transporter is  131 feet long and 114 fee t  wide. The 
vehicle move8 on four double-tracked crawlers, each 10 feet high 
and 40 feet long, 
inches in length and weighs about a ton. 

Sixteen t ract ion motors powered by four 1,000-kilowatt gen- 
erators, which i n  turn are driven by t w o  2,750-hmsopower diesel 
engines, provide the motive power for  the transporter, Two 750- 
kw generators, driven by two 1,065-horsepower diesel engines, 
power the jacking, steering, lighting, ventilating and electronic 
systm?s, 

Each shoe on the crawler track is seven feet s i x  

Maximum speed of the transporter is about one-mile- er-hour 

t o  Pad A with Apollo 11 on it8 mobile 18unches took about hlix 
hours since nuximum speed I s  not mtrint8ined throughout the t r ip .  

loaded and about two-miles-per-hour unloaded,, The 3.5 ns le t r i p  
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The t ranspor te r  has a leveling system designed t o  keep the 
top of the space vehicle v e r t i c a l  within plus-or-mlnus 10 minutes 
of arc .I- about t h e  dimensions of a basketball. 

T h i s  system a l s o  provides level ing operations required t o  
negotiate the  f i v e  percent ramp which leads t o  the launch pad and 
keeps the load letvel when it is raised and lowered on pedestals 
both at the pad and within t h e  VA33. 

The overa l l  height of the  t ranspor te r  is 20 feet from ground 
l e v e l  t o  the top deck on which the  mobile launcher i s  mated f o r  
transportation. The deck is  flat  and about the s i z e  of a base- 
b a l l  diamond (90 by 90 feet). 

located diagonally opposite each other, provide t o t a l l y  enclosed 
s t a t i o n s  from which a l l  operating and control  functions are 
coordinated. 

Two operator control  cabs, one a t  each end of t h e  chassis  

Crawlerway 

The t ranspor te r  moves on a roadway 131 feet wide, divided 
by a median s t r ip .  Thls  is almost as broad as an eight-lane 
turnpike and is designed t o  accommodate a combined weight of about 
18 mil l ion pounds. 

The roadway I s  b u i l t  i n  three layers  with an average depth 
of seven feet .  The roadway base layer i s  two-and-one-half feet 
of hydraulic f i l l  compacted t o  95 percent density. 
cons is t s  of three f e e t  of crushed rock packed t o  maximum density, 
followed by a layer of one foot  of selected hydraulic fill. The 
bed I s  topped and sealed wfth an asphalt prime coat. 

The next layer  

On top of t h e  three layers is  a cover of r i v e r  rock, eight 
inches deep on t h e  curves and s i x  inches deep on the  straightway. 
T h i s  layer reduces the f r i c t i o n  during s t ee r ing  and helps 
d i s t r i b u t e  the load on the t ransporter  bearings. 

Mobile Service Structure  

A 402-foot-tal1, 9.8-million-pound tower i s  used t o  service 
the Apollo launch vehicle and spacecraft  at the pad. 
steel-trussed tower, ca l led  a mobile service s t ructure ,  provides 
360-degree platform access t o  the Saturn launch vehicle and the  
Apoflo spacecraft. 

The &)-story 

The service s t ruc ture  has f i v e  platforms -- two self-propelled 
and three fixed, b u t  movqble. Two elevators  carry personnel and 
equipment between work platforms. The platforms can open and close 
around the 363-foot space vehicle. 
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After depositing the mobile launcher w i t h  i ts  space 
vehicle on the pad, the t ransporter  re turns  t o  a parking 
area about 7,000 feet  from pad A .  There it picks u p  the  
mobile service s t ruc ture  and moves it t o  the launch pad. 
A t  the pad, the huge tower is lowered and secured t o  four 
mount mechanisms, 

The top three work platforms are located i n  f ixed  
posi t ions which serve the Apollo spacecraft, The two lower 
movable platforms serve the Saturn V. 

The mobile service s t ruc tu re  remains i n  pos i t ion  u n t i l  
about Toll hours when it is removed from i ts  mounts and re- 
turned t o  the parking area. 

Water Deluge System 

A water deluge system w i l l  provide a mill ion gallons 
of i ndus t r i a l  water f o r  coolinp~ and fire prevention during 
launch of Apollo 11. Once the service arms are re t rac ted  a t  
liftoff, a spray system will come on t o  cool these arms from 
the heat of the f i v e  Saturn F-1 engines during l i f t o f f .  

On the deck of the mobile launcher are 29 water nozzles. 
!Phis deck deluge will start  immediately after l i f t o f f  and w i l l  
pour across  the face of the launcher for 30 seconds a t  the rate 
of 50,000 gallons-per-minute. after 30 seconds, the flow w i l l  
be reduced t o  20,000 gallons-per-minute. 

Positioned on both sides of t e flame trench are a 
series of nozzles which w i l l  begin pouring; water at 8,000 
gallons-per-minute, 10 secords before l i f t o f f ,  This water 
w i l l  be directed over the flame def lec tor ,  

Other f l u s h  mounted nozzles, positioned around the pad, 
will wash away any f l u i d  s p i l l  as a protect ion against  f i r e  
hazards , 

Water spray systems also are available along the 
egress route that the  astronauts  and closeout crews would 
follow i n  case an emergency evacuation was required. 

Flame Trench and Deflector 

feet above mean sea l e v e l  a t  the base, The height of the 
trench and def lec tor  is approximately 42 feet. 

The flame trench is 58 feet wide and approximately s i x  
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The flame deflector weighs about 1.3 aaillion pounds and 
18 stored outside the flame trench on rails. When it 18 moved 
beneath the launcher, it is raised hydraullaally Into posit ion.  
The def lec tor  I s  cowered with a far-and-one-half-inch thick- 
ness of re f rao toryeonore te  consistsng of' a voleanic ash 
aggregate and a calcium aluminate binder. Tfae heat and blast 
of the engines are expected t o  wear about t h r e e q u a r t e r s  of an 
inch from t h i s  re f rac tory  surface during the Apollo 11 launch. 

Pad Areas 

Both Pad A and Pad €3 of Taunoh Complex 39 are roughly 
octagonal i n  shape and cover about one fourth of a square 
mlle of te r ra in .  

The center  of the pad I s  a hardstand construoted of 
heavily reinforced concrete. I n  addi t ion t o  supporting the 
weight of the laobile launcher and the Apollo Saturn V vehicle, 
it a l s o  must support the 9.8-1~1llfon-pound mobile servioe 
s t ruc ture  and 6-million-pound t ransporter ,  a l l  a t  the same 
time, The top of the pad stands some 48 feet above sea level. 

Saturn V propellants -- l iqu id  oxygen, l i q U M  hydrogen 
and RP-1 -- are stored near the pad perimeter, 

S ta in less  steel, vacuum-jacketed pipes carry the l iqu id  
oxygen (LOX) and l iqu id  hydrogen from the storage tanks t o  
the pad, up the mobile launcher, and f ina l ly  i n t o  the launch 
vehicle propellant tanks. 

LOX is supplied from a ~ , O O O - g a l l o n  storage -tank. A 
cent r i fuga l  puml~) w i t h  a discharge pressure of 320 pounUs-per- 
square-inch p q s  LOX t o  the vehicle a t  flow rates as high as 
10 000-gallons-per-minute . 

Liquid hydrogen, used i n  the second and th i rd  stages, 
Is stored i n  an 850,000-gallon tank, and is  sent  through 
1,500 feet of 10-inch, vacuum-jacketed invar  pipe, A vapor- 
izing heat exchanger pressurizes the storage tank t o  60 ps i  
f o r  a 10,000 gallons-per-minute flow rate. 

The Rp-1 fuel ,  a high grade of kerosene i s  s tored .in 
three tanks-each with a capacity of 86,000 gal lons,  
pumped a t  a rate of 2,000 gallons-per-minute a t  175 psig,  

The Complex 38 pneumatic system includes a converter- 
compressor facil i ty,  a pad ugh-pressure gas storage battery, 
a high-pressure storage battery i n  the VAB, low and high-pres- 
sure, cross-country supply l ines ,  high-pressure hydrogen storage 
and conversion equipment, and pad d i s t r ibu t ion  piping t o  pneu- 
matic control  panels. The various purging systems require 
187,000 pounds of liquid nitrogen and 21,000 gallons of helium. 

It is 
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Mission Control Center 

The Mission Control Center a t  the Manned Spacecraft 
Center, Houston, is the foca l  point f o r  Apollo f l igh t  control 
a c t i v i t i e s .  The center  receives tracking and telemetry data 
from the Manned Space F l ight  Network, processes t h i s  data 
through the Mission Control Center Real-Time Computer Complex, 
and displays t h i s  data t o  the f l i g h t  con t ro l l e r s  and engineers 
i n  the Mission Operations Control Room and staff support rooms. 

The Manned Space F l ight  Network tracking and data 
acquis i t ion  s t a t i o n s  l i n k  t h e  f l i g h t  cont ro l le rs  a t  the center  
t o  the spacecraft. 

that  is, without f l l g h t  control  teams. A l l  uplink commands and 
voice communications w i l l  or iginate  from Houston, and telemetry 
data w i l l  be sent  back t o  Houston a t  high speed rates (2,400 
bits-per-second), on two separate data l i nes .  They can be 
either real t i m e  o r  playback information, 

Par Apollo 10 a l l  network s t a t ions  will be remote sites, 

Signal flow f o r  voice c i r c u i t s  between Houston and 
the remote sites is via  commercial c a r r i e r ,  usual ly  satellite, 
wherever possible using leased l i n e s  which are part of t he  NASA 
Bommunications Network. 

Commands a r e  sent From Houston t o  N A S A ' s  Goddard Space 
Pl ight  Center, Greenbelt, Hd., on l i n e s  which l i n k  computers 
a t  the two points,  The Goddard communication computers pro- 
vide automatic switching f a c i l i t i e s  and speed buffering f o r  the 
command data, Data are t ransferred from Goddard t o  remote s i t e s  
on high speed (2,400 bits-per-second) l ines .  Comand loads a l s o  
can be sent by t e le type  from Houston t o  the rernote s i t e s  a t  100 
woMr-pereminute. Again, Goddard computers provide storage and 
switching functions. 

Telemetry data a t  the remote si te are received by 
the RF receivers,  processed by the  pulse eede modulation 
ground s ta t ions ,  and t ransferred t o  the  642B remote-site 
telemetry computer f o r  storage,  Depending on the format 
selected by the  telemetry cont ro l le r  a t  Houston, the 642B 
willsend the desired format through a 2010 data t r a n s  
mission u n i t  which provideat parallel t o  serial conversion, 
and dr ives  a 2,400 bit-per-second mode, 

The data mode converts the d i g i t a l  serial data t o  
phase-shifted keyed tones which are f e d  t o  the  high speed 
data lines of the conarunications network. 

-more- 



Tracking data are sent  frm the sites In 8 l o w  
apeed 
8peed I 2,400 b i t s )  Pomat .  Data rate8 are one sample-6 
seconds f o r  teletype and 10 saaaples (frame#) per second f o r  
high apeed data. 

which originate a t  a remote site are sent to Goddard on huh-  
speed l ines.  Qoddard reformats the data when aec.wssary and 
sends them t o  Houston i n  600-bit blocks at a 40,800 bits-per- 
8econd rate. O f  the 600-bit bloQk, 480 bi t s  are retserved f o r  
data, the other 120 b i t s  f o r  address, sync, InteroorPputer instru- 
ction@, and polynominal error encwdlng. 

A l l  wideband 40,800 bita-per-second data originating a t  
Houston are converted to  hlgh rspesd (2,400 bits-per-second) 
data at Goddard before being traasfsrrecl to  the designated 
remote site. 

100 words) teletype famat and a 240-bit block hi* 

All high-speed data, whether tracking or tslemefmy, 
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MANNED SPACE FLIGHT NETWORK 

Tracking ,  command and communication -- Apollo 11's v i t a l  l i n k s  
w i t h  t h e  E a r t h  -- w i l l  be performed,  i n  two broad  phases. 

For  t he  f i r s t  phase ,  t h e  Manned Space F l i g h t  Network (MSFN) 
w i l l  depend largely on i t s  worldwide c h a i n  of s t a t i o n s  equipped  
w i t h  30-foot an tennas  whi le  Apollo i s  launched  and o r b i t i n g  n e a r  
the E a r t h .  The second phase  beg ins  when the  s p a c e c r a f t  moves o u t  
more t h a n  10 ,000  m i l e s  above Ea r th ,  when t h e  85-foot  diameter 
an tennas  b r i n g  t h e i r  g r e a t e r  power and accuracy  i n t o  p l a y .  

The Network must f u r n i s h  r e l i a b l e ,  i n s t a n t a n e o u s  c o n t a c t  
w i t h  t he  a s t r o n a u t s ,  t h e i r  launch  v e h i c l e  and s p a c e c r a f t ,  from 
l i f t o f f  th rough E a r t h  o r b i t ,  Moon l a n d i n g  and l u n a r  t a k e o f f  t o  
splashdown i n  t he  P a c i f i c  Ocean. 

For Apollo 11, MSFN w i l l  u se  17 ground s t a t i o n s ,  f o u r  s h i p s  
and s i x  to e i g h t  j e t  a i r c r a f t  -- a l l  d i r e c t l y  o r  i n d i r e c t l y  
l i n k e d  w i t h  Mission C o n t r o l  Center  i n  Houston. While the Ear th  
t u r n s  on i t s  a x i s  and t h e  Moon t r a v e l s  i n  o r b i t  n e a r l y  one- 
q u a r t e r  m i l l i o n  m i l e s  away and Apollo 11 moves between them, ground 
c o n t r o l l e r s  w i l l  be k e p t  i n  t h e  c l o s e s t  p o s s i b l e  c o n t a c t .  Thus, 
on ly  f o r  some 45 minutes  as the  s p a c e c r a f t  f l i e s  beh ind  the  Moon 
i n  each  o r b i t ,  w i l l  t h i s  l i n k  w i t h  Ea r th  be  o u t  o f  r e a c h .  

A l l  e l emen t s  o f  t h e  Network g e t  ready e a r l y  i n  the  countdown. 
A s  t h e  Apol lo  S a t u r n  V a scends ,  v o i c e  and data w i l l  be t r a n s m i t t e d  
i n s t a n t a n e o u s l y  to Houston. The data are s e n t  d i r e c t l y  through 
computers for v i s u a l  d i s p l a y  to f l i g h t  c o n t r o l l e r s .  

Depending on t h e  launch azimuth,  the  30-foot an tennas  w i l l  
keep tabs on Apollo 11, beg inn ing  w i t h  t he  s t a t i o n  a t  Merritt 
I s l a n d ,  t h e n c e  Grand Bahama I s l a n d ;  Bermuda; t r a c k i n g  s h i p  
Vanguard; t h e  Canary I s l a n d s ;  Carnarvon, A u s t r a l i a ;  H a w a i i ;  a n o t h e r  
t r a c k i n g  s h i p ;  Guaymas, Mexico; and Corpus C h r i s t i ,  Tex. 

To i n j e c t  Apollo 11 i n t o  t r a n s l u n a r  f l i g h t  p a t h ,  Miss ion  
Con t ro l  w i l l  s end  a s i g n a l  t h rough  one of the l a n d  stations o r  one 
o f  t h e  t r a c k i n g  s h i p s  i n  t h e  P a c i f i c .  A s  the  s p a c e c r a f t  heads f o r  
t h e  Moon, t h e  eng ine  burn w i l l  b e  moni tored  by t h e  s h i p s  and an 
Apollo range  i n s t r u m e n t a t i o n  a i r c r a f t  ( A R I A ) .  The A R I A  p r o v i d e s  
a r e l ay  f o r  the  a s t r o n a u t s '  v o i c e s  and data communication w i t h  
Houston. 

-more- 



-172- 

-more- 



-173- 

When the s p a c e c r a f t  r e a c h e s  an a l t i t u d e  o f  10,000 miles the 
more powerful  85-foot an tennas  w i l l  j o i n  i n  f o r  primary suppor t  
of t he  f l i g h t ,  a l though  the 30-foot "dishes" w i l l  con t inue  t o  
t r a c k  and r e c o r d  data. The 85-foot an tennas  are l o c a t e d ,  about  
120 degrees  apart, n e a r  Madrid, Spain ;  Goldstone,  Calif.; and 
Canberra,  A u s t r a l i a .  

With the 120-degree s p a c i n g  around the Earth,  a t  least one o f  
t h e  l a r g e  an tennas  w i l l  have t h e  Moon i n  view a t  a l l  times. A s  t h e  
Ea r th  r e v o l v e s  from west t o  east ,  one 85-foot s t a t i o n  hands over  
c o n t r o l  t o  t h e  n e x t  85-foot s t a t i o n  as i t  moves i n t o  view of  t h e  
s p a c e c r a f t .  I n  t h i s  way, data and communication flow i s  main ta ined .  

Data are relayed back through t h e  huge an tennas  and t r a n s m i t t e d  
v i a  t he  NASA Communications Network (NASCOM) -- a two-mil l ion m i l e  
hookup of l a n d l i n e s ,  undersea  c a b l e s ,  r a d i o  c i r c u i t s  and communica- 
t i o n  s a t e l l i t e s  -- t o  Houston. This i n f o r m a t i n  i s  f ed  i n t o  
computers f o r  v i s u a l  d i s p l a y  i n  Mission Con t ro l  -- f o r  example, a 
d i s p l a y  of t he  p r e c i s e  p o s i t i o n  of the  s p a c e c r a f t  on a l a r g e  map. 
O r ,  r e t u r n i n g  data my i n d i c a t e  a drop  i n  power o r  some o t h e r  
d i f f i c u l t y  i n  a s p a c e c r a f t  s y s t e m ,  which would e n e r g i z e  a red l i g h t  
t o  a l e r t  a f l i g h t  c o n t r o l l e r  t o  a c t i o n .  

Return ing  data f lowing  through t h e  Ear th  s t a t i o n s  g i v e  t h e  
necessa ry  i n f o r m a t i o n  f o r  commanding midcourse maneuvers t o  keep 
Apollo 11 i n  a p r o p e r  t r a j e c t o r y  f o r  o r b i t i n g  the Moon. After  
Apollo 11 i s  i n  t he  v i c i n i t y  o f  t he  Moon, these data i n d i c a t e  t h e  
amount of r e t r o  burn  necessa ry  f o r  t h e  s e r v i c e  module engine  t o  
p l a c e  t h e  s p a c e c r a f t  i n  l u n a r  o r b i t .  

Once the  l u n a r  module s e p a r a t e s  from t h e  command module and 
goes i n t o  a s e p a r a t e  l u n a r  o r b i t ,  t he  MSFN w i l l  b e  r e q u i r e d  t o  
keep t r a c k  of  bo th  s p a c e c r a f t  a t  once,  and p rov ide  two-way communica- 
t i o n  and t e l e m e t r y  'betweell them and the  Ear th .  The prime an tenna  
a t  each of  t h e  three 85-foot t r a c k i n g  s t a t i o n s  w i l l  handle  one 
s p a c e c r a f t  w h i l e  a wing, o r  backup, an tenna  a t  the  same s i t e  w i l l  
handle  the o t h e r  s p a c e c r a f t  d u r i n g  each  p a s s .  

Tracking  and a c q u i s i t i o n  of data between Ear th  and the  two 
s p a c e c r a f t  w i l l  p rov ide  suppor t  f o r  t h e  rendezvous and docking 
maneuvers. The in fo rma t ion  w i l l  a l s o  be  used t o  de te rmine  the  
t i m e  and d u r a t i o n  o f  t h e  s e r v i c e  module p r o p u l s i o n  eng ine  burn 
r e q u i r e d  t o  p l a c e  t h e  command module i n t o  a p r e c i s e  t r a j e c t o r y  f o r  
r e e n t e r i n g  t h e  E a r t h  * s atmosphere a t  t h e  p lanned  l o c a t i o n .  

-more- 
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A s  the  s p a c e c r a f t  comes toward E a r t h  a t  h i g h  speed -- up to 
more t h a n  25,000 miles p e r  hour  -- i t  must r e e n t e r  a t  t h e  p r o p e r  
a n g l e .  To make an a c c u r a t e  r e e n t r y ,  i n f o r m a t i o n  from t h e  t r a c k i n g  
s t a t i o n s  and s h i p s  i s  f ed  i n t o  t he  MCC computers where f l i g h t  
c o n t r o l l e r s  make d e c i s i o n s  t h a t  w i l l  p rov ide  t h e  Apollo 11 crew 
w i t h  t h e  n e c e s s a r y  i n f o r m a t i o n .  

Appropr i a t e  MSFN s t a t i o n s ,  i n c l u d i n g  the  s h i p s  and a i r c r a f t  
i n  t h e  P a c i f i c ,  are on hand t o  p rov ide  s u p p o r t  d u r i n g  the r e e n t r y .  
An A R I A  a i rcraf t  w i l l  r e l a y  a s t r o n a u t  vo ice  communications to MCC 
and an tennas  on r e e n t r y  s h i p s  w i l l  f o l low the  s p a c e c r a f t .  

Through the jou rney  t o  t h e  Moon and r e t u r n ,  t e l e v i s i o n  w i l l  
be r e c e i v e d  from t h e  s p a c e c r a f t  a t  t h e  th ree  85-foot  an tennas  around 
t h e  wor ld .  I n  a d d i t i o n ,  210-foot diameter an tennas  i n  C a l i f o r n i a  
and A u s t r a l i a  w i l l  b e  used t o  augment t h e  t e l e v i s i o n  coverage  w h i l e  
the  Apollo 11 i s  n e a r  and on the Moon. Scan c o n v e r t e r s  a t  t h e  
s t a t i o n s  pe rmi t  immediate t r a n s m i s s i o n  of commercial q u a l i t y  TV 
v i a  NASCOM t o  Houston, where i t  w i l l  b e  released to TV networks.  

N A S A  Communications Network 

The N A S A  Communications Network (NASCOM) c o n s i s t s  of s e v e r a l  
s y s t e m s  o f  d i v e r s e l y  r o u t e d  communications channe l s  leased on 
communications s a t e l l i t e s ,  common c a r r i e r  s y s t e m s  and h igh  frequency 
r a d i o  f a c i l i t i e s  where n e c e s s a r y  t o  p rov ide  t h e  a c c e s s  l i n k s .  

The sys tem c o n s i s t s  o f  bo th  narrow and wide-band channe l s ,  
and some TV channe l s .  Inc luded  are a v a r i e t y  of t e l e g r a p h ,  v o i c e ,  
and data s y s t e m s  ( d i g i t a l  and a n a l o g )  w i t h  s e v e r a l  d i g i t a l  data ra tes .  
Wide-band s y s t e m s  do n o t  ex tend  o v e r s e a s .  A l t e r n a t e  r o u t e s  o r  
redundancy p rov ide  added r e l i a b i l i t y .  

A pr imary s w i t c h i n g  c e n t e r  and i n t e r m e d i a t e  s w i t c h i n g  and 
c o n t r o l  p o i n t s  p rov ide  c e n t r a l i z e d  f a c i l i t y  and t e c h n i c a l  c o n t r o l ,  
and s w i t c h i n g  o p e r a t i o n s  under  d i r e c t  N A S A  c o n t r o l .  The p r i m a r y  
s w i t c h i n g  c e n t e r  i s  a t  t h e  Goddard Space F l i g h t  Cen te r ,  Greenbe l t ,  
Md. I n t e r m e d i a t e  s w i t c h i n g  c e n t e r s  a r e  l o c a t e d  a t  Canberra ,  
Madrid, London, Honolulu,  Guam, and Kennedy Space Center .  

For  Apollo 11, the  Kennedy Space Cen te r  i s  connected d i r e c t l y  
t o  t h e  Mission Con t ro l  Cen te r ,  Houston v i a  t h e  Apollo Launch Data 
S y s t e m  and t o  t he  Marshall Space F l i g h t  C e n t e r ,  H u n t s v i l l e ,  Ala., 
b y  a Launch In fo rma t ion  Exchange F a c i l i t y .  

After launch ,  a l l  network t r a c k i n g  and t e l e m e t r y  data 'nubs 
.at GSFC f o r  t r a n s m i s s i o n  t o  MCC Houston v i a  two 50,000 b i t s - p e r -  
second c i r c u i t s  used f o r  redundancy and i n  c a s e  of  data overf low.  

-more- 



-17 5- 

% 
crl 
0 
3 
i- 
uu z 
z 
0 

v) 

m 

c a 
V 

z - 
2 z 
0 

a 
a 

V 

v) 

z 



Two I n t e l s a t  communications s a t e l l i t e s  w i l l  b e  used  f o r  
Apollo 11. T h e  A t l a n t i c  s a t e l l i t e  w i l l  s e r v i c e  t he  Ascension 
I s l a n d  u n i f i e d  S-band (USB) s t a t i o n ,  t h e  A t l a n t i c  Ocean s h i p  and 
t h e  Canary I s l a n d s  s i t e .  

The second Apollo I n t e l s a t  communications s a t e l l i t e  ove r  
t h e  mid -Pac i f i c  w i l l  s e r v i c e  t h e  Carnarvon, A u s t r a l i a  USB s i t e  
and the  P a c i f i c  Ocean s h i p s .  A l l  these s t a t i o n s  w i l l  be able to 
t r a n s m i t  s i m u l t a n e o u s l y  through the s a t e l l i t e  t o  Houston v i a  
Brewster F l a t ,  Wash., and t h e  Goddard Space F l i g h t  C e n t e r ,  Greenbe l t .  
Md . 

Network Computers 

A t  f rac t ion-of -a-second i n t e r v a l s  , t h e  ne twork ' s  d i g i t a l  
data p r o c e s s i n g  s y s t e m s ,  w i t h  N A S A ' s  Manned S p a c e c r a f t  C e n t e r  as 
t h e  f o c a l  p o i n t ,  " t a l k "  t o  each  o t h e r  or t o  t h e  s p a c e c r a f t .  High- 
speed  computers a t  t h e  remote s i t e  ( t r a c k i n g  s h i p s  i n c l u d e d )  i s s u e  
commands or "up-l ink" data on such  matters as c o n t r o l  o f  c a b i n  
p r e s s u r e ,  o r b i t a l  guidance commands, or "go-no-go'' i n d i c a t i o n s  to 
perform c e r t a i n  f u n c t i o n s .  

When i n f o r m a t i o n  o r i g i n a t e s  from Houston, t h e  computers r e f e r  
to t h e i r  pre-programmed i n f o r m a t i o n  f o r  v a l i d i t y  b e f o r e  t r a n s m i t t i n g  
t h e  r e q u i r e d  data t o  t h e  s p a c e c r a f t .  

Such "up- l ink" inf  ormat ion  i s  communicated by u l t r a - h i g h -  
f requency  r a d i o  about  1 , 2 0 0  b i t s -pe r - second .  Communication between 
remote ground s i t e s ,  v i a  high-speed communications l i n k s  , occur s  
a t  about  t he  same r a t e .  Houston r e a d s  i n f o r m a t i o n  from t h e s e  ground 
s i t e s  a t  2 , 4 0 0  b i t s -pe r - second ,  as w e l l  as from remote s i t e s  at  
1 0 0  words-per-minute. 

The computer s y s t e m s  per form many o t h e r  f u n c t i o n s ,  i n c l u d i n g :  

. Assur ing  t h e  q u a l i t y  of t h e  t r a n s m i s s i o n  l i n e s  b y  
c o n t i n u a l l y  e x e r c i s i n g  data p a t h s .  

. V e r i f y i n g  accuracy  of  t h e  messages by  r e p e t i t i v e  o p e r a t i o n s .  

. C o n s t a n t l y  u p d a t i n g  the f l i g h t  s t a t u s .  

For "down l i n k ' '  data, s e n s o r s  b u i l t  i n t o  t h e  s p a c e c r a f t  
c o n t i n u a l l y  sample c a b i n  t empera tu re ,  p r e s s u r e ,  p h y s i c a l  i n f o r m a t i o n  
on t h e  a s t r o n a u t s  such  as heartbeat and r e s p i r a t i o n ,  among o t h e r  
items. These data are t r a n s m i t t e d  t o  t h e  ground s t a t i o n s  a t  51.2 
k i l o b i t s  ( 1 2 , 8 0 0  b i n a r y  d l g i t s )  per-second.  

-more- 
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A t  MCC the  computers:  

. Detec t  and s e l e c t  changes o r  d e v i a t i o n s ,  compare w i t h  
the i r  s t o r e d  programs, and i n d i c a t e  t h e  problem a r e a s  
o r  p e r t i n e n t  data to t h e  f l i g h t  c o n t r o l l e r s .  

. Provide  d i s p l a y s  t o  mis s ion  pe r sonne l .  

. Assemble ou tpu t  data i n  p rope r  fo rma t s .  

. Log data on magnet ic  t a p e  f o r  r e p l a y  f o r  t h e  f l i g h t  
c o n t r o l l e r s .  

. Keep t ime.  

-more- 
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The Apollo Sh ips  

The mis s ion  w i l l  b e  suppor t ed  by f o u r  Apollo i n s t r u m e n t a t i o n  
s h i p s  o p e r a t i n g  as i n t e g r a l  s t a t i o n s  o f  t h e  Manned Space F l i g h t  
Neework (MSFN) t o  p rov ide  coverage i n  areas beyond the r ange  of 
l a n d  s t a t i o n s .  

The s h i p s ,  USNS Vanguard, Redstone, Mercury, and H u n t s v i l l e  w i l l  
perform t r a c k i n g ,  t e l e m e t r y ,  and communication f u n c t i o n s  f o r  t h e  
launch  phase,  Ea r th  o r b i t  i n s e r t i o n ,  t r a n s l u n a r  i n j e c t i o n ,  and 
r e e n t r y .  

Vanguard w i l l  be s t a t i o n e d  about  1 ,000  miles  s o u t h e a s t  of 
Bermuda (25 degrees  N . ,  49 degrees W.) t o  b r idge  t h e  Bermuda- 
Antigua gap d u r i n g  Ea r th  o r b i t  i n s e r t i o n .  Vanguard a l s o  f u n c t i o n s  
as p a r t  o f  t h e  A t l a n t i c  r ecove ry  f l ee t  i n  the even t  of  a launch 
phase cont ingency .  Redstone (2.25 degrees  S . ,  1 6 6 . 8  degrees  E . ) ;  
t h e  Mercury ( 1 0  N . ,  175.2 W . )  and t h e  H u n t s v i l l e  (3 .0  N . ,  1 5 4 . 0  E . )  
p rov ide  a t r i a n g l e  o f  mobi le  s t a t i o n s  between t h e  MSFN s t a t i o n s  at  
Carnarvon and H a w a i i  f o r  coverage o f  t he  burn  i n t e r v a l  for t r a n s -  
l u n a r  i n j e c t i o n .  I n  t h e  e v e n t  t h e  launch  d a t e  s l i p s  from J u l y  1 6 ,  
t h e  s h i p s  w i l l  all move g e n e r a l l y  n o r t h e a s t w a r d  t o  cover  t h e  
changing t r a n s l u n a r  i n j e c t i o n  l o c a t i o n .  

Redstone and H u n t s v i l l e  w i l l  be r e p o s i t i o n e d  a l o n g  t h e  
r e e n t r y  c o r r i d o r  f o r  t r a c k i n g ,  t e l e m e t r y ,  and communications f u n c t i o n s  
d u r i n g  r e e n t r y  and l a n d i n g .  They w i l l  t rack Apollo from about  
1 ,000 m i l e s  away th rough  communications b l a c k o u t  when the  space-  
craf t  w i l l  d rop  below t h e  h o r i z o n  and w i l l  be p icked  up b y  t h e  A R I A  
a i r c r a f t .  

The Apollo s h i p s  were developed j o i n t l y  by NASA and the  
Department of  Defense.  The DOD o p e r a t e s  the  s h i p s  i n  s u p p o r t  of  
Apollo and o t h e r  NASA and DOD mis s ions  on a n o n - i n t e r f e r e n c e  basis 
w i t h  Apollo r equ i r emen t s .  

Management of the Apollo s h i p s  i s  t h e  r e s p o n s i b i l i t y  of  t h e  
Commander, A i r  Force  Western T e s t  Range (AFWTR). The M i l i t a r y  Sea 
Transpor t  Service p r o v i d e s  t h e  m a r i t i m e  crews and t h e  Federal. 
E l e c t r i c  Corp., I n t e r n a t i o n a l  Telephone and Telegraph ,  under  
c o n t r a c t  t o  AFWTR, p r o v l d e s  t h e  t e c h n i c a l  i n s t r u m e n t a t i o n  crews. 

The t e c h n i c a l  crews o p e r a t e  i n  accordance  w i t h  j o i n t  N A S A /  
DOD s t a n d a r d s  and s p e e i f i c a t i o n s  which are compat ib le  w i t h  MSFN 
o p e r a t i o n a l  p rocedures .  
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Apollo Range I n s t r u m e n t a t i o n  A i r c r a f t  ( A R I A )  

During Apollo 11, the A R I A  w i l l  be used  p r i m a r i l y  to f i l l  
coverage gaps between t h e  l a n d  and s h i p  s t a t i o n s  i n  t h e  P a c i f i c  
between A u s t r a l i a  and H a w a i i  du r ing  the  t r a n s l u n a r  i n j e c t i o n  
i n t e r v a l .  P r i o r  t o  and d u r i n g  the  burn ,  t h e  A R I A  r e c o r d  t e l e m e t r y  
data from Apollo and provide  realtime vo ice  communication between 
t h e  a s t r o n a u t s  and the Mission Cont ro l  Center  a t  Houston. 

E ight  a i r c r a f t  w i l l  p a r t i c i p a t e  i n  t h i s  mi s s ion ,  o p e r a t i n g  
from P a c i f i c ,  A u s t r a l i a n  and I n d i a n  Ocean a i r  f i e lds  i n  p o s i t i o n s  
under  t he  o r b i t a l  t r a c k  of  t h e  s p a c e c r a f t  and launch v e h i c l e .  The 
a i r c r a f t  w i l l  b e  deployed i n  a northwestward d i r e c t i o n  i n  t h e  e v e n t  
of launch  day  s l i p s .  

For r e e n t r y ,  two A R I A  w i l l  be deployed to the  l a n d i n g  area 
t o  con t inue  communications between Apollo and Mission Con t ro l  a t  
Houston and p rov ide  p o s i t i o n  in fo rma t ion  on t h e  s p a c e c r a f t  a f t e r  
t h e  b l ackou t  phase of r e e n t r y  has passed .  

The t o t a l  A R I A  f l e e t  f o r  Apollo miss ions  c o n s i s t s  of  e i g h t  
EC-135A (Boeing 707) j e t s  equipped s p e c i f i c a l l y  t o  meet miss ion  
needs .  Seven-foot  p a r a b o l i c  an tennas  have been i n s t a l l e d  i n  the 
nose s e c t i o n  o f  t h e  p l anes  g i v i n g  them a large,  bulbous look.  

The a i r c r a f t ,  as w e l l  as f l i g h t  and i n s t r u m e n t a t i o n  crews, are 
provided  by t h e  A i r  Force and t h e y  are equipped through j o i n t  A i r  
Force-NASA c o n t r a c t  a c t i o n  t o  o p e r a t e  i n  accordance w i t h  MSFN 
procedures .  
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Ship  P o s i t i o n s  for Apollo 11 

I n s e r t i o n  Sh ip  (VAN) 25 deg rees  N 49 degrees  W 
I n j e c t i o n  Ship  (MER) 1 0  degrees  N 175.2 degrees  W 
I n j e c t i o n  Sh ip  ( R E D )  2 . 2 5  degrees  S 166 .8  deg rees  E 
I n j e c t i o n  Sh ip  (HTV) 3 .0  degrees  N 1 5 4 . 0  degrees  E 

Reentry Ship  (HTV) 5.5 degrees  N 1 7 8 . 2  degrees  W 
R e e n t r y  S h i p  (RED)  3 .0  degrees  S 165.5  degrees  E 

Reent ry  Support  

J u l y  1 8 ,  1969 

I n s e r t i o n  Ship ( V A N )  25 deg rees  N 49 degrees  W 
I n j e c t i o n  Ship  (MER) 15 degrees  N 166 .5  degrees  W 
I n j e c t i o n  S h i p  ( R E D )  4 .0  degrees  N 1 7 2 . 0  degrees  E 
I n j e c t i o n  Ship (HTV) 1 0 . 0  degrees  N 1 5 7 . 0  degrees  E 

Reen t ry  Ship (HTV) 1 7 . 0  degrees  N 1 7 7 . 3  degrees  W 
R e e n t r y  Ship  ( R E D )  6 . 5  degrees  N 1 6 3 . 0  degrees  E 

Reentry Support  i" 

J u l y  21 ,  1969 

I n s e r t i o n  Sh ip  ( V A N )  25 degrees  N 49 degrees  W 
I n j e c t i o n  Ship  ( M E R )  1 6 . 5  deg rees  N 151 degrees  W 
I n j e c t i o n  Ship ( R E D )  11.5 degrees  N 1 7 7 . 5  deg rees  W 
I n j e c t i o n  Ship (HTV)  1 2 . 0  degrees  N 1 6 6 . 0  degrees  E 

Reent ry  Ship  (HTV) 2 6 . 0  degrees  N 1 7 6 . 8  degrees  W 
Reen t ry  Ship  (RED)  1 7 . 3  degrees  N 160.0 degrees  E 

Reentry Support  
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C O N T A M I N A T I O N  CONTROL PROGRAM 

I n  1966 an In t e ragency  Committee on Back Contaminat ion ( I C B C )  
was established. The f u n c t i o n  o f  t h i s  Committee was t o  assist  N A S A  
i n  deve loping  a program t o  prevent  t he  contaminat ion  of  t h e  Ea r th  
from lunar materials f o l l o w i n g  manned l u n a r  e x p l o r a t i o n .  The 
committee c h a r t e r  i n c l u d e d  s p e c i f i c  a u t h o r i t y  to review and approve 
t h e  p l a n s  and procedures  t o  p reven t  back contaminat ion .  The 
committee membership i n c l u d e s  r e p r e s e n t a t i v e s  from t h e  P u b l i c  
Heal th  S e r v i c e ,  Department o f  A g r i c u l t u r e ,  Department o f  t he  I n t e r i o r ,  
N A S A ,  and t h e  N a t i o n a l  Academy o f  Sc iences .  

Over t h e  l a s t  s e v e r a l  years NASA has developed f a c i l i t i e s ,  
equipment and o p e r a t i o n a l  procedures  t o  provide  an adequate  back 
contaminat ion  program f o r  t he  Apollo mis s ions .  T h i s  program o f  
f a c i l i t i e s  and proce'dures,  which i s  w e l l  beyond t h e  c u r r e n t  s t a t e -  
o f - t h e - a r t ,  and t h e  o v e r a l l  e f f o r t  have r e s u l t e d  i n  a l a b o r a t o r y  
w i t h  capab i l i t i e s  which have n e v e r  p r e v i o u s l y  e x i s t e d .  The scheme 
of i s o l a t i o n  of  t h e  Apollo crewmen and l u n a r  samples, and t h e  
exhaus t ive  t e s t  programs t o  be conducted are e x t e n s i v e  i n  scope 
and complexi ty .  

The Apollo Back Contaminat ion Program can be  d i v i d e d  i n t o  
three phases .  The f i r s t  phase  covers  t h e  p rocedures  which a r e  
fo l lowed by t h e  crew whi l e  i n  f l i g h t  t o  reduce and,  i f  p o s s i b l e ,  
e l i m i n a t e  t h e  r e t u r n  of  l u n a r  s u r f a c e  contaminants  i n  t h e  command 
module. 

The second phase i n c l u d e s  s p a c e c r a f t  and crew recovery  and t h e  
p r o v i s i o n s  f o r  i s o l a t i o n  and t r a n s p o r t  of t h e  crew, s p a c e c r a f t ,  
and l u n a r  samples t o  t h e  MannedSpacecraft Cen te r .  The t h i r d  phase 
encompasses t h e  q u a r a n t i n e  o p e r a t i o n s  and p r e l i m i n a r y  sample a n a l y s i s  
i n  t he  Lunar Receiving Labora tory .  

A p r i m a r y  s t e p  i n  p r e v e n t i n g  back contaminat ion  i s  c a r e f u l  
a t t e n t i o n  t o  s p a c e c r a f t  c l e a n l i n e s s  f o l l o w i n g  l u n a r  s u r f a c e  
o p e r a t i o n s .  T h i s  i n c l u d e s  use of s p e c i a l  c l e a n i n g  equipment,  
stowage p r o v i s i o n s  f o r  lunar-exposed equipment ,  and crew procedures  
f o r  p rope r  "housekeeping. '' 
Lunar Module Opera t ions  - The l u n a r  module has been des igned  w i t h  
a b a c t e r i a l  f i l t e r  s y s t e m  to prevent  contaminat ion  o f  t h e  l u n a r  
s u r f a c e  when t h e  cab in  atmosphere i s  released a t  t h e  s t a r t  o f  t h e  
l u n a r  e x p l o r a t i o n .  
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P r i o r  t o  r e e n t e r i n g  the  LM a f t 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 ,  
t h e  crewmen w i l l  b r u s h  any l u n a r  s u r f a c e  d u s t  o r  d i r t  from t h e  space  
s u i t  u s i n g  the  s u i t  g l o v e s .  They w i l l  s c r a p e  t h e i r  overboots  on the 
LM footpad  and whi le  ascending  the  LM ladder  d i s l o d g e  any c l i n g i n g  
p a r t i c l e s  by a k i c k i n g  a c t i o n .  

Af te r  e n t e r i n g  the  LM and p r e s s u r i z i n g  t h e  cab in ,  t h e  crew w i l l  
doff  t h e i r  p o r t a b l e  l i f e  s u p p o r t  system, oxygen purge s y s t e m ,  l u n a r  
boo t s ,  EVA g loves ,  e t c .  

The equipment shown i n  Table  I as j e t t i s o n e d  equipment w i l l  b e  
assembled and bagged t o  be subsequen t ly  l e f t  on the  l u n a r  s u r f a c e .  
The l u n a r  b o o t s ,  l i k e l y  t h e  most contaminated i t e m s ,  w i l l  b e  p l a c e d  
i n  a bag as e a r l y  as p o s s i b l e  t o  minimize t h e  s p r e a d  of l u n a r  
p a r t i c l e s .  

Fol lowing LM rendezvous and docking w i t h  t h e  CM, t h e  CM t u n n e l  
w i l l  b e  p r e s s u r i z e d  and checks made t o  i n s u r e  t h a t  an  adequate  
p r e s s u r i z e d  seal  has been made. During t h i s  p e r i o d ,  t h e  LM, space  
s u i t s ,  and l u n a r  s u r f a c e  equipment w i l l  b e  vacuumed. To accomplish 
t h i s ,  one a d d i t i o n a l  l u n a r  o r b i t  has been added t o  t h e  miss ion .  

The l u n a r  module cab in  atmosphere w i l l  b e  c i r c u l a t e d  through 
t h e  envi ronmenta l  c o n t r o l  s y s t e m  s u i t  c i r c u i t  l i t h i u m  hydroxide 
(LiQH) c a n i s t e r  t o  f i l t e r  p a r t i c l e s  from t h e  atmosphere.  A 
minimum o f  f i v e  hours  weightless o p e r a t i o n  and f i l t e r i n g  w i l l  
reduce t h e  o r i g i n a l  a i r b o r n e  contaminat ion  t o  about  10-15 p e r  c e n t .  

To p reven t  d u s t  p a r t i c l e s  from b e i n g  t r a n s f e r r e d  from t h e  LM 
atmosphere t o  t h e  CM, a c o n s t a n t  f low of  0 . 8  l b s / h r  oxygen w i l l  be  
i n i t i a t e d  i n  t h e  CM a t  t h e  s t a r t  o f  combined LM/CM o p e r a t i o n .  
Oxygen w i l l  f low from t h e  CM i n t o  t h e  LM t h e n  overboard through t h e  
LM cab in  r e l i e f  va lve  or th rough s p a c e c r a f t  l eakage .  S ince  t h e  
flow o f  gas i s  always from t h e  CM t o  t h e  LM, d i f f u s i o n  and flow o f  
dus t  contaminat ion  i n t o  t h e  CM w i l l  be  minimized. Af t e r  t h i s  
p o s i t i v e  gas  f low has been e s t a b l i s h e d  from t h e  CM,  t h e  t u n n e l  
h a t c h  w i l l  be  removed. 

The CM p i l o t  w i l l  t r a n s f e r  t h e  l u n a r  s u r f a c e  equipment stow- 
age bags  i n t o  t h e  LM one a t  a t ime.  The equipment l i s t e d  i n  Table  
1 as equipment t r a n s f e r r e d  w i l l  t h e n  b e  bagged u s i n g  t h e  "Buddy 
System" and t r a n s f e r r e d  back i n t o  t he  CM where t h e  equipment w i l l  
be  stowed. The only  equipment which w i l l  n o t  be bagged a t  t h i s  t i m e  
are t h e  crewmen's space  s u i t s  and f l i g h t  l o g s .  
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Following the  t r a n s f e r  o f  t h e  LM crew and equipment,  t h e  
s p a c e c r a f t  w i l l  be  separated and t h e  th ree  crewmen w i l l  s t a r t  
t he  r e t u r n  to Ear th .  The s e p a r a t e d  LM c o n t a i n s  the  remainder  of  
t h e  l u n a r  exposed equipment l i s t e d  i n  T a b l e  1. 

Command Module Opera t ions  - through the use  of  o p e r a t i o n a l  and 
housekeeping procedures  the command module cab in  w i l l  be purged 
o f  l u n a r  s u r f a c e  and/or  o t h e r  p a r t i c u l a t e  contaminat ion  p r i o r  to 
Ear th  r e e e n t r y .  These procedures  s ta r t  wh i l e  the LM i s  docked 
w i t h  t h e  CM and con t inue  through r e e n t r y  i n t o  t h e  E a r t h ' s  
atmosphere.  

The LM crewmen w i l l  do f f  t h e i r  space  s u i t s  i m m e d i a t e l y  
upon s e p a r a t i o n  of the  LM and CM. The space  s u i t s  w i l l  b e  
stowed and w i l l  n o t  be used aga in  d u r i n g  t h e  t r ans -Ear th  phase 
u n l e s s  an emergency occur s .  

S p e c i f i c  p e r i o d s  f o r  c l e a n i n g  t h e  s p a c e c r a f t  u s i n g  t h e  vacuum 
brush  have been e s t a b l i s h e d .  V i s i b l e  l i q u i d s  w i l l  be  removed b y  
t h e  l i q u i d  dump s y s t e m .  Towels w i l l  b e  used by  t h e  crew to wipe  
s u r f a c e s  c l e a n  of  l i q u i d s  and d i r t  p a r t i c l e s .  The t h r e e  ECS s u i t  
hoses  w i l l  b e  l o c a t e d  a t  random p o s i t i o n s  around t h e  s p a c e c r a f t  to 
i n s u r e  p o s i t i v e  v e n t i l a t i o n ,  cab in  atmosphere f i l t r a t i o n ,  &nd avoid  
p a r t i t i o n i n g .  

During t h e  t r a n s e a r t h  phase, t h e  command module atmosphere 
w i l l  b e  c o n t i n u a l l y  f i l t e r e d  through t h e  environmental  c o n t r o l  
s y s t e m  l i t h i u m  hydroxide c a n i s t e r .  T h i s  w i l l  remove e s s e n t i a l l y  
a l l  a i r b o r n e  d u s t  p a r t i c l e s .  A f t e r  about  63  hours  o p e r a t i o n  
e s s e n t i a l l y  none (10-90 p e r  c e n t )  of  the  o r i g i n a l  contaminates  
w i l l  remain.  

Lunar Mission Recovery Opera t ions  

Fol lowing l a n d i n g  and the at tachment  of  the  f l o t a t i o n  c o l l a r  
to t h e  command module, t h e  swimmer i n  a b i o l o g i c a l  i s o l a t i o n  
garment (BIG) w i l l  open t h e  s p a c e c r a f t  h a t c h ,  pas s  th ree  B I G s  
i n t o  t h e  s p a c e c r a f t ,  and  c l o s e  t h e  h a t c h .  

The crew w i l l  don t h e  BIGs and t h e n  e g r e s s  i n t o  a l i f e  r a f t  
c o n t a i n i n g  a decontaminant  s o l u t i o n .  The h a t c h  w i l l  be c losed  
immediately a f t e r  e g r e s s .  Tests  have shown t h a t  t he  crew can don 
t h e i r  BIGs i n  l e s s  t h a n  5 minutes  under  i d e a l  sea c o n d i t i o n s .  
The s p a c e c r a f t  ha t ch  w i l l  on ly  be open f o r  a matter o f  a f e w  minutes .  
The s p a c e c r a f t  and crew w i l l  be  decontaminated by  t h e  swimmer u s i n g  
a l i q u i d  a g e n t .  

-more- 
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C r e w  r e t r i e v a l  w i l l  b e  accomplished by h e l i c o p t e r  to t h e  
c a r r i e r  and subsequent  crew t r a n s f e r  to t h e  Mobile Q u a r a n t i n e  
F a c i l i t y .  The s p a c e c r a f t  w i l l  be r e t r i e v e d  by t h e  a i r c r a f t  
c a r r i e r .  

B i o l o g i c a l  I s o l a t i o n  Garment - B i o l o g i c a l  i s o l a t i o n  garment ( B I G s ) ,  
w i l l  b e  donned i n  t h e  CM j u s t  p r i o r  to e g r e s s  and h e l i c o p t e r  p i ck -  
up and w i l l  b e  worn u n t i l  t h e  crew e n t e r s  t h e  Mobile Q u a r a n t i n e  Fac- 
i l i t y  aboard  t h e  p r i m a r y  r ecove ry  s h i p .  

The s u i t  i s  f a b r i c a t e d  o f  a l i g h t  weight  c l o t h  f a b r i c  which 
comple te ly  covers  t h e  wearer  and s e r v e s  as a b i o l o g i c a l  b a r r i e r .  
B u i l t  i n t o  t h e  hood a r e a  i s  a f a c e  mask w i t h  a p l a s t i c  v i s o r ,  a i r  
i n l e t  f l a p p e r  v a l v e ,  and an a i r  o u t l e t  b i o l o g i c a l  f i l t e r .  

Two t ypes  of  B I G s  a r e  used  i n  t h e  r eeove ry  o p e r a t i o n .  One i s  
worn by t h e  r ecove ry  swimmer. I n  t h i s  type  garment ,  t he  inf low 
a i r  ( i n s p i r e d )  i s  f i l t e r e d  b y  a b i o l o g i c a l  f i l t e r  to p r e c l u d e  
p o s s i b l e  con tamina t ion  of  s u p p o r t  pe r sonne l .  The second t y p e  i s  worn 
b y  t h e  a s t r o n a u t s .  The in f low gas i s  n o t  f i l t e r e d ,  b u t  t h e  out f low 
gas ( r e s p i r e d )  i s  passed  through a b i o l o g i c a l  f l t e r  to prec lude  
contaminat ion  of  t h e  a i r .  

Mobile Q u a r a n t i n e  F a c i l i t y  - The Mobile Q u a r a n t i n e  F a c i l i t y ,  i s  
equipped to house s i x  people  f o r  a p e r i o d  up to 1 0  days .  The 
i n t e r i o r  i s  d i v i d e d  i n t o  t h r e e  sec t ions - - lounge  a r e a ,  g a l l e y ,  and 
s l e e p / b a t h  a r e a .  The f a c i l i t y  i s  powered through s e v e r a l  systems 
to i n t e r f a c e  w i t h  v a r i o u s  s h i p s ,  a i r c r a f t ,  and t r a n s p o r t a t i o n  
v e h i c l e s .  The s h e l l  i s  a i r  and wa te r  t i g h t .  The p r i n c i p a l  
method of a s s u r i n g  q u a r a n t i n e  i s  to f i l t e r  e f f l u e n t  a i r  and p rov ide  
a n e g a t i v e  p r e s s u r e  d i f f e r e n t i a l  f o r  b i o l o g i c a l  containment  i n  t h e  
event  o f  leaks. 

Non-fecal l i q u i d s  f rom t h e  t r a i l e r  a r e  chemica l ly  t r e a t e d  and 
s t o r e d  i n  s p e c i a l  c o n t a i n e r s .  F e c a l  was tes  w i l l  be con ta ined  u n t i l  
a f te r  t h e  q u a r a n t i n e  p e r i o d .  I tems are passed i n  o r  ou t  of  t h e  MQF 
through a submers ib l e  t r a n s f e r  l o c k .  A complete communications 
s y s t e m  i s  provided  f o r  i n t e rcom and e x t e r n a l  communications to l and  
bases from s h i p  o r  a i r c r a f t .  Emergency alarms are p rov ided  f o r  
oxygen a l e r t s  wh i l e  i n  t r a n s p o r t  by a i r c r a f t  f o r  f i r e ,  loss of 
power and loss of  n e g a t i v e  p r e s s u r e .  

S p e c i a l l y  packaged and c o n t r o l l e d  meals w i l l  be passed i n t o  
t h e  f a c i l i t y  where they  w i l l  be  p repa red  i n  a micro-wave oven. 
Medical equipment to comple.te immediate p o s t l a n d i n g  crew examinat ion  
and t e s t s  a r e  provided .  
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Lunar Receiving Laboratory - The f i n a l  phase of  t h e  back contamination 
program is  completed i n  t h e  MSC Lunar Receiving Laboratory. The crew 
and spacec ra f t  are quarant ined f o r  a minimum of  2 1  days a f t e r  lunar  
liftoff and are r e l eased  based upon t h e  ccmpletion of prescr ibed  
t e s t  requirements and r e s u l t s .  T h e  l u n a r  sample w i l l  B e  quarant ined 
f o r  a per iod of  5 0  t o  80 days depending xpon the  r e s u l t  o f  ex tens ive  
b i o l o g i c a l  t e s t s .  

The LRL serves  f o u r  b a s i c  purposes:. 

The quarant ine of  t h e  l u n a r  mission crew and s p a c e c r a f t ,  t h e  
containment of l u n a r  and lunar-exposed materials and quarant ine 
t e s t i n g  t o  search  f o r  adverse e f f e c t s  of l u n a r  material upon 
t e r r e s t r i a l  l i f e .  

The p re se rva t ion  and p r o t e c t i o n  of t h e  l u n a r  samples. 

The performance of t i m e  c r i t i c a l  i n v e s t i g a t i o n s .  

The prel iminary examination of  r e tu rned  samples t o  assist  i n  
an i n t e l l i g e n t  d i s t r i b u t i o n  of  samples t o  p r i n c i p a l  i n v e s t i g a t o r s .  

The LRL has t h e  only vacuum system i n  the  world w i t h  space 
gloves operated by a man l ead ing  d i r e c t l y  i n t o  a vacuum chamber a t  
pressures  of 10-7 torr. (mm Hg). It has a low l e v e l  counting 
f a c i l i t y ,  whose background count i s  an o rde r  of magnitude b e t t e r  
than  o t h e r  known counters .  Addi t iona l ly ,  it i s  a f a c i l i t y  t h a t  can 
handle a l a r g e  v a r i e t y  of b i o l o g i c a l  specimens i n s i d e  Class I11 
b i o l o g i c a l  cab ine t s  designed t o  conta in  extremely hazardous patho- 
genic  material. 

The LRL, covers 83,000 square feet  of f l o o r  space and inc ludes  
s e v e r a l  d i s t i n c t  areas. These are the  C r e w  Reception Area ( C R A ) ,  
Vacuum Laboratory, Sample Labora tor ies  (Phys ica l  and Bio-Science) 
and an admin i s t r a t ive  and support  area. S p e c i a l  bu i ld ing  systems 
are employed t o  maintain air  flow i n t o  sample handl ing areas and 
t h e  CRA t o  s t e r i l i z e  l i q u i d  waste and t o  i n c i n e r a t e  contaminated a i r  
from the  primary containment systems 

The biomedical l a b o r a t o r i e s  provide f o r  t h e  requi red  quarant ine 
t es t s  t o  determine the  e f f ec t  of l u n a r  samples on t e r r e s t r i a l  l i f e .  
These t e s t s  are designed t o  provide data upon which t o  base t h e  
dec i s ion  t o  release l u n a r  material  from quarant ine .  

Among the  tes ts :  

a. Germ-free mice w i l l  be  exposed t o  l u n a r  material and 
observed continuously f o r  2 1  days f o r  any abnormal changes. Period- 
i c a l l y ,  groups w i l l  be  sacr i f iced f o r  pa thologic  observat ion.  
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b .  Lunar material w i l l  be  appl ied  to 12 d i f f e r e n t  c u l t u r e  
media and maintained under s e v e r a l  environmental condi t ions .  The 
media w i l l  then be  observed f o r  b a c t e r i a l  o r  funga l  growth. Detailed 
inven to r i e s  of t hemic rob ia l  f l o r a  of t he  spacec ra f t  and crew have 
been maintained s o  t h a t  any l i v i n g  material found i n  t h e  sample 
t e s t i n g  can b e  compared aga ins t  t h i s  l i s t  of p o t e n t i a l  contaminants 
taken t o  the  Moon by the  crew o r  spacec ra f t .  

c .  S ix  types of  human and animal t i s s u e  c u l t u r e  c e l l  l i n e s  
w i l l  be  maintained i n  t h e  labora tory  and toge the r  w i t h  embryonated 
eggs are exposed t o  the  luna r  material. Based on c e l l u l a r  and/or 
o the r  changes, t h e  presence of v i r a l  material  can >be es tab l i shed  
s o  t h a t  s p e c i a l  tes ts  can he conducted t o  i d e n t i f y  and i s o l a t e  t he  
type of  v i r u s  p re sen t .  

d. T h i r t y - t h r e e  spec ies  of p l a n t s  and seedl ings  w i l l  b e  exposed 
t o  luna r  material. Seed germination, growth of p l a n t  c e l l s  o r  t h e  
h e a l t h  of  s eed l ings  then  observed, and h i s t o l o g i c a l ,  microbio logica l  
and biochemical techniques used t o  determine the  cause of  a n y  
suspected abnormality.  

e.  A number of lower an imals  w i l l  be  exposed t o  l u  
These specimens include f i s h ,  b i r d s ,  oys t e r s ,  shrimp, coCkl?oaches, 
h o u s e f l i e s ,  p l ana r i a ,  paramecia and euglena.  If abnormal i t ies  are 
noted, f u r t h e r  tes ts  w i l l  be conducted t o  determine i f  t h e  condi t ion  
i s  t r ansmiss ib l e  from one group t o  another .  

f l i g h t  crew and 1 2  support  personnel .  The nominal occupancy i s  
about 1 4  d a y s  bu t  the f a c i l i t y  i s  designed and equipped t o  opera te  
f o r  considerably longer  i f  necessary.  

The crew recep t ion  area provides  b i o l o g i c a l  containment f o r  t he  

S t e r i l i z a t i o n  And Release O f  The Spacecraf t  

P o s t f l i g h t  t e s t i n g  and in spec t ion  of t h e  spacec ra f t  i s  present ly  
l i m i t e d  t o  i n v e s t i g a t i o n  of anomalies which happened dur ing  t h e  
f l i g h t .  Generally,  t h i s  e n t a i l s  some s p e c i f i c  t e s t i n g  of t h e  space- 
c r a f t  and removal of  c e r t a i n  components of systems f o r  f u r t h e r  
ana lys i s .  The t iming of p o s t f l i g h t  t e s t i n g  i s  important s o  t h a t  
c o r r e c t i v e  a c t i o n  may be taken f o r  subsequent f l i g h t s .  

The schedule c a l l s  f o r  t h e  spacec ra f t  t o  b e  re turned  t o  po r t  
where a team w i l l  d eac t iva t e  pyrotechnics ,  f l u s h  and d r a i n  f l u i d  s y s -  
tems (except water).  T h i s  opera t ion  w i l l  b e  confined t o  t h e  e x t e r i o r  
of t h e  spacec ra f t .  The spacec ra f t  w i l l  then b e  flown t o  t h e  LRL and 
placed i n  a s p e c i a l  room f o r  s to rage ,  s t e r i l i z a t i o n ,  and p o s t f l i g h t  
checkout. 
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APOLLO PROGRAM MANAGEMENT 

The Apollo Program, the United States effort to land 
men on the Moon and return them safely to Earth before 1970, 
is the responsibility of the Office of Manned Space Flight 
(OMSF), National Aeronautics and Space Administration, Wash- 
ington, D.C. Dr. George E. Mueller is Associate Administator 
for Manned Space Flight. 

NASA Manned Spacecraft Center (MSC), Houston, is re- 
sponsible for development of the Apollo spacecraft, flight 
crew training and flight control. Dr. Robert R. Gilruth is 
Center Director. 

NASA Marshall Space Flight Center (MSFC), Huntsville, Ala., 
is responsible for development of the Saturn launch vehicles. 
Dr. Wernher von Braun is Center Director. 

NASA John F. Kennedy Space Center (KSC), Fla., is re- 
sponsible for Apollo/Saturn launch operations. Dr. Kurt H. 
Debus is Center Director. 

The NASA Office of Tracking and Data Acquisition (OTDA) 
directs the program of tracking and data flow on Apollo 11. 
Gerald M. Truszynski is Associate Administrator for Tracking 
and Data Acquisition. 

NASA Goddard Space Flight Center (GSFC), Greenbelt, Md., 
manages the Manned Space Flight Network (MSFN) and Communica- 
tions Network (NASCOM). Dr. John F. Clark is Center Director. 

The Department of Defense is supporting NASA in Apollo 11 
during launch, tracking and recovery operations. The Air Force 
Eastern Test Range is responsible f o r  range activities during 
launch and down-range tracking. DOD developed jointly with 
NASA the tracking ships and aircraft. Recovery operations in- 
clude the use of recovery ships and Navy and Air Force air- 
craft . 
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Apollo/Saturn Officials 

NASA Headquarters 

March 5, 1969. He was born in Berkeley, Calif., Nov. 9, 
1921. Dr. Paine was graduated from Brown University in 
1942 with an A.B. degree in engineering. After service 
as a submarine officer during World War 11, he attended 
Stanford University, receiving an M.S. degree in 1947 and 
Ph.D. in 1949 in physical metallurgy. Dr. Paine worked as 
research associate at Stanford from 1947 to 1949 when he 
joined the General Electric Research Laboratory, Schenec- 
tady, N.Y. In 1951 he transferred to the Meter and Instru- 
ment Department, Lynn, Mass., as Manager of MaterialsDe- 
velopment, and later as laboratory manager. From 1958 to 
1962 he was research associate and manager of engineering 
applications at GE's Research and Development Center in 
Schenectady. In 1963-68 he was manager of TEMPO, GE's 
Center for Advanced Studies in Santa Barbara, Calif. 

On January 31, 1968, President Johnson appointed Dr. 
Paine Deputy Administrator of NASA, and he was named Acting 
Administratorupon the retirement of Mr. James E. Webb on 
Oct. 8, 1968. His nomination as Administrator was announced 
by President Nixon on March 5, 1969; this was confirmed by 
the Senate on March 20, 1969. He was sworn in by Vice Pres- 
ident Agnew on April 3, 1969. 

DR. THOMAS 0. PAINE was appointed NASA Administrator 

8 8 8  

LIEUTENANT GENERAL SAMUEL C. PHILLIPS director of the 
United States Apollo Lunar Landing Program, was born in Ari- 
zona in 1921 and at an early age he moved to Cheyenne, Wyoming 
whichc-be calls his permanent home. He graduated from the Uni- 
versity of Wyoming in 1942 with a B.S. degree in electrical 
engineering and a presidential appointment as a second lieu- 
tenant of infantry in the regular army. He transferred to 
the Air Corps and earned his pilot's wipgs in 1943. Following 
wartime service as a combat pilot in Europe, he studied at 
the University of Michigan where he received his master of 
science degree in electrical engineering in 1950. For the 
next six years he specialized in research and development 
work at the Air Materiel Command, Wright Patterson AFB, Ohio. 
In June 1956 he returned to England as Chief of Logistics 
for SAC'S 7th Air Division where he participated in writing 
the international agreement with Great Britain on the use of 
the Thor IBM. He was assigned to the Air Research and Devel- 
opment Command in 1959 and for four years he was director of 
the Minuteman program. General Phillips was promoted to Vice 
Commander of the Ballistic Systems Division in August 1963, 
and in January 1964 he moved to Washington to become deputy 
director of the Apollo program. His appointment as Director 
of the Apollo program came in October of that year. 

% 3 c +  
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GEORGE H. HAGE was appointed Deputy Director, Apollo 
Program, in January 1968, and serves as "general manager" 
assisting the Program Director in the management of Apollo 
developmental activities. In addition he is the Apollo 
Mission Director. 

Hage was born in Seattle Washington, Oct. 7, 1925, and 
received his bachelor's degree in electrical engineering 
from the University of Washington in 1947. He joined Boeing 
that year and held responsible positions associated with the 
Bomarc and Minuteman systems, culminating in responsibility 
for directing engineering functions to activate the Cape 
Kennedy Minuteman Assembly and test complex in 1962. He then 
took charge of Boeing's unmanned Lunar Reconnaissance efforts 
until being named Boeing's engineering manager for NASA's 
Lunar Orbiter Program in 1963. 

Hage joined NASA as Deputy Associate Administrator for 
Space Science and Applications (Engineering) July 5, 1967, 
and was assigned to the Apollo Program in October 1967 as 
Deputy Director (Engineering). 

* * *  
CHESTER M. LEE, U.S .  NAVY (RET.) was appointed Assistant 

Apollo Mission Director in August 1966. He was born in New 
Derry, Pa., in 1919. Lee graduated from the U.S. Naval Acad- 
emy in 1941 with a BS degree in electrical engineering. In 
addition to normal sea assignments he served with the Director- 
ate of Research and Engineering, Office of Secretary of De- 
fense and the Navy Polaris missile program. Lee joined NASA 
in August 1965 and served as Chief of Plans, Missions Oper- 
ations Directorate, OMSF, prior to his present position. 

* * t  

COL. THOMAS H. McMULLEN (USAF) has been Assistant 
Mission Director, Apollo Program, since March 1968. He was 
born July 4, 1929, in Dayton, Ohio. Colonel McMullen graduated 
from the U . S .  Military Academy in 1951 with a BS degree. He 
also received an MS degree from the Air Force Institute of 
Technology in 1964. His Air Force assignments included: 
fighter pilot, 1951-1953; acceptance test pilot, 1953-1962; 
development engineer, Gemini launch vehicle program office, 
1964-1966; and Air Force Liaison Officer, 25th Infantry 
Division, 1967. He served in the Korean and Viet Nam 
campaigns and was awarded several high military decorations. 

- more - 
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GEORGE P. CHANDLER, JR., Apollo 11 Mission Engineer, 
Apollo Operations Directorate, OMSF, Hq., was born in 
Knoxville, Tenn. Sept. 6, 1935. He attended grammar 
and high schools in that city was graduated from the 
University of Tennessee with a B.S. degree in electrical 
engineering in 1957. He received an army 3OTC commission 
and served on active duty 30 months in the Ordnance Corps 
as a missile maintenance engineer in Germany. From 1960 
until 1965 he was associated with Philco Corp. in Germany 
and in Houston, Texas. He joined the NASA Office of Manned 
Space Flight in Washington in 1965 and served in the Gemini 
and Apollo Applications operations offices before assuming 
his present position in 1967. Chandler was the mission 
engineer for Apollo 9 and 10. 

* % %  

MAJOR GENERAL JAMES W. HUMPHREYS, JR., USAF Medical 
Corps, joined NASA as Director of Space Medicine, on June 
1, 1967. He was born in Fredericksburg, Va., on May 28, 1915. 
Humphreys graduated from the Virginia Military Institute 
with a BS degree in chemical engineering in 1935 and from 
the Medical College of Virginia with an MD in 1939. He served 
as a medical battalion and group commander in the European 
Theater in World War I1 and later as military advisor to the 
Iranian Army. Humphreys was awarded a master of science in 
surgery from the Graduate school of the University of Colo- 
rado in 1951. Prior to his association with NASA, General 
Humphreys was Rssistant Director, USAID Vietmam for Public 
Health on a two year tour of duty under special assignment 
by the Department of State. 

Manned Spacecraft Center 

ROBERT R. GILRUTH, 55, Director, NASA Manned Spacecraft 
Center. Born Nashwauk, Minn. Joined NACA Langley Memorial 
Aeronautical Laboratory in 1936 working in aircraft stability 
and Control. Organized Pilotless Aircraft Research Division 
for transonic and supersonic flight research, 1945; appointed 
Langley Laboratory assistant director, 1952; named to manage 
manned space flight program, later named Project Mercury, 1958; 
named director of NASA Manned Spacecraft Center, 1961. BS and 
MS in aeronautical engineering from University of Minnesota; 
holds numerous honorary doctorate degrees. Fellow of the Insti- 
tute of Aerospace Sciences, American Rocket Club and the Amer- 
ican Astronautical Society. Holder of numerous professional 
societg, industry and government awards and honorary memberships. 

* f *  
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George M. Low, 43, manager, Apollo Spacecraft Program. 

Born Vienna, Austria. Married to former Mary R. McNamara. 
Children: Mark S. 17, Diane E. 15, G. David 13, John M. 
11, and Nancy A. 6. Joined NACA Lewis Research Center 
1949 specializing in aerodynamic heating and boundary layer 
research; assigned 1958 to NASA Headquarters as assistant 
director for manned space flight programs, later becoming 
Deputy Associate Administrator for Manned Space Flight; 
named MSC Deputy Director 1964; named manager, Apollo Space- 
craft Program in April 1967. BS and MS in aeronautical engi- 
neering from Renssalaer Polytechnic Institute, Troy, N.Y. 

* * *  
CHRISTOPHER C. KRAFT, JR., 45, MSC Director of Flight 

Operations. Born Phoebus, Va. Married to Former Elizabeth 
Anne Turnbull of Hampton, Va. Children: Gordon T. 17, and 
Kristi-Anne 14. Joined NACA Langley Aeronautical Laboratory 
in 1945 specializing in aircraft stability and control; be- 
came member of NASA Space Task Group in 1958 where he devel- 
oped basic concepts of ground control and tracking of manned 
spacecraft. Named MSC Director of Flight Operations in Nov- 
ember 1963. BS in aeronautical engineering from Virginia 
Polytechnic Institute, Blacksburg, Va. Awarded honorary 
doctorates from Indiana Institute of Technology and Parks 
College of St. Louis University. 

* * *  
IUMWTH s *  KLEINKNECHT, 50, Apollo Spacecraft Program 

manager for command and service modules. Born Washington, 
D.C. Married to former Patricia Jean Todd of Cleveland, 
Ohio. Children: Linda Mae 19, Patricia Ann 17, and Fred- 
erick W. 14. Joined NACA Lewis Research Center 1942 in 
aircraft flight test; transferred to NACA Flight Research 
Center 1951 in design and development work in advanced 
research aircraft; transferred to NASA Space Task Group 
1959 as technical assistant to the director; named manager 
of Project Mercury 1962 and on completion of Mercury, deputy 
manager Gemini Program in 1963; named Apollo Spacecraft Pro- 
gram manager for command and service modules early 1967 after 
Gemini Program completed. BS in mechanical engineering 
Purdue University. 

* * *  
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CARROLL H. BOLENDER, 49, Apollo Spacecraft Program 
manager for lunar module. Born Clarksville, Ohio. He and 
his wife, Virginia, have two children--Carol 22 and Robert 
13. A USAF Brigadier general assigned to NASA, Bolender 
was named lunar module manager in July 1967 after serving 
as a mission director in the NASA Office of Manned Space 
Flight. Prior to joining NASA, he was a member of a studies 
group in the office of the USAF chief of staff and earlier 
had worked on USAF aircraft and guided missile systems pro- 
jects. During World War 11, he was a night fighter pilot 
in the North African and Mediterranean theaters. He holds 
a BS from Wilmington College, Ohio, and an MS from Ohio 
State University. 

* * *  
DONALD K. SLAYTON, 45, MSC Director of Flight Crew 

Operations. Born Sparta, Wis. Married to the former Mar- 
jorie Lunney of Los Angeles. They have a son, Kent 12. 
Selected in April 1959 as one of the seven original Mercury 
astronauts but was taken off flight status when a heart 
condition was discovered. He subsequently became MSC Director 
of Flight Crew Operations in November 1963 after resigning 
his commission as a USAF major. Slayton entered the Air 
Force in 1943 and flew 56 combat missions in Europe as a 
B-25 pilot, and later flew seven missions over Japan. Leaving 
the service in 1946, he earned his BS in aeronautical engi- 
neering from University of Minnesota. He was recalled to 
active duty in 1951 as a fighter pilot, and later attended 
the USAF Test Pilot School at Edwards AFB, Calif. He was a 
test pilot at Edwards from 1956 until his selection as a 
Mercury astronaut. He has logged more than 4000 hours flying 
time---more than half of which are in jet aircraft. 

* *  * 
CLIFFORD E. CHARLESWORTH, 37, Apollo 11 prime flight 

director (green team). Born Redwing, Minn. Married to 
former Jewel1 Davis, of Mount Olive, Miss. Children: 
David Alan 8, Leslie Anne 6. Joined NASA Manned Spacecraft 
Center April 1962. BS in physics from Mississippi College 
1958. Engineer with Naval Mine Defense Lab, Panama City, 
Fla. 1958-60; engineer with Naval Ordnance Lab, Corona, 
Calif., 1960-61; engineer with Army Ordnance Missile 
Command, Cape Canaveral, Fla., 1961-62; flight systems 
test engineer, MSC Flight Control Division, 1962-65; head, 
Gemini Flight Dynamics Section, FCD, 1965-66; assistant 
Flight Dynamics Branch chief, FCD, 1966-68. 

* * *  
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* * *  

EUGENE F. KRANZ, 35, Apollo 11 flight director (white 
team) and MSC Flight Control Division chief. Born Toledo, 
Ohio. Married t o  former Marta I. Cadena of Eagle Pass, Texas, 
Children: Carmen 11, Lucy 9, Joan 7, Mark 6, Brigid 5 and 
Jean 3. Joined NASA Space Task Group October 1960. Super- 
visor of missile flight test for McDonnell Aircraft 1958-1960. 
USAF fighter pilot 1955-1958. McDonnell Aircraft flight test 
engineer 1954-55. 
College, S t .  Louis University, 1954. Assigned as flight 
director of Gemini 3,4,7/6, 8 ,  9 and 12; Apollo 5, 8 and 9. 

BS in aeronautical engineering from Parks 

* * *  
GLYNN S. LUNNEY, 32, Apollo 11 flight director (black 

team). Born Old Forge, Pa. Married t o  former Marilyn Jean 
Kurtz of Cleveland, Ohio. Children: Jenifer 8, Glynn 6, 
Shawn 5 and Bryan 3.  Joined NACA Lewis Research Center 
August 1955 as college co-op employee. Transferred t o  NASA 
Space Task Group June 1959. Assigned as flight director of 
Gemini 9, 10, 11 and 12, Apollo 201,4, 7, 8 and 1 0 .  BS in 
aeronautical engineering from University of Detroit. 

* * r  

MILTON L. WINDLER, 37, Apollo 11 flight director (Maroon 
team). Born Hampton, Va. Married t o  former Betty Selby of 
Sherman, Texas. Children: Peter 12, Marion 9 and Cary 7. 
Joined NACA Langley Research Center June 1954. USAF fighter 
pilot 1955-58; rejoined NASA Space Task Group December 1959 
and assigned t o  Recovery Branch of Flight Operations Division 
in development of Project Mercury recovery equipment and tech- 
niques. Later became chief of Landing and Recovery Division 
Operational Test Branch. Named Apollo flight director team 
April 1968. 

* * *  
CHARLES M. DUKE, 33, astronaut and Apollo 11 spacecraft 

communicator (CapCom). Born Charlotte, N. C. Married t o  
former Dorothy M, Claiborne of Atlanta, Ga. Children: Charles 
M. 4, Thomas C. 2.  Selected as astronaut in April 1966. Has 
rank of major in USAF, and is graduate of the USAF Aerospace 
Research Pilot School. Commissioned in 1957 and after comple- 
tion of flight training, spent three years as fighter pilot at 
Ramstein Air Base, Germany. BS in naval sciences from US 
Naval Academy 1957; MS in aeronautics and astronautics from 
Massacbusetts Institute of Technology 1964. 
24 hours flying time, most of which is jet time. 

Has more than 

* * *  
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* * *  

RONALD E. EVANS, 35, astronaut and Apollo 11 spacecraft 
communicator (CapCom). Born St. Francis, Kans. Married to 
former Janet M. Pollom of Topeka, Kans. Children: Jaime D 
9 and Jon P. 7. Selected an astronaut in April 1966. Has 
rank of lieutenant commander in U.S. Navy. Was flying com- 
bat missions from USS Ticonderoga off Viet Nam when selected 
for the astronaut program. Combat flight instructor 1961- 
1962; made two West Pacific aircraft carrier cruises prior 
to instructor assignment. Commissioned 1957 through Univer- 
sity of Kansas Navy ROTC program. Has more than 3000 hours 
flying time, most of which is in jets. BS in electrical 
engineering from University of Kansas 1956; MS in aeronautical 
engineering from US Naval Postgraduate School 1964. 

* * *  
BRUCE McCANDLESS 11, 32, astronaut and Apollo 11 space- 

craft communicator (CapCom). Born Boston, Mass. Married to 
former Bernice Doyle of Rahway, N.J. Children: Bruce I11 
7 and Tracy 6 .  Selected as astronaut April 1966. Holds 
rank of lieutenant commander in US Navy. After flight train- 
ing and earning naval aviator's wings in 1960, he saw sea 
duty aboard the carriers USS Forrestal and USS Enterprise, 
and later was assigned as instrument flight instructor at 
Oceana, Va. Naval Air Station. He has logged almost 2000 
hours flying time, most of which is in jets. BS in naval 
sciences from US Naval Academy (second in class of 899) 
1958; MS in electrical engineering from Stanford University 
1965; working on PhD in electrical engineering at Stanford. 

* * *  
CHARLES A. BERRY, MD, 45, MSC Director of Medical 

Research and Operations. Born Rogers, Ark. Married to form- 
er Adella Nance of Thermal, Calif. Children: Mike, Charlene 
and Janice. Joined NASA Manned Spacecraft Center July 1962 
as chief of Center Medical Operations Office; appointed MSC 
Director of Medical Research and Operations May 1966. Pre- 
viously was chief of flight medicine in the office of the 
USAF Surgeon General 1959-62; assistant chief, then chief 
of department of aviation medicine at the School of Aviation 
Medicine, Randolph AFB, Texas 1956-59 and served as Project 
Mercury aeromedical monitor; Harvard School of Public Health 
aviation medicine residency 1955-56; base flight surgeon 
and command surgeon in stateside, CBnal Zone and Carribean 
Assignments, 1951-1955. Prior to entering the USAF in 1951, 
Berry interned at University of California: service at San 
Francisco City and County Hospital and was for three years 
in general practice in Indio and Coachella, Calif. BA from 
University of California at Berkeley 1945; MD University of 
California Medical School, San Francisco, 1947; Master of 
public health, Harvard School of Public Health, 1956. 
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* * *  
DR. WILMOT N. HESS, 42, MSC Director of Science and 

Applications. Born Oberlin, Ohio. Married to former Wini- 
fred Lowdermilk. Children: Walter C. 12, Alison L. 11 and 
Carl E. 9. Joined NASA Goddard Space Flight Center 1961 
as chief of Laboratory for Theoretical Studies; transferred 
to NASA Manned Spacecraft Center 1967 as Director of Science 
and Applications. Previously leader, Plowshare Division of 
University of California Lawrence Radiation Laboratory 1959- 
61; physics instructor Oberlin College 1948-1949; physics 
instructor Mohawk College 1947. BS in electrical engineering 
from Columbia University 1946; MA in physics from Oberlin 
College 1949; and PhD in physics from University of California 
1954. 

* * *  
DR. P. R. BELL, 56, chief MSC Lunar and Earth Sciences 

Division and manager of Lunar Receiving Laboratory. Born 
Fort Wayne, Indiana. Married to the former Mozelle Rankin. 
One son, Raymond Thomas 27. Joined NASA Manned Spacecraft 
Center July 1967. Formerly with Oak Ridge National Labora- 
tories in thermonuclear research, instrumentation and plasma 
physics, 1946-67; MIT Radiation Laboratories in radar systems 
development, 1941-46; National Defense Research Committee 
Project Chicago, 1940-41. Holds 14 patents on electronic 
measurement devices, thermonuclear reactor components. BS 
in chemistry and doctor of science from Howard College, 
Birmingham, Ala. 

* * *  
JOHN E. McLEAISH, 39, Apollo 11 mission commentator 

and chief, MSC-Public Information Office. Born Houston, 
Texas. Married to former Patsy Jo Thomas of Holliday, Texas. 
Children: Joe D. 19, Carol Ann 14, John E. Jr. 14. Joined 
NASA Manned Spacecraft Center 1962, named Public Information 
Office chief July 1968. Prior to joining NASA McLeaish was 
a USAF information officer and rated navigator from 1952 
to 1962. BA in journalism from University of Houston. Assign- 
ed to mission commentary on Gemini 11 and 12 and Apollo 6 and 
8. 

* * *  
JOHN E. (JACK) RILEY, 44, Apollo 11 mission commentator 

and deputy chief MSC Public Information Office. 
Mo. Married to former Patricia C. Pray of Kansas City, Kans. 
Children: Kevin M. 17, Sean P. 15, Kerry E. 13, Brian T. 9 

Born Trenton, 
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and Colin D. 6. Joined NASA Manned Spacecraft Center Pub- 
lic Information Office April 1963. Assigned to mission 
commentary on Gemini 9, 10 and 11 and Apollo 7, 9 and 10. 
PI0 liaison with Apollo Spacecraft Program Office. Prior 
t o  joining NASA was public relations representative with 
General Dynamics/Astronautics 1961-63; executive editor, 
Independence, Mo. Examiner 1959-61; city editor, Kansas 
City Kansan 1957-59; reporter, Cincinnati, Ohio Times- - Star 1957; reporter-copy editor, Kansas City Kansan 1950- 
57. Served in US Navy in Pacific-Asiatic Theaters 1942-46. 
BA in journalism University of Kansas. 

+ * +  

DOUGLAS K. WARD, 29, born Idaho Falls, Idaho. Married 
t o  former Susan Diane Sellery of Boulder, Colorado. Children: 
Edward 7; Elisabeth, 4; and Cristina, 4. Joined NASA Public 
Affairs Office June 1966. Responsible for news media activities 
related t o  engineering and development and administrative oper- 
ations at MSC. Assigned t o  mission commentary on Apollo 7, 8, 
and 10. BA in political science from the University of Colorado. 
Before joining NASA worked for two years with the U. S. Infor- 
mation Agency, Voice of America, writing and editing news for 
broadcast t o  Latin America and served as assistant space and 
science editor for the VOA news division. 

* * *  
(ROBERT) TERRY WHITE, 41, born Denton, Texas. Married 

to former Mary Louise Grade1 of Waco, Texas. Children: Robert 
Jr., 4, and Kathleen, 2. Joined NASA Manned Spacecraft Center 
Public Affairs Office April 1963. Was editor of MSC Roundup 
(house organ) f o r  four years. Assigned t o  mission commentary 
on 12 previous Gemini and Apollo missions. BA in journalism 
from North Texas State University. Prior t o  joining NASA, 
was with Employers Casualty Company, Temco Aircraft Corpora- 
tion, (now LTV), Johnston Printing Company and Ayres Compton 
Associates, all of Dallas, Texas. 

Marshall Space Flight Center 

DR. WERNHER VON BRAUN became the director of MSFC when 
it was created in 1960. As a field center of NASA, the Mar- 
shall Center provides space launch vehicles and payloads, 
conducts related research, and studies advanced space trans- 
portation systems. Dr. Yon Braun was born in Wirsitz, Ger- 
many,on March 23, 1912. He was awarded a bachelor of science 
degree at the age of 20 from the Berlin Institute of Technology. 

* + *  
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Two years later, he received his doctorate in physics from 
the University of Berlin. He was technical director of 
Germany's rocket program at Peenemunde- Dr. von Braun 
came to the U.S. in 1945, under a contract to the U.S. 
Army, along with 120 of his Peenemunde colleagues. He 
directed high altitude firings of V-2 rockets at White 
Sands Missile Range, N.M. and later became the project 
director of the Army's guided missile development unit in 
Fort Bliss. In 1950 he was transferred t o  Redstone Arsenal, 
Ala. The Redstone, the Jupiter and the Pershing missile 
systems were developed by the von Braun team. Current pro- 
grams include the Saturn IB and the Saturn V launch vehicles 
for Project Apollo, the nation's manned lunar landing program 
and participation in the Apollo Applications program. 

* * %  

DR. EBERHARD F.M.REES is deputy director, technical, 
of NASA-Marshall Space Flight Center. Dr. Rees was born 
April 28, 1908, in Trossingen, Germany. He received his 
technical education in Stuttgart and at Dresden Institute 
of Technology. He graduated from Dresden in 1934 with a 
master of science degree in mechanical engineering. During 
World War 11. Dr. Rees worked at the German Guided Missile 
Center in Peenemunde. He came t o  the United States in 1945 
and worked in the Ordnance Research and Development, Sub- 
Office (rocket), at Fort Bliss. In 1950 the Fort Bliss act- 
ivities were moved to Redstone Arsenal, Ala. Rees, who became 
an American citizen in 1954, was appointed deputy director 
of Research and Development of Marshall Space Flight Center 
in 1960. He held this position until his appointment in 
1963 to deputy director, technical. 

* * *  
DR. HERMANN K. WEIDNER is the director of Science and 

Engineering at the Marshall Space Flight Center. Dr. Weidner 
has had long and varied experience in the field of rocketry. 
He became a-member of the Peenemunde rocket development group 
in Germany in 1941. In 1945, he came to the United States as 
a member of the von Braun research and development team. 
During the years that followed, this group was stationed at 
Fort Bliss, as part of the Ordnance Research and Development. 
After the Fort Bliss group was transferred t o  Huntsville, Dr. 
Weidner worked with the Army Ballistic Missile Agency at Red- 
stone Arsenal. He was formerly deputy director of the Pro- 
pulsion and Vehicle Engineering Laboratory. He was also 
director of propulsion at MSFC. D r .  Weidner received his 
U.S. citizenship in April of 1955. 
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* * *  
MAJ. GEN. EDMUND F. O’CONNOR is director of Program 

Management at NASA-Marshall Space Flight Center. He is 
responsible for the technical and administrative manage- 
ment of Saturn launch vehicle programs and that portion 
of the Saturn/Apollo Applications Program assigned to 
Marshall. 0”Connor was born on March 31, 1922 in Fitch- 
burg, Mass. He graduated from West Point in 1943, he 
has a bachelor of science in both military engineering 
and in aeronautical engineering. During World War 11, 
O’Connor served in Italy with the 495th Bombardment 
Group, and held several other military assignments around 
the world. In 1962 he went to Norton Air Force Base, as 
deputy director of the Ballistic Systems Division, Air 
Force Systems Command, He remained in that position until 
1964 when he became director of Industrial Operations (now 
designated Program Management) at Marshall Space Flight 
Center. 

* * *  
LEE B. JAMES is the manager of the Saturn Program Office 

in Program Management, Marshall Space Flight Center. A retired 
Army Colonel, he has been in the rocket field since its infancy. 
He started in 1947 after graduating in one of the early classes 
of the Army Air Defense School at Fort Bliss. He is also a 
graduate of West Point and he holds a master’s degree from the 
University of Southern California at Los Angeles. He joined 
the rocket develspmmt team herded by Dr. Wernher von Braun 
in 1956. When the team was transferred from the Department of 
Defense to the newly created NASA in 1960, James remained as 
director of the Army’s Research and Development Division at 
Redstone Arsenal. In 1961-62, he was transferred to Korea for 
a one year tour of duty. After the assignment in Korea, he 
was transferred by the Army to NASA-MSFC. In 1963 he became 
manager of the Saturn I and IB program. For a year he served 
in NASA Headquarters as deputy to the Apollo Program manager. 
He returned in 1968 to manage the Saturn V program. 

* * *  
MATTHEW W. URLAUB is manager of the S-IC stage in the 

Saturn Program Office at NASA-Marshall Space Flight Center. 
Born September 23, 1927 in Brooklyn, he is a graduate of 
Duke University where he earned his bachelor of science de- 
gree in mechanical engineering. Urlaub entered the army 
in 1950 and finished his tour of duty in 1955. During the 
period of 1952-1953 he completed a one year course at the 
Ordnance Guided Missile School at Redstone Arsenal. Upon 
becoming’a civilian he became a member of the Army Ballistic 
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Missile Agency's Industrial Division Staff at Redstone Arsenal. 
Specifically, he was the ABMA senior resident engineer for the 
Jupiter Program at Chrysler Corporation in Detroit. He trans- 
ferred to MSFC in 1961. The field in which he specializes 
is project engineering/management. 

* * %  

ROY E. GODFREY perBorms dual roles, one as deputy manager 
of the Saturn program and he is also the S-I1 stage manager. 
Born in Knoxville on November 23, 1922, he earned a bachelor 
of science degree in mechanical engineering at the University of 
Tennessee. Godfrey served as second lieutenant in the Air Force 
during WWII and began his engineering career with TVA. In 
1953 he was a member of the research and development team at 
Redstone Arsenal, when he accepted a position with the Ordnance 
Missile laboratories. When the Army Ballistic Missile Agency 
was created in 1956 he was transferred to the new agency. He 
came to Marshall Center in 1962 to become the deputy director 
of the Quality and Reliability Assurance Laboratory. 

* * *  
JAMES C. McCULLOCH is the S-IVB stage project manager 

in the Saturn Program Office at the NASA-Marshall Space Flight 
Center. A native of Alabama, he was born in Huntsville on 
February 27, 1920. McCulloch holds a bachelor of science de- 
gree in mechanical engineering from Auburn University, and a 
master's degree in business administration from Xavier Univer- 
sity. Prior to coming to the Marshall Center in 1961, he had 
been associated with Consolidated - Vultee Aircraft Corp.; 
National Advisory Committee for Aeronautics; Fairchild Engine 
and Airplane Corp.; and General Electric Co. 

* * *  
FREDERICH DUERR is the instrument unit manager in the 

Saturn Program Office at NASA-Marshall Space Flight Center. 
Born in Munich, Germany, on January 26, 1909, he is a grad- 
uate of Luitpold Oberealschule and the Institute of Technology, 
both in Munich. He holds B.S. and M.S. degrees in electrical 
engineering. Duerr specializes in the design of electrical 
network systems for the rocket launch vehicles. Duerr joined 
Dr. Wernher von Braun's research and development team in 1941 
at Peenemuende, and came with the group to the U.S. in 1945. 
This group, stationed at White Sands, N.M., was transferred 
to Huntsville in 1950 to form the Guided Missile Development 
Division of the Ordnance Missile Laboratories at Redstone 
Arsenal, 
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DR. FRIDTJOF A. SPEER is manager of the Mission Oper- 
ations Office in Program Management at the NASA-Marshall 
Space Flight Center. A member of the rocket research and 
development team in Huntsville since March 1955, Dr. Speer 
was assistant professor at the Technical University of Ber- 
lin and Physics Editor of the Central Chemical Abstract 
Magazine in Berlin prior to coming to this country. He 
earned bothhis master's degree and Ph.D. in physics from 
the Technical University. From 1943 until the end of the 
war, he was a member of the Guided Missile Development 
group at Peenemunde. Dr. Speer was chief of the Fliffht 
Evaluation and Operations Studies Division prior to accep- 
ting his present position in August 1965. He became a U.S. 
citizen in 1960. 

* * *  
WILLIAM D. BROWN is manager, Engine Program Office in 

Program Management at MSFC. A native of Alabama, he was 
born in Huntsville on December 17, 1926. He is a graduate 
of Joe  Bradley High School in Huntsville and attended Athens 
College and Alabama Polytechnic Institute to earn his bache- 
lor of science degree in chemical engineering. Following 
graduation from Auburn University in 1951, he returned to 
Huntsville to accept a position with the Army research and 
development team at Redstone Arsenal, where he was involved 
in catalyst development for the Redstone missile. Shortly 
after the Army Ballistic Missile Agency was activated at 
Redstone, Brown became a rocket power plant engineer with 
ABMA. He transferred enmasse to the Marshall Space Flight 
Center when that organization was established in 1960. 

* * *  
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Kennedy Space Center 

DR. KURT H. DEBUS, Director, Kennedy Space Center, has 
been responsible for many state of the art advances made in 
launch technology and is the conceptual architect of the 
Kennedy Space Center with its mobile facilities suitable for 
handling extremely large rockets such as the Saturn V. Born 
in Frankfurt, Germany, in 1908, he attended Darmstadt University 
where he earned his initial and advanced degrees in mechanical 
engineering. In 1939, he obtained his engineering doctorate and 
was appointed assistant professor at the University. During this 
period he became engaged in the rocket research program at 
Peenemunde. Dr. Debus came to the United States in 1945 and 
played an active role in the U.S. Army's ballistic missile 
development program. In 1960, he was appointed Director of the 
Launch Operations Directorate, George C. Marshall Space Flight 
Center, NASA, at Cape Canaveral. He was appointed to his 
present post in 1962. He brought into being the government/in- 
dustry launch force which has carried out more than 150 successful 
launches, including those of Explorer I, the Free World's first 
satellite, the first manned launch and the Apollo 8 flight, first 
manned orbit of the moon. 

* * +  
MILES ROSS, Deputy Director, Center Operations, Kennedy 

Space Center, is responsible for operations related to engineer- 
ing matters and the conduct of the Center's technical operations. 
He has held the position since September 1967. Born in Brunswick, 
N.J., in 1919, he is a graduate of Massachusetts Institute of 
Technology where he majored in Mechanical Engineering and 
Engineering Administration. Prior to his assignment at the 
Kennedy Space Center, Ross was a project manager of the Air Force 
Thor and Minuteman Missile systems with TRW, Inc. He was later 
appointed Director of Flight Operations and Manager of Florida 
Operations for TRW. 

* * *  
ROCCO A. PETRONE, Director of Launch Operations, Kennedy 

Space Center, is responsible for the management and technical 
direction of preflight operations and integration, test, check- 
out and launch of all space vehicles, both manned and unmanned. 
Born in Amsterdam, N.Y., in 1926, he is a 1946 graduate of the 
U . S .  Military Academy and received a Masters Degree in 
Mechanical Engineering from Massachusetts Institute of Technology 
in 1951. His career in rocketry began shortly after graduation 
from MIT when he was assigned to the Army's Redstone Arsenal, 
Huntsville, Ala. He participated in the development of the 
Redstone missile in the early 1950's and was detailed to the 
Army's General Staff at the Pentagon from 1956 to 1960. He 
came to KSC as Saturn Project Officer in 1960.  He later became 
Apollo Program Manager and was appointed to his present post 
in 1966. 

* * *  
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* * *  
RAYMOND L. CLARK, Director of Technical Support, Kennedy 

Space Center, is responsible for the management and technical 
direction of the operation and maintenance of KSC's test and 
launch complex facilities, ground support equipment and ground 
instrumentation required to support the assembly, test, check- 
out and launch of all space vehicles - both manned and unmanned. 
Born in Sentinel, Oklahoma, in 1924,. Clark attended Oklahoma 
State University and is a 1945 graduate of the U.S. Military 
Academy with a degree in military science and engineering. He 
received a master of science degree in aeronautics and guided 
missiles from the University of Southern California in 1950 and 
was a senior project officer for the Redstone and Jupiter missile 
projects at Patrick AFB from 1954 to 1957. He joined KSC in 
1960. 
colonel in 1965. 

Clark retired from the Army with the rank of lieutenant 

* * *  
G. MERRITT PRESTON, Director of Design Engineering, Kennedy 

Space Center, is responsible for design of ground support equip- 
pent, structures and facilities for launch operations and support 
elements at the nation's Spaceport. Born in Athens, Ohio, in 
1916, he was graduated from Rensselaer Polytechnic Institute in 
New York with a degree in aeronautical engineering in 1939. He 
then joined the National Advisory Committee for Aeronautics (NACA) 
at Langley Research Center, Virginia, and was transferred in 1942 
to the Lewis Flight Propulsion Center at Cleveland, Ohio, where he 
became chief of flight research engineering in 1945. 
sibilities were later absorbed by NASA and Preston played a major 
role in Project Mercury and Gemini manned space flights before 
being advanced to his present post in 1967. 

NACA's re-spon- 

+ * %  

FREDERIC I-I. MILLER, Director of Installation Support, 
Kennedy Space Center, is responsible for the general operation 
and maintenance of the nation's Spaceport. Born in Toledo, Ohio, 
in 1911, he claims Indiana as his home state. He was graduated 
from Purdue University with a bachelor's degree in electrical 
engineering in 1932 and a master's degree in business administra-. 
tion from the University of Pennsylvania in 1949. He is a graduate 
of the Industrial College of the Armed Forces and has taken 
advanced management studies at the Harvard Business School. He 
.entered the Army Air Corps in 1932, took his flight training at 
Randolph and Kelly Fields, Texas, and held various ranks and 
positions in the military service before retiring in 1966 as an 
Air Force major general. He has held his present post since 1967. 
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+ + +  

REAR ADMIRAL RODERICK 0. MIDDLETON, USN, is Apollo Program 
Manager, Kennedy Space Center, a post he has held since August, 
1967. Born in Pomona, Fla., in 1919, he attended Florida Southern 
College in Lakeland and was graduated from the U.S. Naval Academy 
in 1937. He served in the South Pacific during World War I1 and 
was awarded a master of science degree from Harvard University in 
1946. He joined the Polaris development program as head of the 
Missile Branch in the Navy's Special Project Office in Washington, 
D.C., and was awarded the Legion of Merit for his role in the 
Polaris project in 1961. He held a number of command posts, in- 
cluding that as Commanding Officer of the USS Observation Island, 
Polaris missile test ship, before being assigned to NASA in 
October 1965. 

* + f  

WALTER J. KAPRYAN, Deputy Director of Launch Operations, 
Kennedy Space Center, was born in Flint, Michigan, in 1920. He 
attended Wayne University in Detroit prior to entering the Air 
Force as a First Lieutenant in 1943. Kapryan joined the Langley 
Research Center, National Advisory Committee for Aeronautics 
(NACA) in 1947 and the NASA Space Task Group at Langley in March, 
1959. He was appointed project engineer for the Mercury Redstone 1 
spacecraft and came to the Cape in 1960 with that spacecraft. In 
1963, he established an3 headed the Manned Spacecraft Center's 
Gemini Program Office at KSC, participating in all 10 manned Gemini 
flights as well as Apollo Saturn 1B and Saturn V missions before 
advancement to his present post. 

DR. HANS F. GRUENE, Director, Launch Vehicle Operations, 
Kennedy Space Center, is responsible for the preflight testing, 
preparations and launch of Saturn vehicles and operation and 
maintenance of associated ground support systems. Born in 
Braunschweig, Germany, in 1910, he earned his degrees in 
electrical engineering at the Technical University in his home- 
town. He received his PhD in 1941 and began his career in guided 
missile work as a research engineer at the Peenemunde Guided 
Missile Center in 1943. He came to the United States with the 
Army's Ordnance Research and Development Facility at Fort Bliss, 
Texas, in 1945 and held a number of management posts at the Marshall 
Space Flight Center, Huntsville, Ala., before being permanently 
assigned to NASA's Florida launch site in June 1965. 

H * *  
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* * *  
J O H N  J. WILLIAMS, Director, Spacecraft Operations, 

Kennedy Space Center, is responsible t o  the Director of Launch 
Operations for the management and technical integration of KSC 
Operations related to preparation, checkout and flight readiness 
of manned spacecraft. Born in New Orleans, La., in 1927, Williams 
was graduated from Louisiana State University with a bachelor of 
science degree in electrical engineering in 1949. Williams per- 
formed engineering assignments at Wright Patterson Air Force Base, 
Dayton, Ohio, and the Air Force Missile Test Center, Patrick AFB, 
Florida, before joining NASA in 1959. Williams played important 
roles in the manned Mercury and Gemini programs before moving to 
his current post in 1964. 

* * n 

PAUL C. DONNELLY, Launch Operations Manager, Kennedy Space 
Center, is responsible for the checkout of all manned space 
vehicles, including both launch vehicle and spacecraft. Born in 
Altoona, Pa., in 1923, Donnelly attended Grove City College in 
Pennsylvania, the University of Virginia and the U . S .  Navy's 
electronics and guided missile technical schools. Donnelly per- 
formed engineering assignments at naval facilities at Chincoteague, 
Va., and Patuxent Naval Air Station, Md. Prior to assuming his 
present post, he was Chief Test Conductor for manned spacecraft 
at Cape Kennedy for the Manned Spacecraft Center's Florida 
Operations, his responsibilities extending to planning, scheduling 
and directing all manned spacecraft launch and prelaunch acceptance 
tests. 

ROBERT E. MOSER, Chief, Tnst Planning Office, Launch 
Operations Directorate, Kennedy Space Center, is responsible f o r  
developing and coordinating KSC launch operations and test plzns 
for the Apollo/Saturn programs. Born in Johnstown, Pa., in 
1928, Moser regards Daytona Beach, Fla., as his hometown. A 
1950 graduate of Vanderbilt University with a degree in electrical 
engineering, Moser has been associated with the U.S. space pro- 
gram since 1953 and served as test conductor for the launches of  
Explorer 1, the first American satellite; Pioneer, the first lunar 
probe; and the first American manned space flight - Freedom 7 - 
with Astronaut Alan B. Shepard aboard. 
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J t  * * 

ISOM A. RIGELL, Deputy Director for Engineering, Launch 
Vehicle Operations, Kennedy Space Center, is responsible for all 
Saturn V launch vehicle engineering personnel in the firing room 
during prelaunch preparations and countdown, providing on-site 
resolution for engineering problems. Born in Slocomb, Ala., in 
1923, Rigel1 is a 1950 graduate of the Georgia Institute of 
Technology with a degree in electrical engineering. He has 
played an active role in the nation's space programs since May, 
1951 

* * *  
ANDREW J. PICKETT, Chief, Test and Operations Management 

Office, Directorate of Launch Vehicle Operations, Kennedy Space 
Center, is responsible for directing the overall planning of 
Saturn launch vehicle preparation and prelaunch testing and 
checkout. Born in Shelby County, Ala., Pickett is a 1950 graduate 
of the University of Alabama with a degree in mechanical engineer- 
ing. A veteran of well over 100 launches, Pickett began his 
rocketry career at Huntsville, Ala., in the early 1950s. He 
was a member of the Army Ballistic Missile Agency launch group 
that was transferred to NASA in 1960. 

* * *  

GEORGE F. PAGE, Chief of the Spacecraft Operations Division, 
Directorate of Launch Operations, Kennedy Space Center, is respon- 
sible for pre-flight checkout operations, countdown and launch of 
the Apollo spacecraft. Prior to his present assignment, Page was 
Chief Spacecraft Test Conductor and responsible for prelaunch 
operations on Gemini and Apollo spacecraft at KSC. Born in 
Harrisburg, Pa., in 1924, Page is a 1952 graduate of Pennsylvania 
State University with a bachelor of science degree in aeronautical 
engineering. 

* * *  

-more- 
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GEORGE T. SASSEEN, Chief, Engineering Division, Spacecraft 
Operations, Kennedy Space Center, is responsible for test planning 
and test procedure definition for all spacecraft prelaunch opera- 
tions. Born at. New Rochelle, N.Y., in 1928, he regards Weston, 
Conn., as his home town. A 1949 graduate of Yale University with 
a degree in electrical engineering, he joined NASA in July 1961. 
Prior to his present appointment in 1967, he served as Chief, 
Ground Systems Division, Spacecraft Operations Directorate, KSC. 
Sasseen's spacecraft experience extends through the manned 
Mercury, Gemini and Apollo programs. 

* it * 

DONALD D. BUCHANAN, Launch Complex 39 Engineering Manager 
for the Kennedy Space Center Design Engineering Directorate, is 
responsible for continuing engineering support at Launch Complex 39. 
He played a key role in the design, fabrication and assembly of 
such complex mobile structures as the mobile launchers, mobile 
service structure and transporters. Born in Macon, Ga., in 1922, 
Buchanan regards Lynchburg, Va., as his home town. He is a 1949 
graduate of the University of Virginia with a degree in mechanical 
engineering. During the Spaceport construction phase, he was 
Chief, Crawler-Launch Tower Systems Branch, at KSC. 

Office of Tracking and -- Data Acguisition --- 
GERALD M. TRUSZYNSKI, Associate Administrator for Tracking 

and Data Acquisition, has held his present position since 
January, 1968, when he was promoted from Deputy in the same 
office. Truszynski has been involved in tracking, communication, 
and data handling since 1947, at Edwards, Cal., where he helped 
develop tracking and instrumentation for the X-1, X-15, and other 
high speed research aircraft for the National Advi'sory Committee 
f o r  Aeronautics (NACA), NASA's predecessor. He directed tech- 
nical design and development of the 5OO-mlle aerodynamic testing 
range at Edwards. Truszynski joined NACA Langley Laboratory in 
1944, after graduation from Rutgers University with a degree in 
electrical engineering. He was transferred to Headquarters in 
1960, and became Deputy Associate Administrator in 1961. He is 
a native of Jersey City, N.J. 

* * *  
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* * *  
H R BROCKETT was appointed Deputy Associate Administrator 

f o r  Tracking and Data Acquisition March 10, 1968, after serving 
five years as director of operations. He began his career with 
NACA, predecessor of NASA, in 1947, at the Langley Research Center, 
Hampton, Va., in the instrumentation laboratory. In 1958-59 he 
was a member of a group which formulated the tracking and ground 
instrumentation plans for the United States' first round-the-world 
tracking network for Project Mercury. In 1959, he was transferred 
to NASA Headquarters as a technical assistant in tracking opera- 
tions. Brockett was born Nov. 12, 1924, in Atlanta, Neb. He is 
a graduate of Lafayette College, 1947. 

* * *  
NORMAN POZINSKY, Director of Network Support Implementation 

Division, Office of Tracking and Data Acquisition, has been 
associated with tracking development since 1959, when he was 
detailed to NASA as a Marine Corps officer. He assisted in 
negotiations for facilities in Nigeria, Canada, and other countries 
f o r  NASA's worldwide tracking network. He retired from the marines 
in 1963, and remained in his present position. Before joining NASA 
he was involved in rocket and guided missile development at White 
Sands, N.M., and China Lake, Cal., and served in 1956-59 as assis- 
tant chief of staff, USMC for guided missile systems. Born in 
New Orleans in 1917, he is a 1937 graduate of Tulane University, 
the Senior Command and Staff College, and the U.S. Navy Nuclear 
Weapons School. 

* * *  
FREDERICK B. BRYANT, Director of DOD Coordination Division, 

Office of Tracking and Data Acquisition, has been involved with 
technical problems of tracking since he joined NASA's Office of 
Tracking and Data Acquisition as a staff scientist in 1960. He 
headed range requirements planning until he assumed his present 
position in September 1964. He has charge of filling technical 
requirements for tracking ships and aircraft of the Department 
of Defense in support of NASA flights. Before joining NASA, 
Bryant spent 21 years as an electronic scientist at the U . S .  Navy's 
David Taylor Model Basin, Carderock, Md. He worked on instrumenta- 
tion, guidance control, and test programs for ships, submarines, 
and underwater devices. Bryant received a B.S. degree in electronic 
engineering in 1937 at Virginia Polytechnic Institute. 

-more- 
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* * *  
CHARLES A. TAYLOR became Director of Operations, Com- 

munications, and ADP Division, OTDA, when he joined NASA in 
November 1968. He is responsible for management and direction 
of operations of OTDA facilities and has functional responsi- 
bility for all NASA Automatic Data Processing. He was em- 
ployed from 1942 to 1955 at NASA Langley Research Center, 
Hampton, Va., in research instrumentation for high speed air- 
craft and rockets. He worked for the Burroughs Corp., Paoli, 
Pa., in 1955-62, and after that for General Electric Co., 
Valley Forge, Pa., where he had charge of reliability and 
quality assurance, and managed the NASA Voyager space probe 
program. Born in Georgia, April 28, 1919, he received a 
B.S. degree at Georgia Institute of Technology in 1942. 

* * *  
PAUL A. PRICE, Chief of Communications and Frequency Man- 

agement, OTDA, has held his position since he joined the NASA 
Headquarters staff in 1960. He is responsible for long-range 
planning and programming stations, freuuencies. eauiDment, and 
communications links in NASCOM, the worldwide communications 
network by which NASA supports its projects on the ground and 
in space flight. Before he came to NASA, Price was engaged in 
communications and electronics work for 19 years for the Army, 
Navy, and Department of Defense. Born January 27, 1913, in 
Pittsburgh, he received his education in the public schools and 
was graduated from the Pennsylvania State University in 1935, 
and did graduate work at the University of Pittsburgh. 

* * *  
JAMES C. BAVELY, Director of the Network Operations 

Branch, OTDA, is responsible for operations management of NASA's 
networks in tracking, communication, command, and data handling 
for earth satellites, manned spacecraft, and unmanned lunar and 
deep space probes. Bavely held technical positions in private 
industry, the Air Force and Navy before joining NASA in 1961, 
with extensive experience in instrumentation, computer systems, 
telemetry, and data handling. Born in Fairmont, W. Va. in 
1924, he is a 1949 graduate of Fairmont State College, and 
has since completed graduate science and engineering courses 
at George Washington University, University of West Virginia 
and University of Maryland. 

* + *  
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* * *  
E.J. STOCKWELL, Program Manager of MSFN Operations, OTDA, 

has held his present position since April 1962, when he joined 
the NASA Headquarters staff. Before that he had charge of ground 
instrumentation at the Naval Air Test Center, Patuxent River, Md. 
Stockwell was born May 30, 1926 in Howell, Mich. He received his 
education at Uniontown, Pa., and Fairmont, W.Va. He attended 
Waynesburg College and earned a B.S. degree in science from 
Fairmont State College. He is a director of the International 
Foundation for the Advancement of Telemetry. 

* % *  

LORNE M. ROBINSON, MSFN Equipment Program Manager, OTDA, is 
responsible for new facilities and equipment supporting NASA's 
manned space flight projects. He has been with OTDA since 
July 1963. He joined NASA from the Space Division of North 
American Rockwell, Downey, Cal., where he had been a senior 
research engineer on manned flight projects for five years. 
Previously, he was engaged in research at the University of 
Michigan Research Institute and the Phillips Chemical Co., Dumas, 
Tex. He was born December 20, 1930, in Detroit. He holds a 
degree in chemical engineering from Carnegie Institute of 
Technology (1952) and electrical engineering from the University 
of Michigan (1958), and completed graduate courses at UCLA. 

Goddard Space Flight Center 

OZRO N. COVINGTON is the Assistant Director, Manned Flight 
Support at the Goddard Center. Before joining NASA in June 1961 
he was with the U . S .  Army Signal Missile Support Agency as Technical 
Director for fifteen years. 
North Texas Agricultural College in Arlington, Texas, before 
embarking on an extensive career in radar and communications 
applications and research and development. 

He studied electrical engineering at 

* + %  
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* * *  
HENRY F. THOMPSON is Deputy Assistant Director for Manned 

Flight Support at the Goddard Center. Thompson graduated from 
the University of Texas with a B.A. degree in 1949 and a B.S. in 
1952. His studies included graduate work at Texas Western College 
in ElPaso and at the New Mexico State College, Las Cruces. Before 
joining NASA in 1959 he was Technical Director of the U.S. Army 
Electronics Command at White Sands Missile Range, N.M. 

* * *  
LAVERNE R. STELTER is chief of the Communications Division 

at the Goddard Center. Mr. Stelter received his B.S. in electrical 
engineering from the University of Wisconsin in 1951. After work- 
ing with the Army Signal Corps, he joined NASA in 1959 as head of 
the Goddard Communications Engineering Section. In 1961 he was 
appointed Ground Systems Manager for TIROS weather sakellites and 
was later assigned the same responsibility for Nimbus. He was 
appointed to his present position in 1963. 

* * *  
H. WILLIAM WOOD is head of the Manned Flight Operations 

Division at the Goddard Center. Before joining NASA he was a 
group leader at the Langley Research Center with responsibility 
for implementing the Project Mercury Network. Mr. Wood earned 
his BSEE degree at the North Carolina State University. 

Department of Defense 

MAJOR GENERAL DAVID M. JONES is Commander, Air Force Eastern 
Test Range and Department of Defense Manager for Manned Space 
Flight Support Operations. 

He was born December 18, 1913, at Marshfield, Oregon, and 
attended the University of Arizona at Tucson from 1932 to 1936. 
He enlisted in the Arizona National Guard and served one year in 
the Cavalry prior to entering pilot training '-in the summer of 
1937 

His military decorations include the Legion of Merit, 
Distinguished Flying Cross with one Oak Leaf Cluster, Air Medal, 
Purple Heart, Yum Hwei from the Chinese government, and the NASA 
Exceptional Service Medal with one device.. 

* * *  
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* * *  
REAR ADMIRAL FRED E. BAKUTIS is Commander, Task Force 130, 

the Pacific Manned Spacecraft Recovery Force, in addition to his 
duty assignment as Commander, Fleet Air Hawaii. 

He was born November 4, 1912, in Brockton, Massachusetts, 
and graduated from the U . S .  Naval Academy June 6, 1935. 

Admiral Bakutis holds the Navy Cross, the Legion of Merit 
with Combat "V,"  the Distinguished Flying Cross with Gold Star and 
the Bronze Star Medal. 

* * %  

REAR ADMIRAL PHILIP S. McMANUS is the Navy Deputy to the 
Department of Defense Manager for Manned Space Flight Support 
Operations and Commander, Task Force 140, the Atlantic Manned 
Spacecraft Recovery Force. 

He was born in Holyoke, Massachusetts, on July 18, 1919, 
and was commissioned an ensign in the U . S .  Navy following his 
graduation from the U.S. Naval Academy, in 1942. 

Admiral McManus' decorations include the Legion of Merit 
with combat "V;" Navy and Marine Corps Medal; Navy Commendation 
Medal with combat "V;" and two Bronze Stars. His campaign medals 
include the European-African-Middle Eastern Campaign Medal with 
three Bronze Campaign Stars and the Asiatic-Pacific Campaign 
Medal with one Silver and four Bronze Campaign Stars. 

* I *  

BRIGADIER GENERAL ALLISON C. BROOKS is the Commander of 
Aerospace Rescue and Recovery Service (ARRS). He has the major 
responsibilities for both planned and contingency air recovery 
operations during Project Apollo. 

He was born in Pittsburgh, Pennsylvania, June 26, 1917. 
General Brooks attended high school in Pasadena, California, and 
earned his Bachelor of Science degree from the University of 
California, Berkeley, California, in 1938. He enlisted a year 
later as a flying cadet in the Air Force and was graduated from 
Kelly Field in 1940. 

General Brooks was awarded the Legion of Merit with one Oak 
Leaf Cluster, the Distinguished Flying Cross with two Oak Leaf 
Clusters, the Soldier's Medal, the Bronze Star Medal, the -Air 
Medal with seven Oak Leaf Clusters and the French Croix de Guerre. 

* + *  
-more- 
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COLONEL ROYCE G .  OLSON i s  D i r e c t o r ,  Department of Defense 
Manned Space F l i g h t  Support  O f f i c e ,  l o c a t e d  a t  P a t r i c k  AFB, 
F l o r i d a .  He was b o r n  March 2 4 ,  1917, and i s  a n a t i v e  of I l l i n o i s ,  
where he a t t e n d e d  t h e  U n i v e r s i t y  of I l l i n o i s .  

He i s  a g radua te  of t h e  Na t iona l  War College and h o l d e r  of 
t h e  Legion of Merit and A i r  Medal, among o t h e r  d e c o r a t i o n s .  
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Major Apollo/Saturn V Contractors 

Contractor 

Bellcomm 
Washington, D. C . 
The Boelng Go. 
Washington, D. C. 

Qeneral Electric-Apollo 
Support Dept., 
Dagtona Beach, Fla. 

Item - 
Apollo SJrstenw Engineering 

Technical Integration and 
Evaluation 

Ap0110 Checkoat, and Quality and - 
Reliabi l i ty  

North American Rockwell Gorp, 
Space Div., Douney, Calif. 

Command and Service Modules 

Grurmnan Aircraft  Engineering Lunar Module 
Corp., Bethpage, W.Y. 

Massachusetts I n s t i t u t e  of Quidsutce & Navigation 
Technology, Cambridge , Mass . 
General Motors Corp., AC Guidance & Navigation 
Electronics D i v . ,  Milwaukee, W l s .  (Manufacturing) 

(Technical Management) 

TRW Inc. 
Systems Group 
Redondo Beach, Calif. 

Trajectory Analysis 
Ln Descent Engine 
LM Abort Guidance System 

Avco Corp., Space Systems Heat Shield Ablative Material 
Div., Lowell, Mass. 

North American Rockwell Cow. 5-2 Engines, F-1 Engines 
Rocketdyne M v .  
Canoga Park, C a l i f .  

The Boeing Co. 
New Orleans 

F i r s t  Stage (SIC) of Saturn V 
Launch Vehicles, Saturn V 
Systems Engineering and Inte- 
gration, Ground Support Equip- ~ 

ment 

North American Rockwell Corp. Development and Production of 
Space Div. Saturn V Second Stage (S-11) 
Seal Beach, Calif. 

HcDonne 11 Douglas Astronautics Development and Production of 
coo 
Huntington Beach, C a l i f  . Saturn V Thi rd  Stage (S-IVB) 
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International w;1 
Federal Systems Div. 
Huntsvil le,  Ala. 

Federal Electric Corp. 

'Bend- Field Engineering Corp. 

Catalytlo-Don 

HeuPlllton Standard Dlvisloln 
United Aircrraft Corp. 
WindBor Locks, COM. 

ILC Indurstries 
Dover, D e l .  

Radio Corp. of America 
Van mys, C a l i f .  

Sanders Associates 
Ipashua, N.H. 

Brown Engineering 
Huntsvil le,  A l a .  

Reynolds, Smith and H i l l  
Jacksonvi l le ,  Fla. 

Ingalls I ron  Works 
Birmingham, A l a .  

Smith/Ernst ( J o i n t  Venture) 
Tampa, Fla .  
Washington, ' D. C. 

Power Shovel, Znc, 
Marion, Ohio 

O m  

Bendix Aerospace S 

mentation Su 

Launch Operat 

F a c i l i t i e s  Engineering and 

Portable Life Support System; 

Support, KSC 

Modifications, KSC 

LM ECS 

Space Suits 

llOA Computer - Saturn Checkout 

Operational Display Systems' 
Saturn 

Discrete Controls 

Ehgineering Design of Mobile 
Launchers 

Mobile Launchers (ML) 
( s t r u c t u r a l  work) 

E l e c t r i c a l  Mechanical Portion 
of ma 

Transporter 

Mobile Launcher Service A m  

Early Apollo Sci.ent€fic Experi- 
ments Package (EASEP) 

Service l s i o n  System Engine 

=more- 
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APOLLO c)u>SSARY 

Ablating Materials--Special heat-diasipat 
surface of a spacecraft that vapor12 

Abort-The unscheduled termination of a misalon prior to its 
completion. 

Accelerometer-An instrument to sense accelerative force8 and 
convert them I n t o  corre8ponding electrical quantities 
usually for controlling, measuring, Indicating or recording 
purposes. 

Adapter Skirt-A flange or exteneion of" a Prtage or asctlon that 
provides a ready mean8 of fitting another stage or aectlon 
to It. 

from reciprocal point on a line projected through oenter of 
body. In Apollo usage, antipode refer8 to a line from the 
center of the Moon through the center of the Earth and pro- 
jected to the Earth aurface on the opposite aide. The ant l -  
pode cmsses the mid-Pacific3 recovery line along the 165th 
meridian of longitude once egch 24 hours. 

Antipode--Point on erurface of planet exactly 180 degrees opposite 

Apocynthion-Pout at which object i n  lunar orbit Is fartheat 
f r o m  the lunar surface -- object having been launched from 
body other than Moon. 

orbit i e  farthest from Earth. 

(Cynthia, Roman goddess of Moon) 

Apogee-The point at which a Moon or artlflclal satellite In its 

Apolune-Point at which object launched from the Moon into lunar 
orbit is farthest f r o m  lunar surface, e.g.: aercent stage 
of lunar module after staging Into lunar orbit following 
lunar landing . 

Attitude--1Phe position of an aerospace vehicle as determined by 
the inclination of its axes to some frame of reference; 
f o r  Apallo, an inertial, space-fixed reference I s  used. 

Burnout--The point when combustion ceases In a rocket engine. 

Canard--A short, stubby wing-like element aff ixed to the launch 
escape tower to provide CM blunt end forward aerodynamic 
capture during an abort. 

Celestial Guidance-The guidance of' a vehicle by reference to 
celestial bodieer. 

-more- 



Celestial Mechanlcs--The science that  deals primarily wi th  the 
e f f e c t  of forc  
paths of celes 

o r  between Ea 

process t o  form an endless chain.. 

apogee of' an orbi t ing  spacecraft .  Not t o  be conf'used with 
deorbi t  . 

Decllnatlon--Angular? measurement of a body above or below c e l e s t i a l  
equator, measured north 'or south along the body's hour 
c i r c l e  . Corresponds t o  Earth surfaue l a t i t u d e .  

Cisl-~--Adjective 

Closed Loop--AutornatZc eontrol  units linked together with a 

Deboost--A retrograde maneuver which lowers either perigee or  

Delta V--Velocity change, 

Dig i ta l  Computer--A computer i n  whioh quan t i t i e s  are represented 
numerically and which can be used t o  solve complex problems. 

Dovm-Llnk--The part of  a communication aystem that receives,  pro- 
ce8apes and di8plays data from a apacecraft. 

Entry Corridor--The final f l i g h t  path of the rspscecraft before 
and during Earth reentry.  

Ephemeri~--Orbltal measurements (apogee, perigee, inc l ina t ion ,  
period, e t c . )  of one c e l e a t i a l  body i n  r e l a t i o n  t o  another 
a t  given times. In spaceflight,  the o r b i t a l  meareurements 
of a spacecraft  r e l a t i v e  t o  the c e l e s t f a l  body about which 
it orb i ted ,  

Escape Veloolty--!l?he speed a bodr m e t  a t t a l n  t o  overeome a 
grav i t a t iona l  f ie  ch as that of Earth; the veloci ty  
of escape a t  the 

explosive charge which can be ac t iva te4  by an e l e c t r i c a l  
Implllse. 

1s surface is 36,700 feet-per-second, 

Explosive Bolts--Bolts destroyed o r  severed by a erurroundlng 

Fairing--A piece, part or s t ruc tu re  having a smooth, stream- 
l ined out l ine,  used t o  cover a nonatreamlined objec t  01" t o  
rsmooth a junction. 

F l igh t  Contml System--A system that serves t o  maintain a t t i t u d e  
s t ab i l i t y  and cont ro l  during f l igh t .  
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Fuel Cell--An electrochemical generator In  which the chemical 
energy Pmin the reac t ion  of oxygen and a fuel i a  con- 
verted d i r e c t l y  Into electrlcltg. 

e--Rbrae exerted upon 6u1 objec t  by gravi ty  or by 
react%on to? aoaelel?ation or deceleration, as in a change 
of Biqetlon: one 8: I s  thd? mea8ure of force required to  
accelerate a body a t  the rate o f  32.16 feet-p~r-8fmOnd. 

diintbaled Mptor--A rooket motor mounted on gimbal; Le.: on a 
oontrivmcre havlng4wo nnatually perpendioular u e a  of ro- 
tatlon, 80 a8 t o  obtain pitching and yawing correct ion momentar. 

i n f o m t i o n ,  cor re la tes  t h f s  with target data, oonvsrtrr 
the r e s u l t  Into the condltlons necessary t o  achieve the 
desirea i l l g h t  path, and communioatee this data In the fonn 
of command8 t o  the f l i gh t  control  system. 

Quldanee Systm--A system which muau 8 and evaluates f l ight  

Weliocentric--Sun-oentered o r b i t  or other  a c t i v i t y  which has the 
Sun a t  its center .  

Iner t ia l  Oulclance--Qu%danoe by me 8 of the  msaburement rand 
integra  t l on  of' acce lera tlon 
A eophlatloated automatic navigation systen using gyro- 
acopic devices, acceleremeters etc . ,  f o r  high-speed vehicles. 
It abnorbs and In te rpre ts  such data as speed, position, e t e . ,  
and automatical adjusts the whlc le  t o  a pre-det81mint9d 
f l i g h t  path. E e n t i a l l y ,  I t  knows where It' B going anU 
where it I s  by owing where P t  G a m e  from and how It got 
there, It does not glve out any radio freguenoy signal BO 
It cannot be detected by radar o r  jammed. 

lated t ra jec tory .  

rn on board the spauecrait. 

InjectSon--The proceers of boolstlng a IB crewaft Into a calcu- 

Inaertlon--Tha proccssra of horst1 spaoecrart $nto M o r b i t  
around the Earth o r  o ther  a t lal  bodies. 

MuIt~plWCing--The 8 88U151 t r an  salon of two or  more sig- 
nals within a channel e 8 three ba8fO method8 
of multiplexing Involve the 
dlvlalon,  frequency dlstl8ion and pham dlvielon. 

Optical  Navigatlon--Navi a t h n  by s i  
methods, using star8 o r  sGher visible objec ts  aar reference.  

Oxidizer--In Q rocket gmpel1ant, a aubstanlre aueh ab llquld 
oxygen o r  nitrogen ta t roxfde which supports combuetion of 
the  fuel, 

t fon of signals by time 

6, a8 oppodled t o  I n e r t i a l  
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Penumbra--5enni- Ion 
ace 

I S  

of a shadow i n  which 1-t I s  partly 
of Moon or 
only partly 

Perilunet-=The point at whioh a aratsllite (e.g.: a arpa 1 in 
I t a  orbit I s  closest to the Moon. Mtfera from thlon 
in that the orbit I s  Moon-orlginated. 

perpendicular to its longitudinal axla . Pltch--The movement of a Bpacs vehicle about an axis (P) that 1s 

Reentry-The return of a spacecraft that reenter8 the atmosphere 

Retrorocket--A rocket that glvea thrust in  a direc3tIon oppoaite 

after f l i g h t  above it. 

to the direction of the objectla motion. 

Right Aaccnslon-Angular meaarurement of (B body eastward alon the 
ce le s t ia l  equator from the vernal equinox (0 degrees RAY to  
the hour circle of the body. CorreepondtP roughly to Earth 
surface longitude, except as expressed In hra:min: aec instead 
of 180 degrees west and east f r o m  0 degrees (24 houra=360 
degreee). 

Roll-The movements of a apace vehlole about Iter longitudinal 

S-Band--A radio-frequency band of 1,550 to 5,200 megahertz. 

Selenographic--Ad j ec t ive  retlating t o  phyalcal geography of h o n .  

(x) axis. 

Specifically, positions on lunar surface as measured In 
latitude f r o m  lunar equator and i n  longitude from a 
reference lunar meridian. 

(Selene -' OP. ~ o o n )  

or angle In relation to the ce l e s t ia l  sphere and the vernal 

rated rspaceoraf't position, velocity and 
plinked to the spacecraft computer for 
tional reference. 

Selenocentric-Ad ject lve referring to orbft having Moon aa center. 

Sidereal--Adjectlve relating to measurement of time, poaltlon 
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Telemetering--A system f o r  taking measurements within an aero- 
space vehicle i n  f l i g h t  and transmitting them by radio t o  
a ground stat ion.  

Terminator-Separation l i ne  between lighted and dark portions 
of c e l e s t i a l  body which is not self 1UminOUS. 

Ullage-The volume in a closed tank o r  container that is not 
occupied by the stored liquid; the r a t i o  of t h i s  volume 
t o  the t o t a l  volume of the tank; also an acceleration to 
force propellants in to  the engine pump intake lines before 
ignit ion.  

UmbPa--Darkest pa r t  of a shadow i n  which l igh t  is conpletely 
absent, e ,g , :  surface of Moon or Earth away from Sun where 
the d isc  of the Sun I s  completely obscured. 

Update pad--Information on spacecraft a t t i t udes ,  th rus t  values, 
event times, navigational data, e tc . ,  voiced up t o  the crew 
In standard formats according to  the purpose, 8.g.: maneuver 
update, navigation check, landmark tracking, entry update, 
etc. 

Up-Link I)ata--Information fed by radio s igna l  f r o m  the ground to 
a spacecraft. 

lar  displacement of a apace vehicle about I t s  ver t i ca l  yaw--?Y 2 axis. 



-24 7- 

APOLU, ACROHYMS AND ABBREYIATIONS 

(Note: 
program acronyms and abbreviations, but several are listed 
that w i l l  be encountered frequently in the Apollo 11 mission. 
Where pronounced as words in air-to-ground transmissions, 
acronyms are phonetically shown in parentheses. Otherwise, 
abbreviations are sounded out by letter.) 

This list makes no attempt to Include all Apollo 

AGS 

AK 

APS 

B U G  

CD€I 

CMC 

eo1 

CRS 

CSI 

DAP 

DEDA 

DFI 

Do1 

DPS 

DSKY 

EPO 

FMI 

FITH 

FTP 

HGA 

UlIU 

(%PPI 

(Dee-da) 

(Pi th) 

Abort Guidance System (324) 

Apogee kick 

Ascent Propulsion System (M) 
Auxiliary Propulsion System (S-IVB atage) 

Body mounted attitude gyro 

Constant delta height 

Command Module Computer 

Contlngency orbit insertion 

Concentric rendezvous sequence 

Concentric sequence Initiate 

D i g  ita1 autopl lo t 

Data Entry and Display Asaembly 
(IM AQS) 

Development flight instrumentation 

Descent orbit insertion 

&scent propulsion system 

Display and keyboard 

Earth Parking Orbit 

Flight director attitude Indicator 

Fire in the hole (I4 ascent abort 

Full throttle position 

High-gain antenna 

Inertial measurement unit 

st t lg ing)  

-more- 
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LPO 

MCC 

MC&W Master caution and 

MSI Moon sphere of i 

MTVC 

MCC Combined corrective maneuver 

PDI 
PIPA (pippa) 

PLSS (P l i ss )  

PTC 

PUGS (pugs) 

Powered descent i n i t i a t i o n  
Pulse Integrating pendulous 
accelerometer 

Portable life support system 

Passive thermal control 

Propellant u t i l i z a t i o n  and gaging 
system 

REFSHMAT (Refsraat) Reference t o  stable member rnatrix 

R??C Rotation hand control ler  

R n :  Real-time oommand 

SPS 

TEI 

TPF 

TPI 

TVC 

Stabi l izat ion and control system 
Superc ri ti c a l  helium 
Spacecraft LM adapter 

Service propulslon system 

Transearth inject ion 

Thrust hand con 

Terminal phase at ion 

Terminal phase i n i t i a t e  

st vector control 
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Multiply E x  
Mstance: 

feet 0 . 3048 

meters 

kilometers 

3.281 

3281 

kilometers 0 . 6214 

statute miles 1.609 

nautical miles 1.852 

nautical miles 1.1508 

statute miles o 86898 

statute mile 1760 

Velocity: 
feet/sec 

met e rs/se c 

meters/sec 

feet/sec 

0.3048 

3.281 

2.237 

0.6818 

feet/sec 0 5925 

statute miles/hr 1.609 

nautical miles/hr 1.852 
(knots) 

km/hr 0.6214 

Liquid measure, weight: 

gallons 3.785 

liters 0.2642 

pounds 0.4536 

kilograms 2.205 

To Obtain 

meters 

feet 

feet 

statute miles 

kilometers 

kilometers 

statute miles 

nautical miles 

yards 

met ers/sec 

feet/sec 

statute mph 

stat ut e mile s/hr 

nautical miles/hr 

km/hr 

km/hr 

statute miles/hr 

liters 

gallons 

kilograms 

pounds 
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Multiply 

Volume : 

cubic feet 

Pressure : 

pounds/sq Inch 

E x  

0.02832 

70.31 

To Gbtain 

cubic meters 

grams,’sq cm 

- Propellant WeIRhts 

RP-1 (kerosene) --=------ Approx. 6.7 pound8 per gallon 

Liquid Oxygen ------=---= Appmx. 9.5 pounds per gallon 

Liquid Hydragen =-------- Approx. 0.56 pounds per g8llQn 

NCEE: Weight of LX2 wl11 vary as much a8 plus or -nus 5s 
due t o  variatlona In density. 
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