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APOLLO 17 LAUNCH DECEMBER 6 

The night launch of Apollo 17 on December 6 will be 

visible to people on a large portion of the eastern seaborad 

as the final United States manned lunar lading mission gets 

underway. 

Apollo 17 will be just one and a third days short of the 

US spaceflight duration record of 14 days set in 1965 by 

Gemini VII, and will be the sixth and final Moon landing in the 

Apollo program. Two of the three-man Apollo 17 crew will set 

up the fifth in a network of automatic scientific stations 

during their three-day stay at the Taurus-Littrow landing 

site. 



Xn addition to erecting the scientific data relay station, 

Apollo 17 has the objectives of exploring and sampling the 

materials and surface features at the combination highland and 

lowland landing site and to conduct several inflight experi- 

ments and photographic tasks. 

The Taurus-Littrow landing site is named for the Taurus 

mountains and Littrow crater located in a mountainous region 

southeast of the Serenitatis basin. Dominant features of the 

landing site are three rounded hills, or "massifs" surrounding 

the relatively flat target point and a range of what lunar 

geologists describe as sculptured hills. 

Apollo 17 will be manned by Eugene A. Cernan, commander, 

Ronald E. Evans, command module pilot, and Harrison H. Schmitt, 

lunar module pilot. Cernan previously flew in space aboard 

Gemini 9 and Apollo 10, while Apollo 17 will be the first 

flight into space for Evans and Schmitt. Civilian astronaut 

Schmitt is also a professional geologist. Cernan holds the 

rank of Captain and Evans is a Commander in the US Navy. 

During their 75 hours on the lunar surface, Cernan and 

Schmitt will conduct three seven-hour periods of exploration, 

sample collecting and emplacing the Apollo Lunar Surface 

Experiment Package (ALSEP). Four of the five Apollo 17 ALSEP 

experiments have never been flown before. 



ALSEP, powered by a nuclear generator, will be deployed 

and set into operation during the first extravehicular activity 

(EVA) period, while the second and third EVAs will be devoted 

mainly to geological exploration and sample collection, 

The crew's mobility on the surface at Taurus-Littrow 

again will be enhanced by the electric-powered Lunar Roving 

Vehicle (LRV). Attached to a mount on the front of the LRV 

will be a color television camera which can be aimed and 

focussed remotely from the Mission Control Center, 

Cameras operated by Cernan and Schmitt will further 

record the characteristics of the landing site to aid in post- 

flight geological analysis. 

Data on the composition, density and constituents of 

the lunar atmosphere, a temperature profile of the lunar surface 

along the command module ground track and a geologic cross- 

section to a depth of 1.3 kilometers (.8 miles) will be gathered 

by instruments in the service module Scientific Instrument 

Module (SIM). Evans will operate the SIM bay experiments and 

mapping cameras while Cernan and Schmitt are on the lunar surface, 

During transearth coast, he will leave the spacecraft to recover 

film cassettes from the mapping cameras and the lunar sounder. 



Apollo 17 will be launched from Kennedy Space Center 

Launch Complex 39 at 9:53 pm EST December 6. Lunar surface 

touchdown by the lunar moduel will be at 2:55 pm EST December 11, 

with return to lunar orbit scheduled at 5:56 pm EST December 14. 

After jettisoning the lunar module ascent stage to impact on 

the Moon, the crew will use the service propulsion system 

engine to leave lunar orbit for the return to Earth. Trans- 

earth injection will be at 6:32 pm EST on December 16. Command 

module splashdown in the Pacific, southeast of Samoa, will be 

at 2:24 pm EST December 19. There the spacecraft and crew 

will be recovered by the USS Ticonderoga. 

Communications call signs to be used during Apollo 17 are 

America for the command module and Challenger for the lunar 

module. During docked operations and after lunar module 

jettison, the call sign will be simply "Apollo 17." 

Apollo 17 backup crewmen are US Navy Captain John W. Young, 

commander; USAF Lieutenant Colonel Stuart A. Roosa, command 

module pilot; and USAF Colonel Charles M, Duke. All three have 

prior spaceflight experience: Young on Gemini 3 and 10, and 

Apollo 10 and 16; Roosa on Apollo 14; and Duke on Apollo 16. 



Summary t imel ine  of major A p o l l o  1 7  events: 

E v e n t  December  D a t e  

L a u n c h  6 

T r a n s l u n a r  In jec t ion  7 

TV-Docking & LM extract ion 7 

L u n a r  O r b i t  I n s e r t i o n  1 0  

D e s c e n t  O r b i t  Inse r t ion  # 1  1 0  

D e s c e n t  O r b i t  I n s e r t i o n  #2 11 

L u n a r  L a n d i n g  11 

S t a r t  EVA 1 ( 7  h o u r s )  11 

TV Camera  o n  11 

S t a r t  EVA 2 ( 7  h o u r s )  1 2  

TV Camera  on 1 2  

S t a r t  EVA 3 ( 7  h o u r s )  1 3  

TV Camera  o n  1 3  

L u n a r  L i f t o f f  (TV on) 1 4  

TV-LM & CSM R e n d e z v o u s  1 4  

TV D o c k i n g  1 4  

T r a n s e a r t h  I n j e c t i o n  1 6  

TV- View of Moon 1 6  

T r a n s e a r t h  C o a s t  EVA (TV-1 h r )  1 7  

TV - P r e s s  C o n f e r e n c e  1 8  

S p l a s h d o w n  1 9  

EST - 
9 : 5 3  p m  

1 : 1 2  am 

2 :05  a m  

2 :48  pm 

7:06 p m  

1 : 5 3  pm 

2:54 pm 

6:33  pm 

7 : 4 8  p m  

5 : 0 3  p m  

5 : 3 1  pm 

4:33 p m  

4:58  pm 

5 : 5 6  pm 

7 : 3 1  pm 

7:54 pm 

6 : 3 1  pm 

6:46 pm 

3:18 pm 

6:00 p m  

2:24 pm 

(End of g e n e r a l  release; b a c k g r o u n d  information f o l l o w s . )  



A COMPARISON OF LUNAR SCIENCE BEFOm AND AFTER APOLLO 

The astronomical observat ions of t h e  Moon p r i o r  t o  
Apollo g ive  us  a very d e t a i l e d  p i c t u r e  of t h e  su r face  of 
t h i s  p l a n e t ,  However, even t h e  most s e n s i t i v e  te lescopes  
w e r e  unable t o  f u r n i s h  t h e  v a r i e t y  of s c i e n t i f i c  d a t a  t h a t  
i s  necessary t o  t h e  understanding of t h e  h i s t o r y  and evolu- 
t i o n  o f  t h e  p lane t .  I n  p a r t i c u l a r ,  it w a s  necessary t o  know 
something about t h e  chemistry and something about t h e  i n t e r -  
n a l  s t a t e  o r  condi t ion  of t h e  p l a n e t  before  w e  could do much 
more than specu la te  about t h e  o r i g i n  and p a s t  h i s t o r y  of t h e  
Mbon. The most important s c i e n t i f i c  observat ions concerning 
t h e  Moon t h a t  e x i s t e d  p r i o r  t o  t h e  d i r e c t  explora t ion  of t h e  
Moon by e i t h e r  manned o r  unmanned spacec ra f t  a r e  a s  follows: 

1) The mean dens i ty  of t h e  moon i s  3 . 3 4  gm/cc. When 
t h i s  number i s  compared t o  t h e  dens i ty  of o t h e r  p lane t s  ( t h i s  
comparison involves a s u b s t a n t i a l  co r rec t ion  f o r  t h e  e f f e c t s  
of pressure  i n  p lane t s  a s  l a r g e  a s  t h e  Earth and Venus), we 
see  t h a t  t h e  dens i ty  of t h e  Moon i s  l e s s  than t h a t  of any of 
o t h e r  t e r r e s t r i a l  p l ane t s .  I f  we accept  t h e  hypothesis t h a t  
stony meteor i tes  a r e  samples of t h e  a s t e r o i d s ,  we a l s o  observe 
t h a t  t h e  Moon i s  lower i n  dens i ty  than  t h e  parent  bodies of 
many meteor i tes .  This s i n g l e  f a c t  has been an enigma t o  any- 
one at tempting t o  i n f e r  a chemical compos i t ion~for  t h e  Moon. 
One t h i n g  can be c l e a r l y  concluded from t h i s  f a c t  -- t h a t  i s ,  
t h a t  t h e  Moon has less m e t a l l i c  i r o n  than t h e  Earth.  The 
d i f fe rence  between t h e  lunar  dens i ty  and t h a t  of chondr i t i c  
meteor i tes  i s  p a r t i c u l a r l y  puzzling because these  o b j e c t s  
have compositions t h a t  a r e  s i m i l a r  t o  those  of the  Sun once 
one removes those  elements which form gaseous compounds a t  
modest temperatures (hydrogen, helium, n i t rogen,  carbon, 
neon, and t h e  o t h e r  r a r e  gases)  . 

2 )  The second major c h a r a c t e r i s t i c  of t h e  Moon goes 
back t o  Gal i leo ,  who observed t h a t  t h e  Earth-facing s i d e  of 
t h e  Moon cons is ted  of mountainous regions t h a t  he designated 
t e r r a ,  and smoother, physiographical ly  lower regions which 
he designated mare by analogy with t h e  t e r r e s t r i a l  oceans - 
and cont inents .  The albedo o r  r e f l e c t i v i t y  of these  two 
regions i s  markedly d i f f e r e n t  -- t h e  mare regions being 
very dark when compared t o  t h e  t e r r a  regions,  Astronomical 
s t u d i e s  added a g r e a t  d e a l  of d e t a i l  t o  Galilee's discovery,  
including some r a t h e r  f i n e  f e a t u r e s  such a s  t h e  rilles which 
were j u s t  bare ly  resolved by good telescopes.  However, t h e  
cause of t h i s  fundamental physiographic d i f f e rence  was n o t  
we l l  understood before  t h e  e r a  of Apollo. The explanat ion 
of t h e  r e l a t i v e l y  smooth mare bas ins  ranged from t h e  conclu- 
s ion  t h a t  t h e y  w e r e  ve ry  extens ive  l ava  f i e l d s  t o  t h e  hypothesis 
t h a t  they  were, i n  f a c t ,  d u s t  bowls -- t h a t  i s ,  extens ive  d u s t  
depos i t s .  There were even some s c i e n t i s t s  who s e r i o u s l y  suggested 
t h a t  they  were f i l l e d  by a type  of sedimentary rock t h a t  w a s  
deposi ted a t  a very e a r l y  s t a a e  in lunar M d r v  when the Moon 
had a n  q tmo~phere ,  



3 )  The origin of the circular depressions or craters, which 
are the most common physiographic feature of the lunar surface, 
was the basis of continual scientific controversy. Two types 
of explanations were offered -- first, that they were volcanic 
features similar to terrestrial calderas or volcanic collapse 
features; secondly, that they were produced by projectiles 
impacting on the lunar surface in the way that meteorites had 
occasionally been observed to fall on Earth. In fairness to 
the proponents of the various theories, it should be recognized 
that no one ever claimed that all craters were either meteoritic 
or volcanic. Those scientists tending to favor the volcanic origin 
emphasized that large numbers -- including some craters much larger 
than any terrestrial caldera -- were volcanic in origin. Others 
favoring the impact origin also admitted that a few atypical 
craters such as Davy Rille and the dark halo craters of Alphonsus 
may, indeed, be evidence of minor volcanism on the lunar surface. 

4) In parallel with the role of volcanism on the lunar 
surface, there were two schools of thought on the thermal history 
of the Moon. The first of these held that the Moon was a 
relatively inactive body which may have undergone some chemical 
differentiation which, in any event, took place very early in 
lunar history. The second expected that the Moon was similar 
to the Earth with a long and continuous record of volcanism 
and chemical differentiation. Some adherents to this school 
fully expected that some volcanism may have persisted to the 
most recent geologic epochs; that is, as recently as 10 million 
years ago. 

5) The chemistry of the lunar surface was a total unknown 
before Surveyor V. Nevertheless, there were a number of definite 
suggestions -- for example, it was at one time suggested that 
carbonaceous chondrites were derived from the dark mare regions 
of the Moon. Others suggested that a type of meteorite known 
as eucrites was representative of the lunar surface. Still 
others suggested that a very silica-rich glass found in 
mysterious terrestial objects called tektites must represent 
parts of the lunar surface. One could not even be sure that 
these hypotheses were all inconsistent with each other, At 
this point in time, we will never know the -tent to which the 
Surveyor analyses may have affected our understanding of the 
Moon. The data returned from these analyses were of surprisingly 
high quality. They were, however, so quickly superseded by 
the analyses of the returned samples that there was never 
sufficient time for them to be completely integrated into 
scientific thinking on the Moon. 



6) Severa l  o t h e r  r e s u l t s  obtained by unmanned s p a c e c r a f t  
helped set t h e  s t a g e  f o r  Apollo. They a r e  t h e  discovery of 
t h e  mascons, which requ i re  a remarkably r i g i d  o r  s t rong  l u n a r  
shallow i n t e r i o r . - -  t h e  determinat ion (by Explorer 35) t h a t  
t h e  Moon had a very weak, perhaps nonexistent ,  magnetic f i e l d ;  
and f i n a l l y ,  t h e  observat ion (by both Russian and American 
s p a c e c r a f t )  t h a t  t h e  lunar  backside w a s  very d i f f e r e n t  from 
t h e  f r o n t s i d e  i n  t h a t  dark mare regions were e s s e n t i a l l y  
absent  from t h e  backside of t h e  Moon. 

A s  w e  a n t i c i p a t e  t h e  s i x t h  manned landing on t h e  Lunar 
su r face ,  we a r e  i n f i n i t e l y  r i c h e r  i n  f a c t s  concerning t h e  Moon. 
Many of t h e  f a c t s  and observat ions have a l ready been t e n t a t i v e -  
l y  assembled i n t o  t h e o r i e s  and models which a r e  leading  us t o  
a genuine understanding of t h e  Moon's h i s t o r y .  I n  o t h e r  cases ,  
it i s  proving extremely d i f f i c u l t  t o  come up with an explanat ion 
t h a t  accounts f o r  a l l  of these  f a c t s  i n  a s e l f - c o n s i s t e n t  way. 
The major a reas  of understanding which have come o u t  of t h e  un- 
manned exp lo ra t ion  and f i v e  manned landings a r e  b r i e f l y  out-  
l i n e d  here  : 

1) We now have a r a t h e r  d e f i n i t e  and r e l i a b l e  time s c a l e  
f o r  t h e  sequence of events  i n  l u n a r  h i s t o r y .  In  p a r t i c u l a r ,  
it has been e s t a b l i s h e d  with some confidence t h a t  t h e  f i l l i n g  
of the  mare bas ins  l a r g e l y  took p lace  between 3.1 and 3 . 8  
b i l l i o n  years  ago. Since these  su r faces  r ep resen t  t h e  major 
physiographic f e a t u r e s  on t h e  l u n a r  su r face ,  w e  can immediately 
i n f e r  t h a t  t h e  bulk of luna r  h i s t o r y  recorded on t h e  su r face  
of t h e  Moon (hhat  i s ,  t h e  t i m e  of formation of more than 90 
percent  of t h e  c r a t e r s )  took p lace  before  4 b i l l i o n  years  ago. 
This i s  q u i t e  d i f f e r e n t  from t h e  t e r r e s t r i a l  s i t u a t i o n  where 
most of t h e  E a r t h ' s  ocean bas ins  a r e  younger than 300 m i l l i o n  
yea r s ,  and rocks o l d e r  %an 3 b i l l i o n  years  make up an almost 
i n s i g n i f i c a n t  proport ion of t h e  su r face  of t h e  Earth.  One of 
t h e  major o b j e c t i v e s  f requent ly  s t a t e d  by groups of s c i e n t i s t s  
involved i n  planning t h e  Apollo sc ience  a c t i v i t i e s  was t o  
f i n d  rocks t h a t  might d a t e  back t o  t h e  formation of  the  Moon, 
i t s e l f .  Underlying t h i s  ob jec t ive  was t h e  hope t h a t  one might 
f i n d  a p r imi t ive  o r  p r e d i f f e r e n t i a t i o n  sample of t h e  p lane t .  
Up u n t i l  now, t h i s  ob jec t ive  has eluded us i n  t h e  sense t h a t  
none of t h e  samples re turned  t o  d a t e  i s  unmodified by younger 
events  i n  luna r  h i s t o r y .  There i s  s t rong  c i rcums tan t i a l  ev i -  
dence ( f o r  example, the  apparent  age of some s o i l s )  t h a t  rocks 
d a t i n g  back t o  4.5 o r  4 .6  b i l l i o n  years  must e x i s t  on t h e  
lunar  sur face .  However, it now appears t h a t  t h e  in tense  
bombardment of t h e  lunar  su r face  by p r o j e c t i l e s  t h a t  range i n  
s i z e  up t o  t e n s  of ki lometers  i n  diameter was r a t h e r  e f f e c t i v e  
i n  r e s e t t i n g  most of t h e  clocks used t o  determine t h e  absolu te  
ages of rocks.  The widespread occurence of highland mate r i a l  
with an apparent  age of 3 . 8  - 4 . 1  b i l l i o n  years  i s  today 
assoc ia ted  by some s c i e n t i s t s  with t h e  formation of t h e  I m b r i u m  
bas in ,  which i s  thought t o  be produced by t h e  c o l l i s i o n  of a 
50 ki lometer  p r o j e c t i l e  with t h e  lunar  sur face .  



W e  should recognize,  however, t h a t  more d e t a i l e d  s t u d i e s  
of some of t h e  re turned  samples may change t h e  i n t e r p r e t a t i o n  
of t h e s e  ages. I n  o t h e r  words, we cannot be nea r ly  a s  su re  
t h a t  we know t h e  age of formation of t h e  Imbriun bas in  a s  w e  
a r e  of t h e  t i m e  of c r y s t a l l i z a t i o n  of t h e  m a r e  vo lcanic  rocks. 

2) The r e l a t i v e  importance of volcanic  and impact- 
produced f e a t u r e s  on t h e  l u n a r  su r face  i s  today r a t h e r  w e l l  
e s t ab l i shed .  There is  almost unanimous agreement t h a t  t h e  
dark mare regions a r e ,  indeed, underlain by extens ive  l a v a  
flows. This i s  shown both by t h e  rocks re turned  from t h e  
Apollo 11, 12, and 15 sites and by t h e  high r e s o l u t i o n  photo- 
graphs which give us very convincing p i c t u r e s  of f e a t u r e s  
comparable t o  t e r r e s t r i a l  lava  flows. On t h e  o t h e r  hand, 
almost a l l  c r a t e r s  appear t o  be caused by impacting p r o j e c t i l e s .  
The occurrence of volcanic  rocks i n  t h e  t e r r a  regions  is  an 
open ques t ion .  Preliminary i n t e r p r e t a t i o n s  of t h e  Apollo 16 
samples suggest  t h a t  volcanic  a c t i v i t y  i n  t h e  highland region 
may be h ighly  r e s t r i c t e d  o r  v i r t u a l l y  nonexis tent .  

3 )  A major o b j e c t i v e  underlying many of t h e  Apollo ex- 
periments was t h e  i n v e s t i g a t i o n  of  t h e  lunar  i n t e r i o r .  Most 
of our  information concerning t h e  i n t e r i o r  of t h e  Earth de r ives  
from a knowledge of t h e  way i n  which t h e  v e l o c i t y  of a c o u s t i c  
waves v a r i e s  with depth. The study of t e r r e s t r i a l  earthquakes 
has  provided a d e t a i l e d  p i c t u r e  of t h e s e  v a r i a t i o n s  wi th in  t h e  
Earth.  The Apollo 11 seismograph i n d i c a t e d  t h a t  when compared 
t o  t h e  Ear th  t h e  Moon i s  se i smica l ly  very q u i e t .  This r e s u l t ,  
i s ,  of course,  c o n s i s t e n t  with t h e  conclusion t h a t  volcanism 
and o t h e r  types of t e c t o n i c  a c t i v i t y  have been r a r e  o r  absent  
from t h e  lunar  scene f o r  t h e  las t  2-3 b i l l i o n  years .  It was 
a disappointment i n  t h a t  it i n d i c a t e d  t h a t  information regard- 
i n g  t h e  i n t e r i o r  would be sparse .  However, the  use of SIVB 
impacts and t h e  very fo r tuna te  impact of  a l a r g e  meteor i te  on 
May 13, 1972, have today shown a remarkable s t r u c t u r e  f o r  t h e  
upper 150 ki lometers  of t h e  Moon. I n  p a r t i c u l a r ,  we have 
learned  from l u n a r  seismology t h a t  t h e  Moon has a c r u s t  more 
than 60 ki lometers  th ick .  More p r e c i s e l y ,  one should say 
t h a t  t h e r e  i s  a se ismic  d i s c o n t i n u i t y  where t h e  v e l o c i t y  of 
sound inc reases  suddenly from 7 ki lometers  pe r  second t o  
8 ki lometers  p e r  second a t  about 6 5  ki lometers  depth. The 
p r e c i s e  o r i g i n  of t h i s  d i s c o n t i n u i t y  i s  s t i l l  a s u b j e c t  f o r  
debate.  



The most commonly held explanation suggests that it is due 
to the chemical differentiation of the upper part of the Moon -- 
in particular, that an extensive, partial melting of this region 
produced low-density liquids which arose to.cover the lunar 
surface, leaving a high-density residue that accounts for the 
high velocity material below 65 kilometers. A minority opinion 
holds that the velocity contrast at 65 kilometers is due to 
a pressure-induced phase change. 

4) We now have a much more detailed understanding of the 
Moon's present magnetic field. It is clearly not negligible as 
was thought prior to the Apollo missions. The magnetometers 
emplaced on the lunar surface reveal a surprisingly strong, but 
variable, field. Both the direction and the intensity of the 
magnetic field vary. This heterogeneity in the local field is, 
of course, smoothed out when one moves away from the lunar 
surface. So the field seen by an orbiting spacecraft is much 
lower than that recorded on the surface. We have also determined 
that the mare lava flows crystallized in a magnetic field which 
was much stronger than that of the present Moon. This raises 
the very interesting possibility that during its early history, 
the Moon was either embedded in a relatively strong inter- 
planetary magnetic field or had a magnetic field of its own 
which has since disappeared. Either possibility presents very 
serious problems in the sense that we are forced to make assump- 
tions which are not entirely consistent with what some scientists 
hypothesize we know about the Sun or the early history of the 
Moon. 

5) The fluctuation in the magnetic fields measured at the 
lunar surface is a function of the flux of incoming charged 
particles (solar wind) and the internal electrical conductivity 
of the Moon. Careful study of these fluctuations shows that the 
Moon has a relatively low conductivity. To a first order, the 
conductivity of most silicates is a function of temperature and 
chemical composition. It is particularly sensitive to the 
abundance of ferrous and ferric iron. At present, one cannot 
completely sort out these two parameters. If the interior of 
the Moon has a "normal" iron concentration, the conductivities 
appear to place upper limits of 1200-1500°C on the temperature 
of the deep interior, 

6) The heat escaping by conduction from the interior of a 
planet depends on the amount of heat produced by the decay of 
radioactive elements, the thermal conductivity of the deep interior, 
and the initial temperature of the deep interior. Using rather 
imprecise models and maksng reasonable assumptions concerning the 
abundance of the radioactive elements potassium, uranium, and 
thorium, it was expected that the energy flux from the interior 
of the Moon would be substantially lower than that for the Earth 
simply because the Moon is much smaller. 



The f i r s t  measurement of t h i s  quan t i ty  a t  t h e  Apollo 15 
s i t e  i n d i c a t e s  t h a t  t h i s  i s  no t  the  case,  I f  t h i s  measurement 
i s  c h a r a c t e r i s t i c  of t h e  whole Moon, t h e  only p l a u s i b l e  explan- 
a t i o n  t h a t  has been pu t  f o r t h  t o  d a t e  requi res :  F i r s t ,  t h a t  
t h e  Moon i s  r i c h e r  i n  the  r ad ioac t ive  elements uranium and 
thorium than t h e  Earth;  and secondly, t h a t  these  elements a r e  
s t rong ly  concentrated i n t o  t h e  upper p a r t s  of t h e  Moon. When 
combined with the  observat ions on t h e  volcanic  h i s t o r y  of t h e  
Moon and t h e  present-day i n t e r n a l  temperatures,  t h e  energy f l u x  
leads  t o  two c u r r e n t  p i c t u r e s  of luna r  evolut ion.  The f i r s t  
assumes t h a t  t h e  v a r i a t i o n  i n  r a d i o a c t i v i t y  with depth i s  a 
primary c h a r a c t e r i s t i c  of t h e  p lane t ;  t h a t  i s ,  the  p l a n e t  was 
chemically layered  during i t s  formation. I n  t h i s  case,  t h e  
i n i t i a l  temperature of t h e  lunar  i n t e r i o r  below 500  ki lometers  
was r e l a t i v e l y  low, and t h e  deep i n t e r i o r  of t h e  Moon gradual ly 
became h o t t e r ,  perhaps reaching t h e  melt ing po in t  during t h e  
l a s t  b i l l i o n  years .  Volcanism can be e n t i r e l y  accounted f o r  
by e a r l y  melt ing i n  t h e  o u t e r  400 ki lometers  of the  Moon which 
were formed a t  a h igher  temperature than t h e  c e n t r a l  core of 
t h e  Moon. The a l t e r n a t i v e  model of thermal evolut ion assumes 
t h a t  t h e  Moon was chemically homogeneous when it formed and 
underwent ex tens ive  chemical d i f f e r e n t i a t i o n  t o  b r ing  radio- 
a c t i v i t y  t o  t h e  su r face  very s h o r t l y  a f t e r  i t s  formation -- 
i n  o t h e r  words, w e  begin with a molten Moon. Each of these  
models has some problems. The ob jec t ives  a r e ,  i n  a sense,  
e s t h e t i c .  Some s c i e n t i s t s  o b j e c t  t o  the  hypothesis t h a t  t h e  
Moon was i n i t i a l l y  heterogeneous on t h e  grounds t h a t  such 
s t r u c t u r e  r equ i res  s p e c i a l  assumptions regarding t h e  processes  
t h a t  formed p lane t s .  Others o b j e c t  t o  t h e  idea  of a molten 
Moon t h a t  conveniently d i f f e r e n t i a t e s  t o  b r ing  t h e  r ad ioac t iv -  
i t y  t o  t h e  su r face  as  an equal ly  a r b i t r a r y  idea .  

7 )  The most ex tens ive  and d ive r se  d a t a  obtained on t h e  
lunar  su r face  a r e  those concerned with t h e  chemistry and miner- 
alogy of t h e  su r face  mater ia l s .  The study of samples from t h e  
s i x  Apollo s i t e s  and two Luna s i t e s  r evea l s  a number of chemical 
c h a r a c t e r i s t i c s  t h a t  a r e  apparent ly moonwide. There i s ,  never- 
t h e l e s s ,  some hes i tancy t o  genera l i ze  from these  r e l a t i v e l y  
minute samples t o  t h e  whole lunar  sur face .  For tunate ly ,  two 
experiments c a r r i e d  o u t  i n  l u n a r  o r b i t  provided e x c e l l e n t  d a t a  
regarding t h e  r eg iona l  d i s t r i b u t i o n  of var ious rock types.  
The x-ray f luorescence experiment very convincingly defined 
t h e  prime d i f f e r e n c e  between t h e  chemistry of t h e  mare and 
highland regions.  I t  showed t h a t  t h e  highland regions a r e  
unusually r i c h  i n  aluminum -- much r i c h e r ,  i n  f a c t ,  than most 
t e r r e s t r i a l  cont inents .  This observat ion ,  along with t h e  
ubiqui tous occurence of fragments which show an apparent en- 
richment i n  t h e  mineral  p lag ioc lase ,  leads  t o  t h e  s t rong  
hypothesis t h a t  t h e  r e g o l i t h  and s o i l  of highland regions i s  
underlain by a " c r u s t "  s i m i l a r  t o  t h e  t e r r e s t r i a l  rock 
designated anor thos i t e .  



The x-ray fluorescence results show that mare regions have 
aluminum concentrations 2-3 times lower than those of the terra 
or highland regions, along with magnesium concentrations that 
are 1 1/2 - 2 times greater than those of the terra regions. 
These differences are totally consistent with the chemistry 
of the returned samples. When combined with data from the 
returned samples, these observations provide an excellent 
explanation of the morphological and albedo differences. We 
have, for example, determined that all mare basalts are unusually 
rich in iron and sometimes rich in titanium. The high iron 
concentration of the mare vis-a-vis the low concentration of 
the highlands is the basic explanation of the albedo differ- 
ences since both glass and mineral substances rich in iron and 
titanium are usually very dark. A second experiment carried 
from lunar orbit shows that the region north and south of the 
crater Copernicus is remarkable rich in radioactive elements. 
A band going north from the Fra Mauro site to a region west 
of the Apollo 15 site, contains soil that must have 20 times 
more uranium andthorlum than most of the mare or terra in 
other parts of the Moon. The existence of a rock rich in these 
elements was also inferred from samples from the Apollo 12, 14 
and 15 sites. The uneven distribution of this rock -- commonly 
disignated KREEP basalt -- is a major enigma in the early evolu- 
tion of the Moon. The time of formation of rocks with this 
chemistry is not well determined. There is, however, strong 
circumstantial evidence that some of the uranium-rich KREEP 
basalts were originally formed between 4.3 and 4.4 billion 
years ago. Both the samples and orbital geochemical experiments 
indicate that the three most common rocks in the lunar surface 
are plagioclase - or aluminum-rich anorthosites; uranium, 
thorium-rich '!KREEPN basaltic rocks; and iron-rich mare basalts. 
With the exception of the mare basalts, we do not have well 
documented, unambiguous theories or models that explain the 
chemical or mineralogical characteristics of these rocks. 
Nevertheless, the differences between the lunar rocks and 
terrestrial, rocks are so marked that we can conclude that the 
Moon must be chemically different from the Earth. The Moon 
appears to be much richer in elements that form refractory com- 
pounds at temperatures of 1600-1800°K. Thermodynamic considera- 
tions show that calcium,aluminum, and titanium silicates are 
the most refractory compounds that exist in a solar dust cloud. 
Many scientists are now coming to the conclusion that the chemistry 
of the lunar surface is telling us that some separation of solid 
material and gas in this dust cloud took place at temperatures 
in excess of 1600°K. The Moon is also strongly depleted in 
elements that are volatile at high temperatures. This is, of 
course, consistent with the enrichment in refractory elements. 



None of  t h e  t h r e e  t h e o r i e s  regarding t h e  o r i g i n  of  t h e  
Moon -- t h a t  i s ,  separa t ion  from t h e  Earth,  capture  from a 
circumsolar o r b i t ,  o r  formation from a d u s t  cloud surrounding 
t h e  Earth -- can be abso lu te ly  ru led  o u t  from t h e  p resen t  
da ta .  The chemical d i f f e r e n c e  between t h e  Earth and t h e  Moon 
must, however, be explained i f  t h e  Moon was t o r n  o u t  of t h e  
Earth.  The dep le t ion  i n  v o l a t i l e s  and enrichment i n  r e f rac -  
t o r i e s  p lace  a c o n s t r a i n t  on t h i s  theory t h a t  w i l l  be very 
d i f f i c u l t  t o  account f o r .  



APOZLO '17 MISSION OBJECTIVES 

The final mission in the Apollo lunar exploration pro- 
gram will gather information on yet another type of geologicaP 
formation and add to the network of automatic scientific 
stations. The Taurus-Littrow landing site offers a combi- 
nation of mountainous highlands and valley lowlands from 
which to sample surface materials. The Apollo 17 Lunar 
Surface Experiment Package (ALSEP) has four experiments 
never before flown, and will become the fifth in the lunar 
surface scientific station network. Data continues to be 
relayed to Earth from ALSEPs at the Apollo 12, 14, 15 and 16 
landing sites. 

The three basic objectives of Apollo 1g are to explore 
and sample the materials and surface features at Taurus- 
Littrow, to set up and activate experiments on the lunar sur- 
face for long-term relay of data, and to conduct inflight 
experiments and photographic tasks. 

The scientific instrument module (SIM) bay in the service 
module is the heart of the inflight experiments effort on 
Apollo 17. The SIM Eay contains three experiments never 
flown before in addition to high-resolution and mapping 
cameras for photographing and measuring properties of the 
lunar surface and the environment around the Moon. 

While in lunar orbit, command module pilot Evans will 
have the responsibility for operating the inflight experi- 
ments during the time his crewmates are on the lunar surface. 
During the homeward coast after transearth injection, Evans 
will perform an in-flight EVA hand-over-hand back to the 
SIM Bay to retrieve film cassettes from the SIM Bay and pass 
them back into the cabin for return to Earth. 

The range of exploration and geological investigations 
made by Cernan and Schmitt at Taurus-Littrow again will be 
extended by the electric-powered lunar roving vehicle. 
Cernan and Schmitt will conduct three seven-hour EVAs. 

Apollo 17 will spend an additional two days in lunar 
orbit after the landing crew has returned from the surface, 
The period will be spent in conducting orbital science ex- 
periments and expanding the fund of high-resolution photo- 
graphy of the Moon's surface. 
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LAUNCH OPERATIONS 

Prelaunch Prepara t ions  

NASA's John I?. Kennedy Space C r a f t  Center performs pre- 
f l i g h t  checkout, test  and launch of t h e  Apollo 17 space veh ic le .  
A government-industry team of about 600 w i l l  conduct t h e  f i n a l  
countdown, 500 of them i n  F i r i n g  Room 1 i n  t h e  Launch Control 
Center and 100 i n  t h e  s p a c e c r a f t  con t ro l  rooms i n  t h e  Manned 
Spacecraf t  Operations Building (MSOB). 

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

I n i t i a l  checkout of t h e  Apollo spacec ra f t  is  conducted 
i n  work s tands  and i n  t h e  a l t i t u d e  chambers i n  t h e  Manned 
Spacecraf t  Operations Building a t  Kennedy Space Center. Af ter  
completion of checkout t h e r e ,  t h e  assembled spacec ra f t  i s  taken 
t o  t h e  Vehicle Assembly Building (VAB) and mated wi th  t h e  
launch veh ic le .  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 veh ic le  t e s t s  a r e  conducted. The assembled space 
veh ic le  i s  then r o l l e d  o u t  t o  t h e  launch pad f o r  f i n a l  pre- 
pa ra t ions  and countdown t o  launch. 

F l i g h t  hardware f o r  Apollo 17 began a r r i v i n g  a t  KSC i n  
October, 1970, while  Apollo 1 4  was undergoing checkout i n  t h e  
VAB . 

The command/service module a r r i v e d  a t  KSC i n  l a t e  March, 
1972, add was placed i n  an a l t i t u d e  chamber i n  t h e  MSOB f o r  
systems t e s t s  and unmanned and manned ahamber runs.  During 
these  runs,  t h e  chamber a i r  was pumped o u t  t o  s imulate  t h e  
vacuum of space a t  a l t i t u d e s  i n  excess of 200,000 f e e t .  I t  
i s  dur ing  these  runs t h a t  spacec ra f t  systems and a s t r o n a u t s "  
l i f e  support  systems a r e  t e s t e d .  

The lunar  module a t  KSC i n  June and i t s  two s t a g e s  were 
moved i n t o  an a l t i t u d e  chamber i n  t h e  MSOB a f t e r  an i n i t i a l  
rece iv ing  inspect ion .  It, too ,  was given a s e r i e s  of systems 
tests and unmanned and manned chamber runs.  The prime and back- 
up crews p a r t i c i p a t e d  i n  t h e  chamber runs on both t h e  LM 
and t h e  CSM. 

In  J u l y ,  t h e  LM and CSM were removed from t h e  chambers. 
Af te r  i n s t a l l i n g  t h e  landing gear  on t h e  LM and t h e  SPS nozzle 
on t h e  CSM, t h e  LM was encapsulated i n  t h e  spacec ra f t  LM 
adapter  (SLA) and t h e  CSM w a s  mated t o  t h e  SLA. On August 
2 4 ,  t h e  assembled spacec ra f t  was moved t o  t h e  VAB where it 
was mated t o  t h e  launch veh ic le .  



The Lunar Roving Vehicle (LRV), which the Apollo 17 crew 
will use in their exploratory traverses of the lunar surface, 
arrived at KSC on June 2, Following a series of tests, which 
included a mission simulation on August 9 and a deployment 
demonstration on August 10, the LRV was flight installed in 
the Lunar Module's descent stage on August 13. 

Erection of the Saturn V launch vehicle's three stages 
and instrument unit on Mobile Launcher 3 in the VAB1s High 
Bay 3 began on May 15 and was completed on June 27. Tests 
were conducted on individual systems on each of the stages 
and on the overall launch vehicle Before the spacecraft was 
erected atop the vehicle on August 24. 

Rollout of the space vehicle from the VAB to Pad A at KSC's 
Launch Complex 39 was accomplished on August 28. 

Processing and erection of the Skylab 1 and Skylab 2 
launch vehicles was underway in the VAB while preparations 
were made for moving Apollo 17 to the pad, giving KSC three 
Saturn space vehicles "in flow" for the first time since the 
peak of Apollo activity in 1969. 

After the move to the pad, the spacecraft and launch 
vehicle were electrically mated and the first overall test 
(plugs-in) was conducted on October 11. 

The plugs-in test verified the compatibility of the space 
vehicle systems, ground support equipment, and off-site sup- 
port facilities by demonstrating the ability of the systems 
to proceed through a simulated countdown, launch and flight. 
During the simulated flight portion of the test, the systems 
were required to respond to both normal and emergency flight 
conditions. 

The space vehicle Flight Readiness Test was conducted 
October 18-20, Both the prime and backup crews participate 
in portions of the FRT, which is a final overall test of the 
space vehicle systems and ground support equipment when all 
systems are as near as possible to a launch configuration. 

After hypergolic fuels were loaded aboard the space 
vehicle and the launch vehicle first stage fuel (RP-1) was 
brought aboard, the final major test of the space vehicle 
began. This was the Countdown Demonstration Test (CDDT), 
a dress rehearsal for the final countdown to launch. 

The CDDT for Apollo 17 was divided into a "wet" and a 
"dry" portion. During the first or "wet" portion, the entire 
countdown, including propellant loading was carried out down 
to 8.9 seconds, the time for ignition sequence start. The 
astronaut crew did not participate in the wet CDDT. 



At the completion of the wet CDDT, the cryogenic pro- 
pellants (liquid oxygen and liquid hydrogen) were off-loaded 
and the final portion of the countdown was re-run, this time 
simulating the fueling and with the prime astronaut crew par- 
ticipating as they will on launch day. 

Apollo 17 will mark the 12th Saturn V launch from KSC 
and the eleventh from Complex 39's Pad A. Only Apollo 10 
was launched from Pad B. 

Because of the complexity involved in the checkout of 
the 110.6 meter (363-foot) tall Apollo/Saturn V configuration, 
the launch teams make use of extensive automation in their 
checkout. Automation is one of the major differences in 
checkout used in Apollo compared to the procedures used in 
earlier Mercury and Gemini programs. 

Computers, data display equipment and digital data 
techniques are used throughout the automatic checkout from 
the time the launch vehicle is erected in the VAB through 
liftoff. A similar but separate computer operation called 
ACE (Acceptance Checkout Equipment) is used to verify the 
flight readiness of the spacecraft. Spacecraft checkout is 
controlled from separate rooms in the MSOB. 



COUNTDOWN 

The Apollo 17 precount activities will start at T-6 
days. The ear'y tasks include electrical connections and 
pyrotechnic installation in the space vehicle, Mechanical 
buildup of the spacecraft is completed, followed by ser- 
vicing of the various gases and cyrogenics to the CSM and LM. 
Once this is accomplished, the fuel cells are activaked. 

The final countdown begins at T-28 hours when the flight 
batteries are installed in the three stages and instrument 
unit of the launch vehicle. 

At the T-9 hour mark, a built-in hold of nine hours and 
53 minutes is planned to meet contingencies and provide a 
rest period for the launch crew. A one hour built-in hold 
is scheduled at T-3 hours 30 minutes. 

Following are some of the highlights of the latter part 
of the count: 

T-10 hours, 15 minutes Start mobile service structure 
move to park site. 

T-9 hours 

T-8 hours, 05 minutes 

T-4 hours, 00 minutes 

T-3 hours, 30 minutes 

T-3 hours, 30 minutes 

T-3 hours, 06 minutes 

T-2 hours, 48 minutes 

T-2 hours, 40 minutes 

Built-in hold for nine hours and 
53 minutes. At end of hold, pad 
is cleared for LV propellant 
loading. 

Launch vehicle propellant load- 
ing - Three stages (LOX in first 
stage, LOX and LH2 in second and 
third stages). Continues thru 
T-3 hours 38 minutes. 

Crew medical examination. 

Crew supper. 

One-hour built-in hold. 

Crew departs Manned Spacecraft 
Operations Building for LC-39 
via transfer van. 

Crew arrival at LC-39 

Start flight crew ingress 



T-E hour, 51 minutes 

T-43 minutes 

T-42 minutes 

T-37 minutes 

T-30 minutes 

T-20 minutes to 
T-10 minutes 

T-15 minutes 

T-6 minutes 

T-5 minutes, 30 seconds 

T-5 minutes 

T-3 minutes, 6 seconds 

T-50 seconds 

T-8.9 seconds 

T-2 seconds 

T-0 

Space Vehicle Emergency Detection 
System test (Young participates 
along with launch team) . 
Retract Apollo access arm to stand- 
by position (12 degrees). 

Arm launch escape system. Launch 
vehicle power transfer test, LM 
switch to internal power. 

Final launch vehicle range safety 
checks (to 35 minutes) 

Launch vehicle power transfer 
test, LM switch over to internal 
power. 

Shutdown LM operational instru- 
mentation. 

Spacecraft to full internal power. 

Space vehicle final status checks. 

Arm destruct system. 

Apollo access arm fully tetracted. 

Firing command (automatic sequence). 

Launch vehicle transfer to inter- 
nal power. 

Ignition start. 

All engines running. 

Liftoff . 

NOTE: Some changes in the countdown are possible as a result 
of experience gained in the countdown demonstration test which 
occurs about two weeks before launch. 



Launch Windows 

The mission planning considerations for the launch 
phase of a lunar mission are, to a major extent, related to 
launch windows. Launch windows are defined for two different 
time periods: a "daily window" has a duration of a few hours 
during a given 24-hour period: a "monthly windowtt consists 
of a day or days which meet the mission operational constraints 
during a given month or lunar cycle. 

Launch windows are based on flight azimuth limits of 
72O to 100° (~arth-fixed heading east of north of the launah 
vehicle at the end of the roll program), on booster and space- 
craft performance, on insertion tracking, and on Sun elevation 
angle at the lunar landing site. All tfmes are EST. 

Launch Windows 

LAUNCH DATE OPEN CLOSE SUN ELEVATION ANGLE - 
December 6, 1972 9:53 pm EST 1:31 am 13O 
December 7, 1972 9:53 pm 1:31 am 16.9-19.1' 

January 4, 1973 * 9:51 pm EST 11:51 pm 6.8O 
January 5 ,  1973 8:21 pm 11:51 pm 10.2-ll.1° 
January 6, 1973 8:28 pm 11:56 pm 20.3-22.4' 

February 3, 1973 6:47 pm EST 10:13 pm 13.3-15.5O 
February 4, 1973 6:58 pm 1e:20 pm 13.5-15,5O 

* Launch azimuth limits for January are 84O to 100°. 

Ground% Elppsed Time Update 

It is planned to update, if necessary, the actual ground 
elapsed t;ime (GET) during th=:.mission to allow the GET clock 
to coincide with the preplanned major flight event times should 
the event times be ehanged because of late liftoff or trajec- 
tory dispersions. 

For example, if the flight plan calls for descent orbit 
indertion (DOI) to occur at GET 88 hours, 55 minutes and the 
flight time to the Moon is two minutes longer than planned 
due to trajectory dispersions at translunar injection, the 
GET clock will be turned back two minutes during the trans- 
lunar coast period so that DO1 occurs at the pre-planned 
time rather than at 88 hours, 57 minutes. It follows that 
the other major mission events would then also be accomplished 
at the pre-planned GET times. 



Updating the GET clock will accomplish in one adjustment 
what would otherwise require separate time adjustments for 
each event. By updating the GET clock, the astronauts and 
ground flight control personnel will be relieved of the bur- 
den of changing their checklists, flight plans, e t ~ .  

The planned times in the mission for updating GET will 
be kept to a minimum and will, generally, be limited to three 
updates. If required, they will occur at about 63, 96 
and 210 hours into the mission, Both the actual GET and the 
update GET will be maintained in the MCC throughout the mission. 

Synchronization of Ground Elapsed Time (GET) 

The realtime GET is synchronized with the Flight Plan 
GET. In TLC, the GET is synchronized at 63:30 if the time 
propagated ahead to start of Rev 2 is more than +L minute 
from the flight plan GET, In lunar orbit the GET is syn- 
chronized at 95:50 and 209:50 if the time propagated ahead 
to start of Rev 26 and Rev 66 respectively is more than +2 
minutes from the flight plan GET, The synchronization is 
performed by a V70 uplink from the ground followed by the 
crew synchronizing the mission timer to the CMC clock. 



LAUNCH AND MISSION PROFILE 

The Saturn V launch vehicle CSA-512) will boost the 
Apollo 17 spacecraft from Launch Complex 39A at the Kennedy 
Space Center at 9:53 p.m. EST December 6, 1972, on an azimuth 
of 72 degrees. 

The first stage CS-IC) will lift the vehicle 66 ki&ometers 
(33 nautical miles) above the Earth. After separation, the 
booster stage will fall into the Atlantic Ocean about 662 km 
(301 nm) downrange from Cape Kennedy approximately nine minutes, 
12 seconds after liftoff. 

The second stage (S-11) will push the vehicle to an 
altitude of about 173 km (87 nm). After separation, the S-I1 
stage will follow a ballistic trajectory which will plunge it 
into the Atlantic about 4,185 km (2,093 nm) downrange about 
19 minutes, 51 seconds into the mission. 

The single engine of the third stage (S-IVB) will insert 
the spacecraft into a 173-kilometer (93 nm) 
circular Earth parking orbit before it is cut off for a 
coast period. When reignited, the engine will inject the 
Apollo spacecraft into a trans-lunar trajectory. 



APOLLO 17 

FLIGHT PROFILE 

w# SEPARATI OR \ 
m M E  CHANGE (REV 48) 

LM RCS WI-2 
7 X 6 0 N M  
(REV 13) 

ASCENT STAGE - W 
J m I s t m  (REV 54) 

EMTI! ORBTT INSERTION 

S-IVB 2WD BUM M O W  
ATIANTIC TRAnUUNAR 
I M E C T I ~  ( n I 1  

EVASIVE tlMlRNER 
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APOLLO 17 

LUNAR ORBIT INSERTION 
LOI BURN, 2980 FpS 
(395.4 SEC.) 88:56 GET SIM BAY WOR 10 N 

\ 
\ / 

/ - c, 





APOLLO 17 
DESCENT ORBIT INSERTION MANEUVERS 

PER ILUNE ALTITUDE RAISED TOW&, 000 FT VS"54,000 FT ON APOLLO 16 

PERILUNELOCATIONSHIFTED TO1o0 W. OF LANDING SITEVS 16'EON 
APOLLO 16 

(1 )' - PROV I DES S UFF I C I ENT TIME FOR FL IGHT CONTROLLERS TO 
DElERM I NE BURN CHARACTER ISTICS to I 

ul 

Q) REDUCES PROBAB ILlTY OF NECESS ITY FOR DO 1-1 BAILOUT 
0 
I 

MANEUVER 

(3) LANDMARK TRACK lffi ENHANCED BY HIGHER ALTITUDE 

e SHOULD PRECLUDE EARLY CREW WAKEUP FOR A DO1 TRIM MANEWER 

@ DOI-2 

e LOWERS PER l LUNE FROMwaO, 000 FT TO~43,000 FT.; 

e 40 LBS OF LM RCS USED 

e NET GAIN IN HOVER TIME OFw3 SEC, 

e SPS RESERVES INCREASED BYw25 FPS 



MISSION EVENTS 

GET Velocity change 
Events hrs :min Date/CST m/sec (ft/sec) 

TransAunar in.*ctf m 3 : 27 7/12:20 am 3,048 (10,001) 
(S-IVB engine start) 

CSM separation, docking 4:02 7/12:55 am --- 
Ejection from SLA 4:47 7/1:40 am .3 (1) 

S-IVB evasive maneuver 5:lO 7/2:03 am 3 (9.8) 

(S-IVB prop dump, APS burns from MSFC 
Launch Vehicle Trajectory documents) 

Midcourse correction 1 TLI+9 hr 7/9:20 am 0 * 

Midcourse correction 2 TLI+32 hrs 8/8:20 am 0 * 
Midcourse correction 3 LOI-22 hrs 9/3:48 pm O* 

Midcourse correction 4 LOI-5 hrs 10/8:48 am 0* 

SIM door jettison LOI-4.5 hrs 10/9:18 am 4.2 (13.7) 

Lunar orbit insertion 88:55 10/1:48 pm -908.3 (-2980) 

S-IVB impacts lunar 89:21 10/2:14 pm 
surf ace 

Descent orbit 
insertion No. 1 93:13 

CSM/LM Mocking 110 : 28 

CSM circularization 
burn 111 : 55 

Purpose and resultant orbit 

Injection into translunar trajectory with 94km 
(51 nm) pericynthion 

Mating of CSM and LM 

Separates CSM-LM from S-IVB/SLA 

Provides separation prior to S-IVB propellant 
and thruster maneuver to cause lunar impact 

*These midcourse corrections have a nominal 
velocity change of 0 m/sec, but will be 
calculated in real time to correct TLI 
dispersions; trajectory remains within 
capability of a docked-DPS TEI burn should 
SPS fail to ignite. 

Inserts Apollo 17 into 94x316 km (51x170 nm) 
elliptical lunar orbit 

Seismic event for Apollo 12, 14, 15 and 16 
passive seismometers. Target: 7 degrees south 
latitude by 8 degrees west longitude. 

SPS burn places CSM/LM into 25x109 km (15x59 nm) 
lunar orbit. 

Inserts CSM into 99.9x129.6 km (54x70 nm) orbit 
(SPS burn) 



Events 
GET 

hrs :min 

Descent orbit 112 : 00 
insertion No. 2 

LM powered descent 112:49 

LM lunar surface contact 113:Ol 

EVA-1 begins 

EVA-2 begins 

EVA-3 begins 

CSM plane change 

d 
LM ascent 

t 

Lunar orbit insertion 188:lO 

Terminal phase initiate 188:57 
(TPI) LM APS 

Braking: 4 LM RCS burns 189:39 

Docking 190:OO 

LM jettison, separtion 194:09 

LM ascent stage deorbit 145:41 

Velocity change 
Date/CST m/sec (ft/sec) Purpose and resultant orbit 

Lowers LM pericynthion to 12.9 km (7 nm) 

Three-phase DPS burn to brake LM out of transfer 
orbit, vertical descent and lunar touchdown 

Lunar exploration, deploy ALSEP, collect geological 
samples, photography. 

See separate EVA timelines 

See separate EVA timelines 

See separate EVA timelines 

Changes CSM orbital plane by 3.6 degrees to coincide , 
with LM orbital plane at time of LM ascent. N 

I 
Boosts ascent stage into 16.6x88.5 km (9~47.8 nm) 
lunar orbit for rendezvous with CSM 

Boosts ascent stage into 88~118.5 km (47x64 nm) 
catch-up orbit; LM trails CSM by 59.2 krn (32 nm) 
and 27.7 km (15 nm) below at TPI burn time. 

Line-of-sight terminal phase braking to place LM 
in 114.8x114.8 km (62x62 nm) orbit for final 
appraach, docking. 

CDR and LMP transfer back to CSM 

Prevents recontact of CSM with LM ascent stage 
for remainder of mission. 

ALSEP seismometers at Apollo landing sites 
record impact. 



Events 

LM impact 

GET 
hrs :min 

195 : 58 

Transearth injection (TEI) 236:39 

Midcourse correction 5 253:40 

Transearth EVA 257:25 

Midcourse correction 6 EI-22 hrs 

Midcourse correction 7 EI-3 hrs 

CM/SM separation 
(EX-15 min) 

Entry interface 304 : 18 

(6 
Splashdown 

Velocity change 
Date/CST m/sec (ft/sec] Purpose and resultant orbit 

Impact at about 1,643.9 m/sec (5,394 ft/sec) at 
-6.1 degree angle 

Injects CSM into transearth trajectory 

Transearth midcourse corrections will be 
computed in real time for entry corridor control 
and recovery area weather avoidance. 

Retrieve SM SIM bay film canisters. 

Command module oriented for Earth atmosphere entry 

Command module enters Earth atmosphere at 
11,000 m/sec (36,090 fps) 

Landing 2,111 km (1,140h) downrange from 
entry; splash at 17.9 degrees south latitude 
by 166 degrees west longitude. 



POWERED DESCENT VEHICLE POSlTlOW S 
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APOL'LO 17 

CREW POST LANDING ACTIVITIES 

DAYS FROM RECOVERY - DATE ACTIVITY 

$ 
0 r SPLASHDOWN DEC 19 
(D 
1 R + I  DEC 20 DEPART SHI P, ARRIVE HAWAI I 

R + 2  DEC 21 DEPART HAWAI I ,  ARRIVE HOUSTON 

R + 314 DEC 22,23 CRMl  TECHNICAL DEBRIEFING PERIOD 

DEC 24 THRU 
JAN 2 NO DEBRIEFINGS SCHEDULED 

JAN 3 PICKUP CREW DEBRI EFINCS 



EVA MISSION EVENTS 

GET 
Events hr's'.: min 

Depressurize LM for EVA 1 116:40 

CDR steps onto surface 116 : 55 

LMP steps onto surface 116 : 58 

Crew offloads LRV 117 : 01 

CDR test drives LRV 117 : 20 

LRV parked near MESA 117 : 25 

LMP mounts geomogy pallet on LRV 117 : 29 

CDR mounts LCRV, TV on LRV 117 :31 

LMP deploys United States flag 117 :53 

CDR readies LRV for traverse 118 : 02 

LMP offloads ALSEP 118 : 07 

LMP carries ALSEP "barbell" to 
deployment site 

Crew begins ALSEP deploy 118 : 27 

ALSEP deploy complete 120:19 

Crew drive to Surface Electrical 
Properties (SEP) experiment site 120:38 

Crew arrives at SEP site and 
drops off t~ansmitter 

Crew drives to station 1 120:46 

Enroute, crew emplaces Lunar 
Seismic Profiling Experiment (LSPE) 120:55 
explosive package 

Crew arrives station 1 for 
documented/rake/soil samples, 121: 07 
crater sampling, trench etc. 

Crew emplaces LSPE explosive 
package No. 5 at station 1 



Event 
GET 

hrs':min 

Crew returns to SEP site 122:13 

LSPE explosive package No. 7 
deployed enroute 

Crew arrives at SEP site 122:35 

SEP transmitter deploy completed 122:58 

Crew arrives at LM for EVA 1 
closeout, sample packaging, load 123: 00 
transfer bag 

LMP ingresses LM 123:24 

CDR ingresses LM 123 : 36 

Repressurize LM, end EVA 1 123:40 

Depressurize LM for EVA 2 139:lO 

CDR steps onto surface 139 : 26 

LMP steps onto surface 139 : 29 

Crew completes loading LRV for 
geology traverse 139:45 

Crewmen load geological gear on 
each other's PLSS 139:46 

LMP walks to SEP site, turns SEP on 139 : 50 

Crew drives toward station 2, 
deploys explosive package No. 4 140: 02 
enroute 

Crew arrives at station 2 for rake, 
core, documented samples and 
polarimetry at base of South Massif 141:08 

Crew drives toward station 3 
collecting samples enroute with 
LRV sampling device 141 : 59 

Crew arrives at station 3 for rake, 
trench, and documented sampling 
of scarp and light mantle 

142:28 



Event 
GET 

hrs :min ?ate/CST 

Crew drives toward station 4 143 : 13 12/8:06 pm 

Crew arrives at station 4 for 
observations, rake and documented 143:32 
samples and a double core around 12:8:25 pm 

dark halo crater 

Crew drives toward station 5, 
deploys explosive package 144:13 
No. 1 enroute 

Crew arrives at station 5 for 
observations, double core, rake 
and documented samples around 144:46 
700-meter mantled crater 

Crew drives back to LM, deploys 
explosive package No. 8 enroute 145:16 

Crew arrives at LM for EVA closeout, 
packages samples, film mags 145:26 

LMP ingresses LM 145:57 

CDR ingresses LM 146:06 

Repressurize LM, end EVA 2 146:lO 

De~ressurize LM for EVA 3 162:40 

CDR steps onto surface 162: 55 

LMP steps onto surface 162 : 59 

Crew completes loading LRV for 
geology traverse 163: 06 

Crewmen load geological gear on 
each other's PLSS 163:lO 

LMP walks to SEP site, turns SEP on 163 : 15 

CDR drives to SEP site, picks up 
LMP, depart for station 6 163: 25 



Events 

Crew arrives at station 6 for 
rake and documented samples and 
polarimetry near base of North 
Massif 

GET 
hrs:min 

Crew drives to station 7 164:39 

Crew arrives at station 7 for 
rake and documented sampling 
at base of North Massif 164 : 50 

Crew drives to station 8 165:37 

Crew arrives at station 8 for 
rake and documented samples at 
base of sculptured hills 165:50 

Crew drives to station 9 166 : 37 

Crew arrives at station 9 for 
radial, rake and documented 
samples at fresh 80-meter 
crater on dark mantle 166:53 

Crew drives to station 10 167 : 23 

Crew arrives at station 10, 
for documented samples, double 
core, on rim of blocky-rimmed . 
crater 

167:47 

Crew drives back to LM, deploys 
explosive package No. 2 en~oute 168:23 

Crew arrives at LM and crew begins 
EVA 3 close-out,ssample stowage,etc. 168:42 

LMP hikes to ALSEP site to fetch 
neutron probe 168:59 

CDR deploys explosive package 
No. 3 near LRV final parking 
location 169:21 

LMP ingr#esses LM 

CDR ingresses LM 



ITEM 
7 

LAUNCH TIME 

d TRANSLUNAR INJECTION 

DESCENT ORBIT INSERTION 
1 

PERI LUNE LOCATION 
LUNAR SURFACE STAY 

TRAVERSE D l  STANCE 

LUNAR ORBIT PLANE CHANGES 

EARTH RETURN INCLINATION 
TOTAL MISSION TIME 

APOLLO 17 VS APOLLO 16 
OPERATIONAL DIFFERENCES 

APOLLO 1 7  

N I GHT 
ATLANTIC ( ~ R D  REV) 

DOI-1 8 2 MANEUVERS 
10" W OF LANDING SITE 
75 HOURS 

1 

66 5" DESCEND1 NG 
304 : 3 1  (PLANNED) 

APOLLO 1 6  

DAY 
PACIFIC ( ~ N D  REV) -I 

W 
w 
P 

ONE DO1 MANEUVER I 

16" E OF LANDING SITE 
73 HOURS (PLANNED 
71 HOURS (ACTUAL) 
25,2KM (PLANNED) 
26,7 KlVl (ACTUAL) 
2 (PLANNED) 
62" ASCENDING 
290 : 36 (PLANNED) 
265: 51 (ACRJAI 







APOLLO 17 LUNAR SURFACE TIMELINE 

6 
m I 

I W N 
QJ 

E V A 9  ( 7 HOURS) 
I 



APOLLO 17 

TRAVERSE STATION TIMELINE - EVA 1 

STATIUN.1: EMORY (1a) 

CDR 
z.52 :M - .  

LMP 

NOTES: 
O f l  = OVE 



APOLLO 17 

TRAVERSE STATION TIMELINE - EVA 2 

CDR I O/H I 

o/H PAN I RAKE/SOIL WPLE/POLARIMETRY I RAKE SAMPLE SAMPLING 
AND SINGLE  RE O/H 

~.IIIICI-IIII~IILII~IIIIIIIIIII)-IIIII~I~II~~ 

STATION 3: LARA (:&I 
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TAURUS-LITTROW -- APOLLO 1'7' LAMDING SITE 

Landing s i t e  f o r  t h e  f i n a l  Apollo lunar  landing mission, 
Taurus-Littrow, t akes  i t s  name from t h e  Taurus mountains and 
Li t t row crater which are loca ted  i n  a mountainous region  on 
t h e  southeas tern  r i m  of  t h e  S e r e n i t a t i s  bas in .  

The a c t u a l  t a r g e t  landing s i te  i s  a t  30s 44l58.3" east 
longi tude  by 20°09'50.5" nor th  l a t i t u d e  --- about 750 km east 
of t h e  Apollo 15 landing s i te  a t  Hadley R i l l e .  

Geologis ts  specu la te  t h a t  most of t h e  landing s i te  region 
probably c o n s i s t s  of  highland m a t e r i a l  which was u p l i f t e d  t o  
i t s  p resen t  he igh t  a t  t h e  t i m e  t h e  S e r e n i t a t i s  bas in  w a s  form- 
ed. The v a l l e y  i n  which t h e  landing s i t e  i s  loca ted  i s  cover- 
ed by a f ine-grained dark mantle t h a t  may c o n s i s t  of volcanic  
fragments. The s i te  i s  surrounded by t h r e e  high,  s t e e p  mass i fs  
which l i k e l y  are composed o f  b r e c c i a  formed by t h e  impacts t h a t  
c rea ted  some of t h e  major mare bas ins  --- probably pre-Imbrian 
i n  age, 

A range of "sculptured h i l l s "  t o  t h e  nor theas t  of t h e  
landing s i te  i s  be l ieved t o  be of  t h e  same o r i g i n  as t h e  massifs ,  
bu t  probably having a d i f f e r e n t  h i s t o r y  of e ros ion  and deform- 
a t ion .  I n  gross  morphology, t h e  sculp tured  h i l l s  possess  
some of t h e  c h a r a c t e r i s t i c s  of volcanic  s t r u c t u r e s ,  

Most of  t h e  p l a i n  between t h e  massifs i s  covered by a 
dark mantle which apparent ly has no l a r g e  blocks o r  boulders ,  
and which has been i n t e r p r e t e d  t o  be a p y r o c l a s t i c  depos i t .  
The dark mantle i s  pocked by s e v e r a l  small ,  dark ha lo  c r a t e r s  
t h a t  could be volcanic  ven t s  a l l  near  t h e  landing s i te .  The 
dark mantle ma te r i a l  i s  thought t o  be younger i n  age than  
a l l  of t h e  l a r g e  c r a t e r s  on t h e  p l a i n  --- probably Eratusth-  
en ian  Copernican age. 

Extending northward from t h e  south massif i s  a b r i g h t  
mantle wi th  ray- l ike  f i n g e r s  which o v e r l i e s  t h e  dark mantle,  
Geologis ts  be l i eve  t h e  l i g h t  mantle i s  from an avalanche of  
d e b r i s  down t h e  s lopes  of t h e  south mass i f ,  and t h a t ,  it 
i s  of Copernican age. 

Craters near  t h e  landing s i t e  range from l a r g e ,  s teep-  
dide craters-one-half  t o  one ki lometer  i n  diameter- that  a r e  
grouped near  t h e  landing p o i n t  t o  s c a t t e r e d  c l u s t e r s  of cra- 
t e r s  l e s s  than a half-ki lometer  ac ross ,  

Another prominent landing s i te  f e a t u r e  i s  an 80-meter 
high sca rp  t rending  roughly north-south near  t h e  w e s t  I s i d e  of 
t h e  v a l l e y  i n t o  t h e  nor th  massif ,  The sca rp  i s  thought t o  
be a su r face  expression of a f a u l t  running through t h e  genera l  
region. 



The Apollo 1 7  lunar module w i l l  approach from the e a s t  
over the 750 meter h i l l s , c l e a r i n g  then by about 3000 meters. 
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LUNAR SURFACE SCIENCE 

S-IVB Lunar Impact 

The Saturn V's third stage, after it has completed its 
job of 'placing the Apollo 17 spacecraft on a lunar trajectory 
will be aimed to impact on the Moon. As in several previous 
missions, this will stimulate the passive seismometers left 
on the lunar surface in earlier Apollo flights. 

The S-IVB, with instrument unit attached, will be commanded 
to hit the Moon 305 kilometers (165 nautical miles) southeast 
of the Apollo 14 ALSEP site, at a target point 7 degrees south 
latitude by 8 degrees west longitude, near Ptolemaeus Crater. 

After the spacecraft is ejected from the launch vehicle, 
a launch vehicle auxiliary propulsion system (APS) ullage motor 
will be fired to separate the vehicle a safe distance from the 
spacecraft. Residual liquid oxygen in the almost spent 
S-TVB/IU will then be dumped through the engine with the vehicle 
positioned so the dump will slow it into an impact trajectory. 
Mid-course corrections will be made with the stage's APS ullage 
motors if necessary. 

The S-IVB/IU will weigh 13,931 kilograms (30,712 pounds) 
and will be traveling 9,147 kilometers an hour (4,939 nautical 
mph) at lunar impact. It will provide an energy source at 
impact equivalent to about 11 tons of TNT. 

ALSEP Package 

The Apollo Lunar Surface Experiments Package (ALSEP) 
ar,ray carried on Apollo 17 has five experiments: heat flow, 
lunar ejecta and meteorites, lunar seismic profiling, 
lunar atmospheric composition and lunar surface gravimeter. 

Additional experiments and investigations to be conducted 
at the Taurus-Littrow landing site will include traverse 
gravimeter, surface electrical properties, lunar neutron probe, 
cosmic ray director, soil mechanics and lunar geology 
investigation. 

- more - 
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SNAP-27-- Power Source for ALSEP 

A SNAP-27 nuclear generator, similar to four others deployed 
on the Moon, will provide power for the Apollo 17 ALSEP package. 
The continuous operation of the four nuclear generators makes 
possible uninterrupted scientific surveillance of the lunar 
surface by the instrument packages. 

SNAP-27 is one of a series of radioisotope thermoelectric 
generators (atomic batteries) developed by the Atomic Enerqy 
Commission under its space SNAP program. The SNAP (Systems Tor 
Nuclear Auxiliary Power) program is directed at development of 
generators and reactors for use in space, on land and in the 
sea. 

SNAP-27 on Apollo 12 marked the first use of a nuclear 
power system on the Moon. The nuclear generators are required 
to provide power for at least one year. Thus far, the 
SNAP-27 unit on Apollo 12 has operated over three years, the 
unit on Apollo 14 has operated almost two years, and the unit 
on Apollo 15 has operated for over a year. The fourth nuclear 
generator was deployed by the Apollo 16 astronauts in April 1972 
and is functioning normally. 

The basic SNAP-27 unit is designed to produce at least 
63.5 watts of electrical power. The SNAP-27 unit is a 
cylindrical generator, fueled with the radioisotope plutonium- 
238. It is about 46 cm (18 in-ches) high and 41 cm (16 inches) 
in diameter, including the heat radiating fins. The generator, 
making maximum use of the lightweight material beryllium, weighs 
about 12.7 kilograms (28 pounds) without fuel. 

The fuel capsule, made of a superalloy material, is 
42 cm (16.5 inches) long and 6.4 cm (2.5 inches) in diameter. 
It weighs about 7 km (15.5 pounds), of which 3.8 km (8.36 
pounds) represent fuel. The plutonium-238 fuel is fully 
oxidized and is chemically and biologically inert. 

- more - 



The rugged fuel capsule is stowed within a graphite fuel 
cask from launch through lunar landing. The cask is designed 
to provide reentry heating protection and containment for the 
fuel capsule in the event of an aborted mission. The cylindrical 
cask with hemispherical ends includes a primary graphite heat 
shield, a secondary beryllium thermal shield, and a fuel 
capsule support structure. The cast is 58.4 cm (23 inches) 
long and 20 cm (eight inches) in diameter and weighs about 
11 km (24.5 pounds). With the fuel capsule installed, it weighs 
about 18 km (40 pounds). It is mounted on the lunar module 
descent stage. 

Once the lunar module is on the Moon, an Apollo astronaut 
will remove the fuel capsule from the cask and insert it into 
the SNAP-27 generator which will have been placed on the lunar 
surface near the module. 

The spontaneous radioactive decay of the plutonium-238 
within the fuel capsule generates heat which is converted 
directly into electrical energy--at least 63.5 watts. The units 
now on the lunar surface are producing 70 to 74 watts. There 
are no moving parts. 

The unique properties of plutonium-238, make it an 
excellent isotope for use in space nuclear generators. At 
the end of almost 90 years, plutonium-238 is still supplying 
half of its original heat. In the decay process, plutonium- 
238 emits mainly the nuclei of helium (alpha radiation), 
a very mild type of radiation with a short emission range. 

Before the use of the SNAP-27 system was authorized for 
the Apollo program a thorough review was conducted to assure 
the health and safety of personnel involved in the launch and 
of the general public. Extensive safety analyses and tests 
were conducted which demonstrated that the fuel would be 
safely contained under almost all credible accident conditions. 

- more - 



APOLLO LUNAR SURFACE SCIENCE MISSION ASSIGNMENTS 
D( PER I MENT 

PASSIVE SEI SMIC 
ACTIVE SEI SMI  C 
LUNAR SURFACE MAGNETOMETER 
SOLAR WIND SPECTROMETER 
SU PRATHERMAL I ON DETECTOR 
HEAT FLOW 
CHARGED PARTI CLE LUNAR ENVI RONMENT 
COLD CATHODE IONIZATION 
LUNAR DUST DETECTOR 
LUMAR SURFACE GRAV I Mf lER  
LUNAR EJECTA AND METEOR I T S  
LUNAR SEI SMI  C PROFl Ll NG 
LUNAR ATMOSPHERIC COMPOS1TION 
FAR UV CAMERAIS PECTROSCOPE 
LUNAR GEOLOGY I NVESTI GATION 
LASER RANG I NG RETRO -REFLECTOR 
SOLAR WIND COMPOSITION 
LUNAR SURFACE CLOSE-UP CAMERA 
COSMIC RAY DETECTOR 
LUNAR PORTABLE MAGNETOMEER 
LUNAR TRAVERSE GRAVI METER 
SO I L MECHAN l CS 
SURFACE ELECTR1 CAL PROPERTIES 
LUNAR NEUTRON PROBE 

11 12 14 15 16 11 - - - - - -  
X X X X X  

X  X  
X  X  X 
X  X  
X X X  

X X X  
X  

X  X X  
X X X  I 

X 
X  

X 
X X X X X X  
X  X  X  
X X X X X  
X X X  

X  X 
X  X 

X 
X X X X  

X 
X 



Heat Flow Experiment (S-037) : 

The thermal conductivity and temperature gradient of the 
upper 2,44 meters of the lunar surface will be measured by the 
HF'E for gathering data on the Moon's internal heating process 
and for a basis for comparing the radioactive content of the 
Moon" interior with the Earth" mantle. Results from the HFE 
deployed on Apollo 15 show that the Moon's outward heat flow 
from the interior at the Hadley-Apennine site is about half that 
of the Earth. The FIFE principle investigator believes that the 
relationship between Moon and Earth heat flow is an indication 
that the amounts of heat-producing elements (uranium, thorium 
and potassium) present in lunar soil are about the same as on 
Earth. Temperature variations over a lunar month range at the 
surface from -18S°C to +86OC---a spread of 271°C---but at a 
depth of one meter, the variations are only a few thousandths 
of a degree. 

The Apollo Lunar Surface Drill (ALSD) is used to drill 
two holes about 2.6 meters deep and 10 meters apart into 
which the two heat flow probes are lowered. The bore stems 
are left in the hole and serve as casings fo prevent collapse 
of the walls when the probes are lowered. An emplacement tool 
aids the crewman in ramming the probes to the maximum depth. 
Flat cables connect the probes to the HF'E electronics package 
and thence to the ALSEP central station. Radiation shields 
are placed over each bore hole after the data cables are 
connected, 

During deployment of the Apollo 16 HFE, the cable connecting 
the experiment probe to the central station was broken when an 
astronaut caught his foot in the cable. A fix, consisting of a 
strain release device, has been installed on all of the cables 
to preclude a reoccurrence of such an accident. It was 
successfully deployed on Apollo 15, however. 

Principal Investigator is Dr, Marcus E. Langseth of the 
Lamont-Doherty Geological Observatory, Columbia University. 

- more - 



Lunar Ejecta and Meteorites (S-202) : 

The purpose of the Lunar Ejecta and Meteorites Experiment 
is to measure the physical parameters of primary and secondary 
particles impacting the lunar surface. 

The detailed objectives of the experiment are: determine 
the background and long-term variations in cosmic dust influx 
rates in cislunar space; determine the extent and nature of 
lunar ejecta produced by meteorite impacts on the lunar surface; 
determine the relative contributions of comets and asteroids to 
the Earth's meteorite flux; study possible correlations between 
the associated ejecta events and times of Earth's crossing of 
comet orbital planes and meteor streams; determine the extent 
of contribution of interstellar particles toward the maintenance 
of the zodiacal cloud as the solar system passes through 
galactic space; and investigate the existence of an effect 
called "Earth focusing of dust particles". 

The experiment package is aligned and leveled by the crew 
about eight meters south of the ALSEP central station using 
a built-in bubble level and Sun-shadow gnomon. Detector plates 
on the surfaces of the experiment housing are protected froni 
lunar module ascent dust particles by a cover device which is 
later jettisoned by ground command. 

using a sophisticated array of detectors, the experiment 
measures and telemeters information such as particle velocities 
from 1 to 75 km/sec, energy ranges from 1 to 1000 ergs and 
particle impact frequencies up to 100,000 impacts per square 
meter per second. 

Dr. Otto E. Berg, NASA Goddard Space Flight Center, is the 
principal investigator. 

Lunar Seismic Profiling (S-203): 

A major scientific tool in the exploration of the Moon has 
been seismology. Through this discipline, much has been 
learned about the structure of the lunar interior---particularly 
through the passive seismic experiments carried as a part of each 
ALSEP array from Apollo 11's initial landing through Apollo 16, 
The passive seismic experiments provided data on the lunar 
interior. All but the Apollo 11 seismometer are still operating 
effectively. 

- more - 



On Apollo 17, the experiment's data-gathering network 
consists of four geophones placed in the center and at each 
corner of a 90-meter equilateral triangle. Explosive charges 
placed on the surface will generate seismic waves of varying 
strengths to provide data on the structural profile of the 
landing site. The triangular arrangement of the geophones 
allows measurement of the azimuths and velocities of seismic 
waves more accurately than was possible with the Active Seismic 
Experiments and their linear array of geophones using 
mortar-fired grenades emplaced on Apollos 14 and 16. 

After the charges have been fired by ground command, the 
experiment will settle down into a passive listening mode, 
detecting Moonquakes, meteorite impacts and the thump caused 
by the lunar module ascent stage impact. Knowledge on the 
surface and subsurface geologic characteristics to depths of 
three kilometers could be gained by the experiment. The 
experiment will be deactivated after the LM impact. 

Components of the lunar seismic profiling experiment are 
four geophones similar to those used in the earlier active 
seismic experiment, an electronics package in the ALSEP central 
station, and eight explosive packages which will be deployed 
during the geology traverse---the lightest charge no closer than 
150 meters from the geophone triangle, and the heaviest charge 
no further than 2.5 kilometers. Each charge has two delay timers 
which start after a crewman pul4s three arming pins. iTimer 
delays vary from 90-93 hours). A coded-pulse ground command 
relayed through the central station will detonate each charge. 
TWO charges weigh 57g (1/8 lb), two weigh 113g (1/4 lb), and 
the remaining four charges weigh 227g (1/2 lb), 454g (1 lb), 
1361g (3 lb) and 2722g (6 lb) respectively. Television obser- 
vations of the LSPE charge detonations as well as the LM impact 
are planned during the post lift-off period. 

Dr. Robert L. Kovach of the Stanford University Department 
of Geophysics is the experiment principal investigator. 
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Lunar Atmospheric Composition Experiment (LACE) (S-205): 

This experiment will measure components in the ambient 
lunar atmosphere in the range of one to 110 atomic mass units 
(AMU). It can measure gases as thin as one billion billionth 
of the Earth's atmosphere. The instrument is capable of 
detecting changes in the atmosphere near the surface origi- 
nating from the lunar module, identifying native gases and 
their relative mass concentrations, measuring changes in 
concentrations from one lunation to the next, and measuring 
short-term atmospheric changes. 

It has been suggested that lunar volcanism may release 
carbon monoxide, hydrogen sulfide, ammonia, sulfur dioxide 
and water vapor, and that solar wind bombardment may generate 
an atmosphere of the noble gases - helium, neon, argon, and 
krypton. 

The instrument can measure gases ranging from hydrogen and 
helium at the low end of the atomic mass scale to krypton at 
the high end. 

The instrument is a Neir-type magnetic sector field mass 
spectrometer having three analyzers whose mass ranges are 
1-4 AMU, 12-48 AMU and 40-110 RMU. 

The experiment will be set up 15 meters northwest of 
ALSEP central station. After placement, it will be heated 
to drive off contaminating gases. The instrument will be 
turned on by ground command after lunar module ascent during 
the first lunar night and will be active thereafter. 

Dr. John He Hoffman of the Department of Atmospheric 
and Space Sciences of the University of Texas at Dallas is 
principal investigator. 

Lunar Surf ace Gravimeter (S-2'87) : 

The major goal of the LSG is to confirm the existknce of 
gravity waver as predicted by Einsteic's general theory of 
relavity. Additional insights into the Moon's internal 
structure are expected to come from the measurement of the 
tidal deformation in the lunar material caused by the Earth 
and the Sun -- much as the Earth's ocean tides are caused by 
the changing Earth-Moon-Sun alignment. 



Additionally the experiment is expected to detect free 
Moon oscillations in periods of 15 minutes upward which may 
be caused by gravitational radiation from cosmic sources. 
The device will also measure vertical components of natural 
lunar seismic events in frequencies up to 16 cycles per second. 
It will thus supplement the passive seismic network emplaced 
by Apollos 12, 14, 15 and 16. 

The surface gravimeter uses a sensor based on the LaEvete- 
Romberg gravimeter widely used on Earth, modified to be 
remotely controlled and read. The package includes a sun- 
shield, electronics and ribbon cable connecting it to the 
ALSEP central station. The crew will erect the experiment 
eight meters west of the central station. 

Dr. Joseph Weber of the University of Maryland Department 
of Physics and Astronomy is the principal investigator. 

Traverse Gravimeter (8-199 ) : 

Gravimetry has proven itself to be a valuable tool for 
geophysical measurements of the Earth, and the aim of the 
traverse gravimeter experiment is to determine whether the 
same techniques can also be used in making similar measnre- 
ments of the Moon to help determine its internal structures. 
Many of the major' findings in geophysics, such as variations 
in the lateral density in the Earth's crust and mantle, tecto- 
genes, batholiths and isostasy, are a result of gravimetric 
investigations. 

The Apollo 17 landing site gravitational properties will 
be measured in the immediate touchdown area as well as at 
remote locations along the geology traverse routes. The 
measurements of the Taurus-Littrow site will be related to 
geologically similar areas on Earth in an effort to draw 
parallels between gravimetry investigations on the two bodies. 

In an extension of Earth gravimetry techniques to the 
lunar surface, it is felt that small-scale lunar features 
such as mare ridges, craters, rilles, scarps and thickness 
variations in the regolith can better be understood. 

The traverse gravimeter instrument will be mounted on 
the LRV. Measurements can be made when the vehicle is not in 
motion or when the instrument is placed on the lunar surface. 
The crew, after starting the instrument's measurement sequence, 
will read off the numbers from the digital display on the 
air/ground circuit to Mission Control. 
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Dr. Manik Talwani of the Columbia University Lamont- 
Doherty Geological Observatory is the traverse gravimeter 
principal investigator, 

This experiment measures electromagnetic energy trans- 
mission, absorption and reflective characteristics of the 
lunar surface and subsurface. The instrument can measure the 
electrical properties at varying depths and the data gathered, 
when compared to the traverse gravimeter and seismic profiling 
data, will serve as a basis for a geological model of the 
upper layers of the Moon. 

Frequencies transmitted downward into the lunar crust 
have been selected to allow determination of layering and 
scattering over a range of depths from a few meters to a few 
kilometers. Moreover, the experiment is expected to yield 
knowledge of the thickness of the regolith at the Taurus- 
Littrow site, and may provide an insight into the overall 
geological history of the outer few kilometers of the lunar 
crust. 

Continuous successive waves at frequencies of 1, 2.1, 4, 
8.1, 16 and 32.1 megahertz (MHz) broadcast downward into the 
Moon allow measurement of the size and number of scattered 
bodies in the subsurface. Also, any moisture present in the 
subsurface can easily be detected since small amounts of water 
in the rocks or subsoil would greatly change electrical 
conductivity. 

The instrument consists of a deployable self-contained 
transmitter, having a multi-frequency antenna and a portable 
receiver with a wide-band three-axis antenna, The receiver 
contains a retrievable data recorder. 

The transmitter with its antenna is deployed by the crew 
about 100 meters east of the lunar module, while the receiver- 
recorder is mounted on the LRV. The exact location of each 
reading is recorded on the recorder using information from 
the LRV's navigation system. After the final readings are 
made near the end of the third EVA, the recorder will be 
removed for return to Earth. 

Dr, M. Gene Simmons of the Massachusetts Institute of 
Technology, Cambridge, Mass,, is the principal investigator. 
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Lunar Neutron Probe @-2892: 

Neutron capture rates of the lunar regolith and average 
mixing depths of lunar surface material are among the problems 
which it is hoped this experiment will help solve. The 2.4 
meter long probe will be inserted into the hole left by the 
drill core sample gathered during the lunar geology experiment. 
It will measure the degree of present neutron flux in the top 
two meters of the regolith. Data from the instrument also will 
help determine the average irradiation depth for lunar rocks 
and yield information on the lunar neutron energy spectrum. 
The data from the probe will be compared with the distribution 
of gadolinium isotopes in the lunar drill core sample returned 
by Apollo 17 as an aid in interpreting neutron dosages on 
samples from previous missions. 

The two-section cylindrical probe 2 .4  meters long by 
2 cm in diameter, is activated by the crew at the emplacement 
site. The crew inserts the probe in the drill core sample 
hole during the first EVA, and retrieves it at the end of 
the third EVA for deactivation and stowage for the trip home. 

Principal investigator is Dr. Don S. Burnett of the 
California Institute of Technology, Division of Geology and 
Planetary Sciences, Pasadena, California. 

Soil Mechanics (S-200) : 

While this experiment is officially listed as "passive," 
since no specific crew actions or hardware are involved, 
the wide range of knowledge gained of the physical characteristics 
and mechanical properties of the surface material in the 
landing site will make the experiment active from an information 
standpoint. 

Crew observations and photography during the three EVAs 
will aid in the interpretation of lunar history and landing site 
geological processes, such as the form and compaction of surface 
layers, characteristics of rays,rmares, slopes and other surface 
units, and deposits of differen$ chemical and mineralogical 
compounds. 

The experiment is further expected to contribute to know- 
ledge on slope stability, causes of downslope movement and the 
natural angle of repose for differen& types of lunar soils. 
The experiment data will also aid in predicting seismic 
velocities in different types of material for interpreting 
seismic studies. 
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Material density, specific heat and thermal conductivity 
data for heat-flow investigations are also expected to be 
supplemented by crew observations. 

Among the specific items the crew will observe are the 
LM footpad impressions, any soil deposits on LM vertical 
surfaces and tracks made by the LRV during the geology 
traverses. These observations will aid in determining the . 
in-place strength and compressibility of the surface material. 
Moreover, the observations will aid in defining conditions 
for simulations studies back on Earth of the returned sample 
density, porosity and confining pressures. 

Dr. James K. Mitchell of the University of California 
at Berkeley is principal investigator. 





Luhar  Geology I n v e s t i g a t i o n  ((s-059) : 

The fundamental o b j e c t i v e  of  t h e  lunar  geology i n v e s t i -  
ga t ion  experiment i s  t o  provide d a t a  i n  t h e  v i c i n i t y  of t h e  
landing site f o r  use i n  t h e  i n t e r p r e t a t i o n  of t h e  geo3ogic 
h i s t o r y  of t h e  Moon. Apollo l u n a r  landing missions offebr 
t h e  opportuni ty t o  c o r r e l a t e  c a r e f u l l y  c o l l e c t e d  samples 
wi th  a v a r i e t y  of obse rva t iona l  d a t a  on a t  least t h e  
upper por t ions  of t h e  m a r e  bas in  f i l l i n g  and t h e  lunar  
highlands,  t h e  two major geologic  subdiv is ions  of t h e  Moon. 
The n a t u r e  and o r i g i n  of t h e  maria and highlands w i l l  bear  
d i r e c t l y  on t h e  h i s t o r y  of  luna r  d i f f e r e n t i a t i o n  and d i f -  
f e r e n t i a t i o n  processes .  From t h e  l u n a r  bedrock, s t r u c t u r e ,  
land forms and s p e c i a l  materials, information w i l l  be  gained 
about t h e  i n t e r n a l  pEocesses of t h e  Moon. The n a t u r e  and 
o r i g i n  of t h e  d e b r i s  l a y e r  ( r e g o l i t h )  and t h e  land forms 
superiqaposed on t h e  maria and highland regions a r e  a record  
of  luna r  h i s t o r y  subsequent t o  t h e i r  formation. This la ter  
h i s t o r y  predominately r e f l e b t s  t h e  h i s t o r y  of t h e  ex t ra -  
l u n a r  environment. Within and on t h e  r e g o l i t h ,  t h e r e  w i l l  
a l s o  be materials t h a t  w i l l  a i d  i n  t h e  understanding of 
geologic  u n i t s  elsewhere on t h e  Moon and t h e  broader a spec t s  
of l u n a r  h i s t o r y .  

The primary d a t a  f o r  t h e  lunar  geology i n v e s t i g a t i o n  
experiment come from photographs, ve rba l  d a t a ,  and re turned  
lunar  samples. Photographs taken according t o  s p e c i f i c  
prouedures w i l l  supplement and i l l u s t r a t e  crew comments, 
record  d e t a i l s  n o t  d iscussed  by t h e  crew, provide a frame- 
work f o r  debr ie f ing ,  and record  a wealth of l u n a r  su r face  
information that cannot be  re turned  o r  adequately descr ibed 
by any o t h e r  means. 

In  any Hasselblad p i c t u r e  taken from t h e  lunar  su r face ,  
as much a s  90 percent  of t h e  t o t a l  image information may be 
l e s s  than 100 f e e t  from t h e  camera, depending on topography 
and how f a r  t h e  namera i s  depredsed below hor izon ta l .  Images 
of  d i s t a n t  su r face  d e t a i l  a r e  so  foreshortened t h a t  they a r e  
d i f f i c u l t  t o  i n t e r p r e t .  Therefore,  it is  important t h a t  
panoramas be taken at i n t e r v a l s  during t h e  t r a v e r s e  and a t  
t h e  f a r t h e s t  excursion of t h e  t r ave r se .  This  procedure w i l l  
extend t h e  high r e s o l u t i o n  photographic coverage t o  t h e  
a r e a s  examined and discussed by t h e  a s t ronau t ,  and w i l l  
show t h e  reg iona l  con teg t  of a r e a s  of s p e c i f i c  i n t e r e s t  
t h a t  have been discussed and photographed i n  d e t a i l ,  

- more - 



The p o l a r i z i n g  f i l t e r s  w i l l  permit t h e  measurement of 
t h e  degree of p o l a r i z a t i o n  and o r i e n t a t i o n  of t h e  plane of 
p o l a r i z a t i o n  contained i n  l i g h t  r e f l e c t e d  from t h e  lunar  
sur face .  Di f fe ren t  luna r  ma te r i a l s  (i.e., f ine-grained 
g l a s s  and/or fragments, s t rong ly  shocked rocks,  s l i g h t l y  
shocked rocks and s h o c k - l i t h i f i e d  fragmental  m a t e r i a l )  
have d i f f e r e n t  po la r ime t r i c  funct ions ,  i n  o t h e r  words, d i f -  
f e r e n t  po la r ime t r i c  "signaturesLa Comparison of t h e  po la r i -  
met r ic  funct ion  of known mate r i a l ,  such as re turned  samples 
and close-up lunar  su r face  measurements, with m a t e r i a l s  
photographed beyond t h e  tnaverse  of t h e  a s t r o n a u t  w i l l  
allow t h e  c l a s s i f i c a t i o n  and c o r r e l a t i o n  of these  m a t e r i a l s  
even though t h e i r  t e x t u r e s  a r e  n o t  resolvable .  The p o l a r i -  
met r ic  p r o p e r t i e s  of l u n a r  materials and rock types a r e  a 
use fu l  t o o l  f o r  c o r r e l a t i o n  and geologic  mappigg of 
each landing s i te ,  and f o r  ex t rapo la t ion  of  geologic d a t a  
from s i te  t o  s i te  ac ross  t h e  l u n a r  sur face .  

The " i n  s i t u y  photometric p r o p e r t i e s  of both f i n e -  
grained mate r i a l s  and coarse rock fragments w i l l  s e rve  a s  
a b a s i s  f o r  d e l i n e a t i n g ,  recognizing, descr ib ing ,  and c las -  
s i f y i n g  lunar  ma te r i a l s .  The gnomon, with photometric 
c h a r t  a t t ached ,  w i l l  be photographed bes ide  a representa-  
t i v e  rock and, i f  p r a c t i c a l ,  bes ide  any rock o r  f ine-grained 
mate r i a l  with unusual f ea tu res .  

The long f o c a l  length  (500 mm) l e n s  wi th  t h e  HEDC w i l l  
be used t o  provide high r e s o l u t i o n  da ta .  A 5 t o  10 c e n t i -  
m e t e r  r e s o l u t i o n  i s  a n t i c i p a t e d  a t  a d i s t a n c e  of 1 t o  2 km 
(0.6 t o  1 ,2  m i . ) .  

Small explora tory  t renches ,  seve ra l  cent imeters  deep, 
a r e  t o  be dug t o  determine t h e  cha rac te r  of t h e  r e g o l i t h  
down t o  these  depths. The t renches  should be dug i n  t h e  
var ious types  of t e r r a i n  and i n  a reas  where t h e  su r face  
c h a r a c t e r i s t i c s  of t h e  r e g o l i t h  a r e  of s i g n i f i c a n t  i n t e r e s t  
as determined by t h e  a s t ronau t  c r e w .  The main purpose of 
t h e  t renches  w i l l  be t o  determine t h e  s m a l l  s c a l e  strati- 
graphy (o r  lack  o f )  i n  t h e  upper few inches of t h e  r e g o l i t h  
i n  terms of p e t r o l o g i c a l  c h a r a c t e r i s t i c s  and p a r t i c l e  s i z e .  

- more - 



An organic  c o n t r o l  sample, c a r r i e d  i n  each sample 
r e t u r n  case (SRC), w i l l  be analyzed a f t e r  t h e  mission t o  
determine the level  of contanSnation kn each  SRC. 

I n  o rde r  t o  more f u l l y  sample t h e  major geologica l  
f e a t u r e s  of t h e  Apollo 17 landing site,  var ious  groupings 
of sampling t a s k s  a r e  combined and w i l l  be accomplished i n  
concentrated areas .  This  w i l l  a i d  i n  obta in ing  v e r t i c a l  
as w e l l  a s  lateral d a t a  t o  be obtained i n  t h e  p r i n c i p a l  
geologica l  s e t t i n g s .  Thus, some t rench samples, core tube 
samples and l u n a r  environmental s o i l  samples w i l l  be col-  
l e c t e d  i n  a s soc ia t ion  wi th  comprehensive samples. I n  addi- 
t i o n ,  sampling of c r a t e r  r i m s  of widely d i f f e r i n g  s i z e s  i n  
a concentrated a rea  w i l l  g ive  a sampling of t h e  deeper 
s t r a t i g r a p h i c  d i v i s i o n s  a t  t h a t  si te.  Repeating t h i s  sampling 
technique a t  successive t r a v e r s e  s t a t i o n s  w i l l  show t h e  
con t inu i ty  of t h e  main u n i t s  wi th in  t h e  area .  

Sampling and photographic techniques used t o  ga the r  
d a t a  i n  the landing s i te  include:  

* Documented samples of luna r  su r face  m a t e r i a l  which, 
p r i o r  t o  ga ther ing ,  a r e  photographed i n  co lo r  and s t e r e o  -- 
using t h e  gnomon and photometric c h a r t  f o r  comparison of 
p o s i t i o n  and co lo r  p r o p e r t i e s  -- t o  show t h e  sample's rela- 
t i o n  t o  o t h e r  su r face  fea tu res .  

* Rock, boulder and s o i l  samples of rocks from deep 
l a y e r s ,  and s o i l  samples from t h e  r e g o l i t h  i n  t h e  immediate 
a r e a  where t h e  rocks are gathered. 

* Radial sampling of ma te r i a l  on t h e  r i m  of  a f r e s h  
c r a t e r  -- material t h a t  should be from t h e  deepes t  s t r a t a ,  

* Photopanoramas f o r  bu i ld ing  mosaics which w i l l  al low 
accura te  c o n t r o l  f o r  landing s i t e  map c o r r e l a t i o n .  

* Polar imetr ic  photography f o r  comparison wi th  known 
mate r i a l s .  

* Double d r i v e  tube samples t o  depths of 60 crn (23.6  i n . )  
f o r  determining the s t r a t i g r a p h y  i n  mult i - layer  areas, 

- more - 



* Sfngle drlve tube samples to depths of 38 cm (15 in.) 
in the comprehensive sample area and in such target of oppor- 
tunity areas as mounds and fillets. 

* Drill core sample of the regolith which will further 
spell out the stratigraphy of the area sampled. 

* Small exploratory trenches, ranging from 8 to 20 cm 
(2.4 to 9.7 in.) in depth, to determine regolith particle 
size and small-scale stratigraphy. 

* Large equidimensional rocks ranging from 15 to 24 cm 
(6 to 9.4 in.) in diameter for data on the history of solar 
radiation. Similar sampling of rocks from 6 to 15 cm 
(2.4 to 6 in.) in diameter will also be made. 

* Vacuum-packed lunar environment soil and rock samples 
kept biologically pure for postflight gas, chemical and 
microphysical analysis. 

Dr. William R. Muehlberger of the US Geological Survey 
Center of Astrogeology, Flagstaff, Ariz. is the lunar 
geology principal investigator. 



Apollo Lunar Geoloav Hand Tools: 

Sample s c a l e  - The s c a l e  is used t o  weigh t h e  loaded sample 
r e t u r n  conta iners ,  sample bags, and o t h e r  conta iners  t o  
maintain t h e  weight budget f o r  r e t u r n  t o  Earth.  The s c a l e  . 
has graduated markings i n  increments of 5 pounds t o  a 
maximum capaci ty  of 80 pounds. The s c a l e  i s  stowed and 
used i n  t h e  lunar  module a scen t  s tage .  

Tonss - The tongs a r e  used by t h e  a s t ronau t  while i n  a 
s tanding  p o s i t i o n  t o  pick up l u n a r  samples from pebble 
s i z e  t o  f i s t  s i z e .  The t i n e s  of t h e  tongs a r e  made of 
s t a i n l e s s  s t e e l  and t h e  handle of aluminum. The tongs 
a r e  operated by squeezing the T-bar g r i p s  a t  t h e  top  of 
t h e  handle t o  open t h e  t i n e s .  I n  add i t ion  t o  picking up 
samples, t h e  tongs a r e  used t o  r e t r i e v e  equipment t h e  
a s t ronau t  may inadver tan t ly  drop. T h i s ' t o o l  is 81 cm (32 
inches)  long o v e r a l l .  

Lunar rake  - The rake  i s  used t o  c o l l e c t  d i s c r e t e  samples 
of rocks and rock chips  ranging from 1.3 cm (one-half inch)  
t o  2.5 cm (one inch)  i n  s i z e .  The rake  is  a d j u s t a b l e  f o r  
ease  of sample c o l l e c t i o n  and stowage. The t i n e s ,  formed 
i n  t h e  shape of a scoop, a r e  s t a i n l e s s  steel. A handle,  
approximately 25 cm (10 inches) long,  a t t aches  t o  t h e  ex- 
tens ion  handle f o r  sample c o l l e c t i o n  t a sks .  

Adjustable  scoop - The sampling scoop i s  used t o  c o l l e c t  
s o i l  material o r  o t h e r  l u n a r  samples too s m a l l  f o r  t h e  rake 
o r  tongs t o  pick up. The s t a i n l e s s  s t e e l  pan of t h e  scoop, 
which i s  5 cm ( 2  inches)  by 11 cm (41/2 inches)  by 15 cm 
( 6  inches)  has  a f l a t  bottom f langed on both s i d e s  and a 
p a r t i a l  cover on t h e  t o p  t o  prevent  l o s s  of contents .  The 
pan i s  a d j u s t a b l e  from h o r i z o n t a l  t o  55 degrees and 90 
degrees from t h e  hor izon ta l  f o r  use i n  scooping and 
t renching.  The scoop handle i s  compatible with t h e  extension 
handle. 

Hammer  - This t o o l  se rves  t h r e e  funct ions ;  as a sampling 
hammer t o  ch ip  o r  break l a r g e  rocks,  a s  a p ick ,  and as a 
hammer t o  d r i i e  t h e  d r i v e  tubes o r  o t h e r  p ieces  of l u n a r  
equipment. The head i s  made of  impact r e s i s t a n t  t o o l  steel, 
has a small  hammer face  on one end, a broad f l a t  blade on t h e  
o the r ,  and l a r g e  hammering f l a t s  on t h e  s i d e s r  The handle,  
made of  aluminum and p a r t l y  coated wi th  s i l i c o n e  rubber,  i s  
36 c m  ( 1 4  inches)  long; i t s  lower end f i t s  t h e  extension 
handle when t h e  t o o l  i s  used a s  a hoe, 



Extension handle - The extens ion  handle extends t h e  a s t r o n a u t ' s  
reach t o  permit  working access  t o  t h e  l u n a r  su r face  by 
adding 76 c m  (30 inches)  of  length  t o  t h e  handles o f  t h e  
scoop, rake ,  hammer, d r i v e  tubes ,  and o t h e r  p ieces  of luna r  
equipment. This t o o l  is  made of aluminum a l l o y  tubing 
with a malleable  s t a i n l e s s  steel cap designed t o  be used 
a s  an a n v i l  su r face .  The lower end has a quick-disconnect 
mount and lock  designed t o  resist compression, tens ion ,  
t o r s i o n ,  o r  a combination of t h e s e  loads ,  The upper end 
i s  f i t t e d  wi th  a s l i d i n g  "T" handle t o  f a c i l i t a t e  any 
torqueing opera t ion ,  

Drive Tubes - These n ine  tubes a r e  designed t o  be dr iven  o r  
augurea l n r o  s o i l ,  loose  g rave l ,  o r  s o f t  rock such a s  pumice. 
Each i s  a hollow thin-walled aluminum tube 4 1  cm ( 1 6  inches)  
long and 4 cm (1.75 inch)  diameter with an i n t e g r a l  cor ing  
b i t .  Each tube can be a t t ached  t o  t h e  extension handle 
t o  f a c i l i t a t e  sampling, A deeper core sample can be 
obtained by jo in ing  tubes i n  s e r i e s  of two o r  th ree .  When 
f i l l e d  wit91 sample, a Teflon cap i s  used t o  s e a l  t h e  open 
end of t h e  tube ,  and a keeper device wi th in  t h e  d r i v e  tube 
i s  pos i t ioned  a g a i n s t  t h e  top  of  t h e  core  sample t o  preserve 
t h e  s t r a t i g r a p h i c  i n t e g r i t y  of  t h e  core ,  Three Teflon caps 
a r e  packed i n  a cap d ispenser  t h a t  i s  approximately a 5.7 cm 
(2.25 inch)  cube. 

Gnomon and Color Patch - The gnomon i s  used as a photographic 
r e fe rence  t o  e s t a b l i s h  l o c a l  v e r t i c a l  Sun angle ,  s c a l e ,  
and l u n a r  co lor .  This t o o l  c o n s i s t s  of a weighted s t a f f  
mounted on a t r ipod .  I t  is  cons t ruc ted  i n  such a way t h a t  
t h e  s t a f f  w i l l  r i g h t  i t s e l f  i n  a v e r t i c a l  p o s i t i o n  when t h e  
l e g s  o f  t h e  t r i p o d  are on t h e  l u n a r  su r face .  The p a r t  of t h e  
s t a f f  extends above t h e  t r i p o d  gimbal i s  pa in ted  with 
a gray s c a l e  from 5 t o  35 percent  r e f l e c t i v i t y  and a co lo r  
scale of b lue ,  orange, and green. The c o l o r  pa tch ,  
s i m i l a r l y  pa in ted  i n  gray s c a l e  and c o l o r  s c a l e ,  mounted on 
one of t h e  t r i p o d  l e g s  provides a l a r g e r  t a r g e t  f o r  accura te ly  
determining c o l o r s  i n  c o l o r  photography. 

LRV S o i l  Sampler - A scoop device  a t tached t o  t h e  end of t h e  
Universal  Hand Tool f o r  ga ther ing  su r face  s o i l  samples and 
small rock fragments without dismounting from t h e  LkV. The 
device has a r i n g  7.5 cm i n  diameter and a f ive-wire  s t i f f e n i n g  
cage on t h e  end t h a t  holds 12 te lescoped p l a s t i c  cap-shaped bags 
which are removed and sea led  as each sample i s  taken. The 
sampler i s  25 cm long and 7.5 c m  wide. 



Sample Bags - Several different types of bags are furnished 
for collecting lunar surface samples. The Teflon documented 
sample bag (DSBI, 19 by 20 cm C7-1/2 by 8 inches) in size, 
is prenumbered and packed in a 20-bag dispenser that can be 
mounted on a bracket on the ~asselblad camera. Documented 
sample bags (120) will be available during the lunar surface 
EVAs. The sample collection bag (SCB), also 6f Teflon, has 
interior pockets along one side for holding drive tubes and 
exterior pockets for the special environmental sample container 
and for a drive tube cap dispenser. This bag is 17 by 23 by 
41 cm (6-3/4 by 9 by 16 inches) in size (exclusive of the 
exterior pockets) and fits inside the sample return containers. 
During the lunar surface EVAs this bag is hung on the hand or 
on the portable life support system tool carrier. Four SCBs 
will be carried on Apollo 17. The extra sample collection bag 
(ESCB) is identical to the SCB except that the interior and 
exterior pockets are omitted, During EVA@ it is handled in the 
same way as an SCB. Four ESCB bags will be carried on the 
mission. A sample return bag, 13 by 33 by 57 cm (5 by 13 by 
22.5 inches) in size, replaces the third sample return container 
and is used for the samples colikected on the third EVA. It 
hangs on the LRV pallet during this EVA. 

Long Term Surface Exposure Experiment: 

Study of the abundance and composition of high energetic 
particles of solar and galactic origin as well as particulate 
interplanetary matter will yield important clues concerning 
the chemical composition of the Sun, the formation of the 
solar system, nuclear reactions in the Sun and galaxy as 
well as small scale geologic surface processes on planetary 
bodies, 

A variety of aspects concerned with the above particles 
are the subject of detailed analysis of returned lunar materials, 
as well as specific instruments emplaced on the lunar surface, 
e.g., Solar Wind Composition Experiment and Cosmic Ray 
Detector and in particular some pieces of Surveyor I11 hardware 
returned during the Apollo 12 mission. The lunar sample 
analysis and the above instruments have yielded significant 
results. However, lunar samples are exposed, on the average 
too long to the space environment (in the millions of years) 
which make the interpretation of the experimental results very 
complex. The emplaced instruments suffer from the handicap 
that they are exposed for too short a period a time ( a few 
hours to a few years) thus leaving some questions about the 
representative character of the results. It therefore is 
desirable to expose certain materials for an extended and 
known time period. 



This is the objective of the so called "Long Term Surface 
Exposure Experiment", where existing flight hardware will either 
be used as is or deployed in a specific fashion by the Apollo 
17 crew in the hope that these materials will be retrieved at 
some undetermined future Itime, i.e., in a few decades. To 
investigate anticipated long-term exposure effects on the 
retrieved materials, precise documentation of the flight hard- 
ware has been obtained. This documentation includes detailed 
photography. Certain surfaces were photographed with a 
reS0l~ti0n of 80 microns. The surfaces include the LCRU-mirrors, 
TV-camera mirrors and lenses, Hasselblad camera lens, Heat 
Flow Electronics Box, LEAM Lunar Shield, and the ALSEP Helix 
Antenna Gimbal Housing. In addition, the chemical composition 
of various materials have been obtained. Most important, 
however, representative pieces of the above surfaces have been 
incorporated in the Curatorial Facilities at NASA-MSC, where 
they will be stored for the next few decades. These samples 
will serve as reference materials to those which are emplaced 
by the Apollo 17 crew and which hopefully will be returned. 
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LUNAR ORBITAL SCIENCE 

Service module s e c t o r  1 houses t h e  s c i e n t i f i c  
instrument  module (SIM) bay. Three experiments a r e  
c a r r i e d  i n  t h e  SIM Bay: S-209 lunar  sounder, S-171 
i n f r a r e d  scanning spectrometer and S-169 f a r - u l t r a v i o l e t  
spectrometer.  Also mounted i n  t h e  SIM baylare  t h e  
panoramic camera, mapping camera and l a s e r  a l t i m e t e r  used 
i n  t h e  s e r v i c e  module photographic t a sks .  

Lunar Sounder (S-209): Electromagnetic impulses beamed 
toward t h e  lunar  su r face  i n  t h e  high frequency (HF) and 
very high frequency (VHF) bands w i l l  provide recorded 
d a t a  f o r  developing a geologica l  model of t h e  lunar  
i n t e r i o r  t o  a depth of 1 .3 km (4,280 f t . )  . In add i t ion  
t o  s t r a t i g r a p h i c ,  s t r u c t u r a l ,  t e c t o n i c  and topographic d a t a  
on t h e  region of t h e  Moon overflown by Apollo 17, t h e  lunar  
sounder w i l l  measure t h e  ambient e lectromagnet ic  noise  l e v e l s  
i n  the  lunar  environment a t  5, 15 and 150 mHz and t h e  
o c c u l t a t i o n  by t h e  Moon of e lectromagnet ic  waves generated 
a t  t h e  lunar  su r face  by t h e  su r face  e l e c t r i c a l  p r o p e r t i e s  
experiment t r a n s m i t t e r .  

Data from t h e  lunar  sounder coupled with information 
gathered from t h e  SIM bay cameras and t h e  l a s e r  a l t i m e t e r ,  
and from sur face  g rav i ty  measurements w i l l  allow experimenters 
t o  b u i l d  an absolu te  topographic p r o f i l e .  

The experience i n  opera t ing  t h e  lunar  sounder and 
analyzing i t s  da ta  w i l l  c o n t r i b u t e  t o  t h e  designs of f u t u r e  
instruments f o r  de tec t ion  of su r face  o r  near-surface water 
on Mars, mapping of major geologica l  u n i t s  on Mars and Venus 
and tops ide  sounding of J u p i t e r ,  

The lunar  sounder has t h r e e  major components: t h e  
coherent  s y n t h e t i c  ape r tu re  r ada r  (CSAR) , t h e  o p t i c a l  
recorder ,  and antennas--an HF r e t r a c t a b l e  d ipo le  and a VHF 
yagi .  The rada r  and o p t i c a l  recorder  a r e  loca ted  i n  t h e  
lower por t ions  of t h e  S I M  bay. The HF d ipo le  antenna, 
which has a scan of 24 .4m (80 f e e t ) ,  deploys from t h e  base 
of t h e  S I M .  The VHF yagi  antenna i s  automatical ly  deployed 
a f t e r  t h e  spacecraft/LM adapter  (SLA) panels a r e  j e t t i soned .  



APOLLO ORBITAL SCIENCE MISSION ASSIGNMENTS 
D( PER 1 MENT 

SERVICE MODULE: 
S -160 GAMMA-RAY S PECTROMETER 

X-RAY S PECTROMETER 
ALPHA -PARTICLE SPECTROMETER 
S -BAND TRANS PONDER (CSMILM) 
MASS SPECTROMETER 
FAR UV SPECTROMETER 
B I STAT1 C RADAR 
I R SCAN RADIOMETER 
SUBSATELLITE: 

PARTICLE MEASUREMENT 
MAGNETOMETER 
S -BAND TRANS PONDER 

LUNAR SOUNDER 
S M  PHOTOGRAPHIC TASKS: 

24" PANORAMIC CAMERA 
3" MAPPING CAMERA 
LASER ALTl METER 

COMMAND MODULE: 
C M  PHOTOGRAPHIC TASKS: 

S -158 MULTI S PECTRAL PHOTOGRAPHY 
S-176 C M  WINDOW METEOR01 D 
S -177 UV PHOTO EARTH & MOON 
S-178 GEGENSCHEIN 
M-211 Bl OSTACK 
M-212 BlOCORE 

X X 
X X 
X X 

X X X X  
X X 
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APOLLO 17 
LUNAR SOUNDER CONFIGURATION 
\ 

HF ANTENNA Nb. 2 34' 2" 

HF ANTENNA 



The crew has c o n t r o l s  f o r  deploying and j e t t i s o n i n g  
( i f  requi red)  t h e  HF antenna and f o r  s e l e c t i n g  lunar  sounder 
opera t ing  modes: VHF opera te ,  HF opera te  and HF r ece ive  
only.  During t h e  opera t ing  modes, an electromagnet ic  pu l se  
i s  t r ansmi t t ed  toward t h e  Moon and t h e  r e t u r n  s i g n a l  is  
recorded on f i l m  by t h e  o p t i c a l  recorder .  I n  t h e  HF 
t ' receive only" mode, e lectromagnet ic  background noises  from 
g a l a c t i c  sources and e f f e c t s  of luna r  o c c u l t a t i o n  a r e  
received and recorded by t h e  instrument.  During lunar  
sounder "operate"  modes t h e  o t h e r  SIM bay instruments a r e  
powered down. The sounder 's  d a t a  f i l m  c a s s e t t e  i s  r e t r i e v e d  
by the  command module p i l o t  during t h e  t rans-Earth EVA a t  
t h e  same t i m e  t h e  mapping and panoramic camera c a s s e t t e s  a r e  
r e t r i e v e d .  

D r .  Stan Ward of t h e  Universi ty  of Utah and 
D r .  Walt Brown of t h e  Jet Propulsion Laboratory, Pasadena, 
C a l i f . ,  a r e  lunar  sounder p r i n c i p a l  inves t iga to r s .  

I n f r a r e d  Scanning Radioheter (S-171): The i n f r a r e d  scanning 
radiometer (ISR) experiment w i l l  provide a luna r  su r face  
temperature map with improved temperature and s p a t i a l  
r e s o l u t i o n  over what has been poss ib le  before.  Previous 
Earth-based observat ions of t h e  lunar  su r face  thermal 
balance have been l i m i t e d  t o  t h e  f r o n t  s i d e  with a 
temperature r e s o l u t i o n  of about 210°K (-80°F) and a 
su r face  r e s o l u t i o n  of about 15 km ( 9 . 3  mi les ) .  The ISR 
w i l l  permit measurements t o  be made on both t h e  f r o n t  and 
back s i d e  a t  a temperature r e s o l u t i o n  of b e t t e r  than 
1°K (1.8OF) and a su r face  r e s o l u t i o n  of b e t t e r  than 
2 km (1 .2  m i l e s ) .  The I S R  w i l l  l o c a t e  and p inpoin t  
anomalously cold  o r  h o t  regions on t h e  lunar  su r face  i n  
add i t ion  t o  measuring t h e  su r face  temperature of var ious 
a reas  a s  a funct ion  of Sun angle. These cool ing curves 
(temperature v s  Sun angle)  w i l l  be used t o  c a l c u l a t e  t h e  
thermal p roper t i e s  of regions of varying geology, topography, 
and rock d i s t r i b u t i o n .  

When c o r r e l a t e d  with o r b i t a l  photography and l u n a r  
sounder d a t a ,  ISR temperature measurements a r e  expected t o  
a i d  i n  l o c a t i n g  su r face  rock f i e l d s ,  c r u s t a l  s t r u c t u r a l  
d i f f e rences ,  volcanic  a c t i v i t y  and f i s s u r e s  emi t t ing  "hot" 
gases.  



Mounted on t h e  bottom s h e l f  of t h e  S I M  Bay, t h e  
i n f r a r e d  scanning radiometer i s  made up of an o p t i c a l  
scanning u n i t ,  a thermis tor  bolometer and assoc ia ted  
processing e l e c t r o n i c s .  The scanning u n i t  c o n s i s t s  of 
a folded cassegra in  te lescope  wi th  a r o t a t i n g  mir ror  
which sweeps 162 degrees c ross t rack .  The thermal energy 
from about 2 t o  about 60m (7 t o  200 f e e t )  emit ted from 
t h e  l ~ a r  su r face  and r e f l e c t e d  from t h e  scanning mir ror  
i s  focused by t h e  te lescope  onto t h e  thermis tor  bolometer. 
Changes i n  luna r  su r face  temperature a r e  de tec ted  by t h e  
bolometer. The output  of t h e  thermis tor  bolometer i s  
processed by t h e  e l e c t r o n i c s  package which s p l i t s  t h e  
temperature readouts  i n t o  t h r e e  channels f o r  te lemetry:  
0-160°K (-459 t o  -170°F), 0-250°K (-459 t o  -lO°F) and 
0-400°K (-459 t o  260°F). The lunar  su r face  temperature 
a t  luna r  noon i s  approximately 400°K (260°F) and drops 
t o  about 80°K (-315OF) j u s t  before lunar  sunr i se .  

The CSM l o n g i t u d i n a l  a x i s  w i l l  be a l igned t o  t h e  
f l i g h t  path during periods t h e  experiment i s  turned on. 
The instrument w i l l  be operated over both t h e  l i g h t  s i d e  
and darks ide  pr imar i ly  during crew s l e e p  periods.  

D r .  Frank J. Low of t h e  Universi ty  of Arizona Lunar 
and Planetary  Laboratory i s  t h e  p r i n c i p a l  i n v e s t i g a t o r .  

Far -Ul t ravio le t  Spectrometer (S-169): Atomic composition, 
dens i ty  and s c a l e  he ight  f o r  s e v e r a l  cons t i tuen t s  of t h e  
lunar  atmosphere w i l l  be measured by t h e  f a r - u l t r a v i o l e t  
spectrometer.  So la r  far-UV r a d i a t i o n  r e f l e c t e d  from the  
lunar  su r face  a s  w e l l  a s  W r a d i a t i o n  emi t ted  by g a l a c t i c  
sources a l s o  w i l l  be de tec ted  by t h e  instrument.  

The fa r -W spectrometer w i l l  ga the r  d a t a  on t h e  
s p e c t r a l  emission i n  t h e  range of 1175 t o  1675 A (angstrom), 
and it i s  expected t h a t  among elements de tec ted  w i l l  be 
hydrogen (1216A) , carbon (1675A) , ni t rogen (1200A) , 
oxygen (1304A) , krypton (1236A) and xenon (1470A). The 
t o t a l  luna r  atmospheric dens i ty  a t  t h e  lunar  su r face  i s  
est imated t o  be l e s s  than one t r i l l i o n t h  of t h a t  a t  t h e  
Ear th ' s  su r face ,  



The f a r - W  spectrometer,  mounted on t h e  bottom s h e l f  of 
t h e  Sim bay c o n s i s t s  of an e x t e r n a l  b a f f l e  which l i m i t s  s t r a y  
l i g h t ,  a  0.5 meter (20 inches)  focal- length Ebert  mir ror  
spectrometer with .5x6 cm (.2x2.4 inch)  s l i ts ,  a lOxlOcm 
(4x4 inch)  r e f l e c t i o n  g r a t i n g ,  a  scan d r i v e  mechanism which 
provides t h e  wavelength scan and a  photomul t ip l ie r  tube 
which measures t h e  i n t e n s i t y  of t h e  inc iden t  u l t r a v i o l e t  
r a d i a t i o n ,  and processing e l e c t r o n i c s .  The spectrometer 
has  a  12x12 degree f i e l d  of view and i s  al igned 18 degrees 
t o  t h e  r i g h t  of t h e  SIM bay c e n t e r l i n e  and 23 degrees forward 
of t h e  CSM v e r t i c a l  ax i s .  

Controls f o r  a c t i v a t i n g  and deac t iva t ing  t h e  experiment 
and f o r  opening and c los ing  a  p r o t e c t i v e  cover a r e  loca ted  
i n  the  CM. 

D r .  William G. F a s t i e  of Johns Hopkins Universi ty .  
Baltimore,  Md., i s  t h e  p r i n c i p a l  inves t iga to r .  

Gamma Ray Spectrometer (S-160): A s  an adjunct  t o  t h e  gamma 
ray spectrometer experiment c a r r i e d  on Apollos 15 and 16, t h e  
aim of t h i s  t a s k  i s  t o  ga ther  d a t a  f o r  a  c a l i b r a t i o n  base l ine  
t o  support  t h e  o v e r a l l  S-160 experiment. 

A SIM bay experiment on Apollo 16, t h e  S-160 sensor  was 
extended on a  7.5 meter (25 f o o t )  boom t o  measure n a t u r a l  and 
cosmic rays ,  induced gamma r a d i o a c t i v i t y  from t h e  lunar  su r face  
and t h e  r a d i a t i o n  f l u x  i n  c i s l u n a r  space. A sodium iodide  
c r y s t a l  was used as t h e  d e t e c t o r ' s  s c i n t i l l a t o r .  

An i d e n t i c a l  sodium iodide  c r y s t a l  w i l l  be c a r r i e d  
aboard t h e  Apollo 17 command module t o  measure background 
g a l a c t i c  r a d i a t i o n  and CM f l u x  reaching it during t h e  mission. 
The measurements from t h i s  pass ive  c r y s t a l  w i l l  be "subtracted" 
from t h e  Apollo 15 and Apollo 1 6  d a t a  t o  sepa ra te  background 
n o i s e  from v a l i d  luna r  measurements. 

Immediately a f t e r  splashdown, t h e  2.3-kilogram ( f ive -  
pound) 7.5x7.5-cm (3x3-inch) cy l inder  containing t h e  c r y s t a l  
w i l l  be removed and placed i n t o  a  photomul t ip l ie r  multi-  
channel analyzer  aboard t h e  prime recovery s h i p  f o r  
measurements of short-per iod h a l f - l i v e s  of s e v e r a l  i so topes .  



Panoramic Camera: 610mm (24-inch) SM o r b i t a l  photo task :  
The camera ga the r s  mono o r  s t e r e o  high-resolut ion 2 meters (6 .5f t . I  
photographs of t h e  lunar  su r face  from o r b i t .  The camera 
produces an image s i z e  of 28 x 334 ki lometers  (17 x 208 nm) 
with a f i e l d  of view 11' along t h e  t r a c k  and 108' c ross  t r ack .  
The r o t a t i n g  l e n s  system can be stowed face-inward t o  avoid 
contamination during e f f l u e n t  dumps and t h r u s t e r  f i r i n g s .  
The 33-kilogram (72-pound) f i l m  c a s s e t t e  of 1,650 frames w i l l  
be r e t r i e v e d  by t h e  command module p i l o t  during a t r a n s e a r t h  
coas t  EVA. The camera works i n  conjunction with t h e  mapping 
camera and t h e  l a s e r  a l t i m e t e r  to gain d a t a  t o  cons t ruc t  a 
comprehensive map of t h e  lunar  su r face  ground t r a c k  flown 
by t h i s  mission ---about 2.97 m i l l i o n  square meters ( 1 . 1 6  
mi l l ion  square m i l e s )  o r  8 percent  of t h e  lunar  su r face .  

Mapping Camera: 76mm (3-inch):  Combines 20-meter 166ft)  r e s o l u t i o n  
t e r r a i n  mapping photography on 12.5cm (5  i n . )  f i l m  with 76 mm 
(3-inch) f o c a l  l eng th  l e n s  with s t e l l a r  camera shoot ing t h e  
s t a r  f i e l d  on 35mm f i l m  simultaneously a t  96' from t h e  su r face  
camera o p t i c a l  ax i s .  The s t e l l a r  photos allow accura te  or ien-  
t a t i o n  of mapping photography p o s t f l i g h t  by comparing simulta- 
neous s t a r  f i e l d  photography with lunar  su r face  photos of t h e  
n a d i r  ( s t r a i g h t  down). Addi t ional ly ,  t h e  s t e l l a r  camera 
provides po in t ing  vec to r s  f o r  t h e  l a s e r  a l t i m e t e r  during dark- 
s i d e  passes.  The mapping camera metr ic  l e n s  covers a 74' square 
f i e l d  of view, o r  170 x 170 km (92 x 92 nm) from 111.5 km (60 nm) 
i n  a l t i t u d e .  The s t e l l a r  camera i s  f i t t e d  with a 76mm (3-inch) 
f/2.8 l e n s  covering a 24' f i e l d  with cone f l a t s .  The 9-kg 
(20-lb) f i l m  c a s s e t t e  containing mapping camera f i l m  (3,600 
frames) and t h e  s t e l l a r  camera f i l m  w i l l  be r e t r i e v e d  during 
t h e  same EVA descr ibed i n  t h e  panorama camera d iscuss ion .  The 
Apollo O r b i t a l  Science Photographic Team i s  headed by 
Frederick J. Doyle of t h e  U.S. Geological Survey, McLean, Va. 

Laser Alt imeter :  This a l t i m e t e r  measures spacec ra f t  a l t i t u d e  
above t h e  lunar  su r f  ace t o  wi th in  two meters (6.5f t) The insvtrument 
i s  boresighted with t h e  mapping camera t o  provide a l t i t u d e  
c o r r e l a t i o n  d a t a  f o r  t h e  mapping camera a s  w e l l  a s  t h e  pan- 
oramic camera. When t h e  mapping camera i s  running, t h e  l a s e r  
a l t i m e t e r  au tomat ica l ly  f i r e s  a l a s e r  pulse  t o  t h e  su r face  
corresponding t o  mid-frame ranging f o r  each frame. The 
l a s e r  l i g h t  source i s  a pulsed ruby l a s e r  opera t ing  a t  6,943 
angstroms, and 200-mil l i joule  pu l ses  of  10 nanoseconds dura- 
t i o n .  The l a s e r  has a r e p e t i t i o n  r a t e  up t o  3.75 pulses  p e r  
minute. On Apollo 15 and 16, t h i s  instrument revealed important 
new information on t h e  shape of t h e  Moon. A l a r g e  depression on 
t h e  backside w a s  found and t h e  separa t ion  of t h e  cen te r  of 
f i g u r e  and c e n t e r  of mass of t h e  Moon by about 2 km (1 .2  mi les)  
was observed, The l a s e r  a l t i m e t e r  working group of t h e  Apollo 
O r b i t a l  Science Photographic Team i s  headed by D r .  William M. 
Kaula of t h e  UCLA I n s t i t u t e  of Geophysics and Planetary Physics. 



CSM/LM S-Band Transponder: The o b j e c t i v e  of t h i s  exper- 
iment i s  t o  d e t e c t  v a r i a t i o n s  i n  luna r  g r a v i t y  along t h e  
lunar  su r face  t r ack .  These g r a v i t a t i o n a l  anomalies r e s u l t  
i n  minute pe r tu rba t ions  of t h e  spacec ra f t  motion and a r e  
i n d i c a t i v e  of magnitude and l o c a t i o n  of mass concent ra t ions  
on t h e  Moon. The Spacef l igh t  Tracking and Data Network(STDN) 
and t h e  Deep Space Network (DSN) w i l l  ob ta in  and record 
S-band doppler t r ack ing  measurements from t h e  docked CSM/LM 
and t h e  undocked CSM while  i n  luna r  o r b i t ;  S-band doppler 
t r ack ing  measurements of t h e  LM during non-powered por t ions  
of t h e  lunar  descent ;  and S-band doppler t r ack ing  measurements 
of t h e  LM ascen t  s t a g e  during non-powered por t ions  of t h e  
descent  f o r  luna r  impact. The CSM and LM S-band transponders 
w i l l  be operated during t h e  experiment period. The experiment 
was conducted on Apollo, 1 4 ,  15 and 1 6 .  

S-band doppler t r ack ing  d a t a  from t h e  Lunar Orb i t e r  missions 
w e r e  analyzed and d e f i n i t e  g r a v i t y  v a r i a t i o n s  were de tec ted .  
These r e s u l t s  showed t h e  ex i s t ence  of m a s s  concent ra t ions  
(mascons) i n  t h e  r inged maria. Confirmation of these  r e s u l t s  
has been obtained with Apollo t r ack ing  d a t a ,  both from t h e  CSM 
and i n  g r e a t e r  d e t a i l  from t h e  Apollo 15 and 1 6  s u b s a t e l l i t e s .  

With appropr ia te  spacec ra f t  o r b i t a l  geometry much more 
s c i e n t i f i c  information can be gathered on t h e  l u n a r  
g r a v i t a t i o n a l  f i e l d .  The CSM and/or LM i n  low-al t i tude o r b i t s  
can provide new d e t a i l e d  information on l o c a l  g rav i ty  
anomalies. These d a t a  can a l s o  be used i n  conjunction with 
h i g h - a l t i t u d e  d a t a  t o  poss ib ly  provide some desc r ip t ion  on 
the  s i z e  and shape of the  per turb ing  masses. Corre la t ion  of 
these  d a t a  with photographic and o t h e r  s c i e n t i f i c  records w i l l  
g ive a  more complete p i c t u r e  of t h e  lunar  environment and 
support  f u t u r e  luna r  a c t i v i t i e s ,  Inc lus ion  of these  r e s u l t s  
i s  p e r t i n e n t  t o  any theory of t h e  o r i g i n  of t h e  Moon and t h e  
study of t h e  lunar  subsurface s t r u c t u r e ,  s ince  it implies  a  
r i g i d  ou te r  c r u s t  f o r  t h e  Moon f o r  a t  l e a s t  t h e  l a s t  t h r e e  
b i l l i o n  years .  There i s  a l s o  t h e  a d d i t i o n a l  b e n e f i t  of 
obta in ing  b e t t e r  nav iga t iona l  c a p a b i l i t i e s  f o r  f u t u r e  luna r  
missions i n  t h a t  an improved lunar  g rav i ty  model w i l l  be known. 
William Sjogren, J e t  Propulsion Laboratory, Pasadena, C a l i f .  
i s  p r i n c i p a l  i n v e s t i g a t o r .  

Apollo Window Meteoroid: This i s  a  passive experiment i n  which 
command module windows a r e  scanned under high magnif icat ion 
pre- and p o s t f l i g h t  f o r  evidence of meteoroid c r a t e r i n g  f l u x  of 
o n e - t r i l l i o n t h  gram o r  l a r g e r .  Such p a r t i c l e  f l u x  may be a  
f a c t o r  i n  degradation of su r faces  exposed t o  space environment. 
P r i n c i p a l  i n v e s t i g a t o r  i s  Burton Cour-Palais, NASA Manned 
Spacecraf t  Center. 



APOLLO L U N A R  O R B I T  PHOTOGRAPHIC  COVERAGE 

MAPPING CAMERA - VERTICAL 
LUNAR SURFACE PHOTOGRAPHED 
NEW AREA PHOTOGRAPHED 
TOTAL NON -REDUNDANT PHOTOGRAPHY 

UNRECTI FI ED PHOTOGRAPHY 
RECTI FI ED PHOTOGRAPHY 
NEW AREA - RECTIFIED PHOTOGRAPHY 
TOTAL NON -REDUNDANT RECTI F I ED PHOTOGRAPHY 



MEDICAL TESTS AND EXPERIMENTS 

Visual  Light  Flash Phenomenon: Mysterious f l a s h e s  of l i g h t  
pene t ra t inq  closed e y e l i d s  have been repor ted  by crewmen of 
every  olio lunar  mission s i n c e  ~ ~ o l l o -  11. us;ally t h e  
l i g h t  s t r e a k s  and specks a r e  observed i n  a darkened command 
module cabin while t h e  crew i s  i n  a rest period. Averaging 
two f l a s h e s  a minute, the  phenomenon was observed i n  previous 
missions i n  t r ans lunar  and t r a n s e a r t h  coas t  and i n  luna r  o r b i t .  

Two t h e o r i e s  have been proposed on t h e  o r i g i n  of t h e  
f l a shes .  One theory i s  t h a t  t h e  f l a s h e s  stem from v i s u a l  
phosphenes induced by cosmic rays.  The o the r  theory is  
t h a t  Cerenkov r a d i a t i o n  by high-energy atomic p a r t i c l e s  
e i t h e r  e n t e r  t h e  eyeba l l  o r  ion ize  upon c o l l i s i o n  with t h e  
r e t i n a  o r  c e r e b r a l  cortex.  

The Apollo 17 crew w i l l  run a con t ro l l ed  experiment 
during t r a n s l u n a r  coas t  i n  an e f f o r t  t o  c o r r e l a t e  l i g h t  
f l a s h e s  t o  inc iden t  primary cosmic rays .  One crewman w i l l  
wear an emulsion p l a t e  device on h i s  head c a l l e d  t h e  Apollo 
l i g h t  f l a s h  moving emulsion d e t e c t o r  (ALFMED), while  h i s  
crewmates wear eyeshields .  The ALFMED emulsion p l a t e s  cover 
t h e  f r o n t  and s i d e s  of t h e  wearer ' s  head and w i l l  provide 
d a t a  on t ime, s t r e n g t h ,  and pa th  of high-energy atomic 
p a r t i c l e s  pene t ra t ing  t h e  emulsion p l a t e s .  This d a t a  w i l l  be 
c o r r e l a t e d  with t h e  crewman's verba l  r e p o r t s  on f l a s h  
observat ions during t h e  t e s t s .  The test  w i l l  be repeated 
during t r a n s e a r t h  coas t  wi th  a l l  t h r e e  crewman wearing 
eyeshie lds  and without  t h e  ALFMED. 

The experiment was a l s o  flown on Apollo 1 6 .  

Biocore (M-212): A completely passive experiment, Biocore is  
i s  designed t o  determine whether ion iz ing  heavy cosmic ray  
p a r t i c l e s  can i n j u r e  non-regenerative (nerve) c e l l s  i n  t h e  
eye and bra in .  Cosmic Ray p a r t i c l e s  range from carbon 
p a r t i c l e s  t o  i r o n  p a r t i c l e s  o r  even heavier ,  

Pocket mice, found i n  t h e  Ca l i fo rn ia  d e s e r t  near  
Palm Springs,  a r e  used because they a r e  hardy, small  
(weighing about one-third of an ounce),  and dr ink no water 
( t h e i r  water comes from t h e  seeds they e a t ) .  Five pocket 
mice w i l l  have cosmic ray p a r t i c l e  de tec to r s ,  i n  sandwich 
form, implanted under t h e i r  sca lps .  These d e t e c t o r s  a r e  
made of t h e  p l a s t i c s  lexan and c e l l u l o s e  n i t r a t e .  Under t h e  
microscope, t h e  t r a c k s  t h a t  cosmic ray p a r t i c l e s  make i n  passing 
through these  p l a s t i c s  can be seen. This enables  p h y s i c i s t s  
t o  determine t h e  path of t h e  p a r t i c l e s  passing i n t o  t h e  brain.  



Five mice, each i n  a pe r fo ra ted  aluminum tube,  a r e  
housed i n s i d e  an aluminum c a n i s t e r  which i s  33.8 em long 
and 17.8 cm wide (12  i n .  long, 7 i n .  wide) . The tubes 
a r e  small  so  t h a t  t h e  mice cannot f l o a t  f r e e  i n  t h e  zero G 
environment and w i l l  have ample seeds f o r  food. A c e n t r a l  
tube i n  t h e  c a n i s t e r  contains  potassium superoxide. When 
t h e  animals brea the ,  the  moisture and carbon dioxide 
coming from t h e i r  lungs a c t i v a t e  t h e  superoxide which gives 
o f f  oxygen t o  s u s t a i n  t h e  mice. The c a n i s t e r  is  a s e l f -  
sus ta ined ,  c losed u n i t ,  n o t  r equ i r ing  any a t t e n t i o n  by t h e  
a s t ronau t s  during t h e  f l i g h t .  

P r i n c i p a l  Inves t iga to r  is  D r .  Webb Haymaker, NASA Ames 
Research Center, Mountain V i e w ,  C a l i f .  

Biostack M - 2 1 :  The German Biostack experiment i s  a pass ive  
experiment r equ i r ing  no crew a c t i o n  and is  q u i t e  s i m i l a r  t o  
t h e  Biostack flown on Apollo 16. The experimental  r e s u l t s  
obtained on Apollo 1 6  were considered q u i t e  good. Conducting 
t h e  experiment again on Apollo 17 with s i x  b i o l o g i c a l  ma te r i a l s  
i n  l i e u  of t h e  f o u r  flown on Apollo 16 should enlarge  t h e  d a t a  
base obtained e a r l i e r .  

Se lec ted  b i o l o g i c a l  m a t e r i a l  w i l l  be exposed t o  high- 
energy heavy ions  i n  cosmic r a d i a t i o n  and t h e  e f f e c t s  
analyzed p o s t f l i g h t .  Heavy ion  energy measurements cannot 
be gathered from ground-based r a d i a t i o n  sources.  The 
Biostack experiments w i l l  add t o  t h e  knowledge of how these  
heavy i o n s  may p resen t  a hazard f o r  man during long space 
f l i g h t s .  

A l t e rna te  l a y e r s  of b i o l o g i c a l  ma te r i a l s  and r a d i a t i o n  
t r a c k  d e t e c t o r s  a r e  hermet ica l ly  sea led  i n  an aluminum 
cy l inder  measuring 12.5 cm i n  diameter and 9.8 cm high 
(4.8 x 3.4 inches)  and weighing 2 .4  kg (5.3 l b s . ) .  The 
cy l inder  w i l l  be stowed aboard t h e  command module p r e f l i g h t  
and removed p o s t f l i g h t  f o r  a n a l y s i s  by t h e  p r i n c i p a l  
i n v e s t i g a t o r ,  D r .  Horst Bucker of t h e  Universi ty  of 
Frankfur t  am Main, Federal  Republic of Germany. 

The s i x  b i o l o a i c a l  ma te r i a l s  i n  Biostack, none of which 
is  harmful t o  man,aare b a c i l l u s  s u b t i l i s  spores (hay b a c i l l  

[bee t le  eggs) . 



Cardiovascular Conditioning Garment: A counterpressure 
garment s i m i l a r  t o  a f i g h t e r  p i l o t ' s  "g-sui t"  which w i l l  
be donned by t h e  command module p i l o t  p r i o r  t o  e n t r y  and 
l e f t  on u n t i l  completion of medical exams aboard t h e  
prime recovery vesse l .  Lower body negat ive p ressu re  t e s t s  ' 
w i l l  be run on t h e  CMP pre-mission and again aboard s h i p  
a s  p a r t  of a program t o  eva lua te  t h e  device a s  a p o t e n t i a l  
t o o l  f o r  p r o t e c t i n g  t h e  re turned  crewmen i n  t h e  1 G  
environment of Earth from cardiovascular  changes t o  t h e  
body r e s u l t i n g  from space f l i g h t .  

Skylab Mobile Laborator ies  (SML) F i e l d  Test:  Apollo 17 
recovery opera t ions  w i l l  s e rve  a s  a p r a c t i c a l  f i e l d  t e s t  
f o r  t h e  Skylab Mobile Laboratory. The SML w i l l  be  loaded 
aboard t h e  prime recovery v e s s e l  and s t a f f e d  with 2 
physicians and 4 para-medical p ro fess iona l s  i n  a shakedown 
of t h e  system i n  prepara t ion  f o r  recovery opera t ions  f o r  
next  y e a r ' s  Skylab mission. 

The SML i s  made up of s i x  b a s i c  U.S. Army Medical 
Unit  Self-Contained Transportables  (MUST) modified f o r  
Skylab p o s t f l i g h t  crew medical examinations and processing 
of i n f l i g h t  and p o s t f l i g h t  medical experiment data .  Each 
mini-lab is  o u t f i t t e d  t o  meet a s p e c i f i c  d i s c i p l i n e :  blood, 
card iovascular ,  metabol ic  s t u d i e s ,  microbiology, n u t r i t i o n  
and endocrinology, and opera t iona l  medicine. 



Food Compatibility Assessment: This investigation will measure 
whole body metabolic gains or losses, together with associated 
endo~rinoio~ical and electrolytes controls. The purpose of 
the investigation is to assess food compatibility and to deter- 
mine the effect of space flight upon overall body composition 
and upon the circulating and excretory levels of certain 
hormonal constituents which are responsible for maintaining 
homeostasis. This assessment is designed to acquire input 
and output information necessary not only to assess the 
metabolic consequences'of the final lunar mission but also 
to provide a firmer basis for interpreting the results of the 
Skylab missions. 

As part of this investigation, an improved urine collec- 
tion system will be used by the Apollo 17 crew. Called the 
Biomedical Urine Sample System [BUSS), the device consists of 
a polyurethane film bag with 4,000 rn~lllliters a20 ounces1 
capacity which contains 30 milligrams C.0012 ounces) of 
lithium for a tracer and 10 grams C.4 ounces) boric acid 
for preservation of organic constituents. One bag is furnished 
for each man/day in the command module.for a total of 34. 
Each bag is fitted with a roll-on cuff. 

At the end of each 24-hour sampling period, a small 
sample for postflight analysis is withdrawn from each of 
the three BUSS bags and labeled and stowed for postflight 
analysis; the remainder is vented overboard through the 
command module waste management system. No samples will 
be collected in lunar module operations. 



ENGINEERING/OPERATIONAL, 
TESTS' AND' DEMONSTRATIONS 

Heat Flow and Convection 

The flow of fluids on Earth are dependent upon gravity ~ 

for motion, but in the absence of gravity in space flight 
fluids behave quite differently and depend more upon surface 
tension as their motive force, Investigations of fluid flow 
caused by surface tension gradients, interfacial tension of 
dissimilar fluids and expansion are next to impossible in 
earthbound laboratories. 

The Apollo 17 heat flow and convection demonstration 
will go beyond the demonstration carried out on Apollo 14 
by providing more exact data on the behavior of fluids in 
a low gravity field -- data which will be valuable in the 
design of future science experiments and for manufacturing 
processes in space. 

Three test cells are used in the Apollo 17 demonstration 
for measuring and observing fluid flow behavior. The tests 
will be recorded on motion picture film in addition to direct 
observation by the crew. 

Radial heat flow will be induces in a circular cell 
which has an electrical heater in its center. A liquid 
crystal material, which changes colors when heated, covers 
the argon-filled cell, thereby indi'cating heat flow through 
changing color patterns. 

Lineal heat flow will be demonstrated hn a transparent 
cylinder filled with Krytox (heavy oil) and color-indicating 
liquid crystal strips. Heat flow is induced by an electric 
heater in one end of the cylinder. 

The third device is a flow pattern test cell made up 
of a shallow aluminum dish into which layers of Krytox with 
suspended aluminum flakes are injected. A heater on the 
bottom of the dish causes flow patterns to form in the Krytox, 
with the aluminum flakes serving to make the flow more visi- 
ble. 

The demonstrations will be run first during translunar 
coast when khe spacecraft rates are nulled in all three axes, 
and again after passive thermal control (PTC) or "barbe~ue'~ 
roll has been set up, The 16-nun data acquisition camera 
will be used to make sequence photos of the test cells -- 10 
minutes for the radial and lineal test cells, and 15 minutes 
for the flow pattern test cell, 



Skylab Contamination Study: Since John Glenn reported 
seeing "fireflies" outside the tiny window of his Mercury 
spacecraft Friendship 7 a decade ago, space crews have noted 
light-scattering particles that hinder visua1,observations 
as well as photographic tasks. ~hese clouds of particles 
surrounding spacecraft generally are from water dumps and 
escaping cabin gases changing into ice crystals. 

The phenomenon could be of concern in the Skylab missions 
during operation of the solar astronomy experiments. The 
light scattering from a 100-micron particle 13 kilometers (7.8 miles) 
away from the spacecraft, for example, is as bright as a 
third-magnitude star. A cloud of particles with such a light- 
scattering effect would rule out any astronomical experiments 
being conducted on the sunlit portion of an orbit. 

During translunar coast the Apollo 17 Infrared Scanning 
Radiometer and Far-Ultraviolet Spectrometer in the SIM Bay 
will provide data on optical contamination, adsorption of 
the contamination cloud, the scattering effect of a particle 
cloud, and the duration of a cloud resulting from a specific 
waste water dump. 

Light-scattering and contamination data gathered on Apollo 
17 will aid in predicting contamination in the vicinity of 
the Skylab orbital workshop and its sensitive telescope mount, 
and in devising means of minimizing contaminate levels around 
the Skylab vehicle. Photography in support of the study 
was also conducted on Apollo 16. 



LUNAR ROVING VEHICLE 

The lunar  roving veh ic le  (LRV) ,  t h e  t h i r d  t o  be used 
on t h e  Moon, w i l l  t r a n s p o r t  two as t ronau t s  on t h r e e  explora- 
t i o n  t r a v e r s e s  of t h e  Moon's Taurus-Littrow region during 
t h e  Apollo 17 mission. The LRV w i l l  a l s o  ca r ry  t o o l s ,  s c i -  
e n t i f i c  and communications equipment, and lunar  samples. 

The four- wheel, l ightweight  veh ic le  has g r e a t l y  extend- 
ed t h e  lunar  a r e a  t h a t  can be explored by man. I t  i s  t h e  
f i r s t  manned su r face  t r a n s p o r t a t i o n  system designed t o  oper- 
a t e  on t h e  Moon, and it represen t s  a s o l u t i o n  t o  chal lenging 
new problems without  precedent i n  Earth-bound veh ic le  design 
and opera t ion .  

The LRV must be folded i n t o  a small  package wi th in  a 
wedge-shaped s to rage  bay of t h e  lunar  module descent  s t a g e  
f o r  t r a n s p o r t  t o  t h e  Moon. Af ter  landing,  t h e  veh ic le  must 
be unfolded from i t s  stowed p o s i t i o n  am%-..deployed on t h e  sur- 
f ace .  I t  must then  opera te  i n  an almost t o t a l  vacuum under 
extremes of  su r face  temperatures,  low g r a v i t y ,  and on unfamil- 
i a r  t e r r a i n .  

The f i r s t  luna r  roving veh ic le ,  used on . the Apollo 15 
lunar  mission, was dr iven  f o r  t h r e e  hours during i t s  explora- 
t i o n  t r a v e r s e s ,  covering a d i s t ance  of 27.9 ki lometers  
(17.3 s t a t u t e  mi les)  a t  an average speed of 9.3 ki lometers  
an hour (5.8 miles  an hour) 

The second lunar  roving veh ic le ,  used on Apollo 1 6 ,  was 
d r iven  t h r e e  hours and twenty-six minutes f o r  a t o t a l  d i s t a n c e  
of 26.9 ki lometers  (16-7 s t a t u t e  m i l e s )  a t  an average speed 
of 9.8 ki lometers  an hour (4.9 mi les  an hour ) ,  

General Descript ion 

The LRV i s  3 -1. meters long (10.2 f e e t )  ; has a 1.8 - 
meter ( s ix- foot )  width; i s  1 . 1 4  meters high (44.8 inches ) ;  
and has a 2-3-meter wheel base (7.5 f e e t ) .  Each wheel i s  
powered by a small  e l e c t r i c  motor. The maximum speed reached 
on t h e  Apollo 15  mission was 13 km/hr ( e igh t  mph), and 17 km/hr 
( Ilmph) on Apollo 1 6 -  

Two 36-volt b a t t e r i e s  provide veh ic le  power, and e i t h e r  
b a t t e r y  can run a l l  systems. The f r o n t  and r e a r  wheels have 
separa te  s t e e r i n g  systems; i f  one f a i l s  it can be disconnected 
and t h e  LRV w i l l  opera te  wi th  t h e  o t h e r  system. 



Weighing about 209 kilograms (461 pounds),Earth weight, 
when deployed on the Moon the LRV can carry a total payl~ad 
of about 490 kilograms (1,080 pounds), more than twice its 
own weight. The payload includes two astronauts and their 
portable life support systems (about 363 kilograms; 800 pounds), 
68.0 kilograms (150 pounds)of communications equipment, 54.5 
kilograms (150 pounds) of scientific equipment and photo- 
graphic gear, and 40.8 kilograms (90 pounds) of lunar samples. 

The LRV is designed to operated during a minimum period 
of 78 hours on the lunar surface. It can make several explora- 
tion sorties to a cumulative distance of 96 kilometers (57 miles). 
The maximum distance the LRV will be permitted to range from 
the lunar module will be approximately 9.4 kilometers (5.9 miles), 
the distance the crew could safely walk back to the LM in the 
unlikely event of a total LRV failure. This walkback distance 
limitation is based upon the quantity of oxygen and coolant 
available in the astronauts' portable life support systems. 
This area contains about 292 square kilometers (113 square miles) 
available for investigation, 10 times the area that can be 
explored on foot. 

The vehicle can negotiate obstacles 30.5 centimeters 
(one foot) high and cross crevasses 70 centimeters (28 inches). 
The fully loaded vehicle can climb and descend slopes as steep 
as 25 degrees, and park on slopes up to 35 degrees. Pitch and 
roll stability angles are at least 45 degrees, and the turn 
radius is three meters (10 feet) . 

Both crewmen sit so the front wheels are visible during 
normal driving, The driver uses an on-board dead reckoning 
navigation system to determine direction and distance from the 
lunar module, and total distance traveled at any point during 
a traverse. 

The LRV has five major systems: mobility, crew station, 
navigation, power, and thermal control. Secondary systems 
include the deployment mechanism, LM attachment equipment, and 
ground support equipment. 

The aluminum chassis is divided into three sections that 
support all equipment and systems, The fomard and aft sections 
fold over the center one for stowage in the LM. The forward 
section holds both batteries, part of the navigation system, 
and electronics gear for the traction drive and steering systems. 
The center section holds the crew station with its two seats, 
control and display console, and hand controller. The floor 
of beaded aluminum panels can support the weight of both astro- 
nauts standing in lunar gravity, The aft section holds the 
scientific payload. 



Auxiliary LRV equipment includes the lunar communica- 
tions relay unit ILCRU) and its high and low gain antennas 
for direct communications with Earth, the ground commanded 
television assembly (GCTA), scientific equipment, tools, 
and sample stowage bags. 

Mobility System 

The mobility system is the major LRV system, containing 
the wheels, traction drive, suspension, steering, and drive 
control electronics subsystems. 

The vehicle is driven by a T-shaped hand controller lo- 
cated on the control and display console post between the 
crewmen. Using the controller, the astronaut maneuvers the 
LRV forward, reverse, left and right. 

Each LRV wheel has a spun aluminum hub and a titanium 
bump stop (inner frame) inside the tire (outer frame). The 
tire is made of a woven mesh of zinc-coated piano wire to 
which titanium treads are riveted in a chevron pattern around 
the outer circumference. The bump stop prevents excessive 
inflection of the mesh tire during heavy impact. Each wheel 
weighs 5.4 kilograms (12 pounds) on Earth and is designed 
to be driven at least 180 kilometers (112 miles). The wheels 
are 81.3 centimeters (32 inches) in diameter and 22.9 centi- 
meters (nine inches) wide. 

A traction drive attached to each wheel has a motor 
harmonic drive gear unit, and a brake assembly. The harmonic 
drive reduces motor speed at an 80-to-1 rate for continuous 
operation at all speeds without gear shifting. The drive has 
an odometer pickup (measuring distance traveled) that sends 
data to the navigation system. Each motor develops 0.18 
kilowatt (I/$-horsepower) and operates from a 36-volt input. 

Each wheel has a mechanical brake connected to the hand 
controller. Moving the controller rearward de-energizes the 
drive motors and forces brake shoes against a drum, stopping 
wheel hub rotation. Full rear movement of the controller 
engages and locks a parking brake. 

The chassis is suspended from each wheel by two parallel 
arms mounted on torsion bars and connected to each traction 
drive. Tire deflection allows a 35.6-centimeter (14-inch) 
ground clearance when the vehicle is fully loaded, and 43.2 
centimeters (17 inches) when unloaded. 



~ o t h  f r o n t  and r e a r  wheels have independent s t e e r i n g  
systems t h a t  allow a "wall-to-wall" turning radius  of 3.1 
meters (122 inches ) ,  exact ly  t h e  vehic le  length. I f  e i t h e r  
set of wheels has a s t e e r i n g  f a i l u r e ,  i ts s t ee r ing  system 
can be disengaged and t h e  t r ave r se  can continue with t he  
ac t i ve  s t e e r i n g  assembly. Each wheel can a l s o  be manually 
uncoupled from t h e  t r a c t i o n  d r ive  and brake t o  allow " f r ee  
wheeling" about t h e  d r ive  housing. 

Pushing t h e  hand c o n t r o l l e r  forward increased forward 
speed; r e a r  movement reduces speed. Forward and reverse are 
con t ro l l ed  by a knob on t h e  c o n t r o l l e r ' s  v e r t i c a l  s t e m .  With 
t he  knob pushed down, t he  c o n t r o l l e r  can only be pivoted for-  
ward; with it pushed up, t he  con t ro l l e r  can be pivoted t o  t h e  
r ea r  f o r  reverse.  

Crew S ta t ion  

The crew s t a t i o n  cons i s t s  of t h e  con t ro l  and d isplay  
console, s e a t s ,  seat b e l t s ,  an armrest,  f o o t r e s t s ,  inboard 
and outboard handholds, toeholds,  f l o o r  panels ,  and fenders.  

The contro l  and d isplay  console is  separated i n t o  two 
main pa r t s :  The top  pbr t ion  holds navigation system displays ;  
t he  lower por t ion  contains monitors and contro ls .  Attached 
t o  t he  upper l e f t  s i d e  of t he  console is  an a t t i t u d e  indi -  
c a to r  t h a t  shows vehic le  p i t c h  and r o l l .  

A t  t he  console top l e f t  i s  a pos i t ion  ind ica to r .  Its 
ou te r  circumference is  a l a rge  d i a l  t h a t  shows veh ic le  heading 
(d i rec t ion)  with respec t  t o  lunar  north.  Ins ide  t h e  d i a l  a r e  
th ree  d i g i t a l  ind ica to rs  t h a t  show bearing and range t o  t h e  
LM and d i s tance  t r ave led  by t h e  LRV. In  t h e  middle of t he  
console upper ha l f  i s  a Sun shadow device t h a t  is  used t o  
update t he  LRV1s  navigation system. Down the  l e f t  s i d e  of t he  
console lower ha l f  a r e  cont ro l  switches f o r  power d i s t r i b u t i o n ,  
d r ive  and s t ee r i ng ,  and monitors f o r  power and temperature. 
A warning f l a g  a top the  console pops up i f  a temperature 
goes above l i m i t s  i n  e i t h e r  ba t t e ry  o r  i n  any d r ive  motor. 

The LRV s e a t s  a r e  tubu la r  aluminum frames spanned by 
nylon webbing. They a r e  folded f l a t  during launch and erect- 
ed by crewmen a f t e r  deployment. The s e a t  backs support t he  
as t ronaut  por table  l i f e  support systems. Nylon webbing s e a t  
b e l t s ,  custom f i t t e d  t o  each crewman, snap over t h e  outboard 
handholds with metal hooks. 

The armrest,  located  d i r e c t l y  behind t h e  LRV hand con- 
t r o l l e r ,  supports t he  arm of t h e  dr iv ing crewman. The foot- 
rests, a t tached t o  t h e  cen te r  f l o o r  sec t ion ,  a r e  adjusted be- 
f o r e  launch t o  E i t  each crewman. Inboard handholds help  crew- 
men g e t  i n  and out  of the  LRV, and have receptac les  f o r  an 
accessory s t a f f  and the  low gain antenna of the  LCRU. 



The l ightweight ,  f i b e r g l a s s  fenders  keep lunar  d u s t  
from being thrown on t h e  a s t ronau t s ,  t h e i r  equipment, s e n s i t i v e  
veh ic le  p a r t s ,  and from obs t ruc t ing  v i s i o n  while dr iv ing .  Front  
and r e a r  fender sec t ions  a r e  r e t r a c t e d  during f l i g h t  and ex- 
tended by crewmen a f t e r  LRV deployment on t h e  l u n a r  sur face .  

Navigation System 

The navigat ion system i s  based on t h e  p r i n c i p l e  of start- 
i n g  a s o r t i e  from a known p o i n t ,  recording speed, d i r e c t i o n  
and d i s t ance  t r ave led ,  and p e r i o d i c a l l y  c a l c u l a t i n g  veh ic le  
pos i t ion .  

The system has t h r e e  major components: a  d i r e c t i o n a l  
gyroscope t o  provide veh ic le  headings: odometers on each wheel 's  
t r a c t i o n  d r i v e  u n i t  t o  give speed and d i s t ance  da ta ;  and a  
s i g n a l  processing u n i t  (a  small ,  s o l i d - s t a t e  computer) t o  
determine heading, bearing,  range, d i s t ance  t r a v e l e d ,  and 
speed. 

A 1 1  navigat ion system readings are displayed on t h e  con- 
t r o l  console. The system i s  r e s e t  a t  t h e  beginning of each 
t r a v e r s e  by p ress ing  a system r e s e t  but ton t h a t  moves a l l  
d i g i t a l  d i sp lays  and i n t e r n a l  r e g i s t e r s  t o  zero. 

The d i r e c t i o n a l  gyroscope i s  a l igned by measuring the  
i n c l i n a t i o n  of  t h e  LRV (using t h e  a t t i t u d e  i n d i c a t o r )  and 
measuring veh ic le  o r i e n t a t i o n  with r e spec t  t o  the Sun (using t h e  
shadow dev ice ) .  This information i s  relayed t o  ground con- 
t r o l l e r s  and t h e  gyro i s  adjus ted  t o  match ca lcu la ted  values 
read t o  back t h e  crew. 

Each LRV wheel revolu t ion  generates  odometer magnetic 
pulses  t h a t  are s e n t  t o  t h e  console d isp lays .  

Power System 

The power system c o n s i s t s  of two 36-volt,  non-recharge- 
a b l e  b a t t e r i e s  and equipment t h a t  con t ro l s  and monitors 
e l e c t r i c a l  power. The b a t t e r i e s  a r e  i n  magnesium cases ,  use 
p l e x i g l a s s  monoblock (common c e l l  wa l l s )  f o r  i n t e r n a l  con- 
s t r u c t i o n ,  and have s i l v e r - z i n c  p l a t e s  i n  potassium hydroxide 
e l e c t r o l y t e .  Each b a t t e r y  has 23 c e l l s  and 121-ampere-hour 
capaci ty .  

Both b a t t e r i e s  a r e  used simultaneously with an approxi- 
mately equal  load during LRV operat ion.  Each b a t t e r y  can 
c a r r y  t h e  e n t i r e  e l e c t r i c a l  load;  i f  one f a i l s ,  i t s  load can 
be s ~ i t c h e d  t o  t h e  o the r .  



The b a t t e r i e s  a r e  a c t i v a t e d  when i n s t a l l e d  on t h e  LRV 
a t  t h e  launch pad about f i v e  days before launch. During LRV 
opera t ion  a l l  mobil i ty  system power is  turned o f f  i f  a s t o p  
exceeds f i v e  minutes, bu t  navigat ion system power remains on 
throughout each s o r t i e .  The b a t t e r i e s  normally opera te  a t  
temperatures of 4 .4  t o  51.7 degrees C. (40-125 degrees F . ) .  

An a u x i l i a r y  connector a t  t h e  LRV1s forward end supp l i e s  
150 w a t t s  of 36-volt power f o r  t h e  lunar  communications r e l a y  
u n i t .  

Thermal Control 

The b a s i c  concept of LRV thermal con t ro l  i s  hea t  s t o r -  
age during veh ic le  opera t ion  and r a d i a t i o n  cool ing when it 
i s  parked between s o r t i e s .  Heat i s  s to red  i n  s e v e r a l  the r -  
mal c o n t r o l  u n i t s  and i n  t h e  b a t t e r i e s .  Space r a d i a t o r s  a r e  
pro tec ted  from d u s t  during s o r t i e s  by covers t h a t  a r e  manu- 
a l l y  opened a t  t h e  end of each s o r t i e ;  when b a t t e r y  tempera- 
t u r e s  cool  t o  about 7.2 degrees C, (45 degrees F.) , t h e  
covers automatical ly  c lose .  

A mult i - layer  i n s u l a t i o n  b lanket  p r o t e c t s  forward 
chass i s  components. Display console instruments are mounted 
t o  an aluminum p l a t e  i s o l a t e d  by r a d i a t i o n  s h i e l d s  and f i b e r -  
g l a s s  mounts, Console e x t e r n a l  su r faces  a r e  coated with 
thermal con t ro l  p a i n t  and t h e  f ace  p l a t e  i s  anodized, a s  a r e  
handholds, f o o t r e s t s ,  t ubu la r  s e a t  s e c t i o n s ,  and cen te r  and 
a f t  f l o o r  panels .  

Stowage and Deployment 

Space support  equipment holds t h e  folded LRV i n  t h e  
lunar  module dur ing  t r a n s i t  and deployment a t  t h r e e  a t tach-  
ment po in t s  with t h e  v e h i c l e ' s  a f t  end po in t ing  up. 

Deployment i s  e s s e n t i a l l y  manual. One crewman r e l e a s e s  
a cable  a t tached t o  t h e  top  ( a f t  end) of t h e  folded LRV a s  
t h e  f i r s t  s t e p  i n  t h e  deployment. 

One of t h e  crewmen then ascends t h e  LM ladder  p a r t  way 
and p u l l s  a D-ring on t h e  s i d e  of t h e  descent  s t age .  This 
r e l e a s e s  t h e  LRV, and l e t s  t h e  veh ic le  swing o u t  a t  t h e  t o p  
about 12.7 cent imeters  ( f i v e  inches)  u n t i l  it i s  stopped by 
two s t e e l  cables .  Descending t h e  ladder ,  t h e  crewman walks 
t o  t h e  L R V t s  r i g h t  s i d e ,  t akes  t h e  end of a deployment t ape  
from a stowage bag, and p u l l s  t h e  t ape  hand-over-hand. This 
unree l s  two support  cables  t h a t  swivel t h e  veh ic le  outward 
from t h e  top.  A s  t h e  a f t  c h a s s i s  i s  unfolded, t h e  a f t  wheels 
automatical ly  unfold and deploy, and a l l  l a t c h e s  are engaged. 
The crewman cont inues t o  unwind t h e  t ape ,  lowering t h e  L R V ' s  
a f t  end t o  t h e  su r face ,  and t h e  forward chass i s  and wheels 
sp r ing  open and i n t o  p lace ,  



When the aft wheels are on the surface, the crewman re- 
moves the support cables and walks to the vehicle's left side. 
There he pulls a second tape that lowers the LRV's forward 
end to the surface and causes telescoping tubes to push the 
vehicle away from the LM. The two crewmen then deploy the 
fender extensions, set up the control and display console, 
unfold the seats, and deploy other equipment. 

One crewman will board the LRV and make sure all controls 
are working. He will back the vehicle away slightly and drive 
it to the LM quadrant that holds the auxiliary equipment. The 
LRV will be powered down while the crewmen load auxiliary 
equipment aboard the vehicle. 



FIGURE 3.6-5 LUNAR FIELD GEOLOGY EQUIPMENT STOWAGE ON LRV 



l LRV STOWED IN QUADRANT 

ASTRONAUT REMOVES INSULATION 
BLANKET, OPERATING TAPES 

* ASTRONAUT REMOTELY INITIATES 
DEPLOYMENT 

LRV DEPLOYMENT SEQUENCE 

0 FORWARD CHASSIS UNFOLDS 
8 AND LOCKS 

* FRONT WHEELS UNFOLD 

8 ASTRONAUT LWERS LRV 
TO SURFACE WlTH LEFT 
HPNn TAPF 

l ASTRONAUT LOWERS LRV 
FROM STORAGE BAY WlTH 
RIGHT HAND TAPE 

OREAR WHEELS UNFOLD 

.AFT CHASSIS LOCKS IN 
POSITION 

l ASTRONAUT DISCONNECTS 
SPACE SUPPORT EQUIPMENT(SSE) 



HAND CONTROLLER OPERATION: 

T-HANDLE PIVOT FORWARD - INCREASED DEFLECTION FROM NEUTRAL INCREASES FORWIRD SPEED. 

T-HANDLE PIVOT REARWARD - INCREASED DEFLECTION FROM NEUTRAL INCREASES REVERSE SPEED. 

T-HANDLE PIVOT LEFT - JNCREASED DEFLECTION FROM NEUTRAL INCREASES LEFT STEERING ANGLE. 

1-HANDLE PIVOT RIGHT - INCREASED DEFLECTION FROM NEUTRAL INCREASES RIGHT STEERING ANGLE* 

T-HANDLE DISPLACED REARWARD - REARWARD MOVEMENT INCREASES BRAKING FORCE. FULL 3 INCH 
REARWARD APPLIES PARKING BRAKE. MOVING INTO BRAKE 
POSITION D l  SABLES THROTTLE CONTROL AT 15" MOVEMENT 
REARWARD. 

I N H I B I T  SWITCH 
DR REVERSE 

PARKING BRAKE 
CONTINGENCY :+y RELEASE RING 

HAND CONTROLLER 







(DEPLOYED, EMPTY) 

WEIGHT = 462 LB* 

C.6. LOCATION: 

*INCLUDES BATTER1 ES 
&' PAY LOAD SUPPORTS, 
EXCLUDES SSE. 

LRV Y = 0 

LRV COCIPONEHTS AllD DIHENSIOIIS 





The range from which an Apollo crew can opera te  from 
t h e  lunar  module during EVAs while maintaining con tac t  with 
t h e  Earth i s  extended over  t h e  lunar  horizon by a su i t case -  
s i z e  device c a l l e d  t h e  lunar  communications r e l a y  u n i t  (LCRU). 
The LCRU a c t s  as a por t ab le  d i r e c t  r e l a y  s t a t i o n  f o r  voice,  
TV, and telemetry between t h e  crew and Mission Control Center 
i n s t e a d  of through t h e  lunar  module communicakions system. 
F i r s t  use of t h e  LCRU was on Apollo 15. 

Completely self-contained with i t s  own power supply and 
e r e c t a b l e  hi-gain S-Band antenna, t h e  LCRU may be mounted on 
a rack a t  t h e  f r o n t  of t h e  lunar  roving veh ic le  (LRV) o r  hand- 
c a r r i e d  by a crewman. I n  add i t ion  t o  providing communications 
r e l a y ,  t h e  LCRU rece ives  ground-command s i g n a l s  f o r  t h e  ground 
commanded t e l e v i s i o n  assembly (GCTA) f o r  remote aiming and 
focusing t h e  lunar  su r face  co lo r  t e l e v i s i o n  camera. The GCTA 
is  descr ibed i n  another s e c t i o n  of  t h i s  p ress  k i t .  

Between s tops  with t h e  lunar  roving veh ic le ,  crew voioe 
i s  beamed Earthward by a wide beam-width h e l i c a l  S-Band an- 
tenna. A t  each t r a v e r s e  s top ,  t h e  crew must s i g h t  t h e  high- 
ga in  pa rabo l i c  antenna toward Earth before t e l e v i s i o n  s i g n a l s  
can be t ransmi t ted .  VHF s i g n a l s  from t h e  crew por tab le  l i f e  
support  system (PLSS) t r a n s c e i v e r s  are converted t o  S-Band 
by t h e  LCRU f o r  r e l a y  t o  t h e  ground, and conversely,  from 
S-Band t o  VHF on t h e  upl ink t o  t h e  EVA crewmen. 

The LCRU measures 55.9x40.6x15.2cm (22x16~6 inches)  
n o t  inc luding  antennas,  and weighs 25 Earth kilograms (55 
Ear th  pounds) (9.2 lunar  pounds). A p r o t e c t i v e  thermal blan- 
k e t  around t h e  LCRU can be peeled back t o  vary t h e  amount of 
r a d i a t i o n  su r face  which c o n s i s t s  of 1.26 m2 (196 square 
inches)  of r a d i a t i n g  mir rors  t o  r e f l e c t  s o l a r  hea t .  Addi- 
t i o n a l l y ,  wax packages on top  of t h e  LCRU enclosure s t a b i -  
l i z e  t h e  LCRU temperature by a melt-freeze cycle .  The LCRU 
i n t e r i o r  i s  pressur ized  t o  7.5 p s i a  d i f f e r e n t i a l  (one-half 
atmosphere). 

I n t e r n a l  power i s  provided t o  t h e  LCRU by a 19-ce l l  
s i l v e r - z i n c  b a t t e r y  with a postassium hydroxide e l e c t r o l y t e .  
The b a t t e r y  weighs 4.1 kg (nine Earth l b s .  ) (1.5 lunar  l b s .  ) 
and measures 11.8x23.9x11.8cm ( 4 . 7 ~ 9 . 4 ~ 4 . 6 5  inches ) .  The 
b a t t e r y  i s  r a t e d  a t  400 w a t t  hours,  and d e l i v e r s  29 v o l t s  
a t  a 3.1-ampere cu r ren t  load. The LCRU may a l s o  be oper- 
a t e d  from t h e  LRV b a t t e r i e s .  The nominal p lan  i s  t o  oper- 
a t e  t h e  LCRU using LRV b a t t e r y  power during EVA-1. The 
LCRU b a t t e r y  w i l l  provide t h e  power during EVA-2 and EVA-3. 



Three types of antennas a r e  f i t t e d  t o  t h e  LCRU system: 
a low-gain h e l i c a l  antenna f o r  r e l ay ing  voice and data when 
t h e  LRV i s  moving and i n  o t h e r  ins t ances  when t h e  high-gain 
antenna i s  no t  deployed; a -9 m ( three-foot)  diameter para- 
b o l i c  rib-mesh high-gain antenna f o r  re laying  a t e l e v i s i o n  
s i g n a l ;  and a VHF omni-antenna f o r  rece iv ing  crew voice and 
d a t a  from t h e  PLSS t r ansce ive r s .  The high-gain antenna has 
an o p t i c a l  s i g h t  which allows t h e  crewman t o  bores ight  on 
Earth f o r  optimum s i g n a l  s t r eng th .  The Earth subtends a 
two degree angle  when viewed from t h e  lunar  sur face .  

The LCRU can opera te  i n  s e v e r a l  modes: mobile on t h e  
LRV, f ixed  base such as when t h e  LRV is  parked, o r  hand- 
c a r r i e d  i n  contingency s i t u a t i o n s  such a s  LRV f a i l u r e .  The 
LCRU i s  manufactured by RCA. 
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TELEVISION AND GROUND 
COMMANDED TELEVISION ASSEMBLY 

Two different color television cameras will be used 
during the Apollo 17 mission. One, manufactured by Westing- 
house, will be used in the command module. It will be fitted ' 

with a 5-centimeter (2-inch) black and white monitor to aid 
the crew in focus and exposure adjustment. 

The other camera, manufactured by RCA, is for lunar 
surface use and will be operated from the lunar roving vehicle 
(LRV) with signal transmission through the lunar communication 
relay unit rather than through the LM communications system. 

While on the LRV, the camera will be mounted on the 
ground commanded television assembly (GCTA). The camera can 
be aimed and controlled by astronauts or it can be remotely 
controlled by personnel located in the Mission Control Cen- 
ter. Remote command capability includes camera "on" and 
"off", pan, tilt, zoom, iris open/closed (£2.2 to £22) and 
peak or average automatic light control. 

The GCTA is capable of tilting the TV camera upward 85 
degrees, downward 45 degrees, and panning the camera 350 
degrees between mechanical stops. Pan and tilt rates are 
approximately 3 degrees per second. 

The TV lens can be zoomed from a focal length of 12.5mm 
to 75mm corresponding to a field of view from 9 to 54 de- 
grees. 

At the end of the third EVA, the crew will park the LRV 
about 91.4 m (300 ft.) east of the LM so that the color TV 
camera can cover the LM ascent from the lunar surface. Be- 
cause of a time delay in a signal going the quarter million 
miles out to the Moon, Mission Control must anticipate ascent 
engine ignition by about two seconds with the tilt command. 

The GCTA and camera each weigh approximately 5.9 kg 
1 3  1 .  . The overall length of the camera is 46 cm (18.0 in. ) 
its width is 17 cm (6.7 in.), and its height is 25 cm (10 in.), 
It is powered from the LCRU battery supply, or externally 
from the LRV batteries. The GCTA is built by RCA. 
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PHOTOGRAPHIC EOUIPMENT 

S t i l l  and motion p i c t u r e s  w i l l  be made of most space- 
c r a f t  maneuvers and crew lunar  su r face  a c t i v i t i e s .  During 
l u n a r  su r face  opera t ions ,  emphasis w i l l  be on documenting 
placement of luna r  su r face  experiments, documenting lunar  
samples, and on recording i n  t h e i r  n a t u r a l  state t h e  lunar  
su r face  fea tu res .  

Command module lunar  o r b i t  photographic t a s k s  and 
experiments include high-resolut ion photography t o  a i d  ex- 
p l o r a t i o n ,  photography of su r face  f e a t u r e s  of s p e c i a l  sci- 
e n t i f i c  i n t e r e s t  and astronomical phenomena such a s  s o l a r  
corona, zodiacal  l i g h t ,  and g a l a c t i c  poles .  

Camera equipment stowed i n  t h e  Apollo 17 command module 
c o n s i s t s  of one 70mm Hasselblad e l e c t r i c  camera, a 16mm 
Maurer motion p i c t u r e  camera, and a 3 5 m  Nikon F s ingle- lens  
r e f l e x  camera. The command module Hasselblad e l e c t r i c  
camera i s  normally f i t t e d  with an 80mm f/2.8 Zeiss P lanar  
l e n s ,  b u t  a bayonet-mount 250mm Zeiss Sonnar l e n s  can be 
f i t t e d  f o r  long-distance Earth/Moon photos. 

The 35mm Nikon F i s  f i t t e d  with a 55mm f / l . 2  Nikkor 
l e n s  f o r  t h e  dim-light photographic experiments. 

The Maurer 16mm motion p i c t u r e  camera i n  t h e  command 
module has Kern-Switar l enses  of 10,18 and 7 5 m  f o c a l  length  
ava i l ab le .  Accessories inc lude  a r ight -angle  mir ror ,  a 
power cable  and a s e x t a n t  adapter  which allows t h e  camera 
t o  f i l m  through t h e  naviga t ion  s e x t a n t  o p t i c a l  system. 

Cameras stowed i n  t h e  lunar  module a r e  two 70mm Hassel- 
b lad  d a t a  cameras f i t t e d  with 60mm Zeiss Metric l enses ,  an 
e l e c t r i c  Hasselblad camera with 500mm l e n s ,  and one 16mm 
Maurer motion p i c t u r e  camera with l O m m  lenses .  

The LM Hasselblads have crew c h e s t  mounts t h a t  f i t  dove- 
t a i l  brackets  on t h e  crewman's remote con t ro l  u n i t ,  thereby 
leaving  both hands f r e e .  The LM motion p i c t u r e  cameras w i l l  
be mounted i n  t h e  right-hand window t o  record descent ,  land- 
i n g ,  a s  cen t  and rendezvous, 

Descript ions of  t h e  24-inch panoramic camera and t h e  
3-inch mapping/s tel lar  camera a r e  i n  t h e  o r b i t a l  sc ience  
s e c t i o n  of t h i s  p ress  k i t .  



ASTRONAUT EQUIPMENT 

Space S u i t  

Apollo crewmen wear two vers ions  of t h e  Apollo space 
s u i t :  t h e  command module p i l o t  vers ion  (A-7LB-CMP) f o r  
opera t ions  i n  t h e  command module and f o r  ex t raveh icu la r  
opera t ions  during SIM bay f i l m  r e t r i e v a l  during t r a n s e a r t h  
coas t ;  and t h e  ex t raveh icu la r  ve r s ion  (A-7LB-EV) worn by 
t h e  commander and Lunar module p i l o t  f o r  l u n a r  su r face  EVAs. 

The A-7LB-EV s u i t  d i f f e r s  from Apollo s u i t s  flown p r i o r  
t o  Apollo 15 by having a w a i s t  j o i n t  t h a t  allows g r e a t e r  
mobil i ty  while  t h e  s u i t  i s  p ressu r i zed  -- stooping down f o r  
s e t t i n g  up lunar  su r face  experiments, ga ther ing  samples and 
f o r  s i t t i n g  on t h e  lunar  roving vehic le .  

From t h e  i n s i d e  o u t ,  an i n t e g r a t e d  thermal meteroid 
s u i t  cover l a y e r  worn by t h e  commander and lunar  module 
p i l o t  starts with rubber-coated nylon and progresses  outward 
with l a y e r s  of nonwoven Dacron, aluminized Mylar f i l m  and 
Beta marquiset te  f o r  thermal r a d i a t i o n  p ro tec t ion  and ther -  
m a l  space r s ,  and f i n a l l y  with a l a y e r  of nonflammable Teflon- 
coated Beta c l o t h  and an abras ion- res i s t an t  l a y e r  of Teflon 
f a b r i c  -- a t o t a l  of 18 l aye r s .  

Both types of t h e  A-7LB s u i t  have a pressure  r e t e n t i o n  
por t ion  c a l l e d  a t o r s o  limb s u i t  assembly cons i s t ing  of 
neoprene coated nylon and an o u t e r  s t r u c t u r a l  r e s t r a i n t  
l aye r .  

The space s u i t  with gloves,  and dipped rubber convolutes 
which se rve  a s  t h e  pressure  l a d e r ,  l i q u i d  cool ing garment, 
portabhe l i f e  support  system (PLSS), oxygen purge system, 
lunar  ex t raveh icu la r  v i s o r  assembly (LEVA), and l u n a r  boots 
make up t h e  ex t raveh icu la r  mobi l i ty  u n i t  (EMU) .  The EMU 
provides an ex t raveh icu la r  crewman with l i f e  support  f o r  
a 7-hour per iod ou t s ide  t h e  l u n a r  module without replenish-  
ing  expendables. 

Lunar ex t raveh icu la r  v i s o r  assemblp - The assembly 
c o n s i s t s  of polycarbonate s h e l l  and two v i s o r s  with thermal 
con t ro l  and opk ica l  coa t ings  on them. The EVA v i s o r  i s  
a t tached over t h e  pressure  helmet t o  provide impact, micro- 
meteoroid, thermal and u l t r a v i o l e t - i n f r a r e d  l i g h t  p ro tec t ion  
t o  t h e  EVA crewmen. 



After  Apollo 12, a sunshade was added t o  t h e  ou te r  por t ion  of 
t h e  LEVA i n  t h e  middle por t ion  of t h e  helmet r i m .  

Extravehicular  gloves - B u i l t  of an o u t e r  s h e l l  of 
Chromel-R f a b r i c  and thermal i n s u l a t i o n  t h e  gloves provide 
p ro tec t ion  when handling extremely h o t  and cold ob jec t s .  The 
f i n g e r  t i p s  a r e  made of s i l i c o n e  rubber t o  provide more s e n s i t i v i t y .  

Constant-wear garment - A one-piece constant-wear garment, 
s i m i l a r ' t o  "long johns", i s  worn a s  an undergarment f o r  t h e  
space s u i t  i n  i k t r a v e h i c u l a r  and on CSM ex t raveh icu la r  opera t ions ,  
and with t h e  i n f l i g h t  covera l l s .  The garment i s  porous-knit 
co t ton  with a waist-to-neck z ipper  f o r  donning. Biomedical 
harness  a t t a c h  po in t s  a r e  provided, 

Liquid-cooling garment - The k n i t t e d  nylon-spandex garment 
includes a network of p l a s t i c  tubing through which cool ing water  
from t h e  PLSS is  c i r c u l a t e d .  It is worn next  t o  t h e  sk in  and 
replaces  t h e  constant-wear garment during lunar  su r face  EVA. 

Por table  l i f e ,  gupport system (PLSS) - The backpack supp l i e s  
oxygen a t  3 . 7  p s i  and cool ing water  t o  t h e  l i q u i d  cool ing 
garment. Return oxygen i s  cleansed of s o l i d  and gas contaminants 
by a l i th ium hydroxide and a c t i v a t e d  charcoal c a n i s t e r .  The 
PLSS includes communications and te lemetry equipment, d i sp lays  
and c o n t r o l s ,  and a power supply. The PLSS i s  covered by a 
thermal i n s u l a t i o n  jacket ,  (two stowed i n  LM) . 

Oxygen purge system (OPS) - Mounted a top  t h e  PLSS, t h e  
oxygen purge system provides a contingency 30-75 minute supply 
of gaseous oxygen i n  two b o t t l e s  pressur ized  t o  5,880 p s i a ,  
( a  minimum of 30 minutes i n  t h e  maximum flow r a t e  and 75 minutes 
i n  t h e  low flow r a t e ) .  The system may a l s o  be worn separa te ly  
on t h e  f r o n t  of  t h e  pressure  garment assembly t o r s o  f o r  
contingency EVA t r a n s f e r  from t h e  LM t o  the  CSM o r  behind t h e  
neck f o r  CSM EVA. It  serves  a s  a mount f o r  t h e  VHF antenna =or 
t h e  PLSS, (two stowed i n  LM) . 

Coveral ls  - During periods o u t  of t h e  space s u i t s ,  crewmen 
wear two-piece Teflon f a b r i c  i n f l i g h t  covera l l s  f o r  warmth and 
f o r  pocket stowage of personal  i tems. 

Communications c a r r i e r s  - "Snoopy h a t s "  with redundant 
microphones and earphones a r e  worn with t h e  pressure  helmet; 
a l i g h t  weight headset  i s  worn with t h e  i n f l i g h t  covera l l s .  



Water B a  s - -9 l i t e r  (1 q u a r t )  dr inking  water -bags a r e  
a t t a c  e & t o  t h e  i n s i d e  neck r i n g s  of t h e  EVA s u i t s .  The 
crewman can take  a s i p  of  water  from t h e  6x8-inch bag 
through a 1/8-inch-diameter tube  wi th in  reach of  h i s  mouth. 
The bags a r e  f i l l e d  from t h e  lunar  module potable  water 
dispenser .  

Buddy Secondary L i f e  Support System - A connecting hose 
system which ~ermits a crewman with a f a i l e d  PLSS t o  sha re  
cooling water - in  t h e  o t h e r  crewman's PLSS. The BSLSS l i g h t e n s  
t h e  load on t h e  oxygen purge system i n  t h e  event  of a t o t a l  
PLSS f a i l u r e  i n  t h a t  t h e  OPS would supply brea th ing  and 
p ressu r i z ing  oxygen while t h e  metabolic h e a t  would be removed 
by t h e  shared cool ing water  from t h e  good PLSS. The BSLSS 
w i l l  be  stowed on t h e  LRV. 

Lunar Boots - The l u n a r  boot  is  a .thermal and abrasion 
p ro tec t ion  device worn ovex t h e  i n n e r  garment and boot  assemblies. 
It i s  made up of l a y e r s  of s e v e r a l  d i f f e r e n t  materials beginning 
wi th  Teflon coated b e t a  c l o t h  f o r  t h e  boot  l i n e r  t o  Chrome1 
R metal  f a b r i c  f o r  t h e  o u t e r  s h e l l  assembly. Aluminized 
Mylar, Nomex f e l t ,  Dacron, Beta c l o t h  and Beta marquiset te  
Kapton comprise t h e  o t h e r  l a y e r s .  The lunar  boot s o l e  is  made 
of high-strength s i l i c o n e  rubber.  
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Personal Hygiene 

C r e w  personal  hygiene equipment aboard Apollo 17 includes 
body c l e a n l i n e s s  i t e m s ,  t h e  w a s t e  management system, and one 
medical k i t .  

Packaged with t h e  food are a toothbrush and a two- 
ounce tube of toothpas te  f o r  each crewman. Each man-meal 
package conta ins  a 3.5-by-4-inch wet-wipe c leans ing  towel. 
Addi t ional ly ,  t h r e e  packages of  12-by-12-inch dry towels a r e  
stowed beneath t h e  command module p i l o t ' s  couch. Each 
package conta ins  seven towels. Also stowed u n d e ~  t h e  command 
module p i l o t ' s  couch are seven t i s s u e  dispensers  containing 
53 three-ply t i s s u e s  each. 

S o l i d  body wastes a r e  c o l l e c t e d  i n  p l a s t i c  defeca t ion  
bags which conta in  a germicide t o  prevent  b a c t e r i a  and gas 
formation. The bags are sea led  a f t e r  use,  i d e n t i f i e d ,  and 
stowed f o r  r e t u r n  t o  Earth f o r  p o s t - f l i g h t  ana lys i s .  

Urine c o l l e c t i o n  devices a r e  provided f o r  use while 
wearing either t h e  pressure  s u i t  o r  t h e  i n f l i g h t  covera l l s .  
The u r i n e  is  dumped overboard through t h e  s p a c e c r a f t  u r ine  dump 
valve i n  the  CM and s t o r e d  i n  t h e  LM. On Apollo 16 u r i n e  
specimens w i l l  be re turned  t o  Earth f o r  ana lys i s .  



Survival  K i t  

The s u r v i v a l  k i t  i s  stowed i n  two rucksacks i n  t h e  r i g h t -  
hand forward equipment bay of t h e  CM above t h e  lunar  module 
p i l o t .  

Contents of rucksack No. 1 are :  two comfjination s u r v i v a l  
l i g h t s ,  one d e s a l t e r  k i t ,  t h r e e  p a i r s  of sunglasses ,  one 
rad io  beacon, one spare  r a d i o  beacon b a t t e r y  and spacec ra f t  
connector cable ,  one k n i f e  i n  shea th ,  t h r e e  water  con ta ine r s ,  
two con ta ine r s  of Sun l o t i o n ,  two u t i l i t y  knives,  t h r e e  eur- 
v iva1  b lankets  and one u t i l i t y  n e t t i n g .  

Rucksack No. 2: one three-man l i f e  r a f t  with C02 in- 
f l a t e r ,  one s e a  anchor, two sea dye markers, t h r e e  sunbonnets, 
one mooring lanyard,  t h r e e  manlines and two a t t a c h  brackets .  

The s u r v i v a l  k i t  i s  designed t o  provide a 48-hour post-  
landing (water o r  land)  s u r v i v a l  c a p a b i l i t y  f o r  t h r e e  crew- 
men between 40 degrees North and South l a t i t u d e s .  

Medical Kits 

The command module crew medical supp l i e s  a r e  contained 
i n  two k i t s .  Included i n  t h e  l a r g e r  medical accessor i e s  k i t  
are a n t i b i o t i c  ointment, s k i n  cream, eye drops,  nose drops,  
spa re  biomedical harnesses ,  o r a l  thermometer and p i l l s  of 
t h e  following types:  18  pa in ,  1 2  s t imulant ,  1 2  motion s ick-  
ness ,  4 8  d ia r rhea ,  60 decongestant,  2 1  s leeping ,  72 a s p i r i n  
and 60 each of two types of  a n t i b i o t i c .  A smaller  command 
module a u x i l i a r y  drug k i t  conta ins  80 and 1 2  of two types of  
p i l l s  f o r  t reatment  of ca rd iac  arrythymia and two i n j e c t o r s  
f o r  t h e  same symptom. 

The l u n a r  module medical k i t  conta ins  eye drops,  nose 
drops,  a n t i b i o t i c  ointment,  bandages and t h e  following p i l l s :  
4 s t imulant ,  4 pain ,  8 decongestant,  1 2  d ia r rhea ,  1 2  a s p i r i n  
and 6 s leeping.  A smal ler  k i t  i n  t h e  LM conta ins  8 and 4 
u n i t s  of i n j e c t a b l e  drugs f o r  ca rd iac  arrythymia and 2 u n i t s  
f o r  pa in  suppression. 



Crew Food System 

The Apollo 17 crew selected menus for their flight 
from the largest variety of foods ever available for a 
U.S. manned mission. As on Apollo 16, the preflight, in- 
flight, and postflight diets are being monitored to facil- 
itate interpretation of the medical tests. 

Menus were designed upon individual crewmember physio- 
logical requirements in the unique conditions of weightless- 
ness and one-sixth gravity on the lunar surface. Daily 
menus provide approximately 2500 calories per day for each 
crewmember. 

Food items are assembled into meal units and identi- 
fied as to crewmember and sequence of consumption. Foods 
stored in the "pantry1' may be used as substitutions for 
nominal meal items so long as the nutrient intake for a 
24-hour period is not altered significantly. 

There are various types of food used in the menus. 
These include freeze-dried rehydratables in spoon-bowl 
packages; thermostabilized foods (wet packs) in flexible 
packages and metal easy-open cans; intermediate moisture 
foods; dry bite-size cubes; and beverages. 

Water for drinking and rehydrating food is obtained 
from two sources in the Command Module -- a portable dis- 
penser for drinking water and a water spigot at the food 
preparation station which supplies water at about 145 
degrees and 55 degrees Fahrenheit. The potable water 
dispenser provides a continuous flow of water as long as 
the trigger is held down, while the food preparation 
spigot dispenses water in one-ounce increments. 

A continuous-flow water dispenser similar to the one 
in the Command Module is used aboard the Lunar Module for 
cold water reconstitution of food stowed aboard the Lunar 
Module. 

Water is injected into a food package and the package 
is kneaded and allowed to sit for several minutes. The 
bag top is then cut to open and the food eaten with a spoon. 
After a meal, germicide tablets are placed in each bag to 
prevent fermentation oZ any residual food and gas formation. 
The bags are then rolled and stowed in waste disposal areas 
in the spacecraft. 



An improved Skylab beverage package design will be used 
by the crew to measure water consumption. Functional aspects 
of the package and the behavior of liquid during extended 
periods of weightlessness will be observed. 

The in-suit drink device will contain water as on the 
Apollo 15 mission. As on Apollo 15 and 16, the crewmen on 
the lunar surface will have the option tossnack on an in- 
suit food bar. 

The nutritionally complete fruitcake provides all the 
nutrients needed by man in their correct proportions. The 
fruitcake contains many ingredients such as: soy flour, 
wheat flour, sugar, eggs, salt, cherries, pineapple, nuts, 
raisins, and shortening. Vitamins have been added. The 
product is heat sterilized in an impermeable flexible pouch 
and is shelf-stable until opened. This fruitcake can provZde 
a nutritious snack or meal. This food is planned for use 
in the future in the Space Shuttle program as a contingency 
food system. 

The irradiated ham provides the crew with a shelf-stable 
slice of ham 12 mm thick. Each slice weighs about 100 grams 
and may be used for making sandwiches during flight. The 
radiation sterilization (radappertization) is performed while 
the ham is at -40°C.  The absorbed irradiation dose is 3.7 
to 4.3 million rads. This gives an excellent product with 
an expected shelf-life of 3 years. 

The fruitcake and ham slices were specially developed 
and provided for Apollo 17 by the U.S. Army Natick Laboratories, 
Natick, Massachusetts. 

New foods for the Apollo 17 mission are irradiated 
sterilized ham, nutrient complete fruitcake, and rehydratable 
tea and lemonade beverages. 



APOLLO 17 CSM MENU Eugene A. Cernan,TDR (Red Velcro) 

M x  Day l * ,  5 ,  9* * * ,  13  Day 2, 6**, 1 0 ,  14** 

A Bacon Squares (8) IMB Spiced Oat Cereal  RSB 
Scrambled Eggs RSB Sausage P a t t i e s  R 
Cornflakes RSB Mixed F r u i t  WP 
Peaches RSB Cinnamon Toast  Bread (4) DB 
Orange Beverage R I n s t a n t  Breakfas t  R 
Cocoa R Coffee w/K R 

B Chicken & Rice Soup RSB Corn Chowder RSB 
Meatballs  and Sauce WP Frankfur te r s  WP 
F ru i t cake  WP Bread, whi te  (2) 
Lemon Pudding WP Catsup WP 
Orange P/A Drink R Apricots  IMB 

Orange GF Drink R 

C Pota to  Soup RSB Turkey and Gravy WP 
Beef and Gravy WP Pork & Potatoes  RSB 
Chicken Stew RSB Brownies (4) DB 
Ambrosia, Peach RSB Orange J u i c e  R 
Gingerbread (4) DB Lemonade R 
C i t r u s  Beverage R 

*- Meal C only  
** Meal A only  
*** Meals B and C only 

Day 3 ,  11 

Scrambled Eggs RSB 
Bacon Squares (8) IMB 
Peaches WP 
Pineapple GF Drink R 
Cocoa w/K R 

Lobster Bisque RSB 
Peanut Bu t t e r  WP 
J e l l y  WP 
Bread, white (1) 
Chocolate Bar IMB 
Orange GF Drink w/K R 

Shrimp Cockta i l  RSB 
Beef Steak WP 
But terscotch Pudding RSB 
Peaches IMB 
Orange Drink w/K R 

Day 4 ,  12 

Sausage P a t t i e s  R 
Apricot Cereal  Cubes (4)  DB 
F r u i t  Cockta i l  R 
Pears  IMB 
Cocoa w/K R 
Coffee R 

Chicken Soup RSB 
Ham (Ir) WP 
Cheddar Cheese Spread WP 
Bread, Rye (1) 
Cereal Bar IMB 
Orange Beverage R 

Tomato Soup RSB I 
Hamburger co 
Mustard WP 4 

I 
Vani l l a  Pudding WP 
Date Fru i t cake  (4) IMB 
Orange P/A Drink w/K R 

DB = Dry B i t e  IMB = Intermediate  Moisture B i t e  
R = Rehydratable RSB = Rehydratable Spoon Bowl 

WP = Wet Pack Ir = I r r a d i a t e d  



APOLLB 17 - LM MHINU, Eugene A. Cernan, CDR (Red Velcro) 

M A E  Day6 Day 7 Day 8 Day 9 

B Corn Chowder 
Franfurters 
Bread, white (2) 
Catsup 
Apricots 
Orange GF Drink 
Tea 
Lemonade 

RSB A Scrambled Eggs 
WP Bacon Squares (8) 

Peaches 
WP Peanut Butter 
IMB Jelly 
R Bread, white (1) 
R Chocolate Bar 
R Pineapple GF Drink 

Orange GF Drink w/K 
Cocoa 
Tea 

RSB 
IMB 
IMB 
WP 
WP 

IMB 
R 
R 
R 
R 

A Sausage Patties R 
Apricot Cereal Cubes(6)DB 
Fruit Cocktail R 
Pears IMB 
Cereal Bar IMB 
Cheese Cracker Cube (4) DB 
Ham (Ir) WP 
Cocoa R 
Tea R 
Spiced Oat Cereal RSB 
Lemonade R 

Spaghetti & Meat 
Sauce RSB B Chicken and Rice RSB B 
Turkey and Gravy WP Shrimp Cocktail RSB 
Pork and Potatoes RSB Beef Steak WP 
Brownies (4) DB Beef Sanwiches (4) DB 
Orange Beverage R Butterscotch Pudding RSB 
Tea R Graham Cracker Cube (6) DB 

Orange Drink w/K R 
Tea R 

Lobster Bisque RSB 
Hamburger WP 
Mustard WP 
Cheddar Cheese Spread WP 
Bread, rye (1) 
Date Fruitcake ( 4 )  IMB 
Orange PA Drink w/K R 
Orange Beverage R 
Tea R 

In-Suit Food Bar Assembly 
In-Suit Drinking Device 
Spoon Assembly (2) 
Germicidal Tablets Pouch (42) 
Germicidal Tablets Pouch (20) 

6 ea P/N: SEB 13100318-301 
4 ea P/N: 14-0151-02 
1 ea PIN: 14-0144-01 
1 ea P/N: 14-02166 
1 ea PIN: 14- 

A Bacon Squares (8) 
Scrambled Eggs 
Cornflakes 
Beef and Gravy 
Fruitcake 
Peaches 
Cocoa 
Orange Beverage 
Tea 

IMB 
RSB 
RSB 
WP 
WP 
RSB 
R 
R 
R 

DB = Dry Bite IMB = Intermediate Moisture Bite 
R = Rehydratable RSB = Rehydratable Spoon Bowl 
WP = Wet Pack 



APOLLO 17 CSM MENU, Harrison H. Schmitt, LMP (Blue Velcro) 

MEAL Day I*, 5 ,  9***, 13 Day 2, 6***, 10, 14** Day 3, 11 Day 4, 12 

A Bacon Squares (8) IMB Sausage Patties R Scrambled Eggs RSB Sausage Patties R 
Scrambled Eggs RSB Cinnamon Toast Bread (4) DB Bacon Squares (8)IMB Grits RSB 
Cornflakes RSB Mixed Fruit WP Peaches WP Peaches RSB 
Apricots IMB Instant Breakfast R Orange P/A Drink w/K R Pears IMB 
cocoa R Coffee w/K R Cocoa R Pineapple GF Drink R 

Coffee w/K R 

Chicken & Rice SoupRSB Corn Chowder RSB Potato Soup RSB Chicken Soup RSB 
Meatballs w/Sauce WP Frankfurters WP Peanut Butter WP Ham (Ir) WP 
Fruitcake WP Bread, White (2) Jelly WP Cheddar Cheese Spread WP 
Lemon Pudding WP Catsup WP Bread, White (1) Bread, Rye (1) 
Citrus Beverage R Chocolate Pudding RSB Cherry Bar (1) IMB Cereal Bar IMB 

Orange GF Drink W/K R Orange GF Drink W/K R Orange Drink w/K R 

Lemonade R Turkey & Gravy WP Shrimp Cocktail RSB Tomato Soup RSB 
Beef & Gravy WP Pork and Potatoes RSB Beef Steak WP Hamburger WP 
Chicken Stew RSB Camel Candy IMB Butterscotch Pudding RSB Mustard WP 
Ambrosia RSB Orange Juice R Peaches IMB Vanilla Pudding WP 
Gingerbread (4) DB Orange Drink w/K R Chocolate Bar IMB 
Grapefruit Drink R Grape Drink w/K R 

CALORIES 

* Meal C only 
** Meal A only *** Meal B and C only 

DB = Dry Bite IMB = Intermediate Moisture Bite 
R = Rehydratable RSB = Rehydratable Spoon Bowl 

WP = Wet Pack Ir = Irradiated 



LM Menu Continued 

M A E  Day6 

B Corn Chowder RSB 
Frankfurters WP 
Bread, White (2) 
Catsup WP 
Chocolate PuddingRSB 
Orange GF Drink R 
Tea R 
Lemonade R 

APOLLO 17 - LM MENU, Harrison H. Schmitt, LMP (Blue Velcro) 

Day 7 

A Scrambled Eggs RSB 
Bacon Squares (8) IMB 
Peaches IMB 
Peanut Butter WP 
Jelly WP 
Bread, White (1) 
Orange GF Drink w/K R 
Cocoa R 
Tea R 
Fruit Cocktail R 

Day 8 

A Sausage Patties R 
Spiced Oat Cereal RSB 
Peaches RSB 
Pears IMB 
Cereal Bar IMB 
Gingerbread (6) DB 
Ham (Ir) WP 
Pineapple GF Drink R 
Tea R 

Day 9 

Turkey and Gravy WP B Chicken & Rice RSB B 
Pork and PotatoesRSB Shrimp Cocktail RSB 
Camel Candy IMB Beef Steak WP 
Orange Beverage R Beef Sandwiches (4)DB 
Tezi R Butterscotch Pudding RSB 

Graham Cracker Cube (6)DB 
Orange Drink w/K R 
Orange P/A Drink R 
Tea R 

Potato Soup RSB 
Hamburger WP 
Mustard WP 
Cheddar Cheese Spread WP 
Bread, Rye (1) 
Chocolate Bar IMB 
Banana Pudding RSB 
Orange Drink w/K R 
Grape Drink w/K R 
Tea R 

A Bacon Squares (8) 
Scrambled Eggs 
Cornflakes 
Apricots 
Cocoa 
Tea 
Beef and Gravy 
Fruitcake 

IMB 
RSB 
RSB 
IMB 
R 
R 

WP 
WP 

more 



APOLLO 17  CSM MENU, RONALD E. EVANS, CMP (White Velcro) 

Day 1*,5,9,13 Day 2,6,10,14** Day 3,7,11 Day 4,8,12 

A Bacon Squares (8) IMB Spiced Oat Cereal RSB Scrambled Eggs RSB Sausage 
Scrambled Eggs RSB Sausage P a t t i e s  R Bacon Squares (8) IMB G r i t s  
Cornflakes RSB Mixed F r u i t  WP Peaches WP F r u i t  Cocktal 
Apricots IMB In s t an t  Breakfast R Cinnamon Toast Bread (4 )  DB Orange Beverage 
Orange Ju ice  R Coffee w/K R Orange Ju ice  R Coffee'wJK 

Cocoa w/K R 

Chicken & R i c e  Soup RSB Franfur te rs  
Meatballsw/Sauce WP Bread,white  (2) 
Fruitcake WP Catsup 
Butterscotch Pudding WP Pears 
Orange PA Drink R Chocolate Puddinq 

Grape Drink w/K 

Potato Soup RSB Corn Chowder 
Beef and Gravy WP Turkey & Gravy 
Chicken Stew RSB Chocolate Bar 
Ambrosia RSB Orange Beverage 
Brownies ( 4 )  DB 
Orange GF Drink R 

* Meal C only 
** Mea lAon ly  

DB = Dry Bi te  
R + Rehydratable 
WP = W e t  Pack 

WP 
IMB 
RSB 

R 

RSB 
WP 
IMB 

R 

R 
RSB 

R 
R 
R 

Lobster Bisque RSB Ham ( I r )  WP 
Peanut But ter  WP Cheddar Cheese Spread WP 
J e l l y  WP Bread, rye  (1) 
Bread, white ( I )  Peaches RSB 
Cherry Bar (1) IMB Cereal Bar IMB 
Ci t rus  Beverage w/K R Orange PA Drink w j K  R 

IMB = Intermediate Moisture Bi te  
RSB = Rehydratable Spoon Bowl 
Ir = I r r ad i a t ed  

Shrimp Cocktail  RSB Tomato Soup RSB 
Beef Steak WP Hamburger WP 
Butterscotch Pudding RSB Mustard WP 
Orange Drink w/K R Vani l la  Pudding WP 

Sugar Cookies (4) DB 
Camel  Candy IMB 
Grape Drink w/K R 



APOLLO 17 

PANTRY STOWAGE ITEMS 

Coffee (B) 
T e a  
Grape Drink 
Grape Punch 

QTY. ACCESSORIES - QTY. - 
20 Contingency Feeding System 1 
20 
10 Germicidal Table ts  ( 4 2 )  3 
10 

Index Card 1 
S/L Beverage Dispenser (empty) 3 

Contingency Beverages 30 
(For Contingency U s e  Only) 

15 I n s t a n t  Breakfast  
5 Orange Drink 
5 Pineapple Orange Drink 
5 Lemonade 

SNACK ITEMS 

Bacon Squares ( 4 )  
Apricot Cereal Cubes 
Brownies ( 4 )  
Gingerbread ( 4  
Graham Crackers ( 4 )  
J e l l i e d  Candy 
Peach Ambrosia 
Pecans (6) 
Fru i tcake  (WP) 
Sugar Cookies ( 4 )  
Apricots  (IMB) 
Peaches (IMB) 
Pears  (IMB) 
Chocolate B a r  (IMB) 

Tuna Salad Spread (WP) 2 
(Small Cans) 

Catsup (WP) 3 
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SATURN V LAUNCH VEHICLE 

The Saturn V launch v e h i c l e  (SA-512) assigned t o  t h e  
Apollo 17 mission i s  s i m i l a r  t o  t h e  v e h i c l e s  used f o r  t h e  
missions of Apollo 8 through Apollo 16. 

F i r s t  Stage 

The f i v e  f i r s t  s t ages  (S-1C) F-1 engines develop about 
34 m i l l i o n  newtons (7.67 mi l l ion  pounds) of t h r u s t  a t  launch. 
Major s t a g e  components a r e  t h e  forward s k i r t ,  ox id ize r  tank. 
i n t e r t a n k  s t r u c t u r e ,  f u e l  tank,  and t h r u s t  s t r u c t u r e .  
Propel lan t  t o  t h e  f i v e  engines normally flows a t  a r a t e  of 
about 13,200 kilograms (29,200 pounds; 3,370 ga l lons )  a second. 
One engine i s  r i g i d l y  mounted on t h e  s t a g e ' s  c e n t e r l i n e ;  t h e  
ou te r  four  engines a r e  mounted on a r i n g  equal ly  spaced around 
t h e  cen te r  engine. These o u t e r  engines a r e  gimbaled t o  c o n t r o l  
t h e  v e h i c l e ' s  a t t i t u d e  during f l i g h t .  

Second Staae 

The f i v e  second s t a g e  (S-11) J-2 engines develop a t o t a l  
of about 5.13 mi l l ion  newtons (1.15 m i l l i o n  pounds) of t h r u s t  
during f l i g h t .  Major components a r e  t h e  forward s k i r t ,  l i q u i d  
hydrogen and l i q u i d  oxygen tanks  (separa ted  by an i n s u l a t e d  
common bulkhead) a t h r u s t  s t r u c t u r e ,  and a i n t e r s t a g e  s e c t i o n  
t h a t  connects t h e  f i r s t  and second s t ages .  The engines a r e  
mounted and used i n  t h e  same arrangement a s  t h e  f i r s t  s t a g e ' s  
F-1 engines: four  o u t e r  engines can be gimbaled; t h e  cen te r  
one i s  f ixed.  

Third Stage 

Major components of t h e  t h i r d  s t a g e  (S-IVB) a r e  a s i n g l e  
J-2 engine,  a f t  i n t e r s t a g e  and s k i r t ,  t h r u s t  s t r u c t u r e ,  two 
p rope l l an t  tanks with a common bulkhead, and forward s k i r t .  
The gimbaled engine has a maximum t h r u s t  of .93 m i l l i o n  
newtons (209,000 pounds), and can be r e s t a r t e d  i n  Earth o r b i t .  

- more - 



Instrument Unit  

The instrument u n i t  ( I U )  conta ins  navigat ion,  guidance 
and con t ro l  equipment t o  s t e e r  t h e  Saturn V i n t o  Earth o r b i t  
and t r ans lunar  t r a j e c t o r y .  The s i x  major systems a r e  s t r u c t u r a l ,  
enviromental con t ro l ,  guidance and con t ro l ,  measuring and 
te lemetry ,  communications, and e l e c t r i c a l .  

The I U ' s  i n e r t i a l  guidance platform provides space-fixed 
reference  coordinates  and measures acce le ra t ion  during f l i g h t .  
I f  t h e  platform should f a i l  during boost ,  systems i n  t h e  Apollo 
spacec ra f t  a r e  programmed t o  provide launch veh ic le  guidance. 
Af te r  second s t a g e  i g n i t i o n ,  t h e  spacec ra f t  commander can 
manually steer t h e  veh ic le  i f  i t s  guidance platform is  l o s t .  

Propulsion 

The Saturn V has  31 propulsive u n i t s ,  with t h r u s t  r a t i n g s  
ranging from 311 newtons (70 pounds) t o  more than 6.8 mi l l ion  
newtons (1.53 mi l l ion  pounds) . The l a r g e  main engines burn 
l i q u i d  p rope l l an t s ;  t h e  smaller u n i t s  use s o l i d  o r  hypergol ic  
( s e l f - i g n i t i n g )  p rope l l an t s .  

The f i v e  F-1 engines g ive  t h e  f i r s t  s t a g e  a t h r u s t  range 
of from 34,096,110 newtons, (7,665,111 pounds) a t  l i f t o f f  t o  
40,207,430 newtons (9,038,989 pounds) a t  cen te r  engine cu to f f .  
Each F-1 engine weighs almost n ine  metr ic  tons  (10 s h o r t  t o n s ) ,  
i s  more than 5.5 meters long (18 f e e t ) ,  and has a nozzle  e x i t  
diameter of nea r ly  4.6 meters ( 1 4  feet). Each engine uses 
almost 2.7 me t r i c  tons  ( 3  s h o r t  tons )  of p rope l l an t  a second. 

The f i v e  J-2 engines on t h e  second s t a g e  develop an 
average t h r u s t  of 5,131,968 newtons (1,153,712 pounds) during 
f l i g h t .  The one J -2  engine of t h e  t h i r d  s t a g e  develops an 
average t h r u s t  of 926,307 newtons (208,242 pounds). The 
1,590-kilogram (3,500-pound) J-2 engine uses high-energy, 
low-molecular-weight l i q u i d  hydrogen as f u e l ,  and l i q u i d  
oxygen as oxid izer .  

The f i r s t  s t a g e  has e i g h t  so l id - fue l  re t ro- rockets  t h a t  
f i r e  t o  sepa ra te  t h e  f i r s t  and second s tages .  Each rocke t  
produces a t h r u s t  of 337,000 newtons (75,800 pounds) f o r  
0.54 seconds. 

- more - 



Four r e t r o r o c k e t s ,  loca ted  i n  t h e  t h i r d  s t a g e ' s  a f t  
i n t e r s t a g e ,  sepa ra te  t h e  second and t h i r d  s tages .  Two 
j e t t i s o n a b l e  u l l a g e  rockets  s e t t l e  p rope l l an t s  before  engine 
i g n i t i o n .  S ix  smal ler  engines i n  two a u x i l i a r y  propulsion 
system modules on t h e  t h i r d  s t a g e  provide three-axis  a t t i t u d e  
cont ro l .  

more 



INSTRUMENT UNIT (IU) 

Diameter: 6. 6 m e t e r s  (21. 7 feet) 
Height: 0. 9 m e t e r s  (3 feet) 
Weight: 2,040 kilograms (4, 500 pounds) 

THIRD STAGE (S-IVB) 

Diameter: 6.6 m e t e r s  (21.7 feet) 
Height: 18.1 m e t e r s  (59. 3 feet) 
Weight: 121,000 kg. fueled(266,OOO l b s .  ) 

11,300 kg.dry (24,900 l b s . )  
Engine: One 5 -2  
Propellants: Liquid Oxygen 89,000 kg. (196,000 lbs. ) 

Liquid Hydrogen 19, 900 kg. (43,750 lbs. ) 
Thrust: 926,367 newtons (208,242 lbs. ) 
Interstage: 3,637 kg. (8,019 lbs. ) 

I SECOND STAGE (S-11) 

Diameter: 10.1 m e t e r s  (33 feet) 
Height: 24. 8 m e t e r s  (81. 5 feet) 
Weight: 493,318 kg.fueled (1,08Y, 580 lbs. ) 

36,478 kg.dry (801,420 l b r ~ . . )  
Engines: Five J - 2 
Propellants: Liquid Oxygen 384,000 kg. (845,713 lbs. ) 

Liquid Hydrogen 73,000 kg. (160,464 lbs. ) 
Thrust: 5,131, 968 newtons (1,153, 712 lbs. ) 
Interstage: 4, 541 kg. (9, 990 lbs. ) 

I FIRST STAGE (S-IC) 

Diameter: 10.1 m e t e r s  (33 feet) 
Height: 42.1 m e t e r s  (138 feet) 
Weight: 2.246.540 ka.fueled (4,952, 775 lbs . )  

130 ,441  ko d r y  (287,574 l b s . )  
Engine s: Five F-1 
Propellants: Lscruid oxygen 1 , 4  71,4  27 kg. 

(3,243,942 1 5 s . )  RP-1 Kerosene 
642,177 kg. U,415,257 1Bs.l 

Tl i rus t  : 34,096,110 newtons  (7 ,665,111 l b s . )  
a t  l i f t - o f f  

NOTE: Weights and  measures  g i v e n  above are f o r  t h e  nominal  v e h i c l e  
c o n f i g u r a t i o n  f o r  Apol lo  17.  The f i g u r e s  may v a r y  s l i g h t l y  due  t o  changes  
b e f o r e  l a u n c h  t o  m e e t  chang ing  c o n d i t i o n s .  Weights o f  d r y  s t a g e s  and 
p r o p e l l a n t s  d o  n o t  e q u a l  t o t a l  w e i g h t  b e c a u s e  frost and m i s c e l l a n e o u s  
smaller i t e m s  are n o t  i n c l u d e d  i n  c h a r t .  

SATURN v LAUNCH VEHICLE 
-more- 



APOLLO SPACECRAFT 

The Apollo spacec ra f t  c o n s i s t s  of  t h e  command module, 
s e r v i c e  module, luna r  module, a spacec ra f t  luna r  module 
adapter  (SLA), and a launch escape system. The SLA houses 
t h e  lunar  module and serves  a s  a mating s t r u c t u r e  between 
t h e  Saturn V instrument u n i t  and t h e  SM. 

Launch Escape System (LES) -- The funct ion  of t h e  LES 
i s  t o  propel  t h e  command module t o  s a f e t y  i n  an abor ted  
launch. It has t h r e e  so l id-propel lan t  rocket  motors: a 
658,000 newton (147,000-pound)-thrust launch escape system 

motor, a 10,750-newton (2,400-pound)-thrust p i t c h  con t ro l  
motor, and a 141,000 newton [31,50P-pound)-thrust tower 
j e t t i s o n  motor. Two canard vanes deploy t o  t u r n  t h e  com- 
mand module aerodynamically t o  an a t t i t u d e  with t h e  heat-  
s h i e l d  forward. The system i s  10 meters (33 f e e t )  t a l l  
and 1 . 2  meters ( f o u r  f e e t )  i n  diameter a t  t h e  base,  and 
weighs 4,158 kilograms (9,167 pounds) . 

Command Module (CM) -- The command module i s  a pres- 
s u r e  v e s s e l  encased i n  h e a t  s h i e l d s ,  cone-shaped, weighing 
5,843.9 kg (12,874 l b . )  a t  launch. 

The command module c o n s i s t s  of a forward compartment 
which conta ins  two reac t ion  c o n t r o l  engines and components 
of t h e  Earth landing system; t h e  crew compartment o r  inner  
pressure  v e s s e l  containing crew accommodations, c o n t r o l s  
and d i sp lays ,  and many of t h e  spacec ra f t  systems; and 
t h e  a f t  compartment housing t e n  reac t ion  c o n t r o l  engines,  
p rope l l an t  tankage, helium tariks, water tanks,  and t h e  
CSM umbi l ica l  cable .  The crew compartment contains  6 cubic  
meters (210 cubic  f t . )  of hab i t ab le  volume. 

Heat-shields around t h e  t h r e e  compartments are made 
of brazed s t a i n l e s s  steel honeycomb with an o u t e r  l a y e r  
of phenolic epoxy r e s i n  as an a b l a t i v e  ma te r i a l .  

- The CSM and LM a r e  equipped with t h e  probe-and-drogue 
docking hardware. The probe assembly is  a powered fo ld ing  
coupling and impact a t t e n t u a t i n g  device mounted i n  t h e  CM 
tunnel  t h a t  mates with a con ica l  drogue mounted'in t h e  LM 
docking tunnel .  Af te r  t h e  12 automakic docking l a t c h e s  
a r e  checked following a docking maneuver, both the  probe 
and drogue a r e  removed t o  allow crew t r a n s f e r  between t h e  
CSM and LM. 

- more - 





Service Module (SM) -- The Apollo 17  s e r v i c e  module 
w i l l  weigh 24,514 kg (54,044 l b . )  a t  launch, of which 18,415 
kg (40,594 l b . )  i s  p rope l l an t  f o r  t h e  91,840 newton (20,500 
pound) - t h r u s t  s e r v i c e  propulsion engine: ( fue l :  50/50 
hydrazine and unsymmetrical dimethyl-hydrazine; oxid izer :  
n i t rogen t e x t r o x i d e ) .  Aluminum honeycomb panels  2.54 cen t i -  
meters (one inch)  t h i c k  form t h e  o u t e r  s k i n ,  and mi l led  
aluminum r a d i a l  beams separa te  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  
around a c e n t r a l  cy l inder  containing s e r v i c e  propulsion system 
(SPS) helium pressuran t  tanks.  The s ix  s e c t o r s  of t h e  s e r v i c e  
module house t h e  following components: Sector  E -- oxygen 
tank 3 and hydrogen tank 3 ,  J-mission S c i e n t i f i c  Instrumen- 
t a t i o n  Module (SIM) bay; Sec tor  I1 -- space r a d i a t o r ,  +Y 
RCS package, SPS ox id ize r  s to rage  tank;  Sector  I11 -- space 
r a d i a t o r ,  +Z RCS package, SPS ox id ize r  s to rage  tank; Sec tor  
I V  -- t h r e e  f u e l  c e l l s ,  two oxygen tanks,  two hydrogen tanks ,  
a u x i l i a r y  b a t t e r y ;  Sec tor  V -- space r a d i a t o r ,  SPS f u e l  sump 
tank,  -Y RCS package; Sector  V I  -- space r a d i a t o r ,  SPS f u e l  
s to rage  tank,  -2 RCS package. 

Spacecraft-LM adapter  (SLA) S t ruc tu re  -- The spacecraf t -  
LM adapter  is  a t runcated  cone 8.5 m (28 f t . )  long t ape r ing  
from 6.7 m (21 .6  f t . )  i n  diameter a t  t h e  base t o  3.9 m (12.8 
f t . )  a t  t h e  forward end a t  t h e  service module mating l i n e .  
The SLA weighs 1,841 kg (4,059 l b . )  and houses t h e  LM during 
launch and t h e  t r a n s l u n a r  i n j e c t i o n  manuever u n t i l  CSM sepa- 
r a t i o n ,  t r a n s p o s i t i o n ,  and LM ex t rac t ion .  The SLA q u a r t e r  
panels  a r e  j e t t i s o n e d  a t  CSM separa t ion .  



Lunar Module (LM) 

The l u n a r  module is  a two-stage veh ic le  designed f o r  
space operatBons near  and on t h e  Moon. The lunar  module - 

s t ands  7 m (22 f t .  11 i n . )  high and is  9.5 m (31  f t , )  wide 
(diagonal ly across  landing gear);  The ascen t  and descent  
s t a g e s  of t h e  LM opera te  as a u n i t  u n t i l  s t ag ing ,  when 
t h e  a scen t  s t a g e  funct ions  as a s i n g l e  spacec ra f t  f o r  
rendezvous and docking with t h e  CM. 

Ascent Stage -- Three main sec t ions  make up t h e  
ascent  s tage :  t h e  crew compartment, midsection, and a f t  
equipment bay. Only t h e  crew compartment and midsection 
are pressur ized  337.5 grams per  square cent imeter  (4.8 
pounds pe r  square inch gauge).  The cabin volume i s  6.7 cubic  
meters (235 cubic  f e e t )  . The s t a g e  measures 3.8 m (12 f t .  
4 in,) high by 4.3 m ( 1 4  f t .  1 in.)  i n  diameter.  The 
ascen t  s t a g e  has s i x  s u b s t r u c t u r a l  a reas :  c r e w  compartment, 
midsection, a f t  equipment bay, t h r u s t  chamber assembly 
c l u s t e r  supports ,  antenna supports ,  and thermal and micro- 
meteoroid s h i e l d .  

The c y l i n d r i c a l  crew compartment is  2.35 m ( 7  f t .  10 i n . )  
i n  diameter and 1.07 m 43 f t .  6 i n . )  deep. Two f l i g h t  
s t a t i o n s  a r e  equipped wi th  c o n t r o l  and d i sp lay  panels ,  
armrests ,  body r e s t r a i n t s ,  landing a i d s ,  two f r o n t  windows, 
an overhead docking window, and an alignment o p t i c a l  tele- 
scope i n  t h e  cen te r  between t h e  two f l i g h t  s t a t i o n s .  
The h a b i t a b l e  volume i s  4 . 5  cubic  meters (160 cubic  f t . )  

A tunnel  r i n g  a t o p  t h e  a scen t  s t a g e  meshes wi th  t h e  
command module docking l a t c h  assemblies. During docking, 
t h e  CM docking r i n g  and l a t c h e s  a r e  a l igned by t h e  LM 
drogue and t h e  CSM probe. 

The docking tunne l  extends downward i n t o  t h e  mid- 
s e c t i o n  40 cm (16 i n . ) .  The tunnel  i s  81  cm (32 i n . )  i n  
diameter and i s  used f o r  crew t r a n s f e r  between t h e  CSM 
and LM. The upper ha tch  on t h e  inboard end of t h e  docking 
tunnel  opens inward and cannot be opened without  e q u a l i z i i g  
pressure  on both hatch sur faces .  

A thermal and micrometeoroid s h i e l d  of mul t ip le  l a y e r s  
of Mylar and a s i n g l e  th ickness  of t h i n  aluminum s k i n  
encases t h e  e n t i r e  a scen t  s t a g e  s t r u c t u r e .  

- more - 
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Descent Stage -- The descent  s t a g e  cen te r  compartment 
houses t h e  descent  enqine,  and descent  p rope l l an t  tanks 
a r e  housed i n  t h e  fou; bays around t h e  engine. Quadrant 
I1 contains  ALSEP. The radio iso tope  thermoelectr ic  genera- . 
t o r  (RTG) is  e x t e r n a l l y  mounted. Quadrant I V  conta ins  t h e  
MESA. The descent  s t a g e  measures 3.2 m (10 f t .  7 i n . )  
h igh  by 4.3 m ( 1 4  f t .  1 i n . )  i n  diameter and i s  encased 
i n  t h e  Mylar and aluminum a l l o y  thermal and micrometeoroid 
s h i e l d .  The LRV i s  stowed i n  Quadrant I. 

The LM egress  platform o r  "porch" is mounted on t h e  
forward ou t r igger  j u s t  below t h e  forward hatch. A ladder  
extends down t h e  forward landing gear  s t r u t  from t h e  porch 
f o r  crew lunar  su r face  opera t ions .  

The landing gear  s t r u t s  a r e  re leased  explos ive ly  and 
a r e  extended by spr ings .  They provide lunar  su r face  l acd ing  
impact a t t enua t ion .  The main s t r u t s  a r e  f i l l e d  with crush- 
a b l e  aluminum honeycomb f o r  absorbing compression loads.  
Footpads 0.95 m (37 in . )  i n  diameter a t  t h e  end of each 
landing gear  provide veh ic le  support  on the lunar  sur face .  

Each pad (except forward pad) is  f i t t e d  with a 1.7-rn 
(68-in.) long l u n a r  su r face  sensing probe which upon con- 
t a c t  with t h e  l u n a r  su r face  s i g n a l s  t h e  crew t o  s h u t  down 
t h e  descent  engine. 

The Apollo LM has a launch weight of 1 6 , 4 2 9  kg (36,244) 
l b .  ) . The weight breakdown i s  a s  follows : 

kilograms pounds 

1. Ascent s t age ,  dry* 2,059 4,729 
2 .  APS p rope l l an t s  ( loaded) 2,378 5,243 
3 .  Descent s t age ,  dry 2,791 6,155 
4 .  DPS p rope l l an t s  (loaded) 8,838 19,486 
5. RCS p rope l l an t s  ( loaded) 286 631 

16,352 kg 36,244 l b s  

* Includes water and oxygen; no crew. 
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NATIONAL ALRONAUTlCS A N D  SPACE ADMlNlSTRATlON 

WASHINGTON, 0. C. 20546 

BIOGRAPHICAL DATA 

NAME: Eugene A. Cernan (Captain, USN) 
NASA Astronaut - Apollo 17 Commander 

BIRTHPLACE AND DATE: Born i n  Chicago, I l l i n o i s ,  on March 1 4 ,  1934. 
H i s  mother, M r s .  Andrew G. Cernan, r e s i d e s  i n  Bellwood, 
I l l i n o i s .  

PHYSICAL DESCRIPTION: Brown h a i r f  b lue  eyes;  height :  6 f e e t ;  
weight: 175 pounds. 

EDUCATION: Graduated from Proviso Township High School i n  Maywood, 
I l l i n o i s ;  received a Bachelor of Science degree i n  E l e c t r i -  
c a l  Engineering from Purdue Universi ty  and a Master of 
Science degree i n  Aeronautical  Engineering from t h e  U.S. 
Naval Postgraduate School; r e c i p i e n t  of an Honorary Doctorate 
of  Laws from Western S t a t e  Universi ty  College of Law i n  1969 
and an Honorary Doctorate of Engineering from Purdue Univer- 
s i t y  i n  1970. 

MARITAL STATUS: Married t o  t h e  former Barbara J. Atchley of 
Houston, Texas. 

CHILDREN: Teresa Dawn, March 4 ,  1963. 

RECREATIONAL INTERESTS: H i s  hobbies include horses ,  motorcycling, 
and a l l  s p o r t s  a c t i v i t i e s .  

ORGANIZATIONS: Member of t h e  Society of Experimental Test  P i l o t s ;  
Tau Beta P i ,  na t iona l  engineering soc ie ty ;  Sigma X i ,  nation- 
a l  sc ience  research  soc ie ty ;  and Phi  Gamma Delta ,  n a t i o n a l  
s o c i a l  f r a t e r n i t y .  

SPECIAL HONORS: Awarded t h e  NASA Distinguished Service Medal, t h e  
NASA Exceptional Service Medal, t h e  MSC Superior Achievement 
Award, t h e  Navy Dist inguished Service Medal, t h e  Navy Astro- 
naut  Wings, t h e  Navy Dist inguished Flying Cross, t h e  Nation- 
a l  Academy of Televis ion  A r t s  and Sciences Specia l  Trustees  
Award (1969), and an Honorary Lifetime Membership i n  t h e  
American Federat ion of Radio and Televis ion Artists. 



EXPERIENCE: Cernan, a United S t a t e s  Navy Captain, received h i s  
commission through t h e  Navy ROTC program a t  Purdue, He 
en te red  f l i g h t  t r a i n i n g  upon graduation. 

H e  was assigned t o  Attack Squadrons 126 and 113 a t  t h e  
Miramar, Ca l i fo rn ia ,  Naval A i r  S t a t i o n  and subsequently 
a t tended t h e  Naval Postgraduate School. 

H e  has logged more than 3,800 hours f l y i n g  t i m e ,  wi th more 
than 3,600 hours i n  j e t  a i r c r a f t .  

CURRENT ASSIGNMENT: Captain Cernan w a s  one of t h e  t h i r d  group 
of a s t ronau t s  s e l e c t e d  by NASA i n  October 1963. 

H e  occupied t h e  p i l o t  seat along s i d e  of command p i l o t  Tom 
S ta f fo rd  on t h e  Gemini 9 mission. During t h i s  3-day f l i g h t  
which began on June 3 ,  1966, t h e  spacec ra f t  a t t a i n e d  a c i r -  
c u l a r  o r b i t  of 161 s t a t u t e  miles;  t h e  crew used t h r e e  d i f -  
f e r e n t  techniques t o  e f f e c t  rendezvous with t h e  previously 
launched Augmented Target  Docking Adapter; and Cernan logged 
two hours and t e n  minutes ou t s ide  t h e  spacec ra f t  i n  ex t ra -  
veh icu la r  a c t i v i t y .  The f l i g h t  ended a f t e r  72 hours and 
20 minutes wi th  a p e r f e c t  r een t ry  and recovery a s  Gemini 
9 landed wi th in  1 1 / 2  mi les  of t h e  prime recovery s h i p  
USS WASP and 3/8 of a m i l e  from t h e  predetermined t a r g e t  

Cernan subsequently served as backup p i l o t  f o r  Gemini 1 2  
and as backup lunar  module p i l o t  f o r  Apollo V I I .  

H e  was l u n a r  module p i l o t  on Apollo X ,  May 18-26, 1969, 
t h e  f i r s t  comprehensive lunar -o rb i t a l  q u a l i f i c a t i o n  and 
v e r i f i c a t i o n  f l i g h t  test  of an Apollo lunar  module. He 
was accompanied on t h e  248,000 n a u t i c a l  m i l e  sojourn t o  
t h e  Moon by Thomas P. S t a f f o r d  (spacecraf t  commander) and 
John W. Young (command module p i l o t ) .  I n  accomplishing 
a l l  of t h e  assigned o b j e c t i v e s  of t h i s  mission, Apollo X 
confirmed t h e  opera t iona l  performance, s t a b i l i t y ,  and 
r e l i a b i l i t y  of t h e  command/service module/lunar module 
conf igura t ion  during t r a n s l u n a r  c o a s t ,  l una r  o r b i t  in se r -  
t i o n ,  and l u n a r  module separa t ion  and descent  t o  wi th in  8 
n a u t i c a l  miles  of t h e  l u n a r  su r face .  The l a t t e r  maneuver 
involved employing a l l  bu t  t h e  f i n a l  minutes of t h e  
technique prescr ibed  f o r  use i n  an a c t u a l  luna r  landing,  
and completing c r i t i c a l  eva lua t ions  of t h e  lunar  module 
propulsion systems and rendezvous and landing rada r  devices  
i n  subsequent rendezvous and re-docking maneuvers. I n  
add i t ion  t o  demonstrating t h a t  man could navigate  s a f e l y  
and accura te ly  i n  t h e  Moon's g r a v i t a t i o n a l  f i e l d s ,  Apollo X 
photographed and mapped t e n t a t i v e  landing sites f o r  f u t u r e  
missions.  This was Captain Cernan's second space f l i g h t  
g iv ing  him more than 264 hours and 24 minutes i n  space. 
Captain Cernan nas s i n c e  served as backup spacec ra f t  command- 
er f o r  t h e  Apollo X I V  f l i g h t .  



N A T I O N A L  AERONAUTICS A N D  SPACE ADMINISTRATION 

WASHINGTON, D. C. 20546 

BIOGRAPHICAL DATA 

NAME: Ronald E. Evans (Commander, USN) 
NASA Astronaut - Apollo 17 command module p i l o t  

BIRTHPLACE AND DATE: Born November 10, 1933, i n  S t .  Francis ,  
Kansas. H i s  f a t h e r ,  M r .  Clarence E.  Evans, l i v e s  i n  Bird 
Ci ty ,  Kansas, and h i s  mother, M r s .  Marie A. Evans, r e s i d e s  
i n  Topeka, Kansas. 

PHYSICAL DESCRIPTION: Brown h a i r ;  brown eyes;  he ight :  5 f e e t  
11 1/2  inches: weight: 160 pounds. 

EDUCATION: Graduated f o r  Highland Park High School i n  Topeka, 
Kansas; received a Bachelor of Science degree i n  Electrical 
Engineering from t h e  Univers i ty  of Kansas i n  1956 and a 
Master of Science degree i n  Aeronautical  Engineering from 
t h e  U.S. Naval Postgraduate  School i n  1964. 

MARITAL STATUS: Married t o  t h e  former Jan  Pollom of Topeka, Kansas; 
h e r  pa ren t s ,  M r .  & M r s .  Harry M.  Pullom, r e s i d e  i n  Sa l ina ,  
Kansas. 

CHILDREN: J a i m e  D. (daughter ) ,  August 2 1 ,  1959; Jon P. ( s o n ) ,  
October 9,  1961 

RECREATIONAL INTERESTS: Hobbies inc lude  go l f ing ,  boat ing,  s w i m -  
ming, f i s h i n g ,  and hunting. 

ORGANIZATIONS: Member of Tau B e t a  P i ,  Society of Sigma X i ,  and 
Sigma Nu. 

SPECIAL HONORS: Presented t h e  MSC Superior  Achievement Award (1970), 
and winner of e i g h t  A i r  Medals, t h e  Vie t  Nam Service Medal, 
and t h e  Navy commendation Medal wi th  combat d i s t i n g u i s h i n g  
device,  

EXPERIENCE: When n o t i f i e d  of h i s  s e l e c t i o n  t o  t h e  a s t ronau t  program, 
Evans w a s  on sea duty i n  t h e  P a c i f i c  -- assigned t o  VF-51 
and f l y i n g  F8 a i r c r a f t  from t h e  carrier USS TICONDEROGA 
during a per iod  of  seven months i n  V i e t  N a m  combat opera t ions .  



H e  was a  Combat F l i g h t  In s t ruc to r  (F8 a i r c r a f t )  with VF-124 
from January 1961 t o  June 1962 and, p r i o r  t o  t h i s  assignment, 
pa r t i c ipa t ed  i n  two WESTPAC a i r c r a f t  c a r r i e r  czuises  while 
a  p i l o t  with VF-142. I n  June 1957, he completed f l i g h t  
t r a i n i n g  a f t e r  receiving h i s  commission as  an Ensign through 
t h e  Navy ROTC program a t  t h e  Universi ty of Kansas. 

Total  f l i g h t  t i m e  accrued during h i s  mi l i t a ry  career  is  
4,041 hours. 

CURRENT ASSIGNMENT: Commander Evans i s  one of t he  19 as t ronauts  
s e l ec t ed  by NASA i n  Apr i l  1966. He served a s  a  member of 
t he  as t ronaut  support  crews f o r  t h e  Apollo V I I  and X I  f l i g h t s  
and as  backup command module f o r  Apollo XIV. 



N A T I O N A L  AERONAUTICS AND SPACE A D M I N I S T R A T I O N  

WASHINGTON, D. e. 20544 

BIOGRAPHICAL DATA 
NAME: Harrison H. Schmitt (PhD) 

NASA Astronaut - Apollo 17 lunar module pilot 

BIRTHPLACE AND DATE: Born July 3, 1935, in Santa Rita, New Mexico. 
His mother, Mrs. Harrison A. Schmitt, resides in Silver City, 
New Mexico. 

PHYSICAL DESCRIPTION: Black hair; brown eyes; height: 5 feet 9 
inches; weight: 165 pounds. 

EDUCATION: Graduated from Western High School, Silver City, New 
Mexico; received a Bachelor of Science degree in Science 
from the California Institute of Technology in 1957; studied 
at the University of Oslo in Norway during 1957-58; received 
Doctorate in Geology from Harvard University In 1964. 

MARITAL STATUS : Single 

RECREATIONAL INTERESTS: His hobbies include skiing, hunting, fishing, 
carpentry and hiking. 

ORGANIZATIONS: Member of the Geological Society of America, the 
American Geophysical Union, the American Association for the 
Advancement of Science, the American Association of Petro- 
leum Geologists, the American Institute of Aeronautics and 
Astronautics, and Sigma Xi. 

SPECIAL HONORS: Winner of a Fulbright Fellowship (1957-58); a 
Kennecott Fellowship in Geology (1958-59); a Harvard Fellow- 
ship (1959-60) ; a Harvard Traveling Fellowship (1960) ; a 
Parker Traveling Fellowship (1961-62); a National Science 
Foundation Post-Doctoral Fellowship, Department of Geologi- 
cal Sciences, Harvard University (1963-64); and presented 
the MSC Superior Achievement Award (1970). 

EXPERIENCE: Schmitt was a teaching fellow at Harvard in 1961; he 
assisted in the teaching of a course in ore deposits there, 
Prior to his teaching assignment, he did geolbgical work for 
the Norwegian Geological Survey in Oslo, Norway, and for the 
U.S. Geological Survey in New Mexico and Montanna. He also 
worked as a geologist for two summers in southeastern Alaska. 



Before coming t o  t h e  Manned Spacecraft  Center, he served with 
t h e  U.S. Geological Survey's Astrogeology Branch a t  F l a g s t a f f ,  
Arizona. H e  was p r o j e c t  chief  f o r  lunar  f i e l d  geological  
methods and p a r t i c i p a t e d  i n  photo and t e l e scop ic  mapping of t h e  
Moon; he w a s  among the  USGS as t rogeolog is t s  i n s t r u c t i n g  NASA 
as t ronauts  during t h e i r  geological  f i e l d  t r i p s .  H e  has 
logged more than 1,665 hours f l y i n g  t i m e .  

CURRENT ASSIGNMENT: D r .  Schmitt was s e l ec t ed  a s  a s c i e n t i s t -  as t ro-  
naut  by NASA i n  June 1965. H e  completed a 53-week course 
i n  f l i g h t  t r a i n i n g  a t  W i l l i a m s  A i r  Force Base, Arizona, 
and, i n  addi t ion  t o  t r a i n i n g  f o r  fu tu re  manned space f l i g h t s ,  
has been instrumental  i n  providing Apollo f l i g h t  crews with 
d e t a i l e d  i n s t r u c t i o n  i n  lunar  navigation,  geology, and 
f e a t u r e  recogni t ion.  H e  has a l s o  a s s i s t e d  i n  t h e  in tegra-  
t i o n  of s c i e n t i f i c  a c t i v i t i e s  i n t o  t he  Apollo lunar  missions 
and p a r t i c i p a t e d  i n  research a c t i v i t i e s  requi r ing  the  conduct 
of geologic,  petrographic,  and s t ra tographic  ana lys i s  of 
samples returned from t h e  Moon by Apollo missions. 

Schmitt served as  backup lunar  module p i l o t  f o r  Apollo XV. 



N A T I O N A L  AERONAUTICS A N D  SPACE A D M l N l S T R A T l O N  

WASHINGTON, 0. C. 20546 

BIOGRAPHICAL DATA 

NAME: John W. Young (Captain, USN) 
NASA Astronaut - Apollo 17 backup commander 

BIRTHPLACE AND DATE: Born i n  San Francisco,  C a l i f o r n i a ,  on Septem- 
b e r  24, 1930. H i s  p a r e n t s ,  M r .  and M r s .  W i l l i a m  H. Young, 
r e s i d e  i n  Orlando, F lor ida .  

PHYSICAL DESCRIPTION: Brown h a i r ;  green eyes;  height :  5 f e e t  9 
inches;  weight: 165 pounds. 

EDUCATION: Graduated from Orlando High School, Orlando, F lo r ida ;  
received a Bachelor of Science degree i n  Aeronaut ical  En- 
g ineer ing  from t h e  Georgia I n s t i t u t e  of Technology i n  1952; 
r e c i p i e n t  of an Honorary Doctorate of Laws degree from 
Western S t a t e  Universi ty  College of  Law i n  1969, and an 
Honorary Doctorate 0f Applied Science from F lo r ida  Techno- 
l o g i c a l  Universi ty  i n  1970. 

MARITAL STATUS: Married t o  t h e  former Susy Feldman of S t .  Louis, 
Missouri .  

CHILDREN: Sandy, Apr i l  30 ,  1957; John, January 17, 1959, by a pre- 
vious marriage. 

RECREATIONAL INTERESTS: H e  p lays  handbal l ,  runs and works o u t  i n  
t h e  f u l l  pressure  s u i t  t o  s t a y  i n  shape. 

ORGANIZATIONS: Fellow of t h e  American Ast ronaut ica l  Socie ty ,  
Associate  Fellow of t h e  Society of Experimental Tes t  P i l o t s ,  
and a member of t h e  American I n s t i t u t e  of Aeronautics and 
Astronaut ics .  

SPECIAL HONORS: Awarded t h e  NASA Distinguished Service  Medal, 
two NASA Exceptional Service Medals, t h e  MSC C e r t i f i c a t e  of 
Commendation (1970), t h e  Navy Astronaut Wings, t h e  Navy 
Dist inguished Service Medals, and t h r e e  Navy Dist inguished 
Flying Crosses.  

EXPERIENCE : Upon graduat ion f rorn Georgia Tech, Young en te red  t h e  
U.S. Navy i n  1952; he holds t h e  rank of Captain i n  t h a t  
se rv ice .  



H e  completed test  p i l o t  t r a i n i n g  a t  t h e  U.S. Naval Test  
P i l o t  School i n  1959, and was then assigned as a test  p i l o t  
a t  t h e  Naval A i r  T e s t  Center u n t i l  1962. T e s t  p r o j e c t s  i n  
which he p a r t i c i p a t e d  inc lude  evalua t ions  of t h e  F8D 
"Crusader" and t h e  F4B "Phantom" f i g h t e r  weapons systems, 
and i n  1962, he s e t  world time-to-climb records t o  3,000 
and 25,000 meter a l t i t u d e s  i n  t h e  Phantom. P r i o r  t o  h i s  
assignment t o  NASA, he w a s  maintenance o f f i c e r  of All-Weather- 
F igh te r  Squadron 143 a t  t h e  Naval A i r  S t a t i o n ,  Miramar, 
Ca l i fo rn ia .  

H e  has logged more than 6,380 hours f l y i n g  t ime,  and com- 
p l e t e d  t h r e e  space f l i g h t s  t o t a l i n g  267 hours and 4 2  minutes, 

CURRENT ASSIGNMENT: Captain Young w a s  s e l ec ted  as an as t ronau t  
by NASA i n  September 1962. 

He served as p i l o t  wi th  command p i l o t  Gus Grissom on t h e  
f i r s t  manned Gemini f l i g h t  -- a 3-orbi t  mission, launched 
on March 23, 1965, during wihich t h e  crew accomplished t h e  
f i r s t  manned spacec ra f t  o r b i t a l  t r a j e c t o r y  modif icat ions 
and l i f t i n g  reen t ry ,  and f l i g h t  t e s t e d  a l l  systems i n  
Gemini 3. 

Af te r  t h i s  f l i g h t ,  he w a s  backup p i l o t  f o r  Gemini 6. 

On Ju ly  18, 1966, Young occupied t h e  command p i l o t  s e a t  f o r  
t h e  Gemini 10 mission and, w i t h  Michael Col l ins  a s  p i l o t ,  
e f f e c t e d  a successfu l  rendezvous and docking with t h e  Agena 
t a r g e t  vehic le .  

H e  w a s  then  assigned a s  t h e  backup command module p i l o t  
f o r  Apollo V I I .  

Young was command module p i l o t  f o r  Apollo X ,  May 18-26, 1969, 
t h e  comprehensive l u n a r - o r b i t a l  q u a l i f i c a t i o n  t e s t  of t h e  
Apollo lunar  module. He was accompanied on t h e  248,000 
n a u t i c a l  m i l e  l una r  mission by Thomas P. S t a f f o r d  (space- 
c r a f t  commander) and Eugene A. Cernan ( lunar  module p i l o t ) ,  

Captain Young then served as  backup spacec ra f t  commander 
f o r  Apollo X I I I .  

Young was commander of t h e  Apollo 16 mission t o  t h e  Descartes 
highlands of  t h e  Moon i n  Apr i l  1972. 



N A T l O N A b  AERONAUTlCS A N D  SPACE ADMINISTRATION 

WASHINGTON. D. C. 20546 

BIOGRAPHICAL DATA 

NAME: S t u a r t  Allen Roosa (Lieutenant Colonel, USAF) 
NASA Astronaut - Apollo 17 backup command module p i l o t  

BIRTHPLACE AND DATE: Born August 16, 1933, i n  Durango, Colorado. 
H i s  pa ren t s ,  M r .  and Mrs. Dewey Roosa, now r e s i d e  i n  
Tucson, Arizona. 

PHYSICAL DESCRIPTION: Red h a i r ;  b lue  eyes;  height :  5 f e e t  10 
inches;  weight: 155 pounds. 

EDUCATION: Attended J u s t i c e  Grade School and Claremore High School 
i n  Claremore, Oklahoma; s tud ied  a t  Oklahoma S t a t e  Univer- 
s i t y  o f  Arizona and w a s  graduated with honors and a Bache- 
l o r  of Science degree i n  Aeronautical  Engineering from t h e  
Universi ty  of  Colorado; presented an Honorary Doctorate of 
L e t t e r s  from t h e  Universi ty  of S t .  Thomas (Houston, Texas) 
i n  1971. 

MARITAL STATUS: H i s  wife i s  t h e  former Joan C. B a r r e t t  of Tupelo, 
Miss iss ippi ;  and h e r  mother, M r s .  John T. B a r r e t t ,  r e s i d e s  
i n  Sessums, Miss iss ippi .  

CHILDREN: Christopher A. ,  June 2 9 ,  1959; John D . ,  January 2, 1961; 
S t u a r t  A , ,  Jr., March 12, 1962; Rosemary D . ,  Ju ly  23, 1963. 

RECREATIONAL INTERESTS: H i s  hobbies a r e  hunting, boat ing,  and 
f i sh ing .  

ORGANIZATIONS: Associate &ember of t h e  Society of Experimental 
Test  P i l o t s .  

SPECIAL HONORS: Presented t h e  NASA Distinguished Service Medal, 
t h e  MSC Superior Achievement Award (1970), t h e  A i r  Force 
Command P i l o t  Astronaut Wings, t h e  A i r  Force Distinguished 
Service Medal, t h e  Arnold A i r  Soc ie ty ' s  John F. Kennedy 
Award (1971), and t h e  Ci ty  of New York Gold Medal i n  1971. 

EXPERIENCE: Roosa, a L t ,  Colonel i n  t h e  A i r  Force, has  been on 
a c t i v e  duty s i n c e  1953. P r i o r  t o  jo in ing  NASA, he was an 
experimental  test p i l o t  a t  Edwards A i r  Force B a s e ,  C a l i -  
f o r n i a  -- an assignment he he ld  from September 1965 t o  
May 1966, following graduat ion from t h e  Aerospace Research 
P i l o t s  School. 



H e  was a maintenance f l i g h t  test  p i l o t  a t  Olmsted A i r  
Force Base, Pennsylvania, from J u l y  1962 t o  August 1964, 
f l y i n g  F-101 a i r c r a f t .  He served a s  Cheif of Service 
Engineering (AFLC) a t  Tachikawa A i r  Base f o r  two years  
following graduation from t h e  Universi ty  of Colorado 
under t h e  A i r  Force I n s t i t u t e  of Technology Program. 
P r i o r  t o  t h i s  t o u r  of duty,  he was assigned as a f i g h t e r  - 
p i l o t  a t  Langley A i r  Force Base, Virginia,  where he flew 
t h e  F-84F and F-100 a i r c r a f t .  

H e  a t tended Gunnery School a t  D e l  Rio and Luke A i r  Force 
Bases and i s  a graduate of t h e  Aviation Cadet Program a t  
Williams A i r  Force B a s e ,  Arizona, where he received h i s  
f l i g h t  t r a i n i n g  and commission i n  t h e  A i r  Force. 

Since 1953, he has acquired 4,797 f l y i n g  hours. 

CURRENT ASSIGNMENT: Lt .  Colonel Roosa i s  one of t h e  19 as t ronau t s  
s e l e c t e d  by NASA i n  Apr i l  1966. He w a s  a member of t h e  
a s t r o n a u t  support  c r e w  f o r  t h e  Apollo I X  f l i g h t .  

H e  completed h i s  f i r s t  space f l i g h t  as command module 
p i l o t  on Apollo XIV, January 31 - February 9,  1971. With 
him on man's t h i r d  l u n a r  landing mission weHe Alan B. 
Shepard ( spacec ra f t  commander) and Edgar D. Mitchel l  
( luna r  module p i l o t ) .  I n  completing h i s  f i r s t  space 
f l i g h t ,  Roosa logged a t o t a l  of 216 hours and 4 2  minutes. 

He w a s  subsequently designated t o  serve  as backup command 
module f o r  Apollo XVI .  



N A T I O N A L  AERONAUTICS A N D  SPACE ADMINISTRATION 

WASHINGTON, D. C. 20% 

BIOGRAPHI'CAL DATA 

NAME: Charles  Moss Duke, Jr. (Colonel, USAF) 
NASA Astronaut - Apollo 17 backup lunar  module p i l o t .  

BIRTHPLACE AND DATE: Born i n  Char lo t t e ,  North Carol ina,  on October 
3 ,  1935. H i s  pa ren t s ,  M r .  and M r s .  Charles M. Duke, make 
t h e i r  home i n  Lancaster ,  South Carolina.  

PHYSICAL DESCRIPTION: Brown h a i r ;  brown eyes;  height :  5 f e e t  11 1/2 
inches;  weight: 155 pounds. 

EDUCATION: Attended Lancaster High School i n  Lancaster ,  South 
Carol ina,  and w a s  graduated v a l e d i c t o r i a n  from t h e  Admiral 
Far ragut  Academy i n  S t .  Petersburg,  F lor ida ;  received a 
Bachelor of Science degree i n  Naval Sciences from t h e  U.S. 
Navel Academy i n  1957 and a Master of Science degree i n  
Aeronautics from t h e  Massachusetts I n s t i t u t e  of Technology 
1964. 

MARITAL STATUS: Married t o  t h e  former Dorothy Meade Claiborne 
of  At lanta ,  Georgia; h e r  pa ren t s  are D r .  and M r s .  T. S ter -  
l i n g  Claiborne of At lanta .  

CHILDREN: Charles M., March 8,  1965; Thomas C . ,  May 1, 1967. 

RECREATIONAL INTERESTS: Hobbies inc lude  hunting, f i s h i n g ,  reading,  
and p laying  g o l f .  

ORGANIZATIONS: Member of t h e  A i r  Force Associat ion,  t h e  Society 
of  Experimental T e s t  P i l o t s ,  t h e  Rotary Club, t h e  American 
Legion, and t h e  American F igh te r  P i l o t s  Association. 

SPECIAL HONORS: Awarded t h e  MSC C e r t i f i c a t e  of Commendation (1970) 

EXPERIENCE: When n o t i f i e d  of h i s  s e l e c t i o n  as an as t ronau t ,  Duke 
w a s  a t  t h e  A i r  Force Aerospace Research P i l o t  School as 
an i n s t r u c t o r  teaching c o n t r o l  systems and f l y i n g  i n  t h e  
F-104, F-101, and T-33 a i r c r a f t .  H e  w a s  graduated from 
t h e  Aerospace Research P i l o t  School i n  September 1965 and 
s tayed on t h e r e  as an i n s t r u c t o r .  



H e  i s  an A i r  Force Colonel and w a s  commissioned i n  1957 
upon graduat ion from t h e  Naval Academy. Upon e n t e r i n g  
t h e  A i r  Force,  he went t o  Spence A i r  Base, Georgia, f o r  
primary f l i g h t  t r a i n i n g  and then t o  Webb A i r  Force Base, 
Texas, f o r  b a s i c  f l y i n g  t r a i n i n g ,  where i n  1958 he became 
a d i s t ingu i shed  graduate.  He w a s  again a d i s t ingu i shed  
graduate  a t  Moody A i r  Force Base, Georgia, where he com- . 
p l e t e d  advanced t r a i n i n g  i n  F-86L a i r c r a f t .  Upon com- 
p l e t i o n  of t h i s  t r a i n i n g  he was assigned t o  t h e  526th 
F igh te r  I n t e r c e p t o r  Squadron a t  Ramstein A i r  Base, Ger- 
many, where he served t h r e e  yea r s  as a f i g h t e r  i n t e r -  
cep to r  p i l o t .  

He has logged 3,862 hours f l y i n g  t i m e .  

CURRENT ASSIGNMENT: Colonel Duke i s  one of t h e  19 as t ronau t s  
s e l e c t e d  by NASA i n  Apr i l  1966. He served as a member 
of  t h e  a s t r o n a u t  support  crew f o r  t h e  Apollo X f l i g h t  
and a s  backup l u n a r  module p i l o t  f o r  t h e  Apollo X I 1 1  
f l i g h t .  

He served a s  luna r  module p i l o t  f o r  t h e  Apollo 16 
mission. 



SPACEFLIGHT TRACKING AND DATA SUPPORT NETWORK 

NASA's worldwide Spaceflight Tracking and Data Network 
(STDN) will provide communication with the Apollo astronauts, 
their launch vehicle and spacecraft. It will also maintain 
the communications link between Earth and the Apollo experi- 
ments left on the lunar surface by earlier Apallo crews. 

The STDN is linked together by the NASA Communication 
Network (NASCOM) which provides for all information and data 
flow. 

In support of Apollo 17, the STDN will employ 11 ground 
tracking stations equipped with 9.1-meter (30-foot) and 25.9 m 
(85-ft) antennas, and instrumented tracking ship, and four 
instrumented aircraft. This portion of the STDN was known 
formerly as the Manned Space Flight Network. For Apollo 17, 
the network will be augmented by the 64-m (210-ft.) antenna 
system at Goldstone, Calif. (a unit of NASA's Deep Space 
Netwrok), and if required the 64-m (210-ft.) radio antenna of 
the National Radio Astronomy Observatory at Parkes, Australia. 

The STDN is maintained and operated by the NASA Goddard 
Space Flight Center, Greenbelt, Md., under the direction of 
NASA's Office of Tracking and Data Acquisition. Goddard will 
become an emergency control center if the Houston Mission 
Control Center is impaired for an extended time. 

NASA Communications Network (NASCOM). The tracking network 
is linked together by the NASA Communications Network. A11 
information flows to and from Mission Control Center, (MCC), 
Houston, and the Apollo spacecraft over this communications 
system. 

The NASCOM consists of more than 3.2 million circuit 
kilometers (1.7 million nautical miles), using satellites, 
submarine cables, land lines, microwave systems, and high 
frequency radio facilities. NASCOM control center is located 
at Goddard. Regional communication switching centers are 
in Madrid; Canberra, Australia; Honolulu; and Guam. 

Intelsat communications satellites will be used for 
Apollo 17. One satellite over the Atlantic will link 
Goddard with Ascension Island and the Vanguard tracking 
ship. Another Atlantic satellite will provide a direct 
link between Madrid and Goddard for TV signals received from 
the spacecraft. One satellite positioned over the mid-Pacific 
will link Carnarvon, Australia; Canberra, Guam and Hawaii 
with Goddard through the Jamesburg, California ground 
station. An alternate route of communications between Spain 
and Australia is available through another Intelsat satellite 
positioned over the Indian Ocean if required. 



Mission Operations: Prelaunch tests, liftoff, and 
Earth orbital flight of the Apollo 17 are supported by the 
Apollo subnet station at Merritt Island, Fla., 6.4 km 
(3,5 nm) from the launch pad. 

During the critical period of launch and insertion of 
the Apollo 17 into Earth orbit, the USNS Vanguard provides 
tracking, telemetry, and communications functions. This 
single sea-going station of the Apollo subnet will be 
stationed about 1,610 krn (870 nm) southeast of Bermuda. 

When the Apollo 17 conducts the translunar injection 
(TLI) Earth orbit for the Moon, two Apollo range instrumen- 
tation aircraft (ARIA) will record telemetry data from Apollo 
and relay voice communications between the astronauts and the 
MCC at Houston. These aircraft will be airborne between 
South America and the west coast of Africa. ARIA 1 will cover 
TLI ignition and ARIA 2 will monitor TLI burn completion. 

Approximately 1 hour after the spacecraft has been in- 
jected into a translunar trajectory, three prime MSFN stations 
will take over tracking and communication with Apollo. 
These stations are equipped with 25.9 m (85-ft.1 antennas. 

Each of the prime stations, located at Goldstone, 
Madrid, and Honeysuckle, Australia is equipped with dual 
systems for tracking the command module in lunar orbit and 
the lunar module in separate flight paths or at rest on the 
Moon. 

For reentry, two ARIA (Apollo Range Instrumented Aircraft) 
will be deployed to the landing area to relay communications 
between Apollo and Mission Control at Houston. These air- 
craft also will provide position information on the Apollo 
after the blackout phase of reentry has passed. 

An applications technology satellite (ATS) terminal has 
been placed aboard the recovery ship USS Ticonderoga to relay 
command control communications of the recovery forces, via 
NASA's ATS satellite. Communications will be relayed from 
the deck-mounted terminal to the NASA tracking stations at 
Mojave, Calif, and Rosman, N.C., through Goddard to the re- 
covery control centers located in Hawaii and Houston. 

Prior to recovery, the astronauts aeromedical records 
are transmitted via the ATS satellite to the recovery ship 
for comparison with the physical data obtained in the post- 
flight examination performed aboard the recovery ship, 



Television Transmissions: Television from the Apollo 
spacecraft during the journey to and from the Moon and on the 
lunar surface will be received by the three prime stations, 
augmented by the 64-m (210-ft.) antennas at Goldstone and 
Parkes. The color TV signal must be converted at MSC, Houston. 
A black and white version of the color signal can be released 
locally from the stations in Spain and Australia. 

While the camera is mounted on the lunar roving vehicle 
(LRV), the TV signals will be transmitted directly to track- 
ing stations as the astronauts explore the Moon. 

Once the LRV has been parked near the lunar module, its 
batteries will have about 80 hours of operating life. This 
will allow ground controllers to position the camera for 
viewing the lunar module liftoff, post liftoff geology, and 
other scenes. 





ENVIRONMENTAL IMPACT OF APOLLOISATURN V MISSION 

Studies of NASA space mission operations have concluded 
that ApolLo does not significantly effect the human environ- 
ment in the areas of air, water, noise or nuclear radiation. 

During the launch of the Apollo/Saturn V space vehicle, 
products exhausted from Saturn first stage engines in all 
cases are within an ample margin of safety. At lower alti- 
tudes, where toxicity is of concern, the carbon monoxide is 
oxidized to carbon dioxide upon exposure at its high tempera- 
ture to the surrounding air. The quantities released are 
two or more orders of magnitude below the recognized levels 
for concern in regard to significant modification of the 
environment. The second and third stage main propulsion 
systems generate only water and a small amount of hydrogen. 
Solid propellant ullage and retro rocket products are released 
and rapidly dispersed in the upper atmosphere at altitudes 
above 70 kilometers (43.5 miles). This material will effectively 
never reach sea level and, consequently, poses no toxicity 
hazard. 

Should an abort after launch be necessary, some RP-1 
fuel (kerosene) could reach the ocean. However, toxicity of 
RP-1 is slight and impact on marine life and waterfowl are 
considered negligible due to its dispersive characteristics. 
Calculations of dumping an aborted S-IC stage into the ocean 
showed that spreading and evaporating of the fuel occurred in 
one to four hours. 

There are only two times during a nominal Apollo mission 
when above normal overall sound pressure levels are encountered. 
These two times are during vehicle boost from the launch pad 
and the sonic boom experienced when the spacecraft enters the 
Earth's atmosphere. Sonic boom is not a significant nuisance 
since it occurs over the mid-Pacific Ocean. 

NASA and the Department of Defense have made a comprehensive 
study of noise levels and other hazards to be encountered for 
launching vehicles of the Saturn V magnitude. For uncontrolled 
areas the overall sound pressure levels are well below those 
which cause damage or discomfort. Saturn launches have had no 
deleterious effects on wildlife which has actually increased 
in the NASA-protected areas of Merritt Island. 



A source of potential radiation hazard but highly un- 
likely, is the fuel capsule of the radioisotope thermoelectric 
generator supplied by the Atomic Bnergy Commission which 
provides electric power for Apollo lunar surface experiments. 
The fuel cask is designed to contain the nuclear fuel during 
normal operations and in the event of aborts so that the 
possibility of radiation contamination is negligible. Extensive 
safety analvses and tests have been conducted which demonstrated 
that the fuel would be safely contained under almost a11 credi- 
ble accident conditions. 



PROGRAM MANAGEMENT 

The Apollo Program i s  t h e  r e s p o n s i b i l i t y  of  t h e  Of f i ce  
of Manned Space F l i g h t  (OMSF), Nat ional  Aeronautics and 
Space Administrat ion,  Washington, D. C. D a l e  D. Myers is  
Associate Administrator  f o r  Manned Space F l i g h t .  

NASA Manned Spacecraf t  Center  (MSC) , Houston, is  
respons ib le  f o r  development of t h e  Apollo spacec ra f t ,  f l i g h t  
crew t r a i n i n g ,  and f l i g h t  con t ro l .  D r .  Chris topher  C.  Kra f t ,  Jr. 
i s  Center  Director. 

NASA Marshall Space F l i g h t  Center (MSFC), Huntsvi l le ,  
A l a . ,  i s  respons ib le  f o r  development of  t h e  Saturn launch 
veh ic les .  D r .  Eberhard F. M. Rees is  Center Director. 

NASA John F. Kennedy Space Center (KSC) , F l a . ,  is  
respons ib le  f o r  Apollo/Satum launch opera t ions .  D r .  Kurt  H .  
Debus is  Center Direc tor .  

The NASA Off ice  of Tracking and Data Acquisi t ion (OTDA) 
d i r e c t s  t h e  program of txacking and d a t a  flow on A ~ n l l o .  
Gerald M. Truszynski i s  Associate Administrator  f o r  Tracking 
and D a t a  Acquisi t ion.  

NASA Goddard Space F l i g h t  Center (GSFC), Greenbelt ,  Md., 
manages t h e  Manned Space F l i g h t  Network and Comunicat ions 
Network. D r .  John F. Clark is  Center Director. 

The Department of Defense i s  support ing NASA during 
launch, t racking ,  and recovery opera t ions .  The A i r  Force 
Eastern Test Range i s  respons ib le  f o r  range act ivi t ies  during 
launch and down-range t racking .  Recovery opera t ions  inc lude  
the use of recovery sh ips  and Navy and A i r  Force a i r c r a f t .  



APOLLO/SATUIW 'OFFICIALS 

NASA Headquarters 

D r .  Rocco A. Petrone Apollo Program Direc tor ,  OMSF 
Chester M. Lee (Capt., USN, R e t . )  Apollo Mission Direc tor ,  OMSF 
John K. Holcomb (Capt., USN, R e t . )  Di rec tor  of Apollo Operations,  

OMSF 
William T. OwBryant Direc tor  of Apollo Lunar 
(Capt., USN, R e t . )  Exploration, OMSF 
Charles A. Berry, M.D. Di rec tor  f o r  L i f e  Sciences 

Kennedy Space Center 

M i l e s  J. Ross 
Walter J. Kapryan 
P e t e r  A. Minderman 
Robert C. Hock 
D r .  Robert H. Gray 

D r .  Hans F. Gruene 

John J. Williams 
Paul C. Donnelly 

Manned Spacecraf t  Center 

Sigurd A. Sjoberg 
Howard W. T inda l l  
Owen G. Morris 

Donald K. Slayton 
Pete  Frank 
N e i l  Hutchinson 
Gerald D. G r i f f i n  
Eugene F. Kranz 
Charles Lewis 
Richard S . Johnston 

Deputy Center Director 
Direc tor  of Launch Operations 
Direc tor  of Technical Support 
Apollo/Skylab Program Manager 
Deputy Direc tor ,  Launch 
Operations 
Direc tor ,  Launch Vehicle 
Operations 
Direc tor ,  Spacecraf t  Operations 
Associate Director Launch 
Operations 
Deputy Direc tor  
Launch Vehicle Operations 

Deputy Center Director 
Direc tor ,  F l i g h t  Operations 
Manager, Apollo Spacecraf t  
Program 
Direc tor ,  F l i g h t  C r e w  Operations 
F l i g h t  Director 
F l i g h t  Direc tor  
F1igh.t Direc tor  
F l i g h t  Direc tor  
F l i g h t  Director 
Di,rector,  L i f e  Sciences 

- more - 



. 
Marshall Swace F l i a h t  Center 

D r .  W i l l i a m  R. Lucas 
Richard W. Cook 
Richard G. Smith 

John C. Rains 
William F. L a H a t t e  

James B. B r a m l e t  

James M. Sisson 
T.P. Smith 
Herman F. Kurtz 

Goddard Space F l i g h t  Center 

Tecwyn Roberts 
W i l l i a m  P. Varson 

Walter Lafleux 

Robert Owen 

L.R. S t e l t e r  

Dewartment of De'f'ense 

Deputy Center Director, Technical 
Deputy Center Director, Management 
Manager, Saturn Program Office 
(SPO) 

Manager, S-IC Stage Pro jec t ,  SPO 
Manager, S-11, S-IVB Stage P r o j e c t s  
SPO 
Manager, Instrument Unit ,  GSE Pro jec t s  
SPO 
Manager, LRV Pro jec t ,  SPO 
Manager, Engines P ro jec t ,  SPO 
Manager, Mission Operations Off ice  

Direc tor ,  Networks 
Chief,  Network Computing 6 
Analysis Division 
Chief,  Network Operations 
Division 
Chief, Network Engineering 
Division 
Chief, NASA Communications 
Division 

Maj. Gen. David M. Jones,  USAF 

Col. Alan R. V e t t e ,  USAF 

R e a r  Adm. J .L .  Bul l s  
USN 
R e a r  Adm. Roy G. Anderson, USN 

Capt. Norman K. Green, USN 

Brig. Gen. Frank K. Everest ,  Jr. 
USAF 

DOD Manager f o r  Manned Space 
F l i g h t  Support Operations 
Deputy DOD Manager f o r  Manned 
Space F l i g h t  Support Operations, 
and Director, DOD Manned Space 
F l i g h t  Support Off ice  
Commander, Task Force 130,  
P a c i f i c  Recovery A r e a  
Commander Task Force 140, 
A t l a n t i c  Recovery A r e a  
Commanding Of f i ce r ,  USS 
Ticonderoga, CVS-14 
Primary Recovery Ship 
Commander Aerospace Rescue 
and Recovery Service 



Distance : 

Liquid .measure, 
weight: 

Volume : 

Pressure: 

Thrust : 

Temperature: 

CONVERSION TABLE 

Multiply To Obtain 

inches 
feet 
meters 
kilometers 
kilometers 
statute miles 
nautical miles 
nautical miles 
statute miles 
statute miles 

centimeters 
meters 
feet 
feet 
statute miles 
kilometers 
kilometers 
statute miles 
nautical miles 
yards 

feetlsec 0,3048 meters/sec 
meters/sec 3.281 f eet/sec 
meters/sec 2.237 statute mph 
feet/sec 0.6818 statute miles/hr 
feet/sec 0.5925 nautical miles/hr 
statute miles/hr 1.609 km/hr 
nautical miles/hr 1.852 km/hr 

(knots) 
km/hr 0.6214 statute miles/hr 

gallons 3.785 liters 
liters 0.2642 gallons 
pounds 0.4536 kilograms 
kilograms 2.205 pounds 
metric ton 1000 kilograms 
short ton 907.2 kilograms 

cubic feet 0.02832 cubic meters 

pounds/sq. inch 70.31 grams/sq.cm 

pounds 
newtons 

Centigrade 

4.448 newtons 
0.225 pounds 

1.8- add Fahrenheit 
32 
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