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1.0 PURPOSE 

This document def ines  t h e  mission o b j e c t i v e s  and experiments f o r  

A p o l l o  Mission 5-3. The d e t a i l e d  objec t ives  and experiment are der ived 

from t h e  Mission Implementation Plan (Reference 1). 

This Mission Requirements document provides mission planning support  

f o r  t h e  implementation and accomplishment of the  d e t a i l e d  o b j e c t i v e s  and 

experiments. 

This document w i l l  c o n t r o l  s p a c e c r a f t  mission requirements used i n  

mission planning and has precedence over all MSC or  c o n t r a c t o r  documents 

i n  t h i s  respec t .  

1- 1 
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2.0 INTRODUCTION 

2.1 MISSION PURPOSE 

The primary purposes of t h i s  mission a r e  t o  i n v e s t i g a t e  t h e  l u n a r  

s u r f a c e  and its environment, t o  emplace Apollo 17 ALSEP, t o  perform tra- 

verse experiments,  t o  o b t a i n  l u n a r  material samples, t o  perform experiments 

i n  lunar  o r b i t ,  t o  o b t a i n  o r b i t a l  photographs and make observa t ions ,  and t o  

enhance t h e  c a p a b i l i t y  f o r  f u t u r e  manned lunar  explora t ion .  

2.2 FLIGHT MISSION DESCRIPTION 

Launch t o  Earth Orbi t :  

The countdown w i l l  al low a launch on t i m e  using f l i g h t  azimuth l i m i t s  

of 72 t o  100 degrees (except t h a t  t h e  T-0 launch opportuni ty  i n  January 

1973 w i l l  use  l i m i t s  of 84 t o  100 degrees) .  The launch v e h i c l e  w i l l  

p l a c e  t h e  s p a c e c r a f t ,  wi th  t h r e e  crewmen aboard, i n t o  a 90-NM c i r c u l a r  

e a r t h  parking o r b i t .  

accomplished i n  t h i s  o r b i t .  

IB 
Launch v e h i c l e  and s p a c e c r a f t  checkout w i l l  b e  

Trans l u n a r  I n j e c t i o n  : 

The launch v e h i c l e  S-IVB w i l l  be  r e i g n i t e d  during t h e  second revolu- 

t i o n  of t h e  space v e h i c l e  i n  the  e a r t h  parking o r b i t ,  The space 

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

t h a t  t r a n s e a r t h  r e t u r n  t o  an acceptab le  e n t r y  c o r r i d o r  can b e  

achieved without  t h e  use of t h e  SPS o r  DPS f o r  a t  least 5 hours 

a f t e r  TLI cu tof f  ( i . e . ,  up t o  t h e  t i m e  of CSM docking w i t h  t h e  LM) , 
and such t h a t  an acceptab le  e a r t h  r e t u r n  can be achieved us ing  t h e  

SPS o r  DPS u n t i l  a t  least  per icynth ion  p l u s  2 hours i f  LO1 i s  n o t  

performed. 

Translunar  Coast: 

Shor t ly  a f t e r  i n j e c t i o n ,  the  CSM w i l l  b e  separated from t h e  S - I n /  

SLA/LM by use of t h e  SM RCS. 

t h e  LM. 

The CSM w i l l  t u r n  around and dock with 

Separa t ion  of t h e  combined LMICSM from t h e  S-IVB nominally 

w i l l  be  achieved w i t h i n  2-1/2 hours after i n j e c t i o n .  

then perform an  evasive maneuver t o  a l ter  i t s  circumlunar c o a s t  

t r a j e c t o r y  clear of t h e  s p a c e c r a f t  t r a j e c t o r y .  

The S-IVB w i l l  - 

- .- - _ _  -- - _. 

A t  a GET of approxi- 
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mately 5-314 hours a f t e r  launch t h e  S-IVB w i l l  perform a mid-course 

c o r r e c t i o n  f o r  t h e  purpose of e n t e r i n g  a t r a j e c t o r y  t h a t  w i l l  r e s u l t  

i n  S-IVB impact on t h e  lunar  s u r f a c e  a t  l a t i t u d e  7.0° S and longi tude  

8.0" W a s  shown by Lunar Planning Chart ,  LOC 2 Series, 1:2,250,000, 

F i r s t  e d i t i o n ,  May 1971. 

A second mid-course c o r r e c t i o n  w i l l  be  performed by t h e  S-IVB a t  a 

tB 
GET of approximately 10  hours  t o  reduce t h e  e r r o r  uncer ta in ty .  B B  

During t h e  t r a n s l u n a r  c o a s t ,  midcourse c o r r e c t i o n s  w i l l  be  made i f  

requi red .  These c o r r e c t i o n s  w i l l  ' u t i l i z e  t h e  MSFN f o r  naviga t ion .  

The SIM door w i l l  be  j e t t i s o n e d  approximately 4.5 hours  p r i o r  t o  LOI.  

Lunar O r b i t  I n s e r t i o n :  

The SPS w i l l  be used t o  i n s e r t  t h e  s p a c e c r a f t  i n t o  lunar  o r b i t .  

Following t h e  i n i t i a l  i n s e r t i o n  burn,  t h e  s p a c e c r a f t  o r b i t  w i l l  be 

approximately 51 by 1 7 1  NM. 

Lunar Module Descent : 

The CSM w i l l  b e  used f o r  DO11 t o  t r a n s p o r t  t h e  LM i n t o  an o r b i t  of 

approximately 15 x 59 NM. 

LM and perform LM checkout. 

us ing  t h e  SM RCS. 

f o r  maximum of 30 seconds) f o r  DO12 t o  put  t h e  LM i n t o  an o r b i t  of 

approximately 7 by 60 NM. The LM descent  p r o f i l e  design s h a l l  provide 

t h e  c a p a b i l i t y  t o  land  a t  a small smooth area proximate t o  primary 

s e l e n o l o g i c a l  f e a t u r e s  of t h e  site. 

The l u n a r  s u r f a c e  a t  t h e  landing s i t e  s h a l l  b e  i n  t h e  a s t r o n a u t s '  

f i e l d  of view f o r  approximately two minutes p r i o r  t o  touchdown. 

CSM O r b i t  C i r c u l a r i z a t i o n  : 

Two a s t r o n a u t s  w i l l  subsequent ly  e n t e r  t h e  B B  

The CSM w i l l  b e  separa ted  from t h e  LM 

The LM RCS w i l l  then b e  used (4 j e t  -X t h r u s t e r s  

The CSM c i r c u l a r i z a t i o n  burn w i l l  occur s h o r t l y  a f t e r  CSM/LM separa- 

t i o n  and before  DOI2. This burn w i l l  e s t a b l i s h  a 70 NM by 54 NM o r b i t  

which w i l l  r e s u l t  i n  approximately a 62 NM c i r c u l a r  o r b i t  w i t h  r e s p e c t  

t o  t h e  landing s i t e  a t  t i m e  of LM l i f t o f f .  

approximately 2 NM below t h e  mean l u n a r  s u r f a c e ,  t h e r e  w i l l  b e  a 60 NM 
c i r c u l a r  o r b i t  wi th  r e s p e c t  t o  t h e  mean l u n a r  s u r f a c e  a t  t i m e  of LM 

Since t h e  landing si te i s  

l i f t o f f  . 
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Lunar Landing S i t e :  

Mission planning w i l l  a l low launch a t tempts  during each of t h ree  

consecut ive months i n  accordance wi th  the  da ta  shown below. 

Launch 
Oppor- 
t u n i t y  

F i r s t  
Month 

I 

Second 
Month 

Third 
Month 

SEA 

13.3' 
(1216172 
21:53 h r s )  

6.8' 
(114173 
21: 51  h r s )  

13.3' 
(214173 
L8: 58 h r s )  

ipproximate Sun Eleva t ion  Angles ( re ferenced  t o  l o c a l  h o r i z o n t a l  a t  
:he landing s i t e )  and Sun Relative Azimuths f o r  launch d a t e s  and 

SRA 

+5.8' 

+2.5' 

+4.1" 

S T  window open t 

T-24 Hours 

SEA 

N / A  

N/A 

13.3" 
(213173 
18 : 47 h r s  

in pa ren thes i s .  

T+24 Hours 

SEA 

16.9' 
(121 71 7 2 
21: 53 h r s )  

10.2' 
(115173 

20 : 2 1  h r s )  

N / A  

- 
SRA 

t7.3" 
- 

+3.7" 

N / A  

T+48 

SEA 

N I A  

20.3" 
(116 I73 
!O: 29 h r s  

N/A 

Hours ~1 
Tne  approach azimuth w i l l  b e  -90 degrees  and the  f l i g h t  path eleva- 

t i o n  angle  w i l l  be  25 degrees .  

Launch o p p o r t u n i t i e s  w i l l  be  provided us ing  the  fol lowing s i t e :  

Designat ion Center Coordinates Source Data 

Taurus-Littrow La t i tude  20'09'50.5'' N (20.16403°N) Ana ly t i ca l  T r i -  
angula t ion  of 

Longitude 30'44'58.3" E (30.74953OE) Apollo 15  Photo- 

Radius Vector 1,734,484 meters 
graphy 

(936.546 NM) 
Lunar Surface  Operat ions:  

The nominal s t a y  t i m e  on t h e  l u n a r  s u r f a c e  i s  planned f o r ,  and w i l l  

n o t  exceed, approximately 75 hours.  Af te r  checkout of t he  LM t o  

assess i t s  launch c a p a b i l i t y ,  t h e  LM w i l l  be  depressur ized  t o  a l low 

eg res s  of a s t r o n a u t s  t o  the  su r face .  The nominal p l an  w i l l  p rovide  

f o r  t h r e e  pe r iods  of s imultaneous EVA by both  a s t ronau t s .  

f i r s t  EVA comes p r i o r  t o  t h e  f i r s t  s l e e p  per iod  on t h e  luna r  s u r f a c e ,  

then an e f f o r t  w i l l  be  made t o  l i m i t  t h e  t i m e  from crew wake up on 

landing  day through cabin  r e p r e s s u r i z a t i o n  a f t e r  t h e  f i r s t  EVA t o  n o t  

exceed 18 hours.  

I f  the  

The EVA per iods  w i l l  be  approximately 7 hours  each 
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i n  dura t ion .  R e s t  per iods  w i l l  be  scheduled p r i o r  t o  the  second and 

t h i r d  EVA'S and p r i o r  t o  l i f t o f f .  

Traverse planning w i l l  provide f o r  r e t u r n i n g  t h e  c r e w  t o  the  LM 

under each of t h e  fol lowing s i n g l e - f a i l u r e  condi t ions .  

*Use of t h e  buddy-secondary l i f e  suppor t  system due t o  an 
inope ra t ive  PLSS anytime dur ing  a r i d i n g  traverse (based 
on the  assumption t h a t  t h e  LRV w i l l  ope ra t e  proper ly  dur ing  
t h e  r e t u r n  t o  t h e  LM). 

*Use of two PLSS's f o r  a walking r e t u r n  t o  the LM from an 
inope ra t ive  LRV anytime during a r i d i n g  traverse (based on 
t h e  assumption t h a t  both PLSS's w i l l  ope ra t e  proper ly  during 
t h e  r e t u r n  t o  the  LM). 

Traverse planning w i l l  no t  provide f o r  dua l  f a i l u r e  condi t ions  such 

as two PLSS f a i l u r e s  o r  an LRV f a i l u r e  combined wi th  a PLSS f a i l u r e .  

ALSEP deployment opera t ions  w i l l  be  accomplished during t h e  f i r s t  EVA 

as def ined  i n  the  CSM/LM Spacecraf t  Opera t iona l  Data Book, 

l c  

SNA-8-D-027, Vol. V, ALSEP Data Book, as r ev i sed  by Appendix F a c  
f o r  Apollo 17  ALSEP. Requirements f o r  photographs i n  suppor t  of 

s p e c i f i c  ALSEP experiments are shown i n  Sec t ion  5.0 of t h i s  Mission 

Requirements document. I n  a d d i t i o n ,  t he  fol lowing photographs w i l l  

b e  obtained:  

.One photograph of t h e  Cen t ra l  S t a t i o n  from 7 f e e t  behind t h e  
s t a t i o n  looking south  t o  show t h e  p o s i t i o n  of t h e  switches.  

*One photograph of t h e  Cen t ra l  S t a t i o n  from 7 f e e t  looking nor th .  

*Panoramic photograph from v i c i n i t y  of Cent ra l  S t a t i o n  t o  show 
e n t i r e  ALSEP deployed. 

*One photograph of t h e  RTG from 7 f e e t  t o  show l e v e l i n g  of RTG 
on i t s  p a l l e t  and a view of the  surrounding area. 

Te lev i s ion  t ransmiss ion  w i l l  be  provided as e a r l y  as p r a c t i c a b l e  

dur ing  t h e  EVA per iod.  

view of t h e  landed LM, a panorama of d i s t a n t  t e r r a i n  f e a t u r e s  and 

an a s t r o n a u t  dur ing  luna r  s u r f a c e  ac t iv i t ies .  

w i l l  be  provided by t h e  GCTA dur ing  each sc i ence  s t o p  when us ing  

t h e  LRV. 

Te lev i s ion  coverage w i l l  i nc lude  an  e x t e r n a l  

Te lev i s ion  coverage 
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Photography w i l l  be employed throughout t h e  EVA t o  document t h e  

act ivi t ies  and observat ions.  

The LRV w i l l  b e  pos i t ioned  a t  t h e  end of t h e  t h i r d  EVA per iod t o  

enable  GCTA-monitored ascent  and o t h e r  TV observat ions of s c i e n t i f i c  

i n t e r e s t .  

Lunar Module Ascent : 

P r i o r  t o  LM l i f t o f f ,  t h e  CSM w i l l  complete the  requi red  plane change 

t o  permit  a nominally coplanar rendezvous. 

Powered a s c e n t  w i l l  be  accomplished using t h e  A P S .  I n s e r t i o n  condi- 

t i o n s  w i l l  b e  such t h a t  t h e  LM w i l l  b e  i n  approximately a 9 by 48 NM 
e l l i p t i c a l  o r b i t .  

t o  t h e  nominal t i m e  f o r  a c o e l l i p t i c  rendezvous t o  permit  use of 

t h e  e a r l y  rendezvous technique. The TPI maneuver w i l l  u t i l i z e  t h e  

A P S .  

docking, both LM crewmen w i l l  t r a n s f e r  t o  t h e  CSM with t h e  lunar  

s u r f a c e  samples and o ther  sc ience  d a t a ,  

from t h e  CSM us ing  t h e  SM RCS . 

LM l i f t o f f  w i l l  occur about 2-1/2 minutes p r i o r  

Other LM maneuvers w i l l  b e  made using t h e  LM RCS. Af te r  

The L M w i l l  be  separa ted  

LM Ascent Stage Lunar Impact: 

The s p e n t  LM a s c e n t  s t a g e  w i l l  be  ta rge ted  t o  impact a t  l a t i t u d e  19.93'N 

and longi tude  30.54OE ( t e n t a t i v e  l o c a t i o n )  as determined by analy- 

t i c a l  t r i a n g u l a t i o n  of Apollo 15 photography. LM a s c e n t  s t a g e  separa- 

t i o n  from the  CSM is  t o  be accomplished approximately two revolu t ions  

a f t e r  CSM/LM docking. 

Lunar O r b i t a l  Operations:  

The SIM equipment w i l l  b e  placed i n  operat ion.  

antennae w i l l  b e  r e t r a c t e d  i n t o  t h e  SIM bay p r i o r  t o  TEI. 

HF antenna f a i l s  t o  retract ,  i t  w i l l  be  j e t t i s o n e d  p r i o r  t o  SPS 

thrus t ing .  Af te r  CSM/LM docking, t h e  CSM w i l l  remain i n  lunar  

o r b i t  f o r  approximately two days. 

The SIM cameras and 

I f  any 

Transear t h  I n j e c t i o n  : 

The SPS w i l l  be  used t o  boos t  t h e  CSM out  of lunar  o r b i t .  The 

nominal r e t u r n  f l i g h t  w i l l  n o t  exceed 110 hours and t h e  r e t u r n  

i n c l i n a t i o n  w i l l  n o t  exceed 70 degrees ( r e l a t i v e  t o  t h e  e a r t h ' s  

equator ) .  
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Transear th  Coast: 

During t r a n s e a r t h  c o a s t ,  midcourse c o r r e c t i o n s  w i l l  be  made i f  

required.  These c o r r e c t i o n s  w i l l  u t i l i z e  t h e  MSFN f o r  navigat ion.  

SIM d a t a  retrieval w i l l  b e  accomplished during an EVA. 

f o r  t h e  EVA w i l l  s t a r t  no la ter  than 6 hours a f t e r  crew wakeup on 

t h e  EVA day. 

Prepara t ions  

Entry and Recovery: 

P r i o r  t o  atmospheric e n t r y ,  t h e  CM w i l l  b e  separated from t h e  SM 

using the  SM RCS. The nominal range from 400,000 f e e t  a l t i t u d e  t o  

touchdown w i l l  be  1190 NM. 

Ear th  touchdown w i l l  be i n  t h e  P a c i f i c  w i t h i n  - +35 degrees l a t i t u d e  

and w i l l  occur s l i g h t l y  less than 13 days a f t e r  launch from e a r t h .  

Immediate recovery of the  crew and t h e  CM w i l l  b e  e f f e c t e d .  

Pos t  Landing Operations: 

Following splashdown, t h e  crew w i l l  e g r e s s  t h e  CM af ter  t h e  f l o t a t i o n  

c o l l a r  h a s  been a t t a c h e d ,  and t r a n s f e r  t o  t h e  recovery s h i p  by 

h e l i c o p t e r .  

i n  case of unexplained crew i l l n e s s .  

recover  t h e  e a r t h  landing system main parachutes .  

re turned  t o  MSC f o r  d e b r i e f i n g  and w i l l  p a r t i c i p a t e  i n  sample unpacking, 

The sample r e t u r n  conta iners ,  f i l m ,  t apes  and a s t r o n a u t  logs  w i l l  b e  

t ranspor ted  t o  t h e  LRL. 

Biologica l  i s o l a t i o n  garments w i l l  b e  a v a i l a b l e  f o r  use 

An at tempt  w i l l  be  made t o  

The crew w i l l  b e  

2.3 DEFINITIONS 

1) Deta i led  Object ive - A s c i e n t i f i c ,  engineer ing,  medical, o r  
o p e r a t i o n a l  i n v e s t i g a t i o n  t h a t  provides important d a t a  and exper- 
ience  f o r  use i n  development of hardware and/or procedures f o r  
a p p l i c a t i o n  t o  Apollo missions.  
though reviewed by t h e  Manned Space F l i g h t  Experiments Board, are 
not  ass igned as formal Experiments and are shown as CM and SM 
d e t a i l e d  objec t ives .  

O r b i t a l  photographic t a s k s ,  

2) Experiment - A t e c h n i c a l  i n v e s t i g a t i o n  t h a t  suppor ts  sc ience  i n  
genera l  o r  provides engineer ing,  technologica l ,  medical,  o r  o t h e r  
d a t a  and experience f o r  a p p l i c a t i o n  t o  Apollo lunar e x p l o r a t i o n  
o r  o t h e r  programs and is recommended by t h e  Manned Space F l i g h t  
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Experiments Board and assigned by t h e  Associate  Administrator 
f o r  Manned Space F l i g h t  t o  t h e  Apollo Program f o r  f l i g h t .  

3) Operat ional  T e s t  - A t e c h n i c a l  i n v e s t i g a t i o n  t h a t  provides f o r  
t h e  a c q u i s i t i o n  o f  t echnics1  d a t a  o r  e v a l u a t e s  o p e r a t i o n a l  
techniques,  equipment, o r  f a c i l i t i e s  bu t  i s  n o t  requi red  by t h e  
o b j e c t i v e s  of t h e  mission. An o p e r a t i o n a l  test does n o t  a f f e c t  
t h e  nominal mission t imel ine ,  adds no payload weight,  and does 
n o t  jeopard ize  the  accomplishment of primary o b j e c t i v e s ,  experi-  
ments, o r  d e t a i l e d  objec t ives .  Their success  o r  f a i l u r e  i s  i n  
no way r e l a t e d  t o  mission success .  

4 )  I n f l i g h t  Demonstration - A t e c h n i c a l  demonstration of t h e  capa- 
b i l i t y  of an apparatus  and/or process t o  i l lus t ra te  o r  u t i l i z e  
t h e  unique condi t ions of space f l i g h t  environment. 
demonstrations w i l l  be  performed only on a non-interference 
b a s i s  a t  t h e  crew's d i s c r e t i o n .  U t i l i z a t i o n ,  performance, o r  
completion of these  demonstrations w i l l  i n  no way relate t o  
mission success .  

Passive Experiments/Objectives - An experiment o r  an o b j e c t i v e  
t h a t  does n o t  r e q u i r e  any a c t i v i t y  by t h e  crew during t h e  mission 
and does n o t  i n  any way a f f e c t  t h e  mission t imel ine.  These are 
l i s t e d  i n  Sect ion 3 and s u m a r i z e d  i n  Sec t ion(s )  4.0 o r  5.0 b u t  
d e t a i l e d  planning information i s  n o t  included. 

Object ives  (Sect ion 4 )  and Detai led Experiments (Section 5 )  are 
those requi red  condi t ions t h a t  must e x i s t  f o r  t h e  o b j e c t i v e  o r  
experiment t o  be s a t i s f i e d .  

I n f l i g h t  

5) 

6) Test Conditions - The tes t  condi t ions  s t a t e d  i n  t h e  Detai led 

7) P r i o r i t i e s  - The p r i o r i t i e s  as assigned t o  each i t e m  i n  Data 
Requirements of the  Detai led Object ives  (Sect ion 4 )  and Detai led 
Experiments (Sect ion 5) are based on t h e  following d e f i n i t i o n s :  

a )  Mandatory (M) - A mandatory i t e m  i s  e s s e n t i a l  f o r  
eva lua t ion  of the  o b j e c t i v e  o r  experiment. 

b) Highly Desirable  (HD) - A highly  d e s i r a b l e  i t e m  f u r n i s h e s  
information which a i d s  eva lua t ion  of t h e  o b j e c t i v e  o r  experi-  
ment. These i t e m s  supply information which is a v a i l a b l e  
from a l t e r n a t e  sources  o r  which i s  n o t  requi red  f o r  
eva lua t ion  of t h e  e s s e n t i a l  p a r t s  of t h e  o b j e c t i v e  o r  
experiment . 

8) The numbers appearing i n  t h e  "Mode" column of t h e  telemetry list- 
ings  i n  t h e  Detai led Object ives  (Sect ion 4) and t h e  Detai led 
Experiments (Sect ion 5) i n d i c a t e  t h e  following: 

a )  "1" - Telemetry a v a i l a b l e  i n  high b i t  rate format only. 

b) "2" - Telemetry a v a i l a b l e  i n  high b i t  rate and low b i t  rate 
formats . 
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9)  The b e s t  estimate of t r a j e c t o r y  (BET) d a t a  (as  shown under t h e  
Data Requirements f o r  var ious  d e t a i l e d  o b j e c t i v e s  and 'de ta i led  
experiments) w i l l  b e  prepared f o r  t h e  u s e r s  i n  accordance wi th  
t h e  d e t a i l s  s p e c i f i e d  i n  Reference 5. Unless s p e c i f i e d  other-  
w i s e  i n  t h e  s p e c i f i c  Detai led Object ives  o r  Detai led Experiments, 
t h e  frequency of d a t a  output  w i l l  b e  once per minute f o r  lunar  
o r b i t  per iods  and once per  t e n  minutes f o r  t r a n s l u n a r  and 
t r a n s e a r t h  c o a s t  per iods.  
format of t h e  BET d a t a  which are a v a i l a b l e  i n  t h r e e  forms: 
1) magnetic tape ;  2) microfilm; and 3) tab  l i s t i n g .  

Whenever s p a c e c r a f t  a t t i t u d e  d a t a  are requested as an o p t i o n a l  
parameter along wi th  t h e  s tandard  BET d a t a ,  t h e  fol lowing addi- 
t i o n a l  parameters are provided: 

Table I1 of Reference 5 descr ibes  t h e  

Data Word 
Number 

35 
42 
49 
113 
114 
115 
116 
117 
118 
120 
121 
122 
1 2 4  
125 

CDUX Degrees - Platform IMU gimbal angle  
CDUY Degrees - Platform IMU gimbal angle  
CDUZ Degrees - PlaCform IMU gimbal angle  
Look Angle t o  Sun - Alpha Degrees 
Look Angle t o  Sun - Beta Degrees 
Look Angle t o  Ear th  - Alpha Degrees 
Look Angle t o  Earth - Beta Degrees 
Look Angle t o  Moon - Alpha Degrees 
Look Angle t o  Moon - Beta Degrees 
Local Hor izonta l ,  Theta Degrees 
Local Hor izonta l ,  P s i  Degrees 
Local Horizontal ,  Phi  Degrees 
Look Angle t o  I n e r t i a l  Veloci ty  Vector - Alpha Degrees 
Look Angle t o  Iner t ia l  Veloci ty  Vector - Beta Degrees 

Words 120, 1 2 1 ,  and 122 are v e h i c l e  a t t i t u d e  (Euler angles)  
wi th  r e s p e c t  t o  t h e  l o c a l  h o r i z o n t a l  coordinate  system and 
apply only t o  l u n a r  o r b i t  per iods.  

10) Apollo Photographic Evaluat ion (APE) program d a t a  (as shown 
under Data Requirements f o r  t h e  SM O r b i t a l  Photographic Tasks 
and t h e  CM Photographic Tasks Deta i led  Object ives)  w i l l  be  
prepared f o r  t h e  u s e r s  i n  accordance with t h e  d e t a i l s  s p e c i f i e d  
i n  Reference 6. Sec t ion  6 of Reference 6 descr ibes  t h e  format 
of t h e  APE d a t a  which are a v a i l a b l e  i n  t h e  form of microfilm. 
The APE program will u t i l i z e  t r a j e c t o r y  d a t a  generated by t h e  
TRW Houston Operations Predic tor /Es t imator  (HOPE) program as 
def ined hy Reference 7. 

2.4 CONFIGURATION CONTROL 

1) Configurat ion c o n t r o l  of t h i s  document w i l l  be exerc ised  i n  
accordance wi th  Apollo Spacecraf t  Program Configuration Manage- 
ment Manual SB07-C-001A (Reference 2). #A 
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2 )  The s p a c e c r a f t  conf igura t ion  i s  i d e n t i f i e d  i n  t h e  la tes t  i s s u e  
of t h e  Apollo Spacecraf t  Configurat ion,  Weight and Performance 
Summary, D2-118078 (Reference 3 ) .  

3) The equipment stowage l i s t  f o r  t h e  CM and LM I s  i d e n t i f i e d  i n  
t h e  la tes t  i s s u e  of t h e  Apollo Stowage L i s t ,  Mission 5-3, CSM 1141 
LM-12, Apollo 1 7  (Reference 4 ) .  
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3.0 SUMMARY OF MISSION OBJECTIVES AND EXPERIMENTS 

3 .1  GENERAL 

The fol lowing primary mission ob jec t ives  have been assigned t o  t h i s  

mission by the  Of f i ce  of Manned Space F l i g h t  (OMSF) i n  the  Mission Imple- 

mentation Plan (Reference 1): 

1 )  Perform s e l e n o l o g i c a l  i n spec t ion ,  survey,  and sampling of 
materials and s u r f a c e  f e a t u r e s  i n  a pre-se lec ted  area of t h e  
Taurus-Littrow region.  

2) Emplace and activate su r face  experiments. 

3) Conduct i n - f l i g h t  experiments and photographic tasks .  

Deta i led  o b j e c t i v e s  have been der ived from the  OMSF-assigned primary 

o b j e c t i v e s ,  placed i n  o rde r  of p r i o r i t y ,  and d e t a i l e d  t o  t h e  e x t e n t  neces- 

s a ry  f o r  mission planning.  

Sur face  Exposure, w i l l  be l i s t e d  i n  Sec t ion  4.0,  b u t  w i l l  no t  be d e t a i l e d  

o r  ass igned a p r i o r i t y .  

lc Pass ive  o b j e c t i v e s ,  such as Long Term Lunar 

Experiments as l i s t e d  i n  Reference 1 are d e t a i l e d  and assigned 

p r i o r i t y  i n  t h i s  document only i n  the  event  t h a t  they r e q u i r e  crew 

a c t i o n  o r  o therwise  impact t h e  mission t ime l ine .  

such as M-211 (Biostack I I A ) ,  M-212 (Biocore) ,  S-160 (Gamma-Ray Spectro- 

meter ) ,  S-176 (Apollo Window Meteoroid) and S-200 ( S o i l  Mechanics) are 

l i s t e d  i n  Sec t ion  5.0, b u t  are no t  d e t a i l e d  o r  ass igned  a p r i o r i t y .  A l l  

of t h e  d e t a i l e d  experiments are i n  support  of t h e  primary mission objec- 

t ives and were assigned by OMSF as numbered experiments.  

Pas s ive  experiments 

Two of t h e  d e t a i l e d  ob jec t ives  inc lude  the  c o l l e c t i o n  of photographs 

and r e l a t e d  d a t a  t h a t  w i l l  be  used by 16  d a t a  a n a l y s i s  t a s k s  def ined  i n  

Reference 8 as luna r  o r b i t a l  pho to / l a se r  d a t a  a n a l y s i s  program experiments.  

These 16 experiments are re ferenced  only a t  the  end of the  appropr i a t e  

d e t a i l e d  o b j e c t i v e  (i.e. , SM O r b i t a l  Photographic Tasks and CM Photo- 

g raph ic  Tasks) and are n o t  d e t a i l e d  o r  ass igned a p r i o r i t y .  
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3.2 PRIORITIES 

The d e t a i l e d  o b j e c t i v e s  and experiments are l i s t e d  below i n  t h e i r  

o rde r  of p r i o r i t y .  Accomplishment of t h e  d e t a i l e d  o b j e c t i v e s  and d e t a i l e d  

experiments planned f o r  t he  luna r  s u r f a c e  w i l l  n o t  b e  jeopard ized  f o r  t he  

sake  of those planned f o r  l una r  o r b i t  o r  coas t ing  f l i g h t .  The planning 

w i l l ,  however, permit  t h e  Surface  E l e c t r i c a l  P r o p e r t i e s  Experiment t o  be 

turned OFF a t  c e r t a i n  t i m e s  as def ined  i n  t h e  Test Conditions f o r  t h e  Lunar 

Sounder Experiment. 

P r i o r i t y  Deta i led  Objec t ives  and Experiments 

Lunar Surf ace 

1 Documented Sample Co l l ec t ion  a t  h i g h e s t  p r i o r i t y  
traverse s t a t i o n  ( P a r t  of Lunar Geology I n v e s t i g a t i o n )  

2 Heat Flow (S-037) ( P a r t  of Apollo 17 ALSEP) 

3 Lunar S e i s m i c  P r o f i l i n g  (S-203) ( P a r t  of Apollo 1 7  ALSEP) 

4 

5 

6 

7 

8 

9 

10 

11 

1 2  

1 

2 

Lunar Surface  Gravimeter (S-207) ( P a r t  of Apollo 1 7  
ALSEP) 

Lunar Atmospheric Composition (S-205) ( P a r t  of Apollo 1 7  
ALSEP) 

Lunar Ejecta and Meteor i tes  (S-202) ( P a r t  of Apollo 1 7  
ALSEP) 

Lunar Geology I n v e s t i g a t i o n  (S-059) (Por t ions  o t h e r  
than  p r i o r i t y  i t e m s  1 and 8) 

D r i l l  Core Sample Co l l ec t ion  ( P a r t  of Lunar Geology 
Inves t i g a  t i on) 

Surface  Electrical  P r o p e r t i e s  (5-204) 

Lunar Neutron Probe <S-299) 

Traverse Gravimeter (S-199) 

Cosmic Ray Detector  (Sheets)  (S-152) 

Translunar  Coast,  Lunar Orb i t  and Transear th  Coast 

Lunar Sounder (S-209) 

SM O r b i t a l  Photographic Tasks 
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Translunar  Coast,  Lunar O r b i t  and Transear th  Coast (Cont.) 

3 I R  Scanning Radiometer (S-171) 

4 Far UV Spectrometer (S-169) 

5 S-Band Transponder (CSM/LM) (S-164) 

6 Visua l  Light  Flash Phenomenon 

7 CM Photographic Tasks 

8 Visua l  Observations from Lunar Orb i t  

9 Skylab Contamination Study 

M /A 

N / A  

Food Compat ib i l i ty  A s s e s s m m t  

P r o t e c t i v e  P res su re  Garment 

3 . 3  MSC POINTS OF CONTACT 

The MSC p o i n t s  of con tac t  f o r  t he  ob jec t ives  and experiments are 

i d e n t i f i e d  below. 

Deta i led  Objec t ives  

SM O r b i t a l  Photographic Tasks 

Visua l  Light  F lash  Phenomenon 

CM Photographic Tasks 

Visua l  Observations from Lunar Orb i t  

Skylab Contamination Study 

Food c o m p a t i b i l i t y  Assessment 

P r o t e c t i v e  P res su re  Garment 

lc 

P o i n t  of Contact 

S. N. Hardee/TD4 

J. V .  Bailey/DD6* 

S.  N .  Hardee/TD4 

S.  N .  Hardee/TD4 

C. 8.  Glancy/PD4* 

Deta i led  Experiments 

Heat Flow (ALSEP) (S-037) 

Lunar Ejecta and Meteor i tes  (ALSEP) (S-202) 

Lunar Seismic P r o f i l i n g  (ALSEP) (S-203) 

Lunar Atmospheric Composition (ALSEP) (S-205) 

Lunar Surface  Gravimeter (ALSEP) (S-207) 
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Poin t  of Contact 

W. F. Eichelman/TD4 

W. F. Eichelman/TD4 

W. F. Eichelman/TD4 

W. F. EichelmanlTD4 
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Lunar Geology I n v e s t i g a t i o n  (S-059) 

S-Band Transponder (CSM/LM) (S-164) 

Far UV Spectrometer (S-169) 

I R  Scanning Radiometer (S-171) 

Traverse Gravimeter (S-199) 

Surface  Electr ical  P r o p e r t i e s  (S-204) 

Lunar Sounder (S-209) 

Lunar Neutron Probe (S-299) 

Cosmic Ray Detec tor  (Sheets)  (S-152) 

-__ Pass - ive Experiments 

Bios tack I I A  (M-211) 

Biocore (M-212) 

Gamma-Ray Spectrometer (S-160) 

Apollo Window Meteoroid (S-176) 

S o i l  Mechanics (5-200) 

Opera t iona l  Tests 

None 

In-Fl ight  Demonstrations 

Heat Flow and Convection 

Pass ive  Objec t ives  

Long Term Lunar Surface  Exposure 

W .  F. Eichelman/TD4 

P. E. Lafferty/TD4 

S.  N .  Hardee/TD4 

P.  E.  Lafferty/TD4 

W. P. Eichelman/TD4 

W. F. Eichelman/TD4 

P. E.  Lafferty/TD4 

W. F. Eichelman/TD4 

?I. F. Eichelman/TD4 

I ,Lnt of Contact . -. 

J. V. Bailey/DDG* 

R. C. Simmonds/DD5* 

W. F. Eichelman/TD4 

B. G. Cour-Palais/TN6 

W. F. EichelmadTD4 

Po in t  of Contact 

Po in t  of Contact 

F. J. Laurentz/PG* 

- 

Poin t  of Contact 

D. W. Strangway/yPJ4 IC 

*A w r i t t e n  assessment i s  due t o  t h e  Apollo Spacecraf t  Program Of f i ce  
t h r e e  months a f t e r  completion of  t h e  mission from the  p o i n t  of con tac t s  
i n d i c a t e d  by an a s t e r i s k .  The r e s p o n s i b i l i t y  f o r  provid ing  the  proper  
a c t i o n  for t h e  remaining d e t a i l e d  o b j e c t i v e s ,  d e t a i l e d  experiments and 
p a s s i v e  experiments is delega ted  t o  t h e  Science and Appl ica t ions  Di rec to ra t e .  
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3 . 4  PHOTOGRAPHIC HARDWARE AND FILM DEVELOPMENT 

The requirements f o r  t he  cameras, l e n s ,  f i l m  and development processes  

i n  suppor t  of each of t h e  d e t a i l e d  o b j e c t i v e s ,  experiments and i n - f l i g h t  

demonstrations are as def ined  below. Sens i tomet r ic  d a t a  curves f o r  each 

development process  are on f i l e  i n  t h e  MSC Photographic 'Technology Divis ion/  

JL . 
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Ob j ec tive , Experiment Type Type 
or Demonstration Camera Lens Film* Jc 

4.1 SM Orbital Photo- Mapping 3 inch BW (3400)  
graphic Tasks Stellar 3 inch BW (3401) 

Panoramic 24 inch LBW 

4.2 Visual Light Flash 35 55 mm CIN 
Phenomenon 

4.3 CM Photographic HEC 250 mm VHBW 

HEC 80 mm VHBW 
35 55 mm VHBW 

Tasks HEC 250 mm CEX 

4.4 Visual Observations None -- 
from Lunar Orbit 

4.5 Skylab Contamination None -- -- 
w Study 

-- I 
4.6 Food Compatibility None 

Assessment 

4.7 Protective Pressure None -- 
Garment 

5.1 Heat Flow HEDC 60 mm CEX 

5.2 Lunar Surface HEDC 60 mm CEX 
Gravimeter 

5.3 'Lunar Seismic HEDC 60 mm CEX 
Prof iling 

Composition 

and Meteorites 

5.4 Lunar Atmospheric HEDC 60 mm CEX 

n z  5.5 Lunar Ejecta HEDC 6 C  mm CEX 
5 m  
(urn 
S I  
0 9 0  
m c n  

D ev e 1 ODmen t Pro c e s s 

Fultron/MX-819 
Hi - S p eed / D - 19 
Fultron/MX-819 

Houston/ME-4 

Hi-Speed/D-19 
Hi-Speed/ME-ZA 
Hi-Speed/D-19 
Hi-Speed/D-19 

Hi-Speed/ME-ZA 

Hi- Speed /ME-2A 

Hi- Speed /ME- 2A 

lc 

ncr, 
0 



Ob j ec tive , Experiment Type Type 
or Demonstration Camera* Lens Film** Development Process 

5.6 

5.7 

5.8 

5.9 

Lunar Geology 
Investigation 

Surface Electrical 
Properties 
Traverse 
Gravimeter 
Lunar Sounder 

5.10 S-Band Transponder 

5.11 Far W Spectrometer 

5.12 IR Scanning 

5.13 Lunar Neutron Probe 
5.14 Cosmic Ray Detector 

(Sheets) 
6.2.1 Heat Flow and 

( CSM/LM) 

w 
I .  

Radiometer 

Convection 

HEDC 60 mm 
HEDC. 60 mm 
HEDC 500 mm 
HEDC 60 mm 

HEDC 60 mm 

Mapping 3 inch 
Panoramic 24 inch 
OR Fixed 
None -- 

Mapping 3 inch 
Panoramic 24 inch 

Mapping 3 inch 
Panoramic 24 inch 
HEDC 60 mm 
HEDC 60 mm 

DAC 10 mm 

"Camera Nomenclature: 
DAC - 16 mm data acquisition camera 
HEC - 70 mm Hasselblad electric camera 

BW(3401) Fultron/MX-819 
CEX Hi-Sp eed /ME- 2A 
BW(3401) Fultron/MX-819 
CEX Hi-Speed/ME-2A 

CEX Hi-Speed/ME-2A 

BW(3400) Fultron/MX-819 
LBW Fultron/MX-819 
SO-394 Hi-Speed/D-19 

BW(3400) Fultron/MX-819 
LBW Fultron/MX-819 
BW(3400) Fultron/MX-819 
LBW Fultron/MX-819 
CEX Hi-Speed/ME-2A 
CEX Hi-Speed/ME-2A 

CIN RAMIME-4 

**Film Nomenclature: 
BW - Black and white (3400, 3401) 
CEX - Color exterior (SO-368) 

HEDC - Hasselblad electric data camera (w-th reseau) LBW - Low speed, high definition b-ack and white 
(3414) n x  3 35 - 35 mm camera 

P,o 
g I OR - Optical recorder for Lunar Sounder 
0 9 0  
f D L n  

P 
n c x ,  
0 

VHBW - Very high speed black and white (2485) 
CIN - Color interior (SO-168) (ASA 500) 
SO-394 - Black and white, blue sensitive 
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4.0 DETAILED OBJECTIVES 

This s e c t i o n  provides  t h e  necessary d e t a i l s  f o r  i nco rpora t ion  of t h e  

mission o b j e c t i v e s  i n t o  the  f l i g h t  p lan ,  t h e  cr i ter ia  f o r  data retrieval 

and d a t a  eva lua t ion ,  and t h e  c r i t e r i a  f o r  determining t h a t  t h e  mission 

o b j e c t i v e s  w e r e  s u c c e s s f u l l y  accomplished. 

Implementation of t h e  o b j e c t i v e s  presented  i n  t h i s  s e c t i o n  i s  descr ibed  

-in the  fo l lowing  MSC documents: 

a) F l i g h t  P l an  

b) CSM Experiment/EVA Check l i s t  

c )  Lunar Graphics 

The pass ive  o b j e c t i v e  t o  be accomplished i s  as fol lows:  

0 Long Term Lunar Surface  dxposure 

A Long Term Lunar Surface  Exposure o b j e c t i v e  w i l l  be  conducted t o  

compare t h e  long t e r m  e f f e c t s  of t h e  luna r  s u r f a c e  environment on s e l e c t e d  

manufactured materials wi th  t h e  long t e r m  e f f e c t s  of s t o r a g e  on t h e  e a r t h  

on similar materials. Se lec ted  r e f l e c t i v e  su r faces  of Apollo f l i g h t  hard- 

ware which w i l l  be  l e f t  on the lunar  s u r f a c e  dur ing  Apollo Mission 5-3 w i l l  

be  photographica l ly  documented wi th  approximately 80 microns r e s o l u t i o n  

p r i o r  t o  t h e  mission. These photographic records  of t h e  f l i g h t  hardware, 

a long w i t h  s e l e c t e d  materials, w i l l  be  s to red  i n  t h e  Cura tor ' s  Of f i ce ,  

NASA/MSC. Some of t h e  materials w i l l  be  similar t o  those  used i n  cons t ruc t .  

i n g  t h e  f l i g h t  hardware, 

f o r  p o s s i b l e  f u t u r e  chemical ana lyses .  

w i t h  t h e  photographica l ly  documented f l i g h t  hardware i f  i t  i s  r e t r i e v e d  

from t h e  luna r  s u r f a c e  and r e tu rned  t o  e a r t h  dur ing  a subsequent space 

mission. 

Others  w i l l  be  included as re fe rence  materials 

These s to red  d a t a  w i l l  be  compared 
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4 . 1  SM ORBITAL PHOTOGRAPHIC TASKS 

Obtain lunar  surface photographs and a l t i t u d e  da t a  from 
lunar  o rb i t .  

Purpose 

The purpose is  t o  obtain high resolut ion panoramic and high qua l i ty  

metr ic  lunar  surface photographs and a l t i t u d e  da ta  from lunar  o r b i t  t o  a id  

i n  the ove ra l l  explorat ion of the moon. 

The funct ional  test object ives  i n  order  of p r i o r i t y  are as follows: 

FTO 1) Obtain high resolut ion panoramic photographs with s tereo-  
scopic  and monos'copic coverage of the lunar  surface.  

FTO 2) Obtain high qua l i ty  metric photographs of the lunar  surface 
and s te l lar  photographs exposed simultaneously with the 
metr ic  photographs. 

FTO 3) Obtain data  on the a l t i t u d e  of the CSM above. the  lunar  
sur f  ace. 

T e s t  Conditions 

FTO 1) 
FTO 2) using the  24-Inch Panoramic Camera, 3-Inch Mapping Camera, 
FTO 3) and Laser Altimeter, respectively.  To avoid contamination, 

The three  funct ional  test object ives  w i l l  be accomplished 

lB  when feas ib l e ,  l i qu id  dumps (urine and waste water) and f u e l  
cell  purges should be prohibi ted fo r  3 hours p r i o r  t o  and dur- 
ing equipment operation, and RCS jets A2, A4, B1, and B4 

maneuvers performed a f t e r  j e t t i s o n  of t he  SIM door and p r i o r  
t o  the  end of the o r b i t a l  science experiment period w i l l  be  
done i n  such a manner as t o  prevent d i r e c t  sunl ight  from 
impinging on the camera lenses or  the altimeter photocell .  
During periods of lunar  surface photography using these ins t ru-  
ments, the  CSM a t t i t u d e  w i l l  be control led t o  prevent d i r e c t  
sunl ight  from impinging on the  camera lenses. 

FTO 1) The fields-of-view of both cameras w i l l  be unobstructed 
FTO 2) during operation. During camera operation, t he  SIM bay 

w i l l  be nadir-aligned (except where iden t i f i ed  otherwise 
i n  Table 2) with the CSM +X axis di rec ted  along the  ve loc i ty  
vector.  
- +2.5 degrees about a l l  axes f o r  the 24-Inch Panoramic Camera 
and 22.0  degrees about a l l  axes f o r  the 3-Ixich Mapping Camera. 
CSM a t t i t u d e  deadbands w i l l  be k0.5 degrees with 2 0.05 degrees 
per  second d r i f t  while the cameras are i n  operation on the 
lunar  l i g h t  s ide.  Postmission point ing knowledge requirements 

should be disabled during equipment operation. A l l  CSM I B  

The in- f l igh t  pointing accuracy requirements are 

-. 
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are t 2 . 0  degrees  about a l l  axes f o r  both cameras. 
24-Inch Panoramic Camera is  operated,  i t  i s  h ighly  d e s i r a b l e  
t h a t  t h e  3-Inch Mapping Camera b e  operated concurrent ly .  
I n i t i a l  warm-up of t h e  Mapping Camera and Panoramic Camera 
w i l l  b e  i n  accordance wi th  Paragraphs 3.7.3.4.1 and 3.4.3.4.1 
of t h e  CSM/LM Spacecraf t  Operat ional  Data Book, SNA-8-D-O27(VI), 
Volume V I ,  CSM Experiments Data Book f o r  J-Missions. Follow- 
i n g  completion of a l l  photography, t h e  crew w i l l  perform an 
EVA and retrieve f i l m  cassettes from both cameras and stow 
them i n  t h e  CM. 
The 24-Inch Panoramic Camera w i l l  be operated during p o r t i o n s  
of l u n a r  o r b i t  l i g h t  s i d e  passes  i n  accordance with Table 1. 
The first photographic sequence w i l l  b e  scheduled as e a r l y  
as i s  p r a c t i c a l  i n  l u n a r  o r b i t .  The last sequence w i l l  
f i n i s h  a t  the  western terminator  of the  l a s t  a v a i l a b l e  o r b i t .  
To the  e x t e n t  p o s s i b l e  w i t h i n  f i l m  l i m i t a t i o n s ,  t h e  Panoramic 
Camera Sequences w i l l  provide contiguous 70-degree r e c t i f i e d  

Panoramic Camera sequence d u r a t i o n  during a s i n g l e  l i g h t  s i d e  

coverage of t h e  combined sunlit area overflown by t h e  CSM on 
Apollo 15,  Apollo 16 and Apollo Mission 5-3. The maximum 

pass  w i l l  b e  no more than approximately 30 minutes. 

When the  

FTO 1) 

I The V/h o v e r r i d e  c o n t r o l  of t h e  Panoramic Camera 
w i l l  b e  operated i n  accordance wi th  MCC i n s t r u c t i o n s .  

FTO 2) The 3-Inch Mapping Camera w i l l  be  operated i n  accordance 
wi th  t h e  requirements of Table 2. 
t h e  3-Inch Mapping Camera sequences w i l l  provide a t  least 
55 percent  s i d e l a p  between consecutive bands of  photographic 
coverage. Concurrent opera t ion  of the  L a s e r  A l t i m e t e r  is 
requi red ,  except f o r  ob l ique  Mapping Camera passes  and post-TEI 
Mapping Camera opera t ion .  Mapping Camera opera t ion  on dark 
s i d e  passes ,  as i n d i c a t e d  i n  Table 2,  i s  required f o r  t h e  
purpose of providing a t t i t u d e  d a t a  f o r  the  Laser A l t i m e t e r .  
The Mapping Camera image motion compensation may be changed i n  
real  t i m e  fol lowing eva lua t ion  of te lemetry d a t a  a t  t h e  MCC. 

To t h e  e x t e n t  p o s s i b l e ,  

1 B  

FTO 3) The L a s e r  Altimeter w i l l  b e  operated as s p e c i f i e d  i n  Table 3. 
The Laser Altimeter w i l l  o p e r a t e  whenever t h e  Mapping Camera 
is opera t ing ,  except  f o r  Mapping Camera obl ique  passes  and 
post-TEI operat ion. .  For Laser Altimeter opera t ion ,  t h e  SIM 
bay w i l l  b e  nadir-al igned,  w i t h  t h e  CSM +X o r  -X axis a l igned  
t o  t h e  v e l o c i t y  vector .  I n - f l i g h t  po in t ing  accuracy require-  
ments are +2.0 degrees about a l l  axes. For per iods  of operat-  
i n g  t h e  Laser Altimeter simultaneously with t h e  Mapping Camera 
on t h e  lunar dark s i d e ,  i t  is highly  d e s i r a b l e  t h a t  CSM 
a t t i t u d e  deadbands b e  M.5 degrees wi th  20.05 degrees p e r  
second d r i f t .  For h i g k y  d e s i r a b l e  per iods  of Laser A l t i -  
meter opera t ion ,  t h e  p o i n t i n g  requirement i s  56 .5  degrees;  
CSM a t t i t u d e  deadbands w i l l  be  +5.0 degrees w i t h  10.5 degrees 
p e r  s'econd d r i f t .  
mission t o  w i t h i n  +2.0 degrees about a l l  axes. 

P o i n t i n g  knowledge m u s t  b e  recoverable  post-  
- 
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Success Criteria 

FTO 1) 
FTO 2) 
FTO 3)  

Mandatory data def ined under Data Requirements s h a l l  be 
acquired and re turned  t o  e a r t h  f o r  eva lua t ion .  

Evaluat ion 

FTO 1) 
IT0 2) 
FTO 3)  a p p l i c a t i o n s .  (Premission, experiment suppor t ,  and experi-  

The photographic and a l t i t u d e  d a t a  w i l l  be eva lua ted  t o  
determine i t s  s u i t a b i l i t y  f o r  o p e r a t i o n a l  and s c i e n t i f i c  

ment eva lua t ion  d a t a  as def ined under Data Requirements) 

Data Requirements 

3) 

Measurement 
Number 

SL 1030 V 
SL 1032 T 
SL 1038 H 
SL 1039 T 
SL 1040 T 
SL 1041 T 
SL 1042 T 
SL 1044 B 
SL 1045 X 
SL 1094 T 
SL 1122 K 
SL 1160 T 
SL 1161 T 
SL 1162 T 
SL 1163 T 
SL 1164 T 
SL 1165 X 
SL 1166 R 
SL 1172 X 

Premission Data (PD): (M) 

Premission sensi tometry of the  f l i g h t  f i lms  i n  accordance 
wi th  t h e  s tandard  procedures of t h e  Photographic Technology 
Division. 

Experiment Support Data (ESD) : 

Telemetry Measurements : 

Telemetry measurements l i s t e d  under 3 ) a ) .  
i s  i n d i c a t e d  by (A) f o r  analog and (D) f o r  d i g i t a l .  

Display preference 

Experiment Evaluat ion Data (EED) : 

a )  -Telemetry Measurements : 

P r i o r i t y  
TM Mode PD* ESD EED - -- - - Descript ion 

Pan Camera V/H Command Voltage PCM N/A 

Pan Camera Exposure Command PCM N/A 
Pan Camera Lens Barrel Temp PCM N/A 
Pan Camera Fwd Lens Temp PCM N/A 

Pan Camera Mech Temp PCM N / A  
Pan Camera S l i t  Width PCM N/A 
Pan Camera GO/NO GO' PCME N/A 
L a s e r  A l t i m e t e r  Cavity Temp PCM N/A 
Laser A l t i m e t e r  Output 24 B i t  S e r  PCMD N/A 
Temp Metric Lens Front  Element PCM N/A 

Temp S t e l l a r  Lens Front  Element PCM N/A 
Temp S t e l l a r  Lens Barrel PCM N/A 
Temp MC Supply Cassette PCM N/A 
MC Image Motion Off/On Cmds PCME N/A 
Metric S h u t t e r  Disc Speed PCM N/A 
Map Camera GO/NO GO PCME N/A 

Pan Camera Film Mag Temp PCM N / A  

Pan Camera Aft Lens Temp PCM N/A 

Temp Metric Lens  Barrel PCM N/A 

4-5 

M(A) HD 
HD HD 
M HD 
HD HD 
HD HD 
H D H D  
HD HD 
M(A> HD 
N/A HD 
HD HD 

HD HD 
HD HD 
HD HD 
H D H D  
HD HD 
H D H I )  
M. HD 
N/A HD 

M(D) M ** J B  
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Measurement 
Number Descr ip t ion  

P r i o r i t y  
TM Mode pD*. ESD EED - -  

SL 1173 X Film Motion/Metric Exposure PCME N/A HD HD 
SL 1176 Q Metric Film Remaining PCM N/A HD HD 
SL 1177 X MC Cycle Rate/Metric S h t r  C t r  Exp PCME N/A HD HD 
SL 1181 V Map Camera V / H  Increase  Level PCM N / A  M HD 

*There are no requirements f o r  premission d a t a  (PD). 
**If telemetry d a t a  cannot b e  recorded on t h e  l u n a r  backside,  t h e  Laser 

Alt imeter  should b e  operated s i n c e  t h e  a l t i t u d e  word i s  au tomat ica l ly  
recorded on t h e  Mapping Camera f i l m .  

Telemetry Measurement Tapes: 

One copy of tape** containing EED te lemetered measure- 
ments l i s t e d  under 3 ) a ) ,  recorded and c o r r e l a t e d  with 
GMT during per iods  of  equipment opera t ion .  

Astronaut Lo'gs o r  Voice Records: (HD) 

One copy of as t ronaut  logs  o r  voice records  containing 
t h e  d e s c r i p t i o n  and GET of manual c o n t r o l  s e t t i n g s  f o r  
t h e  24-Inch Panoramic Camera, t h e  3-Inch Mapping Camera, 
and t h e  L a s e r  Altimeter. 

Astronaut Debrief ings  : (HD) 

Two copies of as t ronaut  postmission s c i e n t i f i c  and photo- 
graphic  d e b r i e f i n g  t r a n s c r i p t s  'per ta in ing  t o  opera t ion  
of t h e  SIM bay cameras and t h e  Laser Altimeter. 

Photographs : (M) 

Five  sets of Panoramic and Mapping Camera photographs. 

Two copies  of microfilm containing t h e  output  of the  
Apollo Photographic Evaluat ion (APE) program f o r  t h e  
per iods  of  opera t ion  of t h e  SIM bay cameras. and t h e  Laser 
A l t i m e t e r .  (M) 

Supporting Data: (HD) 

(1) One copy of L a s e r  A l t i m e t e r  record  l i s t i n g  of 
SL 1122 K. 

(2) One hard copy l i s t i n g  of t h e  tapes  l i s t e d  under 
3)b)  and 3 ) f ) .  

(3) One copy each, 16 mm microfilm of tape  d i g i t a l  hard 
copy l i s t i n g  of tape  l i s t e d  under 3)b) .  

**Magnetic tape produced i s  t o  be UNIVAC 1108 computer-compatible d i g i t a l  
'I-irack , 800-BPI t a p e  
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4.1 SM ORBITAL PHOTOGRAPHIC TASKS 

Background and J u s t i f i c a t i o n  

24-Inch Panoramic Camera [FTO 111: 

High reso lu t ion  panoramic photographs were c, tained of l igh ted  areas 
The combined area photographed overflown during Apollo 15 and Apollo 16. 

during the two missions wag approximately 15 percent of t he  lunar surface.  

Apollo 15 panoramics coverage included photographs of the  following high 

p r i o r i t y  ta rge ts :  the Hadley R i l l e  landing si te,  the highlands between 

Mare Crisium and Mare Serenitatis ,  the LM ascent s t age  impact area (pre- 

and post-impact), and general  coverage near the terminator, a t  the sub- 

s o l a r  po in t ,  and under intermediate l i gh t ing  conditions. I n  addi t ion t o  

mult iple  coverage of the Descartes landing si te,  Apollo 16 panoramic 

photographs included prime t a r g e t  areas a t  King Crater and the Fra Mauro 

region. 

3-Inch Mapping Camera [FTO 211: 

Three-Inch Mapping Camera photographs and simultaneous stellar photo- 

graphs were obtained on Apollo 15 and Apollo 16. 
areas overflown by the  spacecraf t  were photographed. I n  addi t ion t o  

car tographic  qua l i t y  vertical photography, the mapping camera w a s  used 

during Apollo 15 and Apollo 16 t o  obtain oblique photographs of l a rge  

areas north and south of the  lunar  surface groundtracks. 

I n  each case a l l  s u n l i t  

Laser Altimeter [FTO 3)]: 

Approximately 30 percent of the  planned Apollo 15 Laser A l t i m e t e r  

da t a  were obtained before  hardware f a i lu re .  These da ta  ind ica te  tha t ,  

i n  general ,  the lunar  f ronts ide  is 2-5 kilometers lower than the mean 

radius  and the  backside is 2-5 kilometers higher than the mean radius.  

During Apollo 16, the laser altimeter was operated on each vertical 
mapping camera pass ,  and provided approximately 70 percent of the planned 

data.  

Miscellaneous 

Photographs and a l t i t u d e  da t a  t o  be  obtained i n  support of t h i s  ' 
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d e t a i l e d  o b j e c t i v e  w i l l  supplement t h e  photographs and a l t i t u d e  d a t a  ob- 

ta ined  on Apollo 15 and 16. 

t o  accomplish t h e  following: 

Panoramic camera opera t ion  w i l l  b e  planned 

(1) Extend high r e s o l u t i o n  coverage i n  t h e  eas  t-wes t d i r e c t i o n  

beyond t h e  coverage obtained on previous missions.  

(2) F i l l  gaps i n  t h e  r e c t i f i e d  panoramic coverage of Apollo 1 5  

and Apollo 16. 

(3) Provide m u l t i p l e  high r e s o l u t i o n  coverage of t h e  Taurus-Littrow 

landing s i te .  

The d a t a  obtained i n  support  of t h i s  d e t a i l e d  o b j e c t i v e  w i l l  a l s o  b e  pro- 

vided f o r  d a t a  a n a l y s i s  tasks, i d e n t i f i e d  by Reference 8 as t h e  fol lowing 

l u n a r  o r b i t a l  photographic experiments: 

System; S-214 Lunar A l t i t u d e  P r o f i l e ;  S-215 Lunar Altimeter: Radi i IGravi ty;  

S-216 Laser A l t i m e t e r  Selenodesy; S-217 IR/Radar Study; S-218 Photo/ 

Alt imetry Analyses; S-219 Gravi ty /Crus ta l  S t r u c t u r e ;  S-220 Lunar Geology, 

Eas te rn  Maria; S-221 S t r u c t u r e  of Shallow Maria; S-222 Photogeology; S-223 

Volcanology and Morphology; S-224 Surface S t r u c t u r e  and Processes;  and 

S-225 Morphology of Crater Chains. 

I A  

S-213 Se lenocent r ic  Reference 

Previous F l i g h t  Object ives  

Objec t ive  
:;umber T i t l e  

4.5 
4.1 

SM O r b i t a l  Photographic Tasks 
SM O r b i t a l  Photographic Tasks 

Mission 

1 5  
16 

I .  

\ 

A 
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Table 1. Photographic  Requirements f o r  the  24-Inch Panoramic Camera 

Revolution 
Number 

S t a r t  Longitude 
(Degrees) 

Stop Longitude 
(Degrees) 

112 152 W** 

2 

13/14 

123 E 

172 W 

15 102 E 

28 155 E 

49 80 E 

62 133 E 

62 33 E 

74 67 E 

74 5 w  

100 E 

14 E**** 

85 E 

26 E 

90 E 

27 E*** Ic  
25 E 

45 w Ic  
POS t-TEI (Provide coverage 

of v i s i b l e  luna r  
d i s c  us ing  any re- 
maining film)*** 

*Revolutions 1 and 2 are 60 x 170 NM o r b i t s ;  a l l  o t h e r  r evo lu t ions  
i n d i c a t e d  i n  t h e  t a b l e  are approximately 60 NM c i r c u l a r  o r b i t s .  

**Eastern te rmina tor .  

***These sequences w i l l  b e  done i n  t h e  monoscopic mode. 
sequences w i l l  b e  done i n  the  s t e r e o s c o p i c  mode. 

A l l  o ther  

****Western te rmina tor .  

4 4 %  
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Table 2. Photographic Requirements f o r  t h e  3-Inch Mapping Camera 

Revolution S t a r t  Longitude Stop Longitude 
Number (Degrees ) (Degrees) Comments 

112 144 W 26 E Light  s i d e  pass  

13/14 162 W 7 E  Light  s i d e  pass  I C  

14 / 15 164 W 63 W 1-112 revolu t ions*  

23/24 168 W 2 w  Light  s i d e  pass  

26/27 168 W 4 E  40 degrees  North I C  
ob l ique  - Light  
s i d e  pass  

2 revolu t ions*  27/29 4 E  6 W  

35/36 147 W 14 W 40 degrees  South I c  
obl ique  - Light  
s i d e  pass  

38 162 E 177 E 1 revolu t ion*  l c  
49 167 E 28 w Light  s i d e  pass  

62/63 163 E 

65 152 E 

77 E 

62 E 

lc 150 E 1 revo lu t ion  

77 E 40 degrees  North 
obl ique  - 1/3  
l i g h t  s i d e  pass  

62 E Maneuver from North c 
obl ique  t o  South 
obl ique  

47 w 40 degrees  South I C  
ob l ique  - 1 / 2  
l i g h t  s i d e  pass  
p l u s  112 dark  s i d e  
pass  

66/67 
73/74 

Pos t  TEI** 

47 w 4 1  W 1 r e v o l u t i o n  Ic  
161 W 52 W Approximately 60 

degrees  dark  s i d e  
coverage p l u s  1 
l i g h t  s i d e  pas s  

Coverage of v i s i b l e  
luna r  d i s c  

*The Mapping Camera w i l l  b e  operated on dark  s i d e  po r t ions  of t h e s e  revo- 
l u t i o n s  i n  o rde r  t h a t  t h e  S t e l l a r  Camera p o r t i o n  of t h e  Mapping Camera 
system can provide  a t t i t u d e  d a t a  f o r  u se  i n  suppor t  of Laser A l t i m e t e r  
d a t a  reduct ion .  
g raph ic  long i tude  due t o  luna r  r o t a t i o n .  

us ing  t h e  remainder of t he  f i lm.  

A f u l l  r evo lu t ion  corresponds t o  361 degrees  i n  seleno- - 

**The Mapping Camera i s  t o  b e  operated as soon as p r a c t i c a b l e  fol lowing TEI  
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Table 3 .  Requirements f o r  Operat ion of the Laser Altimeter 

Laser A l t i m e t e r  ON* Laser A l t i m e t e r  OFF 

Revolut ion Longitude Revolut ion Longitude 
Number (Degrees) Number (Degrees) 

1 

13 

144 W 

162 W 

2 

14  

26 E 

7 E  I c  

1 4  164 W 15  63  W 

23 168 W 24 2 w  

27 4 E  29 6W 

38 162 E 38 177 E I c  

49 167 E 49 28 W 

62 

66 

163 E 

47, w 

63  

66 150 41  W lc 
73 161 W 74 52 W 

*The Laser A l t i m e t e r  w i l l  ope ra t e  whenever t h e  Mapping Camera i s  
o p e r a t i n g ,  except  f o r  ob l ique  Mapping Camera Passes  and post-TEI 
ope ra t ion .  
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4.2 VISUAL L I G H T  FLASH PHENOMENON 

Obtain d a t a  on t h e  v i s u a l  l i g h t  f l a s h  phenomenon. 

Purpose 

The purpose i s  t o  ob ta in  more d e f i n i t i v e  informat ion  on t h e  charac- 

teristics and t h e  cause of v i s u a l  l i g h t  f l a s h e s  such t h a t  adequate protec-  

t i o n  of t h e  crew may be  provided,  i f  requi red ,  i n  f u t u r e  long-duration 

manned space f l i g h t .  

The f u n c t i o n a l  test o b j e c t i v e s  are as fol lows:  

FTO 1 )  Obtain d a t a  dur ing  t r ans luna r*  coas t  on t h e  frequency and 
d e s c r i p t i o n  of l i g h t  f l a s h e s  and on cosmic r a d i a t i o n  t o  
f a c i l i t a t e  c o r r e l a t i o n  between l i g h t  f l a s h  events  and 
i n c i d e n t  primary cosmic rays .  

FTO 2 )  Obtain d a t a  dur ing  t r ansea r th*  coas t  r e l a t i v e  t o  t h e  frequency 
and d e s c r i p t i o n  of l i g h t  f l a s h e s  and t h e  e f f e c t  of dark-adap- 
t a t i o n  on t h e  f l a s h e s .  

T e s t  Conditions 

FTO 1) During t r a n s l u n a r  c o a s t ,  one crewman w i l l  don t h e  Apollo 
Light  F lash  Moving Emulsion Detector  (ALFMED). It i s  
h igh ly  d e s i r a b l e  t h a t  two photographs be  obtained a f t e r  t h e  
crewman dons t h e  ALFMED. One photograph w i l l  b e  obta ined  
of t he  s i d e  view of t h e  ALFMED on t h e  crewman and t h e  o t h e r  
photograph w i l l  b e  obtained of t h e  f r o n t  view of t h e  ALFMED 
of t h e  crewman. The o the r  two crewmen w i l l  then simul- 
taneously don eye s h i e l d s .  A l l  t h r e e  crewmen w i l l  then  
commence a 60-minute test per iod .  It is  h igh ly  d e s i r a b l e  
t h a t  t h i s  test  pe r iod  b e  scheduled any t i m e  dur ing  48 t o  72 
hours  GET a f t e r  launch. During t h i s  test  pe r iod ,  each crew- 
man w i l l  r e p o r t  t h e  fol lowing by vo ice  communications t o  MCC 
and w i l l  s imultaneously record t h e  d a t a  on t h e  CM t ape  
r eco rde r  f o r  subsequent playback t o  MSFN. I f  vo ice  communica- 
t i o n s  are poor ,  one crewman w i l l  doff  h i s  eye s h i e l d s  ( thus  
te rmina t ing  h i s  observa t ion  of f l a s h e s )  and w i l l  e n t e r  t h e  
o t h e r  two crewmen's comments on w r i t t e n  records  as backup t o  
t h e  t ape  r eco rde r  da ta .  

Readiness t o  don ALFMED and eye s h i e l d s .  

When ALFMED is donned. 

When each eyesh ie ld  i s  donned. 
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0 When ALFMED i s  turned ON. 

0 The occurrence of each l i g h t  f l a s h  by saying "Mark", by 
iden t i fy ing  the  observer (e.g., llCMP" o r  name) and by 
describing the  observed l i g h t  f l a s h  [e.g. , star;  s t r e a k  
o r  d i f f u s e  f l a s h ;  which eye; loca t ion  of event i n  the  eye; 
co lor  ( i f  o ther  than whi te ) ;  and i n t e n s i t y ] .  

When ALFMED is  turned OFF. 

0 When observations f o r  l i g h t  f lashes  are terminated. 

0 Location of crew member i n  the  CM and approximate direc- 
t i o n  of the  f r o n t  of t he  head relative t o  t h e  spacecraf t  
X, Y ,  and Z axes. 

Highest p r i o r i t y  w i l l  be given t o  repor t ing  the  occurrence 
of a l i g h t  f l a sh .  Unfinished descr ip t ions  of an event w i l l  
be terminated when a new l i g h t  f l a s h  i s  reported,  followed by 
a descr ip t ion  of the new event. 

A t  the  completion of t he  60 minute test  period, the  two crew- 
men w i l l  doff the  eye sh ie lds .  
obtained of t he  s i d e  view of the  ALFMED on the  remaining 
crewman. 
obtained of the  f r o n t  view of t h e  ALFMED on the  crewman. All 
photographs w i l l  be  obtained with the  35 mm camera using CIN 
f i l m  and a 55 mm lens.  The ALFMED w i l l  then be removed and 
stowed f o r  r e t u r n  t o  ear th .  C r e w  members w i l l  r epo r t  by voice 
t o  MSFN when they have removed t h e i r  eyeshields and/or ALFMED. 

One photograph w i l l  then be 

It is  highly des i r ab le  t h a t  a photograph a l s o  be 

IC 

FTO 1) It i s  highly des i r ab le  t h a t  the  HZE (high Z energy) r ad ia t ion  
FTO 2) dosimeter be recovered from the  spacecraf t  t o  f a c i l i t a t e  

evaluation of t he  l i g h t  f l a s h  data. 

FTO 2) During t r ansea r th  coas t ,  t he  crewmen w i l l  simultaneously don 
eye s h i e l d s  f o r  a period of 60 minutes. The ALFMED w i l l  no t  
be worn during t h i s  test period. 
t h i s  test period be  scheduled any t i m e  during 24 t o  48 hours 
p r i o r  t o  splashdown. Each crewman w i l l  r epo r t  t h e  following 
d a t a  by voice communications t o  MCC. 

It is  highly des i r ab le  t h a t  

lc If  voice  communications are poor, one crewman 
w i l l  doff h i s  eye s h i e l d s  (thus terminating h i s  observation of 
f lashes)  and w i l l  en t e r  the  other two crewmen's comments on 
w r i t t e n  records as backup t o  the  tape recorder data.  

0 Readiness t o  don eye sh ie lds .  

0 

0 

When each eye s h i e l d  is  donned. 

The occurrence of each l i g h t  f l a s h  by saying "Mark," by 
iden t i fy ing  the  observer (e.g. , "CMP" o r  name) and by 
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descr ibing the  observed l i g h t  f l a s h  [e.g., s ta r ;  s t r e a k  
o r  d i f fuse  f l a sh ;  which eye; loca t ion  of event i n  the 
eye; color  ( i f  other  than white) ;  and in tens i ty] .  

0 When observations f o r  l i g h t  f lashes  are terminated. 

0 Location of crew member i n  the CM and approximate direc- 
t i on  of the f ron t  of the head relative t o  the spacecraf t  
X, Y and Z axes. 

Highest p r i o r i t y  w i l l  be  given t o  report ing the  occurrence of 
a l i g h t  f lash .  
terminated when a new l i g h t  f l a sh  is reported,  followed by a 
descr ip t ion  of the new event. 

Unfinished descr ipt ions of an event w i l l  be  

Success Criteria 

FTO 1)  The crew comments as spec i f ied  under the Test Conditions f o r  
one t ranslunar  test period s h a l l  be  obtained. 

The ALFMED s h a l l  be used as spec i f ied  under T e s t  Conditions 
f o r  the t ranslunar  coast  tes t  period and s h a l l  be returned 
i n t a c t  f o r  processing and evaluation. 

FTO 2) The crew comments as spec i f ied  under the T e s t  Conditions for  
the t ransear th  coast  test period s h a l l  be  obtained. 

Evaluation 

FTO 1) 
FTO 2) 

The frequency and descr ipt ion of f lashes  w i l l  be  determined 
as a funct ion of crewman's loca t ion  within the spacecraf t ,  
d i r ec t ion  head i s  facing, loca t ion  of spacecraf t  with respect  
t o  sun, ear th ,  and moon; differences between crewmen; the 
ALFMED and HZE rad ia t ion  data.  The emulsion p l a t e s  w i l l  be 
removed from the  ALFMED and processed. 
p l a t e s  w i l l  be  area-scanned and a l l  events of Z 6 w i l l  be  
recorded on computer tape. 
scanned using the previous da t a  plus  computer predict ions of 
event locat ions t o  a id  i n  the detect ion of events t h a t  
occurred during the  test period. 
l y  measured t o  reveal the exact  t r a j ec to ry  of the  cosmic ray 
p a r t i c l e s  with respec t  t o  the  eyebal l ,  the  charge, and the  
energy of the  pa r t i c l e s .  These da t a  w i l l  then be cor re la ted  
with the  frequency and descr ipt ion of l i g h t  f lashes  reported 
during the  test period. 
comments, as t ronaut  debrief ing data ,  photographs, ALFMED, and 
HZE r ad ia t ion  dosimeter). 

IA 
The f ixed emulsion 

The moving p l a t e s  w i l l  then be 

These events w i l l  be  accurate- 

(MSFN tape recording of as t ronaut  

Data Requirements 

1) Astronaut Voice Records i n  Real Time:  (M) 
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Comments defined under the  T e s t  Conditions f o r  one test 
period during t ranslunar  coas t  and one test period during 
t ransear th  coast .  

IA One copy of the  Technical Air-to-Ground Voice Transcription, 
one copy of MSFN tape recording and one copy of wr i t t en  
records (if voice communications are poor) of as t ronaut  
comments during the  above defined test periods.  

Astronaut Debriefings: (M) 

One copy of as t ronaut  postmission debrief ing t r ansc r ip t s  per- 
ta in ing  t o  comments on each of the test periods. 

ALFMED: (M) 

HZE Radiation Dosimeter: (HD) 

Photographs : 

(M) 

One photograph showing a s i d e  view of the  ALFMED on the 
crewman immediately before commencing the test period 
defined i n  FTO 1). (HD) 

One photograph showing the f ron t  view of the ALFMED on 
the crewman immediately before commencing the test 
period defined i n  FTO 1 ) .  (HD) 

One photograph showing a s i d e  view of the ALFMED on the  
crewman a t  the conclusion of the test  period defined i n  
FTO 1). (M) 

One photograph showing the f r o n t  v i e w  of the ALFMJ3D on 
the crewman a t  the conclusion of the tes t  period defined 
i n  FTO 1). . (HD) 

*If i t  becomes necessary t o  accomplish the T e s t  Conditions f o r  FTO 1) 
during t ransear th  coas t  ( ra ther  than during t ranslunar  coas t ) ,  then the 
i n t e n t  of FTO 1) w i l l  be s a t i s f i e d  but  t he  da t a  may be degreded. I n  
t h i s  case, however, the T e s t  Conditions f o r  FTO 2) w i l l  be accomplished 
during t rans lunar  coast  such t h a t  the  da t a  from the  two FTO's can s t i l l  
b e  used t o  co r re l a t e  the unexplained ( t h a t  is, decrease) i n  frequency 
of l i g h t  f l a s h  events reported during t ransear th  coas t  on Apollo 15 
and Apollo 16. I A  
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4.2 VISUAL LIGHT FLASH PHENOMENON 

Background and J u s t i f i c a t i o n  

The crews of Apollo 11 and subsequent missions have reported seeing b 
l i g h t  f lashes  and s t r eaks  of l i g h t  when they were i n  the darkened CM, usual- 

l y  with t h e i r  eyes closed, i n  t ranslunar  and t ransear th  coast  and i n  lunar  

o r b i t .  The average frequency of occurrence has been one l i g h t  f l a s h  event 

every one t o  two minutes. I A 

One hypothesis t o  explain t h i s  phenomenon is  t h a t  the  f lashes  are 
v i s u a l  phosphenes induced by cosmic rays.  

versy as t o  whether the  cause is due t o  Cerenkov rad ia t ion  produced by 

high 2, high energy (HZE) p a r t i c l e s  t ravers ing  the  eyebal l ,  o r  whether t he  

There is, however, some contro- 

f lashes  r e s u l t  from ionizing co l l i s ions  of these HZE p a r t i c l e s  i n  the  r e t i n a ,  

o r  visual centers of the  cerebra l  cortex.  

It is important t o  the  fu tu re  of long-duration manned space f l i g h t  

t h a t  t h i s  phenomenon be s a t i s f a c t o r i l y  explained. 

electromagnetic analogue of a sonic  boom; i.e., a s u f f i c i e n t l y  high-velocity 

charged p a r t i c l e ,  on en ter ing  a region whose r e f r ac t ive  index is  higher 

than t h a t  of space, moves more rap id ly  than i ts  surrounding e l e c t r o s t a t i c  

f i e l d  can propagate, so an electromagnetic shock wave i s  generated, propa- 

gat ing i n  a cone or iented i n  the  d i r ec t ion  of motion. 

are harmless i n  t h i s  case, bu t  the  HZE p a r t i c l e s  t h a t  pene t ra te  t he  r e t i n a  

o r  cerebra l  cor tex may cause damage. There may be reason f o r  more concern 
i f  the l i g h t  f lashes  are due t o  ionizing co l l i s ions  i n  the  visual apparatus 

r a t h e r  than Cerenkov rad ia t ion .  

i ng  r ad ia t ion  are no t  w e l l  understood. 

Cerenkov rad ia t ion  is an 

The l i g h t  f lashes  

I A The b io logica l  in te rac t ions  of HZE ioniz- 

Therefore, da t a  should be obtained 

during the  remaining Apollo mission t o  permit a b e t t e r  understanding of I A  
t h i s  phenomenon. 

Experiments have been conducted a t  the Lawrence Radiation Laboratory 

of the University of Cal i fornia  a t  Berkeley which have demonstrated t h a t  

neutrons, protons and multicharged p a r t i c l e s  can produce s t a r - l i ke  phoe- IA 
phenes i n  dark-adaptated observers,  Neutrons being uncharged, cannot pro- 

duce Cerenkov rad ia t ion  d i r e c t l y  and, i n  some of these experiments, the  

neutron energies employed were so low t h a t  Cerenkov-emittlng charged 
- MS C-05 180 
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p a r t i c l e s  could not  have been produced by means of i n t e rac t ions  between 

the inc ident  neutrons and atomic nuclei i n  the  eye. 

therefore  be considered as candidate explanations of the phenomenon observed 

Other mechanisms must 

i n  space. 

The observations made during previous missions w i l l  be supplemented 

by more s p e c i f i c  test condtiions during Apollo Mission 5-3. The i n t e n t  is 
t o  obtain the maximum possible  da ta  wi th in  the cons t ra in ts  of the t imeline 

and the ava i l ab le  tes t  equipment (i.e.,  eye sh i e lds ,  the ALFMED, and the  

HZE r ad ia t ion  dosimeter). 

The f i r s t  test [FTO l)] is  intended t o  determine the frequency and 

descr ip t ion  of the l i g h t  f lashes  and the  e f f e c t  of dark-adap t a t i o n  required 

t o  see the f lashes .  

f lashes  are produced i n  the  eyebal l ,  an t e r io r  t o  the  r e t i n a ,  i t  is probable 

t h a t  a considerable degree of dark-adaptation (approximately ten t o  twenty 

minutes) is required i n  order t o  see them, whereas, i f  they are produced 

i n  the r e t i n a  o r  cerebra l  cortex,  a dark v i s u a l  f i e l d  may be a l l  t h a t  is  

necessary. During the  test period, two crewmen w i l l  don eye sh ie lds  ( t o  

prevent l i g h t  from'entering t h e i r  eyes) and repor t  how soon they begin 

seeing f lashes .  

observations i n  order  t o  allow f o r  dark-adaptation and the co l lec t ion  of 

adequate statistics concerning the frequency and descr ip t ion  of f lashes .  

Dark-adaptation is  a re t inal  phenomenon. I f  t he  

A minimum of about 60 minutes w i l l  be required f o r  the  

To provide a d i r e c t  physical  measurement of these events,  the Apollo 

Light Flash Moving Emulsion Detector (ALFMED) w i l l  be  worn by one crew 
member during the  t ranslunar  coas t  tes t  period. 

two sets of adjacent  emulsion p l a t e s  t h a t  surround the  head. 

emulsion p l a t e s  w i l l  be  maintained i n  a f ixed  pos i t ion  relative t o  the  

head of the observer and the second set of emulsion p l a t e s  w i l l  be  auto- 

mat ical ly  t r ans l a t ed  a t  a c o n s t k t  speed relative t o  the f ixed emulsion 

p l a t e s  during the  test period; 

occurrence measurements, charge and energy measurements, and t r a j ec to ry  

of the  HZE p a r t i c l e s  through the emulsion p l a t e s  and head of the  observer. 

The ALFMED donsis ts  of 

One set  of 

This device w i l l  provide accurate  time of 

These da ta ,  along with verba l  repor t s  of the  observer, w i l l  permit d i r e c t  

corre1atio.n of the HZE p a r t i c l e s  and l i g h t  f lashes .  

i f  a l l  d i f fuse  l i g h t  f lashes  observed are cor re la ted  only with - very high 

Then, f o r  example, 
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energy, High Z p a r t i c l e s ,  t h i s  w i l l  support  t h e  hypothesis  t h a t  Cerenkov 

r a d i a t i o n  is  respons ib le  f o r  the  events.  However, i f  t h e r e  is  no cor re la -  

t i o n  between t h e  types of events  and c h a r a c t e r i s t i c s  o f  t h e  i n c i d e n t  HZE 
p a r t i c l e s ,  t h i s  f i n d i n g  w i l l  support  t h e  hypothesis  t h a t  the  l i g h t  f l a s h e s  

are t h e  r e s u l t  of d i r e c t  i o n i z a t i o n  by t h e  HZE p a r t i c l e s .  

The second test [FTO 2 ) ]  concerning observat ions during t r a n s e a r t h  

c o a s t  i s  requi red  t o  i n v e s t i g a t e  and c o r r e l a t e  t h e  unexplained change 

(decrease)  i n  frequency of l i g h t  f l a s h  events reported during t h e  t rans-  

e a r t h  coas t  per iods  on Apollo 15 and Apollo 16 as compared t o  t h e  t rans-  

l u n a r  c o a s t  per iods f o r  both missions.  

comparison of frequency and types of events ,  e s p e c i a l l y  regarding b r i g h t -  

n e s s ,  between a l l  crewmen, and w i l l  permit  comparison of l i g h t  f l a s h  events  

during t h e  t r a n s l u n a r  c o a s t  and t r a n s e a r t h  c o a s t  per iods.  

I A It w i l l  a l s o  permit  d i r e c t  

The use of eye s h i e l d s  and ALFMED i n  t r a n s l u n a r  c o a s t  and t h e  use  of 

t h e  eye s h i e l d s  i n  t r a n s e a r t h  c o a s t  w i l l  provide essential d a t a  t o  supple- 

ment t h a t  obtained during Apollo 15 and Apollo 16. 

A 

Previous F l i g h t  Object ives  

Object ive 
Number T i t l e  

4.12 
4.2 

Visual  Light  Flash Phenomenon 
Visual  Light  Flash Phenomenon 

Mission 

15 
16 
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4.3  CM PHOTOGRAPHIC TASKS 

Obtain photographs of lunar sur face  f ea tu res  of s c i e n t i f i c  
i n t e r e s t  and photographs of low br ightness  astronomical 
and terrestrial sources. 

Purpose 

The purposes are t o  obta in  photographs of lunar  sur face  f ea tu res  of 

s c i e n t i f i c  i n t e r e s t  from lunar  o r b i t  and t rans lunar  coas t ,  and t o  obta in  

photographs of low brightness astronomical and terrestrial sources. 

The func t iona l  test objec t ives  are as follows: 

FTO 1)  Obtain photographs of s o l a r  corona a f t e r  CSM sunset and 
p r i o r  t o  CSM sunrise.  

FTO 2) Obtain photographs of zodiacal l i g h t  while-the CSM i s  i n  
lunar  umbra. 

FTO 3 )  Deleted IB 
FTO 4 )  Deleted 

FTO 5 )  Obtain photographs of s p e c i f i c  segments of t he  lunar sur face  
i n  low l i g h t  l e v e l s  near t h e  terminator and i n  earthshine.  

FTO 6) Obtain photographs of lunar sur face  areas of prime s c i e n t i f i c  
i n t e r e s t .  

T e s t  Conditions 

FTO 1) 
FTO 2) 

Type 2485 f i l m  w i l l  be used f o r  these  FTO's. 
l i g h t  s e n s i t i v i t y ,  a p ro tec t ive  s t r i p  of f i l m  w i l l  be 

a f t e r  each photographic sequence, and, except f o r  t he  35 mm 
camera, p r i o r  t o  removal of a magazine. 
p ro t ec t ive  f i lm  advance f o r  FTO 5 ) .  
s t r i p  w i l l  cons i s t  of one frame f o r  t h e  HEC and f o r  t h e  
35 mm camera. Each f!B 
magazine w i l l  have a set of s p e c i a l  low-light-level ca l ibra-  
t i o n  exposures along with t h e  standard ca l ib ra t ions  performed 
p r e f l i g h t  and pos t f l i gh t .  
from t h e  f l i g h t  f i l m  stock f o r  similar c a l i b r a t i o n s ,  f o r  
assessment of b e s t  development processing and f o r  ana lys i s  
of emulsion base fog levels. 
relative t o  the ' t ime  of s h u t t e r  opening f o r  t he  HEC f o r  FTO 1) 
only. 

Due t o  high 

before and 

There w i l l  be no 

FTO 5) advanced a f t e r  i n s t a l l a t i o n  of a new magazine, B B  

The p ro tec t ive  f i l m  

Control f i l m  s t r i p s  are required 

Telemetry da t a  are required 
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FTO 1) I n t e r n a l  cabin l i g h t i n g  w i l l  be minimized. It i s  desirable t h a t  
forward f i r i n g  t h r u s t e r s  not be used i f  the required a t t i t u d e s  
can be maintained without them. The HEC w i l l  be used with the 
80 mm l e n s  set a t  f/2.8 and i n f i n i t y .  

Two series of s o l a r  corona photographs w i l l  be be obtained by 
bracket-mounted cameras through a CM window, one series a f t e r  
CSM sunset and one s e r i e s  p r i o r  t o  CSM sunr i se .  
w i l l  cons i s t  of seven HEC photographs. 

Deleted. 

Each s e r i e s  

C 

For t h e  sun r i se  series of photographs, t h e  CSM a t t i t u d e  rate 
w i l l  approximate the  lunar  o r b i t a l  rate (-3 deg/min) t o  hold 
the  +X axis aligned near t o  t h e  forward-looking l o c a l  hori- 
zon ta l  such t h a t  a small por t ion  of t h e  camera's field-of- 
view i s  f ixed  on t h e  lunar  surface.  The CSM w i l l  be pitched 
a t  approximately the  o r b i t a l  rate and t h e  CSM a t t i t u d e  dead- 
bands w i l l  be maintained wi th in  +5.0 degrees. 
series of photographs, a t t i t u d e  and rates w i l l  be as speci- 
f i e d  above, except t h a t  t h e  -X a x i s  w i l l  be pointing along 
t h e  ve loc i ty  vector.  It i s  highly des i r ab le  t h a t  each as t ro-  
naut i n  t h e  CM v i s u a l l y  observe and sketch the  s o l a r  corona, 
looking s p e c i f i c a l l y  f o r  streamers, near t h e  t i m e  each series 
of photographs i s  taken. The as t ronauts  w i l l  record t h e  GMT 
of each observation which i s  sketched. Exposure periods and 
s h u t t e r  speeds f o r  t h e  HEC are as follows: 

T i m e  From CSM Sunset T ime  P r i o r  t o  CSM Sunrise Shut te r  Speed 

For t h e  sunset 

20 
30 
40 
50 
60 
75 

-20 
- 30 
-40 
-50 
-60 
-75 

1/30 
118 
112 

1 
4 

10 

FTO 2) I n t e r n a l  spacecraf t  l i g h t i n g  w i l l  be minimized by means of a 
camera hood o r  a dark cabin with window shades. 
forward f i r i n g  t h r u s t e r s  should not be actuated while t h e  
camera s h u t t e r  i s  open. 
o r b i t  when both sun and e a r t h  are masked by t h e  moon. The 
35 mm camera w i l l  be mounted i n  t h e  appropr ia te  CM window. 
The ape r tu re  w i l l  be set t o  f /1 .2  and t h e  focus w i l l  be  set 
t o  i n f i n i t y .  

I f  f e a s i b l e ,  

Photographs w i l l  be taken from lunar  
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Photographs of zod iaca l  l i g h t  w i l l  b e  obta ined  as t h e  CSM ap- 
proaches s u n r i s e ,  us ing  t h e  35 mm camera b racke t  mounted. 
During each of two luna r  o r b i t  n i g h t s i d e  passes ,  a series of 
11 photographs of zod iaca l  l i g h t  w i l l  b e  obta ined  wh i l e  t h e  
CSM i s  i n  l u n a r  o r b i t a l  rate ($3 deg/min). 
two n i g h t s i d e  passes ,  t h e  camera w i l l  be  used wi th  a red  co lo r  
f i l t e r .  During t h e  o the r  n i g h t s i d e  pas s ,  t h e  camera w i l l  b e  
used w i t h  a b l u e  c o l o r  f i l t e r .  During a t h i r d  n i g h t s i d e  pass ,  
a series of 22 photographs of zodiaca l  l i g h t  w i l l  b e  obta ined  
whi le  t h e  CSM i s  i n  l u n a r  o r b i t a l  rate. The camera w i l l  be  
used wi th  a p o l a r i z a t i o n  f i l t e r .  The +X axis w i l l  be  a l igned  
such t h a t  a small p o r t i o n  of t h e  camera's field-of-view i s  
f i x e d  on t h e  luna r  su r face .  The C S M w i l l b e  p i t ched  a t  approxi- 
mately t h e  o r b i t a l  rate and t h e  CSM a t t i t u d e  deadband w i l l  b e  
maintained w i t h i n  +5.0 degrees.  Times  f o r  i n i t i a t i o n  of each 
exposure se t  and their dura t ions  are as fol lows:  

During one of t h e s e  

T ime  P r i o r  t o  CSM Sunr i se  
(Min : Se c) 
-14 : 00 
-10 : 00 
- 7:oo 
- 5:oo 
- 3:30 
- 2:oo 
- 1:30 
- 1 : l O  - 0:50 
- 0:30 - 0:lO 

Exposure Duration (Sec) * 
90 90 
60 60 
60 30 
40 20 
20 10 
10 5 

6 3 
2 1 

112 114 
118 1/15 
11 30 1/60 

Color F i l t e r s  P o l a r i z a t i o n  F i l t e r  

*For each series us ing  a c o l o r  f i l t e r ,  only one photograph 
For t h e  w i l l  be  taken a t  each t i m e  p r i o r  t o  CSM s u n r i s e .  

series us ing  a p o l a r i z a t i o n  f i l t e r ,  one photograph each w i l l  
be ' t aken  a t  t h e  0-degree and 90-degree p o s i t i o n s  of t h e  
p o l a r i z a t i o n  f i l t e r .  

FTO 3) Deleted 

FTO 4 )  Deleted 

FTO 5) Near-terminator photographs w i l l  be  obta ined  us ing  t h e  HEC 
wi th  the  80 mm and 250 mm l enses .  
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The photographic  sequences,  t h e  number of frames p e r  sequence 
and t h e  exposure s e t t i n g s  w i l l  be  as ind ica t ed  i n  Table 1. 

Ear thsh ine  photographs w i l l  be  obta ined  us ing  t h e  35 mm 
camera. 
and opera ted  t o  o b t a i n  photographs a t  approximately 30-second 
i n t e r v a l s .  
i n  two sequences dur ing  t h e  same revo lu t ion .  During the  f i r s t  
sequence from 15 degrees  West longi tude  t o  40 degrees  West 
long i tude ,  t h e  camera w i l l  be  poin ted  south of t h e  groundtrack; 
during t h e  second sequence from 47 degrees  West lonoi tude  t o  
78 degrees  West longi tude ,  t he  camera w i l l  be  poin ted  no r th  
of t h e  nroundtrack. The 35 mm camera s h u t t e r  w i l l  be set  t o  

The camera w i l l  be  braced a g a i n s t  a f i x e d  o b j e c t  

A t o t a l  of a t  least  22 photographs w i l l  b e  obta ined  

Ic 
Y 

1/8 and t h e  a p e r t u r e  set  t o  f11.2. 

It is  h i g h l y  d e s i r a b l e  t h a t  CM cabin  l i g h t i n g  b e  reduced 
dur ing  e a r t h s h i n e  photography. 

FTO 6) Medium r e s o l u t i o n  c o l o r  photographs of p a r t i c u l a r  areas of t h e  
l u n a r  s u r f a c e  w i l l  b e  obtained us ing  t h e  HEC (hand-held) w i th  
t h e  80 mm and 250 mm l enses  and SO-368 f i lm .  Where p o s s i b l e ,  
wi thout  a t t i t u d e  maneuvers, t he  HEC w i l l  b e  b racke t  mounted. 
The frame cyc le  rate f o r  t h e  HEC w i l l  be  se t  t o  provide  55 t o  
60 p e r c e n t  forward overlap.  

The photographic  sequences,  t h e  number of frames pe r  sequence 
and t h e  exposure s e t t i n g s  w i l l  be  as i n d i c a t e d  i n  Table 1. 

Success Criteria 

FTO 1) 
FTO 2) 
FTO 5) 
FTO 6 )  

Mandatory d a t a  def ined  under Data Requirements s h a l l  be  ac- 
qu i r ed  and r e tu rned  t& e a r t h  f o r  eva lua t ion .  
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Evaluat ion 

FTO 1 )  
FTO 2) genera l  s c i e n t i f i c  i n t e r e s t .  (Premission and experiment 
FTO 5) 
FTO 6 )  

The photographic and support ing d a t a  w i l l  be  evaluated f o r  

eva lua t ion  d a t a  as def ined under Data Requirements) 

I B  
Data Requirements 

1) Premission Data (PD): (M) 

Premission sensi tometry of t h e  f l i g h t  f i lm,  inc luding  s p e c i a l  
low-light-level c a l i b r a t i o n  exposures of t h e  2485 f i l m  t o  be 

s tandard  procedures of t h e  Photographic Technology Division. 
used i n  FTO's 1) , 2 ) ,  and 5 ) ,  i n  accordance wi th  t h e  B B  

2) Experiment Evaluat ion Data (EED) : 

a )  Telemetry Measurements : 

Measurement P r i o r i t y  
TM Mode PD ESD EED - - - - - Number Descr ip t ion  

Deleted 

CK 1043 X 70 mm Camera S h u t t e r  PCM 1 * * M 
Open 

b) Telemetry Measurement Tapes : (M) 

One copy of tape** containing EED telemetered measure- 
ments l i s t e d  under 2 ) a ) ,  recorded and c o r r e l a t e d  wi th  
GMT during per iods  of camera operat ion.  

c) Astronaut Logs o r  Voice Records: (HD) 

(1) One copy of as t ronaut  l o g s  or voice  records contain- 
i n g  t h e  record of GET, magazine number, frame number 
f o r  each s t i l l  photograph o r  f o r  t h e  first photograph 
i n  each set of s t i l l  photographs, and exposure t i m e .  

(2) One copy of a l l  ske tches  of s o l a r  corona. I B  

d) Photographs : 

(1) A l l  photographs as def ined under t h e  T e s t  Conditions 
f o r  FTO'S I), 21, and 6 ) .  (M) 

HEC photographs of terminator  c ross ings  and twenty- 
two 35 mm photographs of t h e  l u n a r  s u r f a c e  i n  ear th-  
sh ine ,  

f o r  FTO 5 ) .  (M) I (2) 

as defined under t h e  -Tes t Conditions 

MSc-03mo 
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(3) Deleted 

i 

e) Trajectory: (HD) 

Two copies of microfilm containing the output of the 
Apollo Photographic Evaluation (APE) program for the 
periods when photographs were obtained. 

*There are no requirements 
Data (ESD). 

**Magnetic tape produced i s  
7-track, 800 BPI tape. 

for Premission Data (PD) or Experiment Support 

to  be UNIVAC 1108 computer-compatible d ig i ta l  

\.. 

\ 
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4.3 CM PHOTOGRAPHIC TASKS 

Background and J u s t i f i c a t i o n  

S o l a r  corona photographs w e r e  f i r s t  provided from l u n a r  o r b i t  by 

Apollo 15.  

Apollo 16. 

tageous t o  o b t a i n  redundant coverage. Photographs t o  be obtained i n  

suppor t  of FTO 1) w i l l  c o n s t i t u t e  a t h i r d  se t  of observat ions,  providing 

information on t h e  t i m e  v a r i a t i o n  of t h e  sun's corona. 

Addit ional  photographs of t h e  sun ' s  corona were obtained on 

The dynamic n a t u r e  of t h e  coronal  streamers makes i t  advan- 

Apollo 15 provided e x c e l l e n t  q u a l i t y  photographs of zodiaca l  l i g h t  

( taken i n  t h e  e c l i p t i c  p lane) .  

w e r e  taken i n  t h e  e c l i p t i c  p lane  both wi th  and without  a p o l a r i z a t i o n  

f i l t e r  t o  f u r n i s h  a d d i t i o n a l  d a t a  on t h e  s i z e  and composition of t h e  

r e f l e c t i n g  bodies.  

supplement those obtained on Apollo 14, 15, and 16. 

graphs w i l l  b e  taken of p o i n t s  o u t  of t h e  e c l i p t i c  plane. 

w i l l  provide information on t h e  d i s t r i b u t i o n  of r e f l e c t i n g  bodies  i n  a 

d i r e c t i o n  normal t o  t h e  e c l i p t i c .  

obtained from photographs taken i n  t h e  e c l i p t i c  plane.  

On Apollo 16 photographs of zodiaca l  l i g h t  

Photographs t o  be obtained i n  support  of FTO 2) w i l l  

I n  p a r t i c u l a r ,  photo- 

These photographs 

P o l a r i z a t i o n  information w i l l  aga in  b e  

Deleted 
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I A 

FTO 5) w i l l  provide photographs of se lec ted  lunar sur face  areas i n  
Apollo 15 pro- ear thshine and i n  l o w  l i g h t  levels near the  terminator. 

vided the f irst  photographs of the lunar sur face  i n  ear thshine taken from 

lunar  o rb i t .  

crater Aristarchus and one each of Schroter ' s  Valley and the crater 
Herodotus. 

photographs exh ib i t  an anomalously high "apparent albedo". 

ana lys i s  of the ear thshine photographs of the Aristarchus region provides 
new da ta  r e l a t i n g  t o  the evolution and modification of impact craters, t o  

c i r c u l a r  s t ruc tu res  associated with sinuous rilles, and t o  the h i s to ry  of 

the  p la teau  i n  general. 

graphs showing lunar surface areas within a few degrees of the  terminator. 

Preliminary s c i e n t i f i c  r e s u l t s  apply t o  Mare Vaporum (showing maria s t ruc-  

t u r e  i n  d e t a i l ) ,  Aristarchus plateau and the  Oceanus Procellarum area w e s t  

of t he  Aristarchus Plateau,  and highland areas. Many geological fea tures  

s tand out  i n  a manner not  normal i n  lunar photographs taken a t  high-sun 

e leva t ion  angles,  providing addi t iona l  da t a  on the  surface morphology and 

configuration of a la rge  number of lunar surface s t ruc tures .  
photographs were obtained during Apollo Mission 16. 

The most s ign i f i can t  of these photographs are two of t he  

Preliminary analysis  ind ica tes  t h a t  the  Aristarchus crater 
Preliminary 

Apollo 15 a l so  provided ten sequences of photo- 

Similar 

I A 

Photographs of lunar sur face  science t a rge t s  [FTO 6 ) ]  w i l l  supplement 

those obtained on Apollo 15 and 

Photographs of a l l  bu t  two planned lunar  surface science t a rge t s  were ob- 

tained on Apollo 15. 
cal in t e rp re t a t ion ,  and a l so  aided the extrapolat ion of ground t r u t h  da t a  

t o  other  areas of the moon. 
t a rge t s  were obtained on Apollo'16. 

Apollo 16. 

These photographs were of value f o r  general  geologi- 

Eighteen of t he  planned 26 lunar  sur face  scienc 

I n  addi t ion,  the lunar  sur face  photographs t o  be obtained i n  accord- 

ance with FTO 5) and FTO 6 )  w i l l  serve three  purposes: 

(a) Provide photographic coverage of s p e c i f i c  fea tures  a t  pointing 
angles which are not  a t t a i n a b l e  by the  SIM cameras due t o  the 
a t t i t u d e  cons t ra in ts  imposed by other  SIM experiments; 

4-26 

MsC~O~Siso 
Change A 

A 



(b) Provide photographic  coverage dur ing  per iods  when the  SIM 
cameras are n o t  ope ra t ing  (e .g . ,  dur ing po r t ions  of the  60 x 9 
n a u t i c a l  m i l e  o r b i t )  ; and 

( c )  Provide a t  least  a l i m i t e d  number of l una r  s u r f a c e  photographs 
i n  the  event  of no EVA f o r  r e t r i e v a l  of SIM camera f i lm.  

The photographs obtained i n  suppor t  of t h i s  d e t a i l e d  o b j e c t i v e  w i l l  

b e  provided f o r  d a t a  a n a l y s i s  t a s k s ,  i d e n t i f i e d  by Reference 8 as t h e  (A 
fol lowing l u n a r  o r b i t a l  photographic  experiments:  

I n v e s t i g a t i o n ;  S-211 Low Brightness  Image Analysis ;  S-212 Corona Photo 

Analysis ;  and S-222 Photogeology. 

S-210 So la r  Corona 

Previous  F l i g h t  Object ives  

Object ive 
Number T i t l e  Mission 

20.115 
E 
G 
4.4 
4.10 
4.1 
4.3 
4.11 
4.6 
4.3 

Lunar Mission Photography from t h e  CM 
Selenodet ic  Reference Po in t  Update 
Photographs of Candidate Explora t ion  S i t e s  
Transear th  Lunar Photography 
CSM O r b i t a l  Science Photography 
Photographs of a Candidate Explora t ion  S i t e  
Se lenode t i c  Reference Po in t  Update 
D i m  Light  Photography 
CM Photographic Tasks 
CM Photographic Tasks 

8 
12 
12 
14  
14 
1 4  
1 4  
1 4  
15 
16 

- 
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Table 1. Targets for Terminator [FTO 5)] and 

Scientific Interest Photography [FTO 6) ] 
Number of Frames 

Number in Seconds* Start 
Revolution and Time Interval 

stop Description Lens 

1 12 
112 58 C! 20 
16 73 C! 7.5 
17 46 C! 20 
17 12 

33 E 
153 W 
177 E 
168 W 
3 E  

28 E 
146 E 
144 E 
144 E 
3 w  

Landing Site-Nearside Terminator 
Galois-Orbital Science 
Aitken-Orbital Science 
Sniadecki-Orbital Science 
North of Groundtrack-Nearside 
Terminator 
Landing Site-Orbital Science 
Picard-Orbital Science 
Arabia-Orbital Science 
Pierce-Orbital Science 
South of Groundtrack-Nearside 
Terminator 
Mare Ingenii-Orbital Science 
(40 Degrees South Oblique) 
Aitken-Farside Terminator 
D-Caldera-Orbital Science 
North Gagarin-Farside Terminator 
North of Groundtrack-Nearside 
Terminator 
Imbrium (South)-Orbital Science 
(40 Degrees South Oblique) 
South of Groundtrack-Nearside 
Terminator 
South of Groundtrack-Nearside 
Terminator 

80 
80 
250 
80 
80 

25 24 @ 7.5 
28 36 @ 20 
29 21 C! 20 
29 88 @ 7.5 
29 24 

33 E 
62 E 
128 E 
62 E 
9 E  

23 E 
25 E 
109 E 
25 E 
0 

250 
80 
80 
250 
250 

36 34 C! 7.5 170 E 155 E 250 c- 
I 
N 
00 37 12 

39 19 @ 20 
62 18 
62 24 

173 E 
10 E 
148 E 
23 W 

163 E 
10 w 
138 E 
33 w 

250 
80 
80 
250 

65 28 C! 20 4 w  34 w 80 

66 24 27 W 37 w 250 

74 18 35 w 45 w 250 

*Where specific time intervals are 
intervalometer is not to be used. 

not specified, this indicates that the 



4 . 4  VISUAL OBSERVATIONS FROM LUNAR ORBIT 

Record v i s u a l  observat ions of p a r t i c u l a r  lunar  s u r f a c e  
f e a t u r e s  and processes .  

Purpose 

The purpose is t o  make and record v i s u a l  observat ions of p a r t i c u l a r  

lunar  s u r f a c e  f e a t u r e s  and processes  t o  complement photographic and o t h e r  

remote-sensed da ta .  

The f u n c t i o n a l  test o b j e c t i v e  i s  as follows: 

FTO 1) Obtain as t ronaut  comments on observat ions of p a r t i c u l a r  lunar  
f e a t u r e s  and processes .  

T e s t  Conditions 

FTO 1)  While i n  lunar  o r b i t  t h e  crew w i l l  make v i s u a l  observat ions 
of p a r t i c u l a r  lunar  s u r f a c e  f e a t u r e s  and processes .  
s i d e  passes  observat ions w i l l  b e  recorded with t h e  onboard 
tape  recorder ,  and on nears ide  passes  observat ions w i l l  b e  
recorded by real-time voice  communications wi th  t h e  MCC. 
Observations w i l l  be  made from t h e  a v a i l a b l e  CM windows with- 
ou t  d i s t u r b i n g  SIM operat ions.  When appropr ia te ,  v i s u a l  
observat ions w i l l  b e  recorded by marking onboard graphics  
and c h a r t s .  The t a r g e t s  t o  be observed are given i n  Table 1. 

On f a r -  

Success Criteria 

FTO 1) Comments on t h e  t a r g e t s  l i s t e d  i n  Table 1 w i l l  b e  voice  re- 
layed i n  real  t i m e  o r  recorded on tape.  

Evaluat ion 

FTO 1)  Transcr ip ts  of onboard t a p e  and voice communications r e l a t e d  

The crew 
t o  observat ions of l u n a r  s u r f a c e  f e a t u r e s  w i l l  be  s t u d i e d  
b e f o r e  t h e  postmission o r b i t a l  sc ience  debr ie f ing .  
d e b r i e f i n g  on v i s u a l  observat ions w i l l  b e  evaluated f o r  
geologica l  i n t e r p r e t a t i o n  and genera l  s c i e n t i f i c  interest .  
(Astronaut records and debr ie f ings)  

Data Requirements 

Experiment Evaluat ion Data (EED): 

a )  Astronaut Logs o r  Voice Records: (M) 

One copy of a s t r o n a u t  logs  o r  vo ice  records containing 
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comments r e l a t ed  t o  v i sua l  observations of lunar  sur face  
fea tures  and processes (should be supplied p r i o r  t o  the 
postmission o r b i t a l  science debrief ing) ,  

b) Astronaut Debriefings: (M) 

One copy of as t ronaut  postmission s c i e n t i f i c  and photo- 
graphic debrief ing t r ansc r ip t s  per ta in ing  t o  v i s u a l  ob- 
servat ions of lunar  sur face  fea tures  and processes. 

c) Trajectory: (M) 

One copy of tab l i s t i n g  containing the bes t  estimate of 
t r a j ec to ry  (BET) including spacecraf t  a t t i t u d e  da t a  
during periods when v i sua l  observations of lunar surface 
fea tures  are recorded o r  relayed. 
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4.4 VISUAL OBSERVATIONS FROM LUNAR ORBIT 

Background and J u s t i f i c a t i o n  

U s e  of the capab i l i t i e s  of the  .luman eye i n  making observations from 

lunar o r b i t  i s  an i n t e g r a l  p a r t  of manned lunar exploration. This is 

based on (1) the  f a c t  t h a t  the human eye's extensive dynamic range and 

color  s e n s i t i v i t i e s  cannot be matched by any one f i lm  type o r  sensing in- 

strument, and (2) the  need, i n  spec ia l  cases, f o r  on-the-scene-interpreta- 

t i on  of the observed fea tures  o r  unexpected phenomena. 

Visual observations from lunar orbi t '  complement photographic and 

other  remote sensing data.  

i s  0.0003 radian or  approximately one minute of arc. 

t o  a reso lu t ion  of approximately 30 meters from a 60 NM c i r c u l a r  o r b i t ,  

which is  adequate f o r  problems r e l a t ed  t o  regional  d i s t r ibu t ions  and tec- 

ton ic  trends. The eye i s  a l so  a t  an advantage because of the  addi t iona l  

information gained from viewing a continuously varying o r  dynamic scene. 

The resolving power of the unaided human eye 

This corresponds 

I n  regard t o  color  s e n s i t i v i t y  the unaided human eye, under good 

viewing conditions,  can d is t inguish  small differences i n  color  a t  a 

prec is ion  equal t o  o r  b e t t e r  than the most accurate photoe lec t r ic  spectro- 

photometers. 

tona l  va r i a t ions  of lunar surface un i t s  under varying sun angles and view- 

ing  d i rec t ions .  The dynamic range of the  eye a l so  allows v i s i b i l i t y ,  under 

proper adaption conditions,  within what appears i n  photographs as "hard 

shadows" and "washout regions. " 

- 

This capabi l i ty  is bes t  u t i l i z e d  i n  deciphering s u b t l e  color- 

Most of these cha rac t e r i s t i c s  and unique a b i l i t i e s  have been tes ted  

and demonstrated on previous manned f l i g h t s .  

Apollo missions provide an exce l len t  opportunity t o  u t i l i z e  human v i sua l  

capabi l i ty  t o  supplement photographic, geochemical and geophysical da t a  

a l s o  t o  be gathered from lunar orb i t .  I n  addi t ion t o  the recording of 

unexpected phenomena, v i s u a l  observations w i l l  a id  i n  the  regional  mapping 

and charac te r iza t ion  of major un i t s  as w e l l  as the  understanding of cer- 
t a i n  s m a l l  scale fea tures  as follows: 

Lunar o r b i t a l  periods of the  
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Color-tone of sur face  uni t s :  It has long been es tab l i shed ,  by 

previous v i sua l  observations as w e l l  as s p e c i a l  photographic 

and photoe lec t r ic  methods, t h a t  there  are numerous s u b t l e  color  

differences i n  the lunar maria and some i n  the  lunar  highlands. 

Ground-truth da t a  ind ica t e  t h a t ,  among other things,  these tona l  

differences r e f l e c t  compositional var ia t ions .  

ava i lab le  f o r  s m a l l  areas i n  the nears ide maria. Visual observa- 

t ions  may extend the comparison t o  l a rge r  port ions on the nears ide 

as w e l l  as t o  the otherwise inaccess ib le  f a r s ide  regions. 

The da ta  are 

0 Global tec tonic  trends: Extensive f r ac tu re  systems which deline- 

ate some of the  major tec tonic  trends are decipherable i n  photo- 

graphs. However, there  appears t o  be global  tec tonic  trends 

with sub t l e  sur face  expressions. 

trends requi res  r e p e t i t i v e  observations a t  varying sun angles 

and viewing. 

The de l inea t ion  of such 

Small-scale fea tures :  A number of problems r e l a t ed  t o  local-  

ized fea tures  of s i g n i f i c a n t  importance t o  our understanding 

of t he  moon could bes t  be solved by v i s u a l  observation from 

lunar  o r b i t ,  such as the  na ture  and ex ten t  of :  

s w i r l s  of unknown o r ig in  recognized t o  da t e  i n  three  mare 

regions; b) the  small probable dikes  o r  wal l - l ike fea tures  

which may ind ica t e  lunar i n t rus ive  igneous a c t i v i t y ;  c)  banding 

and possible  layer ing on numerous mountain scarps;  and d) the  

ray-excluded zones around numerous probable impact craters. 

a) the  b r igh t  

To make and record s c i e n t i f i c a l l y  valuable observations from lunar  

o r b i t ,  the  crewman should be fami l ia r  with the  o r b i t  groundtracks and the 

c r i t i ca l  cha rac t e r i s t i c s  of the observed features .  The crew members 

become fami l ia r  with both i n  the course of t h e i r  spec ia l  t r a in ing  f o r  the  

tasks i n  a given mission. 

complement t o  photographic and other  remote-sensed data ,  and can only 

be accomplished by man. 
de t a i l ed  object ive w i l l  be analyzed together with photographs of t he  same 

lunar  sur face  areas obtained i n  support  of de t a i l ed  object ive CM Photo- 

These observations cons t i t u t e  a s i g n i f i c a n t  

The v i s u a l  observations made i n  support  of t h i s  

graphic Tasks. 
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Visual  t a r g e t s  were observed by t h e  CMP on Apollo 15. The geologi- 

c a l l y  s i g n i f i c a n t  observa t ions  included t h e  fol lowing:  

(a )  F i e l d s  of c inde r  cones made by vo lcan ic  e rup t ions  i n  the  Taurus 
Mountains nea r  t h e  crater Li t t row.  

(b) Del inea t ion  of a l a n d s l i d e  o r  rock g l a c i e r  on t h e  r i m  of crater 
Tsiolkovsky. 

(c) I n t e r p r e t a t i o n  of t h e  ray-excluded zone around crater Proc lus  as 
being the  r e s u l t  of a f a u l t  system a t  the  crater's w e s t  r i m .  

(d) Layers on i n t e r i o r  wa l l s  of craters P ica rd  and P i e r c e  which were 
i n t e r p r e t e d  as vo lcan ic  c o l l a p s e  craters. 

Visua l  t a r g e t s  were a l s o  observed on Apollo 16. The geo log ica l ly  

s i g n i f i c a n t  observa t ions  included t h e  following: 

(a )  Furrowed terra a t  the  Smoky Mountains (nor th  of t he  landing  
s i te )  is  similar t o  t h e  furrowed terra a t  Stone Mountain (south 
of t h e  landing s i te) .  

(b) North Ray Crater appears  t o  c o n s i s t  of t h e  same material as Smoky 
Mountain ( r a t h e r  than be ing  p a r t  of t h e  Cayley formation) .  

V i sua l  observa t ions  made i n  suppor t  of t h i s  d e t a i l e d  o b j e c t i v e  w i l l  supple- 

ment those made on Apollo 15 and 16. I A  

Previous F l i g h t  Objec t ives  

Objec t ive  
Number T i t l e  Mission 

4 . 1 1  Visual  Observations from Lunar Orb i t  15 
4 . 4  Visual  Observations from Lunar O r b i t  16  I A  
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Revolution 
Number 

1 

15 

27 

28 

40 

62 

64 

Table 1. Targets  f o r  Visual  Observations 

S t a r t  Longitude Stop Longitude 
Descr ipt ion (Degrees) (Degrees) 

Copernicus (Earthshine) 

Landing S i t e  

Aitken 

Arabia (North) 

C r i s i u m  - Serenitatis  

Copernicus (Earthshine) 

Reiner y (Earthshine) 

Landing S i t e  

D - Caldera 

Mare Smythii 

Landing S i t e  

Tsiolkovsky 

15 W 

33 E 

177  E 

133 E 

62 E 

15  W 

65 W 

33 E 

7 E  

90 E 

33 E 

135 E 

22 w 
27 E 

165 E 

109 E 

27 E 

22 w 
80 W 

28 E 

4 E  

80 E 

28 E 

120 E 
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4.5 SKYLAB CONTAMINATION STUDY 

Obtain d a t a  on Apollo s p a c e c r a f t  induced contamination. 

Purp 0s e 

The purpose i s  t o  o b t a i n  d a t a  on s p a c e c r a f t  induced contamination 

as measured wi th  the  Far  W Spectrometer and I R  Scanning Radiometer. 

The f u n c t i o n a l  test  o b j e c t i v e s  are as fol lows:  

FTO 1) Obtain d a t a  on t h e  W spectrometer  o p t i c s  degradat ion as a 
r e s u l t  of contaminant depos i t i on  with t i m e .  

FTO 2) Obtain UV spectrometer  d a t a  on s p e c t r a l  s c a t t e r i n g  and con- 
taminat ion cloud i n t e n s i t y  as a func t ion  of sun angle.  

FTO 3) Obtain contamination d a t a  by us ing  t h e  I R  Scanning Radio- 
meter and W spectrometer  t o  monitor t h e  contamination 
cloud produced by RCS t h r u s t e r  f i r i n g s  and waste water/ 
u r i n e  dumps. 

T e s t  Conditions 

FTO 1 )  
FTO 2) 
FTO 3) 

During TEC t h e  Far  W Spectrometer w i l l  be  operated t o  o b t a i n  
d a t a  on o p t i c s  degradat ion.  
Mode V and Mode V I  opera t ion  of the  Far  UV Spectrometer 
Experiment (S-169) w i l l  provide t h e  necessary W Spectrometer 
d a t a  i n  suppor t  of t h i s  Skylab Contamination Study 
d e t a i l e d  ob jec t ive .  

The d a t a  obtained i n  suppor t  of 

FO 3)  Approximately one r evo lu t ion  p r i o r  t o  t h e  T E I  b u m  the  I R  
Scanning Radiometer w i l l  be  operated t o  monitor t h e  con- 
taminat ion environment c rea t ed  by RCS t h r u s t e r  a c t i v i t y  
and t h e  SPS burn.  The I R  Scanning Radiometer can be  
turned o f f  approximately 10  minutes fol lowing t h e  burn. 
I f  t h e  I R  Scanning Radiometer surv ived  t h e  T E I  environment, 
then  a p p r o x h a t e l y  midway i n  TEC, t h e  radiometer w i l l  be  
operated t o  monitor t h e  contamination environment i n  the  
v i c i n i t y  of t h e  spacec ra f t  and measure t h e  a d d i t i o n a l  con- 
taminants  produced dur ing  waste wa te r ju r ine  dumps and RCS 
t h r u s t e r  f i r i n g s .  
ON a t  least 10 minutes p r i o r  t o  a waste water /ur ine  dump. 
It w i l l  remain ON f o r  a min imum of one hour and a maximum 

lc 
The I R  Scanning Radiometer w i l l  be  turned 

of t h r e e  hours  a f t e r  t he  dump f o r  t h i s  ob jec t ive .  Ic 
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Success Criteria 

FTO 1) 
FTO 2) 
FTO 3) 

Mandatory d a t a  def ined  under Data Requirements s h a l l  be  
acquired and re turned  t o  e a r t h  f o r  eva lua t ion .  

Evalua t ion  

FTO 1) The s p e c t r a l  ou tput  of t h e  spectrophotometer  w i l l  b e  examined 
each t i m e  a scan  i s  made over t he  c a l i b r a t i o n  source.  Changes 
i n  response of t h e  ins t rument  t h a t  can b e  a t t r i b u t e d  t o  con- 
taminat ion of t h e  o p t i c s  w i l l  b e  noted. 
upper l i m i t  on t h e  contamination e f f e c t s  on o p t i c s  exposed t o  
t h e  induced environment a s s o c i a t e d  wi th  spacec ra f t .  
e f f e c t s ,  i f  observed, w i l l  be  c o r r e l a t e d  wi th  events  such as 
waste wa te r /u r ine  dumps and RCS t h r u s t e r  f i r i n g s .  (BET, 
s p a c e c r a f t  a t t i t u d e  d a t a ,  CF 0009 Q ,  CH 3546 X through 
CH 3560 X and reduced d a t a  from SL 1100 K) 

This  w i l l  set  an  

Such 

FTO 2) 
FTO 3) obta ined  as a func t ion  of sun angle .  This  can b e  i n t e r p r e t e d  

The s p e c t r a l  s c a t t e r i n g  from t h e  contamination cloud w i l l  b e  

i n  terms of t h e  number d e n s i t y  and s i z e  d i s t r i b u t i o n  of t h e  
contamination cloud surrounding the  spacec ra f t .  By perform- 
i n g  similar ana lyses  on cloud c rea t ed  by t h r u s t e r  f i r i n g s  and 
w a s t e  wa te r /u r ine  dumps, t h e  impact of such events  and t h e i r  
c l e a r i n g  t i m e  can b e  assessed.  (BET, s p a c e c r a f t  a t t i t u d e  
d a t a ,  CF 0009 Q ,  CH 3546 X through CH 3560 X, and reduced 
d a t a  from SL 1100 K, SL 1126 K,  SL 1127 K and SL 1128 K) 

Data Rea u i r  emen ts 

1 )  Telemetry Measurements : 

Measurement 
Number . 

CF 0009 Q 
CH 3546 X 
CH 3547 X 
CH 3548 X 
CH 3549 X 
CH 3550 X 
CH 3551 X 
CH 3552 X 
CH 3553 x 
CH 3554 X 
CH 3555 x 
CH 3556 X 
CH 3557 x 
CH 3558 X 
CH 3559 X 
CH 3560 X 
SL 1100 K 
SL 1126 K 

Descr ip t ion  
Quant i ty  Waste Water Tank 
RCS Solenoid Activate C3/13/+X 
RCS Solenoid Activate A4/14/+X 
RCS Solenoid Activate A3/23/-X 
RCS Solenoid Activate C4/24/-X 
RCS Solenoid Activate D3/25/+X 
RCS Solenoid Activate B4/26/+X 
RCS Solenoid Activate B3/15/-X 
RCS Solenoid Activate D4/16/-X 
RCS Solenoid Activate B1/11 /+Z  
RCS Solenoid Activate D2/22/+Z 
RCS Solenoid Activate D1/21/-Z 
RCS Solenoid Activate B2/12/-Z 
RCS Solenoid Activate .Al/+Y 
RCS Solenoid Activate C2/+Y 
RCS Solenoid Activate A2/-Y 
WS Spectrum Count-16 B i t  Se r  
IRS Data Channel No 1 
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TM Mode P r i o r i t y  
PCM+ 2 M 
PCME 1 M 
PCME 1 M 
PCME 1 M 
PCME 1 M 
PCME 1 M 
PCME 1 M 
PCME 1 M 
PCME 1 M 
PCME 1 M 
PCME 1 M 
PCME 1 M 
PCME 1 M 
PCME 1 M 
PCME 1 M 
PCME 1 M 
PCMD 1 M* 
PCM 1 M* 

- -  



Measurement 

SL 1127 K IRS Data Channel No 2 PCM 1 M* 
SL 1128 K IRS Data Channel No 3 PCM 1 M* 

TM Elode P r i o r i t y  Number Descr ip t ion  - 

*Reduced d a t a  from t h e s e  measurements during the TEC per iod  
i n  suppor t  of FTO l ) ,  FTO 2) and FTO 3) of t h i s  d e t a i l e d  
o b j e c t i v e  w i l l  n o t  be provided by MSC b u t  w i l l  be  obtained 
through arrangements with t h e  Far W Spectrometer and I R  
Scanning Radiometer P r i n c i p a l  I n v e s t i g a t o r s .  

Tra jec tory :  (M) 

One copy of t a b  l i s t i n g  containing t h e  b e s t  estimate of 
t r a j e c t o r y  (BET) inc luding  s p a c e c r a f t  a t t i t u d e ,  f o r  t h e  
per iods  when t h e  te lemetry d a t a  w e r e  obtained i n  support  
of FTO l ) ,  FTO 2) and FTO 3). 
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4.5 SICYLAB CONTAMINATION STUCY 

Background and J u s t i f i c a t i o n  

lB Apollo 15 and 16 provided l imited photographic da ta  on 

contamination 

during t ransear th  coast .  I n  addi t ion,  da ta  were 

obtained from the  mass spectrometer experiment t o  fu r the r  the understand- 

ing of the contamination cloud t h a t  surrounds the spacecraf t .  

The f a c t  t h a t  spacecraf t  produce t h e i r  own environment, which may 

i n t e r f e r e  with t h e i r  intended mission, w a s  f i r s t  regognized when " f i re -  

f l i e s "  were observed surrounding the  f i r s t  manned o r b i t a l  Mercury capsule. 

S i m i l a r  observations have been made on a l l  subsequent manned spacecraf t ,  

pa r t i cu la r ly  when l iqu ids  are dumped overboard forming ice c rys t a l s  which 

a c t  as s c a t t e r i n g  centers .  

c l e s  is  s ign i f i can t ;  f o r  example, the  forward sca t t e r ing  j u s t  from edge 

d i f f r a c t i o n  of sunl ight  on a 100 micron sphere a t  a dis tance of 1 3  ki lo-  

meters i s  equivalent t o  a t h i r d  magnitude star. 

w i l l  s c a t t e r  s u f f i c i e n t  l i g h t  t o  prevent most astronomical experiments 

from being performed from spacecraf t  on the s u n l i t  por t ion of the  o rb i t .  

The amount of l i g h t  sca t te red  from such pa r t i -  

A cloud of such p a r t i c l e s  

Analyses, assuming some f r ac t ion  of escaping cabin gases nucleate  

i n t o  ice  c r y s t a l s  with s i zes  of the  order of microns, i nd ica t e  t h a t  t he  

sca t t e red  l i g h t  background associated with Gemini and Apollo w i l l  be  

severa l  orders of magnitudes higher than the  s o l a r  corona and the  zodiacal 

l i gh t .  These arguments have been disputed on the grounds t h a t  t he  maximum 

s i z e  p a r t i c l e s  t h a t  could be produced by such a nucleat ion process is on 

the order  of 0.01 microns, which would produce negl ig ib le  sca t t e r ing .  

Laboratory tests t o  determine the  s i z e  d i s t r ibu t ion  of such p a r t i c l e s  have 

been inconclusive.  

photography experiments perf o&ed on Gemini and Apollo missions by 

photographing only when the spacecraf t  is i n  shadow. However, experiments 

using the  ATM t o  observe the  sun o r  the s o l a r  corona cannot avoid the  

problem i n  t h i s  manner. The fu tu re  r o l e  of manned space f l i g h t  i n  astro-  

nomical missions depends on whether o r  no t  space vehicles  can be designed 

such t h a t  the o p t i c a l  environment does not i n t e r f e r e  with the measurements. 

The problem has been avoided on previous dim l i g h t  

4-39 
MS C-05180 
Change B 



Optical  samples exposed t o  vacuum chamber ind ica t e  s i g n i f i c a n t  

degradation, pa r t i cu la r ly  i n  the f a r  u l t r a v i o l e t ,  unless careful material 

cont ro l  and c leanl iness  precautions are exercised. It w a s  found t h a t  

surfaces  exposed t o  a contaminating environment i n  the  presence of u l t r a -  

v i o l e t  r ad ia t ion  were permanently damaged, presumably because of much 

s t ronger  chemical bond between the contaminant and subs t r a t e  is  formed 

when W photons are ava i lab le  t o  supply the  ac t iva t ion  energy. 

These f indings have produced a major concern i n  the  ATM/Skylab pro- 

gram. 

the amount of outgassing. 

incorporated i n t o  preparat ion of vacuum chambers t o  be used i n  thermal 

vacuum tests. 

ing  from the  spacecraf t .  I f . t h e  molecules leaving the spacecraf t  con- 

t inued along t h e i r  t r a j e c t o r i e s  with no ex terna l  forces ,  the  only con- 

tamination th rea t s  would be those i n  d i r e c t  l i n e  of s i g h t  of the  opt ics  

i n  question. However, co l l i s ions ,  adsorption, and re-emission from ice 
o r  dust  p a r t i c l e s ,  and e l e c t r o s t a t i c  e f f e c t s  are mechanisms which may 

t ranspor t  contaminating molecules from one p a r t  of the  spacecraf t  t o  

another. 

contamination throughout the use of the  spectrometer. 

w a s  co l lec ted  e i t h e r  i n t e r n a l l y  from the  SIM bay o r  ex terna l ly  from a 

contamination cloud. 

S t r i c t  material se l ec t ion  cri teria have been incorporated t o  reduce 

Elaborate cleaning and t e s t ing  have been 

One major unknown i s  the cloud dynamics of material emanat- 

The Apollo 15 and 16 Mass Spectrometer detected la rge  quan t i t i e s  of (B 
This contamination 

The I R  Scanning Radiometer t o  be flown on Apollo Mission 5-3 

can de tec t  and measure ice c rys t a l s  i n  the  v i c i n i t y  of the  spacecraf t ,  

and therefore  can be used as a contamination monitor. Detection can take 
p lace  by looking toward deep space t o  minimize the  background. On the  

dark s i d e  of the  moon, the  ice c rys t a l s  can be detected from t h e i r  own 

i n f r a red  rad ia t ion .  Since t h e i r  temperatures can be predicted,  the t o t a l  

rad ia ted  power can be in t e rp re t ed  i n  terms of a combined s i z e  and s p a t i a l  

densi ty  d is t r ibu t ion .  When the c rys t a l s  are il luminated by sunl ight ,  

they w i l l  be detected as a r e s u l t  of the  sca t t e red  sunl ight .  

i n t ens i ty ,  as a funct ion of phase angle, w i l l  provide add i t iona l  da t a  

t o  separa te  s i z e  and s p a t i a l  d i s t r i b u t i o n  functions. Operation of the I R  

Scanning Radiometer during and a f t e r  a control led l i qu id  and th rus t e r  f i r i n g s  

w i l l  provide information on the in te r fe rence  produced by these events and on 

Measured 

I B 
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the c lear ing  t i m e  required a f t e r  such events.  B B  

Information on the contamination environment associated with manned 

spacecraf t  and i t s  e f f e c t s  can be obtained as a by-product of the Apollo 

Mission 5-3 Far W Spectrometer experiment. 

the  region from 1175-1675 A and can provide the following information: 

(1) The degradation of the opt ics  by contamination; (2) The adsorption 

of the contamination cloud surrounding the  spacecraf t ;  (3) The sca t t e r -  

ing  from p a r t i c l e s  i n  the cloud; and (4) The durat ion of a contamination 

cloud from a s p e c i f i c  waste water lur ine dump. 

The instrument operates i n  
0 

Deleted 

Absorption by a contamination cloud can be obtained by observation of 

absorption l i n e s  aga ins t  a continuum source, such as the lunar surface.  

Fluctuat ions i n  t h i s  adsorption can be correlated t o  vehic le  a c t i v i t y  such 

as th rus t e r  f i r i n g s  and waste water lur ine dumps. 

Since any p a r t i c l e s  i n  the v i c i n i t y  of the spacecraf t  w i l l  act  as Me 

scatterers, which scatter predominately i n  the forward d i rec t ion ,  the  

presence of such p a r t i c l e s  w i l l  be  i d e n t i f i a b l e  by observing a s t rong  

increase  i n  output as the angle between the instrument and the sun i s  

decreased. Some information regarding p a r t i c l e  s i z e  d i s t r ibu t ion  and 

s p a t i a l  densi ty  can be obtained from the measured in t ens i ty  versus sun 

angle. 

The f a c t  t h a t  the  presence of p a r t i c l e s  can be sensed allows the  

durat ion of p a r t i c l e s  created by wasted dumps t o  be measured. 

on Apollo 15 indica ted  t h a t  p a r t i c l e s  apparently emerge from the vents as 

much as 25 minutes a f t e r  the dump i s  completed. 

Photograph9 

W photometer da t a  during 

and a f t e r  the dump w i l l  permit a determination of some of the  character is-  

t ics  of the source of the contaminants and i t s  contr ibut ion t o  the con- 

tamination cloud. 

Previous F l igh t  Objectives 

Ob j ec t ive 
Number T i t l e  

4.5 Skylab Contamination Study 
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4 . 6  FOOD COMPATIBILITY ASSESSMENT 

Obtain d a t a  on whole body metabol ic  ga ins  o r  l o s s e s ,  toge ther  
w i th  a s soc ia t ed  endocr inologica l  c o n t r o l s .  

Purpose 

The purposes are t o  assess food compa t ib i l i t y ,  and t o  determine t h e  

e f f e c t  of space f l i g h t  on t h e  o v e r a l l  body compositions and on t h e  c i rcu-  

l a t i n g  and excre tory  l e v e l s  of c e r t a i n  hormonal c o n s t i t u e n t s  which are 

r e spons ib l e  f o r  maintaining homeostasis. 

The f u n c t i o n a l  test o b j e c t i v e s  are as fo l lows:  

FTO 1 )  Co l l ec t  samples of u r i n e  passed dur ing  s p e c i f i e d  t i m e  per iods  
p r i o r  t o ,  during and a f t e r  t h e  mission.  

FTO 2) Return t o  e a r t h  a l l  f e c a l  matter c o l l e c t e d  i n  t h e  Command 
Module. 

FTO 3)  Determine t h e  amount of f l u i d  and n u t r i e n t  inges ted  by each 
crewman dur ing  s p e c i f i c  time per iods.  

T e s t  Condi t ions 

FTO 1 )  

FTO 2) 

FTO 3)  

For a per iod  commencing 72 hours p r i o r  t o  launch and continu- 
ing  u n t i l  t h e  crew arrives a t  EAFB 
be c o l l e c t e d ,  measured, sampled, and t h e  samples r e tu rned  f o r  
a n a l y s i s .  The u r i n e  w i l l  be c o l l e c t e d  i n  i n d i v i d u a l  Biomedi- 
cal Urine Sample Systems (BUSS) and a sample w i l l  be  t rans-  
f e r r e d  i n t o  i n d i v i d u a l  r e t u r n  sample bags.  

The Urine Co l l ec t ion  schedule  w i l l  be  as shown i n  Table 1. 

a f t e r  recovery,  u r i n e  w i l l  

A l l  fecal  matter excre ted  i n  t h e  CM w i l l  be c o l l e c t e d  and 
i d e n t i f i e d  as t o  crew member and t i m e  and stowed f o r  r e t u r n  
t o  e a r t h .  I n  a d d i t i o n ,  a l l  f e c a l  matter excre ted  dur ing  t h e  
l a s t  72 hours  be fo re  launch and u n t i l  t h e  crew arrives a t  EAFB 
a f t e r  recovery w i l l  be  c o l l e c t e d  and i d e n t i f i e d  as t o  crew 
member and t i m e  . 
A l l  n u t r i e n t  i n t a k e  w i l l  be  logged and r epor t ed  t o  t h e  MCC on 
a d a i l y  b a s i s .  A l l  f l u i d  i n t a k e  dur ing  t h e  t i m e  pe r iods  de- 
f i n e d  i n  FTO 1) w i l l  be  e i t h e r  logged o r  r epor t ed  t o  t h e  MCC 
on a d a i l y  b a s i s .  Nu t r i en t  i n t a k e  r e p o r t s  w i l l  i nc lude  devia- 
t i o n s  from t h e  nominal menu and any snack foods consumed. 
I n  a d d i t i o n ,  a l l  f l u i d  and n u t r i e n t  i n t a k e  dur ing  t h e  72 hours 
immediately before  launch and u n t i l  t h e  crew-arrives a t  EAFB 
a f t e r  recovery w i l l  be  recorded. 

4-43 

MSC-05180 
Change C 

C 



Success Cri ter ia  

FTO 1) The u r i n e  c o l l e c t e d  dur ing  t h e  p r e - f l i g h t ,  i n f l i g h t ,  and 
p o s t - f l i g h t  per iods  s p e c i f i e d  i n  t h e  T e s t  Condi t ions s h a l l  
be  sampled and re turned .  

FTO 2)  The f e c a l  matter c o l l e c t e d  dur ing  the  p r e - f l i g h t ,  i n f l i g h t ,  
and p o s t - f l i g h t  per iods  s p e c i f i e d  i n  t h e  Test Condi t ions 
s h a l l  be  c o l l e c t e d  and re turned .  

FTO 3)  Data s h a l l  be obta ined  on a l l  f l u i d  and n u t r i e n t  i n t a k e  during 
t h e  per iods  s p e c i f i e d  i n  t h e  T e s t  Condi t ions.  

Evalua t ion  

FTO 1 )  A l l  r e turned  u r i n e  samples w i l l  be  analyzed f o r  t h e  c o n s t i t u -  
e n t s  of i n t e r e s t .  [Col lected u r i n e  samples as def ined  i n  
t h e  T e s t  Condi t ions f o r  FTO l ) ]  

FTO 2) The quan t i ty  of r e tu rned  f e c a l  matter w i l l  be  measured and 
chemical a n a l y s i s  performed. [ A l l  f e c a l  matter as def ined  
i n  Test Condit ions f o r  FTO 2)] 

FTO 3)  The f l u i d  and n u t r i e n t  i n t a k e  f o r  each crewman w i l l  b e  calcu-  
l a t e d  f o r  t h e  t i m e  per iods  s p e c i f i e d  i n  t h e  Test Condit ions.  
(Astronaut r eco rds  and p r e - f l i g h t  and p o s t - f l i g h t  r eco rds  of 
f l u i d  and n u t r i e n t  i n t a k e s )  

Data Requirements 

Astronaut: Logs o r  Voice Records: (M) 

One copy of r eco rds  conta in ing  t h e  q u a n t i t y  and type of 
f l u i d  and n u t r i e n t  inges ted  dur ing  t h e  t i m e  per iods  spec i -  
f i e d  i n  t h e  Tes t 'Cond i t ions  f o r  FTO 3) .  

BUSS Sample bags conta in ing  t h e  u r i n e  c o l l e c t e d  dur ing  f l i g h t  
as s p e c i f i e d  i n  t h e  T e s t  Conditions f o r  FTO 1 ) .  (M) 

A l l  u r i n e  c o l l e c t e d  f o r  t h e  72-hour per iod  be fo re  launch and 
u n t i l  t h e  crew a r r i v e s  a t  EAFB a f t e r  recovery as s p e c i f i e d  i n  
t h e  Test Condit ions f o r  FTO 1). (M) 

A l l  fecal.  matter c o l l e c t e d  i n  t h e  CM as s p e c i f i e d  i n  t h e  T e s t  
Condi t ions f o r  FTO 2). (PI) 

A l l  f e c a l  matter excre ted  by each crewman dur ing  t h e  l as t  72 
hours  be fo re  launch and u n t i l  t h e  crew arrives a t  EAFB a f t e r  
recovery as s p e c i f i e d  i n  t h e  T e s t  Condi t ions f o r  FTO 2) .  (M) 

- 
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lc 6 )  Record of a l l  f l u i d  and n u t r i e n t  i n t a k e  f o r  each crewman 
during t h e  l a s t  7 2  hours before  launch and u n t i l  t h e  crew 
arrives a t  EAFB a f t e r  recovery as s p e c i f i e d  i n  t h e  T e s t  Condi- 
t i o n s  f o r  FTO 3). (M) 
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4 . 6  FOOD COMPATIBILITY ASSESSMENT 

Background and J u s t i f i c a t i o n  

F lu id  and e l e c t r o l y t e  anomalies have been de tec t ed  i n  f l i g h - s  of he  

Gemini, Apollo, Vokshod and Soyuz series. 

l y  pronounced on Apollo 15 and may have been a s soc ia t ed  wi th  i n f l i g h t  

ca rd iac  arrhythmias  and p o s t f l i g h t  decrements i n  e x e r c i s e  performance and 

card iovascular  responses .  

e l e v a t i o n  of d i e t a r y  potassium i n t a k e  are thought t o  be i n  p a r t  r e spons ib l e  

f o r  t h e  l a c k  of s i g n i f i c a n t  metabol ic  a b e r r a t i o n s  fol lowing Apollo 16.  

i n v e s t i g a t i o n  w i l l  q u a n t i t a t e  t h e  metabol ic  ga ins  and l o s s e s  prev ious ly  

observed, and w i l l  assist  i n  a s ses s ing  t h e  e f f i c a c y  of i n f l i g h t  counter- 

measures. The i n v e s t i g a t i o n  w i l l  a l s o  provide information of a p r e c i s e  

enough n a t u r e  t o  be u s e f u l  i n  drawing comparisons between Apollo and t h e  

SL-2 mission.  

c r i t i ca l  i n  o rde r  t o  v e r i f y  t h e  Apollo 16  f ind ing  t h a t  exposure t o  weight less  

f l i g h t  may be a s soc ia t ed  wi th  changes i n  t h e  a v a i l a b i l i t y  of body potassium 

pools .  It w i l l  be  p o s s i b l e  t o  c o r r e l a t e  chemically measured changes i n  

potassium ba lance  wi th  t h e  exchangeable i s o t o p i c a l l y  measured potassium 

pool.  

i n t e r p r e t a t i o n  t o  be made of t h e  phys io log ica l  n a t u r e  of t h e  body potassium 

changes. 

n i t rogen  are being l o s t  a t  a ra te  which i s  e x p l i c a b l e  by t o t a l  c e l l u l a r  

l o s s  o r  whether c e l l u l a r  potassium concent ra t ions  are themselves being 

These anomalies were p a r t i c u l a r -  

Ce r t a in  the rapeu t i c  measures inc luding  t h e  

This  

Measurement of potassium balance is  thought t o  be e s p e c i a l l y  

I n  a d d i t i o n ,  measurement of n i t r o g e n  balance w i l l  enable  a r igo rous  

I n v e s t i g a t o r s  w i l l  be  a b l e  t o  conclude whether potassium and 

diminished. 

Previous F l i g h t  Objec t ives  

Ob j ec t ive 
Number T i t l e  

4.10 Body F lu id  Balance Analysis  
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Table 1. Urine Collection Schedule 

Start End 

07 : 00 18 : 30 
18 : 30 35 : 00 
35:OO 58:45 
58:45 83 : 30 
83 : 30 107 : 00 

I *107:00 *133 : 00 
*133 : 00 *156 : 10 
*156 : 10 *180 : 45 
*180 : 45 *208 :00 

GET in hours I 

208 : 00 
230 : 25 
252 : 50 
276:50 
300 : 30 

I 

230 : 25 
252 : 50 
276 : 50 
300: 30 
303 : 30 

*CMP Only 
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4.7 PROTECTIVE PRESSURE GARMENT 

Obtain d a t a  on t h e  use  of t h e  p r o t e c t i v e  p re s su re  garment. 

Pur po s e 

The purpose is  t o  o b t a i n  d a t a  on t h e  a b i l i t y  of t h e  p r o t e c t i v e  

p re s su re  garment t o  counterac t  t h e  p o s t - f l i g h t  o r t h o s t a t i c  i n to l e rance .  

The f u n c t i o n a l  test o b j e c t i v e  i s  as fol lows:  

FTO 1) Obtain d a t a  on t h e  e f f e c t i v e n e s s  of t h e  p r o t e c t i v e  p re s su re  
garment i n  counterac t ing  o r t h o s t a t i c  i n to l e rance .  

* T e s t  Conditions 

FTO 1 )  P r i o r  t o  e n t r y  i n t e r f a c e ,  t h e  CMP w i l l  don t h e  p r o t e c t i v e  
p re s su re  garment. 
s u r e  of 130 mm of mercury no later than  j u s t  p r i o r  t o  t h e  
f i r s t  t i m e  t h a t  t h e  CMP s t ands  up a f t e r  splashdown. This  
p re s su re  w i l l  be  maintained from t h e  t i m e  t h e  CMP f i r s t  
s t a n d s  up a f t e r  splashdown u n t i l  t h e  medical  check aboard 
t h e  recovery sh ip .  

The caps tan  w i l l  b e  i n f l a t e d  t o  a p res -  

Success Criteria 

FTO 1) Mandatory d a t a  def ined  under d a t a  requirements s h a l l  be 
acqui red  f o r  eva lua t ion .  

Evalua t ion  

FTO 1) The CMI? post-mission o r t h o s t a t i c  t o l e rance  w i l l  be  compared 
t o  t h e  s tanding  tests made wi th  and wi thout  t h e  garment a t  
launch minus 15 days.  (Premission and postmission d a t a )  

Data Requirements 

1) Premission measurement of o r t h o s t a t i c  t o l e rance  dur ing  t h e  
s tanding  tests made wi th  and without  t h e  garment a t  launch 
minus 15 days.  (M)- 

2) Postmission measurement of o r t h o s t a t i c  t o l e rance  dur ing  and 
a f t e r  wearing t h e  garment. (M) 





4.7 PROTECTIVE PRESSURE GARMENT 

Background and J u s t i f i c a t i o n  

P o s t - f l i g h t  r e s u l t s  from previous space missions have shown an 

i n t o l e r a n c e  t o  o r t h o s t a t i c  stress. This  i n t o l e r a n c e  has  been demonstrated 

by s p e c i f i c  tests and shown t o  e x i s t  i n  vary ing  degrees  i n  d i f f e r e n t  

crewmen. 

Earth based s t u d i e s  have ind ica t ed  t h a t  p re s su re  appl ied  t o  t h e  

lower p o r t i o n  of t he  body i s  e f f e c t i v e  i n  counterac t ing  t h i s  s i t u a t i o n .  

The d a t a  acquired from t h e  Apollo 1 7  Mission w i l l  provide d a t a  f o r  

t h e  Skylab Missions.  

Previous F l i g h t  Objec t ives  

Objec t ive  
Number T i t l e  Mission 

None 
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5.0 EXPERIMENTS 

This  s e c t i o n  conta ins  t h e  experiments recommended by t h e  Manned Space 

F l i g h t  Experiments Board and assigned by t h e  Off ice  of Manned Space F l i g h t  

(Reference 1). 

The necessary d e t a i l s  f o r  incorpora t ion  of t h e  experiments i n t o  t h e  

f l i g h t  p lan ,  t h e  c r i te r ia  f o r  d a t a  retrieval and eva lua t ion ,  and t h e  

cr i ter ia  f o r  determining successfu l  accomplishment are presented. 

Implementation procedures are presented i n  t h e  following documents: 

a )  Lunar Surface Procedures (covers  EVA per iod only) 

b )  LM Lunar Surface Checkl is t  (covers touchdown t o  l i f t - o f f )  

c )  F l i g h t  Plan 

d)  CSM Experiment/EVA Checkl is t  

e )  Lunar Graphics 

Passive Experiments t o  b e  accomplished as follows: 

Deleted 

0 Apollo Window Meteoroid 

The Apollo Window Meteoroid Experiment (S-176) will b e  accomplished 

t o  determine t h e  meteoroid c r a t e r i n g  f l u x  f o r  p a r t i c l e s  respons ib le  f o r  

t h e  degradat ion of surfac-es exposed t o  t h e  space environment. 

crew t a s k s  are requi red  t o  support  t h i s  experiment. 

c o n s i s t  of r e t u r n i n g  t h e  CM h e a t  s h i e l d  windows (numbers 1, 3 and 5 )  t o  

MSC following recovery of  t h e  spacecraf t .  

N o  s p e c i f i c  

The requirements 
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Every window meteoroid crater w i l l  be analyzed, photographed and 

measured i n  de t a i l .  

and i n  pred ic t ing  material l i f e t ime  i n  space. 

These da t a  may a i d  i n  developing space hard materials 

0 S o i l  Mechanics 

The S o i l  Mechanics Experiment (S-200) w i l l  provide da t a  on the in- 

place physical  p roper t ies  of the  upper p a r t  of the  lunar r ego l i th  i n  the 

v i c i n i t y  of the  landing s i te  f o r  use i n  the in t e rp re t a t ion  of lunar  h i s to ry  

and processes.  Observational da ta  on the lunar sur face  and information on 

s o i l  g ra in  s i z e  and grain-size d i s t r i b u t i o n  obtained from returned s o i l  

samples and core tube samples w i l l  enable estimation of in-place densi ty  

and porosi ty  p r o f i l e s  i n  the  upper few tens of centimeters. The mechanical 

behavior of the lunar surface material w i l l  be assessed through ana lys i s  of 

crew comments and photographs of the  LM footpad-lunar i n t e rac t ions ,  s o i l  

accumulation on the LM v e r t i c a l  surfaces ,  and records of lunar  soil-LRV 

in t e rac t ion ,  as w e l l  as through study of the  samples of returned lunar 

sur face  material. No s p e c i f i c  crew tasks are required f o r  t h i s  experiment. 

0 Biostack I I A  

The Biostack I I A  Experiment (M-211) w i l l  be accomplished t o  inves t i -  

gate  the b io log ica l  e f f e c t s  of individual  heavy nucle i  of cosmic rad ia t ion  

during space f l i g h t .  

cal materials in te r laced  with dosimeters. The test materials w i l l  be  

evaluated f o r  response changes and compared t o  the t racks of heavy nucle i  

p a r t i c l e s  as detected by the dosimeters. Additional information concern- 

ing  the b io logica l  e f f e c t s  of s p e c i f i c  rad ia t ion  sources w i l l  a l so  be 

obtained. 

These e f f e c t s  w i l l  be determined by f ly ing  biologi- 

No in- f l igh t  da t a  o r  s p e c i f i c  in - f l igh t  crew tasks  are required.  

0 Biocore 

The Biocore Experiment (M-212) w i l l  be accomplished t o  determine i f  

heavy cosmic p a r t i c l e s  of known t r a j ec to ry  terminating i n  the b ra in  and 

eyes w i l l  produce morphologically demonstrable damage. Six pocket mice 

contained wi th in  the  experiment package w i l l  be  subjected t o  the cosmic 

r ad ia t ion  encountered in-f l ight .  

support  t h i s  experiment. The requirements cons is t  of re turning .the experi- 

ment package and mice t o  the experimenter on the  recovery sh ip  as soon 

5- 2 Change B 

No s p e c i f i c  crew tasks are required t o  

MS C-0 5 180 



as p o s s i b l e  a f t e r  splashdown. 

p o s t f l i g h t  and t h e  e x i s t e n c e  of l e s i o n s  w i l l  be  ascer ta ined .  

Brains  and eyes w i l l  b e  f i x e d  and sec t ioned  

This experiment w i l l  b e  d e l e t e d  i n  case t h e  T-24 hour launch oppor- 

t u n i t y  i s  u t i l i z e d .  

stowing a d d i t i o n a l  LiOH c a n n i s t e r s  i n  stowage area A6 which i s  t h e  same 

area t o  b e  used by t h e  experiment package. 

0 Gamma-Ray Spectrometer 

The Gamma-Ray Spectrometer Experiment (S-160) w i l l  b e  accomplished t o  

This d e l e t i o n  w i l l  b e  caused by t h e  n e c e s s i t y  of 

o b t a i n  d a t a  t h a t  w i l l  permit t h e  removal of background n o i s e  from t h e  

g a l a c t i c  observat ions p o r t i o n  of t h e  experiment as conducted during Apollo 

16. The d a t a  w i l l  b e  obtained by use of a sodium i o d i d e  c r y s t a l  exposed 

t o  t h e  space cosmic ray  f l u x  w i t h i n  t h e  CM. The cosmic rays  w i l l  induce 

r a d i o a c t i v e  i so topes  wi th in  t h e  c r y s t a l .  No s p e c i f i c  i n - f l i g h t  crew t a s k s  

are requi red  f o r  t h i s  experiment. The va lue  of t h e  d a t a  i s  dependent upon 

t h e  t i m e  t h a t  e l a p s e s  between r e e n t r y  and t h e  start  of t h e  d a t a  reduction. 

Therefore,  s p e c i a l  procedures w i l l  b e  accomplished i n  order  t o  d e l i v e r  t h e  

c r y s t a l  t o  t h e  recovery s h i p  as soon as f e a s i b l e  a f t e r  splashdown. 

w i l l  permit measurement of t h e  short-period h a l f - l i f e  of var ious  types of 

i so topes .  

This 

B .  

5-2A 
MSC-05180 
Change B 





5.1 HEAT FLOW 

Conduct the 

Purp 0s e 

The purpose i s  t o  d 

1, i n t e r i o r .  

The func t iona l  test 

FTO 1) Measure the  

Heat Flow Experiment (S-037). 

termine the  ra te  of hea t  l o s s  from the  1 mar 

objec t ives  are as follows: 

subsurface v e r t i c a l  temperature grad ien ts  i n  
the  lunar sur face  layer  as a function of t i m e .  

FTO 2)  Measure the  absolute temperature of t h e  l una r  subsurface 
as a function of t i m e .  

FTO 3) Determine the  thermal conductivity of the lunar  subsurface 
material. 

FTO 4 )  Measure the br ightness  temperature of t h e  l o c a l  lunar surface.  

T e s t  Conditions 

FTO 1) 
FTO 2 )  
FTO 3 )  EVA. 
FTO 4 )  

The Heat Flow Experiment (HFE) is p a r t  of Apollo 1 7  ALSEP 
which w i l l  be deployed on the  lunar sur face  during the f i r s t  

It i s  highly des i r ab le  t h a t  t he  d r i l l  core sample from the  
Lunar Geology Inves t iga t ion  (S-059) be taken wi th in  16 meters 
of the  deployed Heat Flow Experiment probes. 

(B 

Astronaut a c t i v i t i e s  w i l l  be accomplished as follows: 

a) The as t ronaut  w i l l  deploy and a l i g n  and HFE e l ec t ron ic s  
package 

b) P r i o r  t o  use of t h e  Apollo Lunar Surface D r i l l  (ALSD) 
i n  support of the  Lunar Geology Inves t iga t ion ,  t h e  
as t ronaut  w i l l  use the  ALSD t o  d r i l l  two holes a mini- 
mum of 9 meters apa r t  and a t  least 2.44 meters deep i n  
the  lunar surface.  This w i l l  be accomplished by d r i l l i n g  
sec t ions  of hollow bore stems i n t o  the  lunar sur face  with 
the  ALSD. Upon completion of t h e  d r i l l i n g ,  the  ALSD w i l l  
be disengaged from the  bore stem. 
remain in the lunar sur face  with approximately 0.15 t o  
0.30 meters of bore s t e m  protruding above the  surface.  
The as t ronaut  w i l l  i n s e r t  a sensor/heater probe and radia- 
t i o n  s h i e l d  i n t o  each bore stem, and push the  probe and 
s h i e l d  down i n t o  the  bore s t e m  using the  emplacement too l .  

The bore s t e m  w i l l  
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The proper  emplacement depth t o  accomplish FTO 4 )  w i l l  be  
r e a l i z e d  when t h e  top cab le  thermocouple remains j u s t  out- 
s i d e  t h e  bore  s t e m .  The top cable  thermocouple i s  t o  l i e  
on t h e  south  s i d e  of t h e  bore  s t e m  wi th  t h e  thermocouple 
l o n g i t u d i n a l  a x i s  approximately i n  a north-south d i r e c t i o n .  
With t h e  probe f u l l y  i n s e r t e d ,  t he  a s t r o n a u t  w i l l  r e p o r t  
t h e  lowest  v i s i b l e  alphanumeric marking on t h e  emplacement 
t o o l  t o  i n d i c a t e  t h e  depth of pene t r a t ion .  The c o r r e c t  
depth of t he  probe w i t h i n  the  bore  s t e m  w i l l  have been ob- 
t a ined  when the  lowest  v i s i b l e  marking on t h e  emplacement 
t o o l  i s  P1. U t i l i z i n g  the  emplacement t o o l ,  t h e  a s t r o n a u t  
w i l l  push a second r a d i a t i o n  s h i e l d  down i n t o  the  bo re  s t e m  
t o  a depth ind ica t ed  by the  F1 marking on the  emplacement 
too l .  Again u t i l i z i n g  t h e  emplacement t o o l ,  t h e  ex tens ion  
of t h e  bo re  stems above t h e  luna r  s u r f a c e  w i l l  be  de te r -  
mined and repor ted .  The c o r r e c t  ex tens ion  of t h e  bo re  
s t e m  above t h e  luna r  s u r f a c e  w i l l  have been obtained when 
t h e  top of t h e  bore  stem i s  approximately level wi th  t h e  
B6 marking on t h e  emplacement too l .  The emplacement t o o l  
w i l l  then be d iscarded  and each bore  s t e m  w i l l  be  capped 
wi th  a t h i r d  r a d i a t i o n  s h i e l d .  

c)  Af t e r  HFE deployment i s  completed, t h e  a s t r o n a u t  w i l l  
o b t a i n  photographs us ing  t h e  Hasselblad e lectr ic  d a t a  
camera as fol lows:  

(1) One photograph of each bo re  s t e m  wi th  probe emplaced, 
taken down-sun a t  a d i s t a n c e  of 11 f e e t .  

(2) One s t e r e o  p a i r  of photographs of each bore  s t e m  
wi th  probe emplaced, taken cross-sun a t  a d i s -  
tance  of 7 f e e t .  

(3)  One h igh ly  d e s i r a b l e  photograph of t h e  e l e c t r o n i c s  
package taken cross-sun a t  a d i s t a n c e  of 7 f e e t .  

A f t e r  t h e  HFE i s  deployed and t h e  ALSEP c e n t r a l  s t a t i o n  i s  
a c t i v a t e d ,  MCC w i l l  i n i t i a t e  t h e  commands t o  accomplish HFE 
TURN-ON as soon as poss ib l e .  The HFE w i l l  be  opera ted  i n  t h e  
p r e s e t  g r a d i e n t  test  mode (Mode 1 )  i n i t i a l l y ,  and temperature  
g r a d i e n t  and abso lu te  temperature  d a t a  w i l l  b e  obtained.  The 
HFE w i l l  normally be  opera ted  i n  t h e  g r a d i e n t  mode dur ing  t h e  
planned 2-year ALSEP o p e r a t i o n a l  pe r iod  except  when t h e  low 
conduc t iv i ty  and h igh  conduc t iv i ty  tests are performed. The 
commands t o  be  i s sued  by MCC w i l l  be  def ined  i n  Appendix 
of the  CSM/LM Spacec ra f t  Opera t iona l  Data Book, SNA-8-D-027, 
Vol. V, ALSEP Data Book. 

F I C  

Each conduc t iv i ty  experiment i n  t h e  l o w  conduc t iv i ty  mode 
(Mode 2) r e q u i r e s  36 hours ,  and each experiment i n  t h e  h igh  
conduct iv i ty  mode (Mode 3) r e q u i r e s  10 hours .  I f  a conduc- 
t i v i t y  test  i s  i n t e r r u p t e d ,  t he  test must be  repea ted  i n  
i t s  e n t i r e t y .  The r e p e a t  test w i l l  be  scheduled wi th  the  
guidance of t h e  P r i n c i p a l  I n v e s t i g a t o r .  These tests w i l l  be  
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i n i t i a t e d  w i t h i n  t h e  f i r s t  45-day per iod a f t e r  ALSEP activa- 
t i o n  and during t h e  l a s t  2 months of t h e  l u n a r  y e a r  a t  times 
t o  be s e l e c t e d  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 .  

Success Criteria 

FTO 1) 
FTO 2) 
FTO 3) 
FTO 4) 

Evaluat ion 

FTO 1) 

FTO 2) 

Fro 3) 

FTO 4) 

FTO 1 )  
FTO 2) 
FTO 3) 
FTO 4) 

Tne experiment d a t a  def ined as pandatory under t h e  Data 
Requirements s h a l l  b e  provided t o  t h e  P r i n c i p a l  I n v e s t i g a t o r  
and s h a l l  inc lude  te lemetry d a t a  f o r  a minimum of one lunar  
day a f t e r  a c t i v a t i o n  of t h e  ALSEP c e n t r a l  s t a t i o n  on t h e  
lunar  s u r f  ace. 

Subsurface ver t ical  temperature g r a d i e n t s  i n  t h e  lunar  
s u r f a c e  l a y e r  w i l l  be  determined as a func t ion  of t i m e .  
[Premission, experiment support ,  and experiment eva lua t ion  
d a t a  as def ined under Data Requirements, i n c l u d i n g  a l l  EED 
te lemetry measurements l i s t e d  under 3)a)  ] 

The absolu te  temperature of t h e  l u n a r  subsurface w i l l  b e  
determined as a func t ion  of t i m e .  [Premission, experiment 
suppor t ,  and experiment eva lua t ion  d a t a  as def ined under 
Data Requirements, inc luding  a l l  EED te lemetry measurements 
l i s t e d  under 3 ) a ) ]  

The thermal conduct ivi ty  of t h e  lunar  subsurface material 
w i l l  be  determined. [Premission, experiment support ,  and 
experiment eva lua t ion  d a t a  as def ieed under Data Require- 
ments, inc luding  a l l  EED te lemetry measurements l i s t e d  
under 3 ) a ) ]  

The b r i g h t n e s s  temperature of t h e  l o c a l  lunar s u r f a c e  w i l l  
be  determined. [Premission, experiment support  and experiment 
eva lua t ion  d a t a  as def ined under Data Requirements, inc luding  
a l l  EED te lemetry measurements l i s t e d  under 3)a) ] 

Tapes w i l l  be  reformatted a t  MSC f o r  processing 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 .  
tapes  w i l l  be  accomplished 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 .  
(Experiment eva lua t ion  d a t a  as def ined under Data Require- 
ments) 

Data processing of t h e  HFE magnetic 

Data Reauirements 

1) Premission Data (PD): (M) 

'Ca l ibra t ion  and Checkout Data: 

Premission c a l i b r a t i o n  d a t a  included i n  t h e  Apollo 17 ALSEP 
F i n a l  Acceptance Data Package Provided t o  NASA/MSC by the,  
i n t e g r a t i o n  cont rac tor .  - 
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, .  

2) Experiment Support Data (ESD): (M) 

a) Telemetry Measurements: 

Telemetry measurements l i s t e d  under 3) a ) .  
p reference  is i n d i c a t e d  by (D) f o r  d i g i t a l .  

Display 

b) Voice Comments: 

Alphanumeric marking on t h e  emplacement t o o l  a t  comple- 
t i o n  of each HFE probe i n s e r t i o n .  

3) Experiment Evaluat ion Data (EED) : 

a )  Telemetry Measurements : 

Measurement 
Number 

DH- 1 
DH- 2 
DH- 3 
DH-4 
DH-5 
DH-6 
DH- 7 
DH- 8 
DH-9 
DH- 10 
DH-11 
DH-12 
DH-13 
DH- 14 
DH-15 
DH-16 

. DH-24 
DH- 2 6 
DH-34 
DH- 36 
DH-44 
DH- 46 
DH-50 
DH-5 1 
DH-52 
DH-53 
DH-56 
DH-57 
DH-58 
DH-59 
DH-60 
DH-6 1 
DH-6 2 
DH-63 
DH-66 

Descr ip t ion  
P r i o r i t y  

TM PD* ESD EED - - - - 
Temp Grad High Sens PCM 
Temp Grad High Sens PCM 
Temp Grad High Sens PCM 
Temp Grad High Sens PCM 
Temp Grad Low Sens 
Temp Grad Low Sens 
Temp Grad Low Sens 
Temp Grad Low Sens 
Probe Ambient Temp 
Probe Ambient Temp 
Probe Ambient Temp 
Probe Ambient Temp 
Temp Ref Junc t ion  
Probe Cable Temp 
Temp R e f  Junc t ion  
Probe Cable Temp 
Probe Cable Temp 
Probe Cable Temp 
Probe Cable Temp 
Probe Cable Temp 
Probe Cable Temp 
Probe Cable Temp 
D i f f e r e n t i a l  Temp 
Ambient Temp 
D i f f e r e n t i a l  Temp 
Ambient Temp 
D i f f e r e n t i a l  Temp 
Ambient Temp 
Differential Temp 
Ambient Temp 
D i f f e r e n t i a l  Temp 
Ambient Temp 
D i f f e r e n t i a l  Temp 
Ambient Temp 
D i f f e r e n t i a l  Temp 
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PCM 
PCM 
PCM 
PCM 
PCM 
PCM 
.PCM 
PCM 
PCM 
PCM 
PCM 
PCM 
PCM 
PCM 
PCM 
PCM 
PCM 
PCM 
PCM 
PCM 
PCM 
PCM 
PCM 
PCM 
PCM 
PCM 
PCM 
PCM 
PCM 
PCM 
PCM 

M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M - .  
M 
M 



Measurement 
Number 

DH-67 
DH-6 8 
DH-69 
DH- 70 
DH- 7 1 
DH-72 
DH-73 
DH-76 
DH- 7 7 
DH- 7 8 
DH- 79 
DH- 80 
DH-81 
DH-82 
DH-83 
DH-86 
DH-87 
DH- 8 8 
DH-89 

Description 

Ambient Temp 
Di f f e ren t i a l  Temp 
Ambient Temp 
Di f f e ren t i a l  Temp 
Ambient Temp 
Di f f e ren t i a l  Temp 
Ambient Temp 
Di f f e ren t i a l  Temp 
Ambient Temp 
Di f f e ren t i a l  Temp 
Ambient Tem 
Differentia? Temp 
Ambient Temp 
Di f f e ren t i a l  Temp 
Ambient Temp 
Di f f e ren t i a l  Temp 
Ambient Temp 
Di f f e ren t i a l  Temp 
Amb i en t Temp 

TM 

PCM 
PCM 
PCM 
PCM 
PCM 
PCM 
PCM 
PCM 
PCM 
PCM 
PCM 
PCM 
PCM 
PCM 
PCM 
PCM 
PCM 
PCM 
PCM 

- 

*There are no requirements f o r  Premission Data (PD). 

P r i o r i t y  - -  PD* ESD - EED 

T e l e m e t t y  Measurement Tapes: (M) ’ 

One copy of 7-track, 800-BPI binary tapes containing 
EED telemetry measurements l i s t e d  under 3)a) ,  recorded 
and cor re la ted  with GMT during periods of experiment 
operation. 
IBM 1130 computer. 

The tapes are t o  be compatible with an 

Astronaut Logs o r  Voice Records: (M) 

One copy each of as t ronaut  logs or voice records con- 
ta in ing  alphanumeric markings on the emplacement too l  
a t  completion of each HFE probe in se r t ion  ind ica t ing  
both the  probe depths and the  bore s t e m  extensions 
above the lunar surface.  

Astronaut Debriefings : (HD) 

One copy of each astronaut  postmission s c i e n t i f i c  and 
photographic debrief ing t r ansc r ip t  per ta in ing  t o  
experiment deployment. 

S t i l l  Photographs : 

(1) One copy each of the photographs defined under 
items c ) ( l )  and c)(2) of the T e s t  Conditions. (M) 

One copy of the photograph defined under i t e m  c)(3)  
of t he  Test Conditions. (HD) 

(2) 

5-7 



(3) LRL photographs of the  d r i l l  core stems (returned 
t o  e a r t h  from Lunar Geology Inves t iga t ion  Experi- 
ment S-059) before and a f t e r  they have been s p l i t  
f o r  analysis .  (HD) 

f )  Sequence Photograph8 : (HD) * 
One copy of photographs of ALSD operation during bore 
s t e m  emplacement and probe emplacement. 

g) Supporting Data: (HD) 

One copy of the Preliminary Evaluation Team's descrip- 
t i on  of the core material from the d r i l l  core stems 
returned t o  ea r th  from Lunar Geology Inves t iga t ion  
Experiment S-059. 

h) Television Coverage: (HD)** 

One kinescope recording of any TV coverage of ALSD 
operation during bore stem emplacement and probe em- 
placement. 

*No s p e c i f i c  crew tasks a r e  required.  The sequence photographs are t o  
be provided t o  the P r inc ipa l  Inves t iga tor  only i f  they are obtained i n  
support  of operat ional  tasks ,  de ta i led  object ives  o r  other  de t a i l ed  
experiments. 

**No s p e c i f i c  crew tasks are required.  The kinescope recording w i l l  be 
provided t o  the P r inc ipa l  Inves t iga tor  only i f  the t e l ev i s ion  camera 
is used during t h i s  t i m e  period i n  support  of operat ional  tasks ,  
de t a i l ed  object ives  o r  other  de ta i led  experiments. 
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5.1  HEAT FLOW 

Background and J u s t i f i c a t i o n  

This experiment is designed t o  measure the  h e a t  f l u x  through t h e  

upper 2.44 meters of t h e  lunar  sur face .  

placed i n  the  two boreholes d r i l l e d  by t h e  a s t r o n a u t  using t h e  Apollo 
lunar s u r f a c e  d r i l l .  

and temperature grad ien t  wi th in  each of t h e  boreholes.  

Two h e a t  flow probes w i l l  b e  em- 

Each probe w i l l  measure t h e  thermal conduct ivi ty  

This experiment is  expected t o  provide d a t a  on l u n a r  s o i l  thermal 

conduct iv i ty ,  c o n t r i b u t e  t o  t h e  r e s o l u t i o n  of i s s u e s  concerning t h e  

i n t e r n a l  lunar  hea t ing  processes ,  and e s t a b l i s h  c o n s t r a i n t s  on t h e  

i n t e r i o r  temperature and composition of t h e  moon. 

HFE is expected t o  f u r n i s h  t h e  following: 

S p e c i f i c a l l y ,  t h e  

a )  A b a s i s  f o r  comparison of t h e  r a d i o a c t i v e  content  of t h e  moon's 
i n t e r i o r  and t h e  e a r t h ' s  mantle; 

b) Boundary condi t ions of the  thermal h i s t o r y  of t h e  moon; 

c )  Temperature versus  depth p r o f i l e  of t h e  outer  l a y e r s  of t h e  
moon; 

d)  Thermal p r o p e r t i e s  of t h e  first 2.44 meters of t h e  moon's c r u s t ;  

e )  

The HFE was s u c c e s s f u l l y  deployed during Apollo 15. 

Surface temperature versus  t i m e ,  and s u r f a c e  thermal p r o p e r t i e s .  

I A Deployment w a s  off-nominal during Apollo 15, i .e . ,  
probe emplacement w a s  shal lower than d e s i r e d ,  b u t  a s t r a n a u t  records and 

photographs provided information f o r  compensating f o r  t h e  off-nominal 

sensor  depths.. Experiment r e s u l t s  t o  d a t e  i n d i c a t e  a net outward flow 

of h e a t  from t h e  lunar i n t e r i o r , .  approximately 1 / 2  t h a t  of t h e  e a r t h ' s  

average h e a t  flow. 

t r o n i c s  package c a b l e  was  i n a d v e r t e n t l y  broken, r e s u l t i n g  i n  i n a b i l i t y  t o  

opera te .  I A 

During deployment of t h e  BFE on Apollo 16 t h e  elec- 

The seven photographs and TV coverage descr ibed under Test Conditions 

are t o  provide a permanent record of v e r i f i c a t i o n  of t h e  v e r t i c a l i t y  of t h e  

probe h o l e s ,  t h e  gross  appearance of t h e  excavated s o i l ,  f o o t p r i n t s  o r  o t h e r  
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s o i l  d i s turbances  n e a r  t h e  HFE probes which affect  l o c a l  s u r f a c e  albedo 

and hence t h e  amount of s o l a r  energy absorbed, l o c a t i o n  of t h e  HFE wi th in  

t h e  ALSEP a r r a y ,  t h e  conf igura t ion  of t h e  deployed HFE (e.g., t h e  l i e  

of t h e  cables ) ,  and t h e  d r i l l i n g  and probe emplacement processes .  

photographic and TV d a t a  are important i n  i n t e r p r e t i n g  and compensating 

f o r  any off-nominal experiment opera t ion  o r  anomalous r e s u l t s .  

These 

Previous I i s  s i o n  Experiments 

Experiment 
Number T i t l e  

S-037 Heat Flow Experiment 
S-037 Heat Flow Exper inen  t 
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5.2 LUNAR SURFACE GRAVIMETER 

Conduct t h e  Lunar Surface Graivmeter Experiment (5-207) 

Purpose 

The purpose i s  t o  ob ta in  h igh ly  accu ra t e  measurements of l u n a r  

g r a v i t y  and i t s  temporal v a r i a t i o n s  a t  a s e l e c t e d  po in t  on the  l u n a r  

su r f  ace. 

The f u n c t i o n a l  t es t  o b j e c t i v e s  are as fol lows:  

FTO 1 )  Determine t h e  v a l u e  of l u n a r  g r a v i t y  re la t ive t o  e a r t h  
g r a v i t y  wi th  an accuracy of approximately 1 p a r t  i n  lo5  
(i.e.,  approximately - +1.6 m i l l i g a l s ) .  

FTO 2) Determine t h e  magnitude of lunar  s u r f a c e  deformation due t o  
t i d a l  fo rces .  

FTO 3) Measure ver t ica l  components of l una r  n a t u r a l  s e i s m i c i t y .  

FTO 4 )  Monitor f r e e  o s c i l l a t i o n s  of the  moon which may be  induced 
by g r a v i t a t i o n a l  r a d i a t i o n  from cosmic sources .  

T e s t  ‘Conditions 

FTO 1)  The Lunar Surface  Gravimeter i s  p a r t  o f  Apollo 17  ALSEP which 
FTO 2) w i l l  be  deployed on the  luna r  su r face .  
FTO 3) w i l l  be  accomplished as fol lows:  
FTO 4 )  

Astronaut  act ivi t ies  

a )  The instrument  sunshade w i l l  b e  deployed and t h e  i n s t r u -  
ment a l igned  i n  azimuth us ing  the  sunshade shadow and 
alignment mark. The instrument  w i l l  b e  l eve led  wi th  t h e  
a i d  of t h e  bubble  level.  The ins t rument  w i l l  b e  uncaged 
wh i l e  maintaining t h e  instrument  l eve led  and a l igned .  
The a s t r o n a u t  w i l l  v i s u a l l y  check t h e  bubble level and 
sunshade shadow alignment t o  i n s u r e  t h a t  t h e  uncaging 
process  has  n o t  a f f e c t e d  t h e  ins t rument  level  o r  a l ign-  
ment, and relevel o r  r e a l i g n  t h e  ins t rument ,  i f  neces- 

. sary .  

b) It i s  h igh ly  d e s i r a b l e  t h a t  t h e  a s t r o n a u t  ob ta in  two 
photographs of t h e  deployed experiment u s ing  t h e  HEDC as 
fol lows:  

(1) One photograph of t h e  ins t rument  taken approximately 
cross-sun from a d i s t a n c e  of 3 f e e t  showing t h e  
bubble level ,  uncaging f l a g ,  sunshade alignment 
shadow, and a t  least two of t h e  instrument  l egs .  Ig 
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(2) One photograph of t h e  instrument  taken from a d i s -  
tance of 3 f e e t  and showing t h e  remaining two 
ins t rument  l e g s .  

c) It i s  h igh ly  d e s i r a b l e  t h a t  t he  a s t r o n a u t  t r ansmi t  t o  MCC 
comments on bubble level,  sunshade shadow, and sunshade 
tilt ind ica t ions .  

Af te r  t h e  experiment is  deployed and t h e  ALSEP c e n t r a l  
s t a t i o n  i s  a c t i v a t e d ,  MCC w i l l  i n i t i a t e  commands t o  accomplish 
experiment TURN-ON. Data w i l l  be  t r ansmi t t ed  t o  e a r t h  and 
recorded f o r  as much of t h e  planned 2-year ALSEP o p e r a t i o n a l  
per iod  as p o s s i b l e ,  c o n s i s t e n t  w i th  equipment c a p a b i l i t i e s  
and o p e r a t i o n a l  requirements of o the r  ALSEP experiments. 
Experiment adjustments w i l l  be  made as r equ i r ed  dur ing  
per iods  of MCC monitoring. The commands t o  b e  i s sued  by 
MCC w i l l  b e  def ined  i n  Appendix F of t h e  CSM/LM Spacecraf t  I c  
Opera t iona l  Data Book, SNA-8-D-027, Vol. V, ALSEP Data Book. 

Success Criteria 

FTO 1) 
FTO 2 )  
FTO 3) 
FTO 43 

Evalua t ion  

FTO 1 )  
FTO 2) 
FTO 3) 
FTO 4 )  

FTO 1 )  

FTO 2) 

FTO 3) 

Experiment d a t a  def ined  as mandatory under Data Requirements 
s h a l l  b e  t r ansmi t t ed  t o  e a r t h  and provided t o  t h e  P r i n c i p a l  
I n v e s t i g a t o r  and s h a l l  i nc lude  te lemet ry  d a t a  f o r  a minimum 
of two l una t ions  f o r  FTO's l), 2 ) ,  and 3 ) ,  and two weeks of 
q u i e t  d a t a  (low background n o i s e  da t a )  f o r  FTO 4 ) ,  a f t e r  acti- 
v a t i o n  of t h e  ALSEP c e n t r a l  s t a t i o n  on t h e  luna r  su r face .  

Evaluat ion w i l l  c o n s i s t  of a n a l y s i s  of d a t a  and de termina t ion  
of proper  equipment opera t ion .  
ted  a t  MSC f o r  process ing  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 .  
[Premission, experiment suppor t ,  and experiment eva lua t ion  
d a t a  as def ined  under Data Requirements, i nc lud ing  a l l  EED 
te lemet ry  measurements l i s t e d  under paragraph 3 ) a ) I  

Data t apes  w i l l  be  reformat- 

The va lue  of l una r  g r a v i t y  a t  t h e  i n s t r u h e n t  s i te ,  relative 
t o  e a r t h  g r a v i t y  w i l l  b e  determined from t h e  te lemetered d a t a  
wi th  an accuracy of 1 p a r t  i n  105 (i.e., approximately 51.6 
m i l l i g a l s ) .  
def ined  under Data Requirements, i nc lud ing  a l l  te lemet ry  
measurements l i s t e d  under paragraph 3) a )  ] 

[Premission and experiment eva lua t ion  d a t a  as 

The magnitude of l u n a r  s u r f a c e  deformation due t o  t i d a l  
f o r c e s  w i l l  b e  determined by a n a l y s i s  of te lemetered experi-  
ment da ta .  
def ined  under Data Requirements, i nc lud ing  a l l  te lemet ry  
measurements l i s t e d  under paragraph 3) a) 3 

[Premission and experiment eva lua t ion  d a t a  as 

The vertical  components of l una r  n a t u r a l  s e i s m i c i t y  a t  t h e  
ins t rument  s i t e  w i l l  b e  determined from telemetered experiment 
da ta .  [Premission and experiment eva lua t ion  d a t a  as def ined  
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under Data Requirements, inc luding  a l l  te lemetry measurements 
l i s t e d  under paragraph 3) a) 1 

FTO 4)  Telemetered experiment d a t a  w i l l  b e  analyzed and compared with 
d a t a  from earth-based gravimeters t o  s e a r c h  f o r  simultaneously 
induced f ree  o s c i l l a t i o n s  which may e s t a b l i s h  t h e  ex is tence  of 
g r a v i t a t i o n a l  r a d i a t i o n  from cosmic sources .  
experiment eva lua t ion  d a t a  as def ined under Data Requirements, 

[Premission and 

inc luding  a l l  te lemetry measurements l i s t e d  under paragraph 
3 1 4  1 

Data Requirements 

1 )  Premission Data (PD): (M) 

Cal ibra t ion  and Checkout Data: 

Premission c a l i b r a t i o n  and checkout d a t a  included i n  t h e  
Apollo 17 ALSEP F i n a l  Acceptance Data Package provided t o  
NASAIMSC by t h e  i n t e g r a t i o n  cont rac tor .  

2) Experiment Support Data (ESD): 

a) Telemetry Measurements : 

Telemetry measurements l i s t e d  under 3)a) .  
p reference  i s  i n d i c a t e d  by (A) f o r  analog and (D) f o r  
d i g i t a l  . 

Display 

b)  Voice Comments: (HD) 

IB Comments on bubble level, sunshade shadow, and sunshade 
tilt  alignment condi t ions.  

3) Experiment Evaluat ion Data (EED): 

a )  Telemetry Measurements : 

Measurement 
Number Descr ipt ion 

D G 1  Seismic 
DG2 Tide 
0 0 3  Free Mode 
DG4 Sensor Temperature 

Deleted 
Deleted 

DG7 Coarse Encoder (MSB) 
D G 8  Coarse Encoder- (LSB) 
DG9 Fine Encoder (MSB) 
D G l O  Fine Encoder (LSB) 
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TM 
PCM 
PCM 
PCM 
PCM 

- 

PCM 
PCM 
PCM 
PCM 

P r i o r i t y  
PD* ESD EED -- - 

. .  

I B  - 
M(D) HD 
M(D) HD 
M(D) I.zD 
M(D) HD 
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Measurement 
Number 
D G l l  

D G 1 3  
DG-14 
DG-15 
DG-16 
DG17 
D G 1 8  

A G l  
AG2 
A G 3  
AG-4 
AG5 
AG6 
AG7 
A G 8  
AG9 
A G  10 

DG-12 

DG-19 

TM Descr ip t ion  _. 

Temperature Relay S t a t u s  PCM 
Mass Change Motor S t a t u s  PCM 
Coarse/Fine Screw Servo Motor S t a t u s  PCM 
T i l t  Servo Motor S t a t u s  PCM 
Command Decoder Power S t a t u s  PCM 
Instrument Housing Heater Power S t a t u s  PCM 
Pressure  Transducer S t a t u s  PCM 
Seismic Gain S t a t u s  PCM 
Command Counter S t a t u s  PCM 
LSG Seismic S i g n a l  PCM 
LSG Tide S igna l  PCM 
LSG Free Mode O s c i l l a t i o n  S i g n a l  PCM 
LSG Sensor Temperature PCM 
LSG Instrument Housing Pressure  PCM 
LSG Mass P o s i t i o n  S igna l  PCM 
LSG Osci l la tor ’Ampl i tude  PCM 
LSG Power Converter (+15V) PCM 
LSG Power Converter (-15V) PCM 
LSG Power Converter (+5V) PCM 

*There are no requirements f o r  Premission Data (PD) 

P t i o r i  t y  
PD* ESD EED - - -  

M(D) M 
M(D) M 
M(D) M 
M(D) M 
M(D) HD 
M(D) HD 
M(D) HD 
M(D) HD 
M(D) HD 
M(A) HD 
M(A) HD 
M(A) HD 
M(A) HD 
M(D) HD 

M(D) HD 
M(D) HD 
M(D) HD 
M(D) HD 

Telemetry Measurement Tapes : (M) 

One copy of 7-track, 800-BPI tapes  conta in ing  t h e  EED 
te lemetered measurements l i s t e d  under 3) a) . The tapes  
are t o  b e  compatible w i t h  a UNIVAC 1108 computer. 

Astronaut Logs o r  Voice Records: (HD) 

One copy of a s t r o n a u t  logs  o r  vo ice  records p e r t a i n i n g  
t o  experiment deployment. 

Astronaut Debrief i n g s  : (HD) 

One copy of each a s t r o n a u t  postmission sc ien t i f ic  and 
photographic d e b r i e f i n g  t r a n s c r i p t s  p e r t a i n i n g  t o  experi-  
ment deployment. 

Photographs : (HD) 

One copy of each of t h e  photographs def ined under 
Tes t  Conditions. 
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5.2 LUNAR SURFACE GRAVIMETER 

Background and J u s t i f i c a t i o n  

This experiment w i l l  measure the value of lunar  grav i ty  and its 

temporal var ia t ions  as a function of t i m e  fo r  two years o r  longer. 

average absolute  value of lunar  grav i ty  [FTO l ) ]  w i l l  be  determined t o  an 

accuracy of 1 p a r t  i n  10 . Variations i n  lunar  grav i ty  as small as 1 

p a r t  i n  10 

FTO 31, and FTO 4)]. 

The 

5 

8 (i.e.,  approximately - +1.6 microgals) w i l l  be detected [FTO 2) ,  

Long-period va r i a t ions  (e.g., one cycle per several days or longer) 

w i l l  enable the determination of the magnitude of lunar sur face  deformation 

due t o  t i d a l  ( i .e . ,  ex te rna1 ,gravi ta t iona l )  forces  [FTO 2)] .  Conclusions 

may then be drawn concerning the  i n t e r n a l  cons t i tu t ion  of the moon. 

Short-period var ia t ions  of about 0.2 Hz o r  greater  i n  lunar gravi ty  

{ v e r t i c a l  components only) w i l l  ind ica te  na tu ra l  lunar  seismici ty  [FTO 311 

o r  f r e e  o s c i l l a t i o n s  of the moon which may be induced by g rav i t a t iona l  

r ad ia t ion  from cosmic sources [FTO 4)]. These observations w i l l  make I A  

use of the moon as a mass quadrupole detector  f o r  g rav i t a t iona l  waves. 
The lunar  f r e e  o s c i l l a t i o n s  may be observed t o  be exci ted by such waves 

i f  the power spectrum is  s u f f i c i e n t l y  in tense  over t he  frequencies of 

c e r t a i n  of t he  moon's normal modes. Simultaneous observation of t he  

ea r th ' s  normal mode exc i t a t ion  w i l l  make i t  very l i k e l y  t h a t  the e f f e c t s  

are due t o  g rav i t a t iona l  waves. 

This experiment p a r t l y  overlaps the  lunar passive seismometer experi- 

ment i n  t h a t  i t  y ie lds  v e r t i c a l  accelerat ion and seismic data.  

d i f fe rence  i s  pr imari ly  t h a t  a d i f f e r e n t  frequency range is covered, and 

t h i s  is of prime interest  i n  geophysics and general  r e l a t i v i t y  physics. 

These seismic da ta  y i e l d  information on the co l l ec t ive  motion, and i n t e r n a l  

cons t i tu t ion  of the  moon as a whole. I n  addi t ion,  the Lunar Traverse Oravi- 

meter experiment, a l so  planned f o r  the Apollo Mission 5-3, i s  expected t o  

The 

complement the Lunar Surface Gravimeter experiment. 
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The photographs ca l led  f o r  under the T e s t  Conditions are to provide a 

permanent record of the condition of the deployed experiment and i t s  loca- 

t i o n  with respect  t o  the ALSEP c e n t r a l  s t a t ion .  

i n  compensating f o r  any off-nominal experiment operation or  anomalous 

r e su l t s .  

Previous Miss ion  Experiments 

These da ta  are important 

Experiment 
Number T i t l e  

None 
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5 . 3  LUNAR SEISMIC PROFILING 

Conduct t h e  Lunar S e i s m i c  P r o f i l i n g  Experiment (S-203) 

Purpose 

The purposes are t o  acqu i r e  d a t a  on t h e  phys ica l  p r o p e r t i e s  of t h e  

luna r  near-surface materials and t o  monitor moonquakes o r  impacts of 

me teo r i t e s .  

The f u n c t i o n a l  tes t  ob jec t ives  are as fo l lows:  

FTO 1) Measure t h e  luna r  seismic s i g n a l s  produced by de tona t ions  
of explos ive  charges on t h e  lunar  su r face .  

FTO 2)  Monitor n a t u r a l  se i smic  a c t i v i t y  r e s u l t i n g  from moonquakes 
o r  me teo r i t e  impacts.  

FTO 3) Record t h e  seismic s i g n a l s  r e s u l t i n g  from ascen t  of t he  LM 
from t h e  luna r  su r face .  

FTO 4 )  Record t h e  seismic signals r e s u l t i n g  from impact of t h e  spen t  
LM ascent  s t a g e  on the  lunar  su r face .  

Tes  t Conditions 

FTO 1) The Lunar Seismic P r o f i l i n g  Experiment (LSPE) is p a r t  
FTO 2)  
FTO 3) 
FTO 4 )  

of ALSEP 17 which w i l l  be  deployed on t h e  luna r  su r face .  

Astronaut  act ivi t ies  w i l l  be  accomplished as fol lows : 

a) The a s t r o n a u t  w i l l  deploy t h e  geophone module package and 
fou r  geophones as shown i n  Figure 1. 
phones w i l l  be  deployed such t h a t  they comprise the  ver- 
texes of an approximately e q u i l a t e r a l  t r i a n g l e  wi th  
approximately 90-meter s i d e s .  
b e  deployed w i t h i n  the  t r i a n g l e .  
emplaced a t  each geophone and a t  t h e  geophone module 
package. 
bes ide  t h e  f o u r t h  geophone. The LSPE remote t r ansmi t t i ng  
antenna w i l l  be  deployed approximately 12  meters nor thwes t  
of t h e  ALSEP c e n t r a l  s t a t i o n .  The geophone module package 
w i l l  b e  loca t ed  approximately 9 meters south  of t h e  ALSEP 
central s t a t i o n .  

Three of t h e  geo- 

The fou r th  geophone w i l l  
A marker f l a g  w i l l  be  

A gnomon w i l l  be  emplaced w i t h i n  the  t r i a n g l e  

b) The a s t r o n a u t  w i l l  photographica l ly  document t h e  geophone 
a r r a y  us ing  a HEDC as follows: 

(1) From each of two photographic  p o s i t i o n s  as shown i n  
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Figure  1, approximately 8 meters from the  geophone 
wi th in  the  t r i a n g l e ,  t h e  a s t ronau t  w i l l  ob t a in  3 
photographs,  one i n  the  d i r e c t i o n  of each of t h e  3 
geophones t h a t  form the  t r i a n g l e .  The photographs 
of t h e  most wes te r ly  and most e a s t e r l y  geophones, 
r e s p e c t i v e l y ,  w i l l  i nc lude  t h e  gnomon and the  cen- 
ter geophone i n  t h e  f i e l d  of view. 

The a s t ronau t  w i l l  o b t a i n  panoramic photographs wi th  
a HEDC from a l o c a t i o n  n e a r  t h e  c e n t e r  geophone. 

(2) 

During the  per iods  t h a t  LSPE d a t a  are be ing  t r ansmi t t ed  from 
t h e  moon t o  e a r t h ,  experiment d a t a  from t h e  o the r  four  ALSEP 
experiments w i l l  b e  i n t e r r u p t e d .  
by MCC w i l l  be  def ined  i n  Appendix F of t h e  CSM/LM Spacecraf t  
Opera t iona l  Data Book, SNA-8-D-027, V o l .  V ,  ALSEP Data Book. 

The commands t o  be  i s sued  
I c  

FTO 1 )  The a s t r o n a u t  w i l l  unstow each of t he  two explos ive  charge 
t r a n s p o r t e r s  from t h e  LM. Each t r a n s p o r t e r ,  conta in ing  four  
explos ive  charge packages of va r ious  weights ,  w i l l  be  p laced  

hours p r i o r  t o  stowage on the  LRV ( t o  a s s u r e  t h a t  t h e  timers 
w i l l  have reached t h e  minimum al lowable ope ra t ing  temperature 
when they are subsequent ly  deployed and armed). The two-hour 
minimum t i m e  i n  t he  unshaded area w i l l  b e  adequate,  provided 
t h a t  t he  charges  are n o t  subsequent ly  p laced  i n  t h e  shade 
p r i o r  t o  deployment. I f  stowage i n  t h e  shade i s  a n t i c i p a t e d  
a f t e r  p l ac ing  t h e  charges i n  t h e  unshaded area, then the  
i n i t i a l  per iod  i n  t h e  unshaded area must b e  increased  s o  t h a t  
t h e  t i m e r  mechanisms w i l l  n o t  have cooled t o  below 40°F when 
t h e  charges  are deployed and armed. 
packages may be deployed dur ing  the  outbound p o r t i o n  of t h e  
traverse as w e l l  as dur ing  t h e  inbound por t ion .  
package w i l l  be  deployed a t  t h e  s i t e  most d i s t a n t  from t h e  
geophone a r r a y ,  n o t  t o  exceed approximately 2.5 k i lometers .  
The l i g h t e s t  charge w i l l  b e  deployed no c l o s e r  than 150 meters 
from the  n e a r e s t  geophone. Each explos ive  charge package w i l l  
i nc lude  a r ece iv ing  antenna which w i l l  b e  extended dur ing  
emplacement of t he  package. Af t e r  t h e  r ece iv ing  antenna has  
been extended, t h e  a s t r o n a u t  w i l l  arm t h e  explos ive  charge 
package by p u l l i n g  t h r e e  r i n g s  on t h e  package. The s p e c i f i c  
deployment l o c a t i o n s  f o r  t he  e i g h t  explos ive  charges w i l l  b e  
a long t h e  geologic  traverse(s) a t  approximately t h e  fol lowing 
d i s t a n c e s  from t h e  nearest geophone: 

i n  an  unshaded area f o r  a t  least two 

The exp los ive  charge 

The h e a v i e s t  
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160 + 40 m e t e r s  - 57 gram (1 /8  l b )  charges  (2  each) 

250 + 130 meters - 113 gram (1 /4  l b )  charges  (2  each) 

800 + 100 meters - 227 gram (1 /2  l b )  charge 

- 0" 

- 50 

- 100 

- 400 
1300 + O** meters - 454 gram ( 1  l b )  charge 

2000 + 100 meters - 1361 gram ( 3  l b )  charge 

2400 + 300 meters - 2722 gram ( 6  l b )  charge 

- 300 

- 300 

*Science r a t i o n a l e  would permit  t h e  charge t o  b e  placed c l o s e r  t o  t h e  
geophone but  s a f e t y  requirements  d ic ta te  a 160 meter minimum d i sp lace -  
ment d i s t ance .  

**Science r a t i o n a l e  would permit  t h e  charge t o  be p laced  f u r t h e r  from 
t h e  geophone but  o p e r a t i o n a l  cons ide ra t ions  d i c t a t e  a maximum of 
13 00 m e  ter s d i s p  lac emen t d i s  t anc e . 
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FTO 2) 
FTO 3) 
FTO 4) 

FTO 4) 

A t  each charge deployment s i te  t h a t  i s  less than 2000 meters 
from the neares t  geophone, a p a r t i a l  panorama including within 
the f i e l d  of view fea tures  t h a t  are expected t o  be recogniz- 
ab le  on the  SIM bay panoramic camera f i lm  will be obtained 
using a HEDC, t o  a i d  i n  determining the.charge deployment 
locat ion.  I n  addi t ion,  the LRV navigation da ta  ( i .e . ,  BEARING 
and RANGE) w i l l  be transmitted t o  MCC a t  each charge deploy- 
ment locat ion.  

The MCC w i l l  i n i t i a t e  the commands t o  cause the LSPE explosive 
charges t o  detonate i n  the planned sequence a f t e r  the ast ro-  
nauts have departed the lunar surface,  and t o  monitor the 
r e su l t i ng  lunar seismic s igna ls .  

The MCC w i l l  i n i t i a t e  a command f o r  LSPE TURN-ON p r i o r  t o  each 
period of data  co l lec t ion  ( i . e . ,  p r i o r  t o  ascent  of the LM 
from the lunar surface,  impact of the spent  LM ascent s tage  
on the lunar sur face ,  and other periods of passive l i s t e n i n g  
mode operation).  I 

' 

The LM ascent s t age  w i l l  be targeted f o r  impact  on the lunar  

locat ion)  as determined by ana ly t i ca l  t r iangula t ion  of Apollo 
surface a t  l a t i t u d e  19.93"N and longitude 30.54"E (tentative 

15 photography . B I 
Success Criteria 

FTO 1)  
FTO 2) 
FTO 3) 
FTO 4) 

, Evaluation 

FTO 1) 
FTO 2) 
FTO 3) 
FTO 4) 

FTO 1) 

FTO 2) 

Experiment da t a  defined as mandatory under Data Requirements 
s h a l l  be provided t o  the Pr inc ipa l  Inves t iga tor  and s h a l l  
include telemetry da ta  recorded during the periods of explos- 
ive charge detonations,  ascent of the LM from the lunar sur- 
face,  and impact of the spent  LM ascent s t age  on the  lunar 
su r f  ace. 

Evaluation w i l l  cons is t  of analysis  of experiment da ta  
and determination of proper equipment operation. Data tapes 
w i l l  be reformatted a t  MSC f o r  processing by the  P r inc ipa l  
Invest igator .  
evaluat ion da ta  as defined under Data Requirements, including 
a l l  telemetry measurements l i s t e d  under 3 )a ) l  

Telemetry da ta  on the lunar seismic s igna l s  produced by 
detonations of explosive charges on the moon w i l l  be  analyzed 
t o  determine seismic ve loc i ty  and densi ty  r e l a t ions  of t he  
lunar  near-surface materials. 
evaluat ion da ta  as defined under Data Requirements, including 
'al l  EED telemetry measurements l i s t e d  under 3) a) ] 

[Premission, experiment support ,  and experiment 

[Premission and experiment 

Telemetry da ta  recorded during periods of experiment passive 
l i s t e n i n g  mode operation w i l l  be analyzed t o  obtain informa- 
t i o n  on the  number and character of the na tu ra l  lunar seismic 
events which may occur during these periods. [Premission and 
experiment evaluation da ta  as defined under Data Requirements, 
including a l l  EED telemetry measurements l i s t e d  under 3)a) ] 
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FTO 3) Telemetry d a t a  recorded during and f o r  f o u r  hours  a f t e r  ascent  
of t h e  LM from t h e  lunar  s u r f a c e  w i l l  be  analyzed t o  determine 
se i smic  v e l o c i t y  and d e n s i t y  r e l a t i o n s  i n  t h e  lunar material 
i n  the  area of t h e  Apollo 17 ALSEP. [Ptemission and experi-  
ment eva lua t ion  d a t a  as def ined under Data Requirements, 
inc luding  a l l  EED te lemetry measurements l i s t e d  under 3) a) ] 

N/A HD 
N/A HD 
N/A HD 
N/A HD 
N/A HD 
N/A HD 
N/A HD 
M(A) M 
N/A HD 
N/A HD 
N/A HD 
M(A) M 

FTO 4) Telemetry d a t a  recorded dur ing  and f o r  four  hours a f t e r  impact 
of t h e  s p e n t  LM ascent  s t a g e  w i l l  be  analyzed t o  determine 
seismic v e l o c i t y  and d e n s i t y  r e l a t i o n s  i n  t h e  lunar  material 
between t h e  Apollo 17 ALSEP and t h e  impact po in t .  
and experiment eva lua t ion  d a t a  as def ined under Data Require- 
ments, inc luding  a l l  EED telemetry measurements l i s t e d  under 

[Premission 

314  1 
Data Requirements 

B 

1 )  Premission Data (PD): (M) 

C a l i b r a t i o n  and Checkout Data: 

Premission c a l i b r a t i o n  d a t a  included i n  t h e  Apollo 17 ALSEP 
F i n a l  Acceptance Data Package provided t o  NASA/MSC by t h e  
i n t e g r a t i o n  cont rac tor .  

2) Experiment Support Data (ESD): (M) 

Telemetry Measurements : 

Telemetry measurements l i s t e d  under 3) a ) .  
is i n d i c a t e d  by (A) f o r  aaalog. 

Display preference  

3) Experiment Evaluat ion Data (EED) : 

a) Telemetry Measurements : 

Measurement 
Number 

AB-4 
AB-5 
AE- 3 
AE-4 
AE-17 
AT-4 
DA- 8 
DP-1 
DP-2 
DP-3 
DP-5 
DP-6 
DP-10 
DP-11 

Descr ip t ion  
P r i o r i t y  

TM PD* ESD EED - - -  
Experiments 1 6 2 Power D i s t r i b u t i o n  S t a t u s  PCM 
Experiments 3 & 4 Power D i s t r i b u t i o n  S t a t u s  PCM 

PCU I n p u t  Current  PCM 
Transmitter A, 23 Volt  Regulator Output P CM 
Thermal P l a t e  12 Temperature PCM 
Reserve Current  PCM 
Geophone #1 Data PCM 

DC/DC Converter Output PCM 

PC I1 Input  Voltage- PCM 

A/D C a l i b r a t i o n  111 PCM 

AID C a l i b r a t i o n  #2 PCM 
Geophone #2 Data PCM 
Gcophope C a l i b r a t i o n  Pulse  Amplitude PCM 

- 

Geophone #3 Data PCM 
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Measurement 
Number Descr ipt ion 

DP-14 E l e c t r o n i c s  Temperature 
DP-16 Geophone #4 Data 
DP-17 Frame Synchronization . 
DP-18 Geophone C a l i b r a t i o n  Pulse  S t a t u s  
DP-19 Geophone Amplifier Gain S t a t u s  
DP-20 RF F i r e  Pulses  S t a t u s  
DP-21 Subframe I d e n t i f i c a t i o n  

TM 
PCM 
PCM 
PCM 
P CM 
PCM 
PCM 
PCM 

P r i o r i t y  
PD* ’ ESD EED - 

*There are no requirements for Premission Telemetry Data. 

Telemetry Measurement Tapes: (M) 

One copy of g- t rack/Fortran,  800-BPI tapes  containing 
t h e  EED te lemetered measurements l i s t e d  under 3)a) .  The 
tapes  are t o  b e  compatible with an I B M  360/67 computer. 

Astronaut Debriefings: (HD) 

One copy each of a s t r o n a u t  postmission s c i e n t i f i c  and 
photographic d e b r i e f i n g  t r a n s c r i p t s  p e r t a i n i n g  t o  t h e  
experiment. 

Photographs : (M) 

(1) One copy each of t h e  photographs of t h e  deployed 
LSPE geophone a r r a y  as def ined under Test Conditions. 

One copy each of any p a r t i a l  o r  t o t a l  panoramas of 
t h e  explos ive  charge deployment si tes t h a t  are re- 
qui red  i n  support  of Data Requirements, paragraph 
4)b) - 

(2) 

4) Supporting Data: (M) 

a) One copy of a map o r  coordinates  of the geophones and 
geophone a r r a y  showing t h e  relative l o c a t i o n s  of t h e  
geophones t o  w i t h i n  2 3  meters and t h e  azimuths of l i n e s  
through any p a i r  of geophones t o  wi th in  +10 degrees.  
These d a t a  are t o  be provided by t h e  S&p- of NASA/MSC. 

b) One copy o f  a map o r  coordinates  of t h e  deployment loca- 
t i o n s  of t h e  e i g h t  explosive charge packages t o  w i t h i n  
- +5 percent  of t h e  d i s t a n c e  between a charge package and 
t h e  nearest geophone. These d a t a  are t o  b e  provided by 
t h e  S&AD of NASA/MSC. 

5) Astronaut Logs o r  Voice Records: (M) 

One copy of t h e  records of LRV naviga t ion  readings t h a t  are 
requi red  i n  suppor t  of Data Requirements, pargraph 4)b). 

*Panoramas obtained i n  support  of d e t a i l e d  o b j e c t i v e s  o r  o ther  experiments,  
such as Lunar Geology I n v e s t i g a t i o n ,  w i l l  be  s a t i s f a c t o r y .  
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5.3 LUNAR SEISMIC PROFILING 

Background and J u s t i f i c a t i o n  

Seismology is a key too l  i n  determining the present  geological 

cha rac t e r i s t i c s  of the moon and its evolutionary h i s to ry .  

seismometers deployed during previous Apollo missions have yielded 

important information on the lunar  i n t e r i o r  f o r  depths grea te r  than 

20 km. 

ment provide seismic energy usable i n  determining lunar i n t e r i o r  layer- 

ing a t  shallower depths. 

The passive 

The a r t i f i c i a l  sources used i n  the seismic p r o f i l i n g  experi- 

This lunar surface experiment u t i l i z e s  an array of four  geo- 

phones t o  record seismic waves generated by explosive charges deployed 

by the astronauts .  

deployed i n  the neighborhood of the  geophone array,  w i l l  be detonated a f t e r  

the ast ronauts  depart  the moon. 

seismic a c t i v i t y  has been telemetered t o  ea r th  v i a  the ALSEP central sta- 

t ion ,  the geophone ar ray  can be operated i n  a passive l i s t e n i n g  mode a t  

se lec ted  t i m e s  t o  monitor any na tu ra l  seismic ac t iv i ty .  

The explosive charges, of d i f f e ren t  energy content and 

After da ta  on the a r t i f i c i a l l y  induced 

The known locat ions and energies of LM ascent from the lunar surface 

and planned impact of t he  spent LM ascent s t age  on the lunar  surface w i l l  

provide valuable ca l ib ra t ion  da ta  f o r  experiment da ta  ana lys i s  as w e l l  as 
provide addi t iona l  a r t i f i c i a l  sources f o r  seismic prof i l ing .  

The kindred Active Seismic experiments, deployed during Apollo 14 

and 1 6  , d i f f e r  from the m A  
Seismic P ro f i l i ng  experiment i n  t h a t  azimuth of approach of the seismic 

waves cannot be determined, whereas the  configuration of the geophone 

ar ray  f o r  the Seismic P ro f i l i ng  experiment allows a determination of ap- 

proach azimuth and hence more accurate seismic wave ve loc i t i e s .  

This experiment w i l l  y i e ld  important de ta i led  information on the 

geologic cha rac t e r i s t i c s  of the lunar surface and subsurface t o  depths 

of approximately 3 kilometers. 
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Previous Mission Experiments 

Experiment 
Number 

S-033 
S-033 

Title 

Active Seismic Experiment 
Active Seismic Experiment 

Mission 

14 
16 
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Figure 1. LSPE Geophone Deployment and Photographic Locations 
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5.4 

PurD 0 s  e 

LUNAR ATMOSPHERIC COMPOSITION 

Conduct t h e  Lunar Atmospheric Composition Experiment (S-205). 

The purposes are t o  o b t a i n  d a t a  on the  composition of t h e  luna r  

ambient atmosphere i n  the  mass range of 1 t o  110 amu a t  t h e  lunar  s u r f a c e  

and t o  d e t e c t  t r a n s i e n t  changes i n  composition due t o  ven t ing  of gases  

from the  s u r f a c e  o r  from o t h e r  sources .  

The f u n c t i o n a l  test ob jec t ives  are as fol lows:  

FTO 1)  Obtain d a t a  t o  i d e n t i f y  the  gases  i n  t h e  n a t i v e  luna r  atmos- 
phere a t  t h e  luna r  s u r f a c e  and determine t h e i r  concent ra t ions .  I A 

FTO 2 )  Obtain d a t a  t o  determine the  v a r i a t i o n s  i n  these  gas concen- 
t r a t i o n s  over two o r  more luna t ions .  

FTO 3) Obtain d a t a  on short-term t r a n s i e n t  changes i n  t h e  lunar  
atmospheric composition. 

T e s t  Conditions 

FTO 1 )  The Lunar Atmospheric Composition Experiment (LACE) i s  p a r t  
FTO 2 )  of Apollo 17 ALSEP which w i l l  be  deployed on the  luna r  sur-  
FTO 3) f ace .  

I A  

Astronaut  ac t iv i t ies  w i l l  be  as fol lows:  

a) To minimize t h e  e f f e c t  of r e a c t i o n  fo rces ,  t h e  a s t r o n a u t  
w i l l  p u l l  t h e  v e n t  lanyard p r i o r  t o  removing the  LACE 
from t h e  p a l l e t .  This w i l l  allow t h e  escape of t h e  
krypton wi th  which t h e  LACE w a s  b a c k f i l l e d  on e a r t h .  The 
a s t r o n a u t  w i l l  then deploy t h e  LACE on t h e  luna r  s u r f a c e  
15 meters o r  more from the  ALSEP Cen t ra l  S t a t i o n ,  p re fe r -  
ab ly  on t h e  s i d e  away from t h e  LM and i n  a level,  boulder- 
f r e e  area, i f  f e a s i b f e .  The instrument  w i l l  b e  l eve led  
t o  w i t h i n  +15 degrees wi th  t h e  a i d  of t h e  bubble level, 
and orientGd such t h a t  t h e  cab le  leaves the  LACE i n  t h e  
d i r e c t i o n  of t h e  Cent ra l  S t a t i o n  and lies as f l a t  as 
p o s s i b l e  on the  luna r  sur face .  
t h a t  t h e  deployment l o c a t i o n  and level condi t ion  be  such 
t h a t  t h e  p l ane  conta in ing  t h e  en t r ance  a p e r t u r e  does n o t  
i n t e r s e c t  any l u n a r  t e r r a i n  w i t h i n  a r ad ius  of 15 meters 
from t h e  instrument .  I n  add i t ion ,  t h e  deployment loca- 
t i o n  w i l l  b e  such t h a t  t h e  remaining ALSEP packages, LRV, 
and LM descent  s t a g e  w i l l  cast no shadows on t h e  LACE dur- 
i n g  t h e  l u n a r  morning and evening. 

It is  h igh ly  d e s i r a b l e  
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Afte r  deploying the  LACE on the  luna r  s u r f a c e ,  t h e  a s t ro -  
nau t  w i l l  open and remove t h e  en t r ance  a p e r t u r e  cover ,  
us ing  t h e  UHT, and d e p o s i t  t he  cover on t h e  luna r  s u r f a c e .  
The cover should be c a r e f u l l y  r e l eased  from the  UHT t o  
avoid s t r i k i n g  t h e  LACE and t o  minimize the  p o s s i b i l i t y  
of depos i t i ng  luna r  d u s t  on t h e  LACE. 

b) The a s t r o n a u t  w i l l  photographica l ly  document the  deployed 
LACE as fo l lows:  

(1)  One photograph of t he  deployed LACE, u s ing  t h e  HEDC, 
taken from a d i s t a n c e  of 3 f e e t  showing t h e  en t r ance  
a p e r t u r e  a f t e r  t h e  cover has  been removed, t h e  bubble  
level,  t h e  ven t  valve, and t h e  cab le  as i t  leaves 
t h e  instrument  . 

(2) Panoramic photographs taken wi th  t h e  HEDC showing 
t h e  l u n a r  t e r r a i n  and o the r  o b j e c t s  which surround 
the  LACE. (Note: These may b e  t h e  same panoramic 
photographs taken i n  t h e  v i c i n i t y  of t he  ALSEP 
c e n t r a l  s t a t i o n  o r  t h e  LSPE geophone a r r a y  provided 
t h e  LACE and the  ALSEP c e n t r a l  s t a t i o n  are i n  t h e  
f i e l d  of view.) 

c) It i s  h igh ly  d e s i r a b l e  t h a t  t h e  a s t r o n a u t  t r ansmi t  t o  MCC 
comments on t h e  bubble level  i n d i c a t i o n  and t h e  l a y  of 
t h e  cab le  between t h e  LACE and t h e  ALSEP c e n t r a l  s t a t i o n .  

d )  Af t e r  t h e  experiment i s  deployed and t h e  ALSEP c e n t r a l  
s t a t i o n  i s  a c t i v a t e d ,  MCC w i l l  i n i t i a t e  commands t o  
accomplish experiment TURN-ON. Data w i l l  be  t r ansmi t t ed  
t o  e a r t h  and recorded f o r  as much of t he  planned 2-year 
ALSEP o p e r a t i o n a l  pe r iod  as poss ib l e ,  c o n s i s t e n t  w i t h  
equipment c a p a b i l i t i e s  and o p e r a t i o n a l  requirements  of 
o t h e r  ALSEP experiments.  Experiment adjustments  w i l l  b e  
made as r equ i r ed  dur ing  pe r iods  of MCC monitoring. 
commands t o  be  i s s u e d  by MCC w i l l  b e  def ined  i n  Appendix 
F of t h e  CSM/LM Spacecraf t  Opera t iona l  Data Book, 
SNA-8-D-027, Vol. V,  ALSEP Data Book. 

The 

Success Criteria 

FTO 1) 
FTO 2) 
FTO 3) 

Experiment d a t a  def ined  as mandatory under Data Requirements 
s h a l l  b e  provided t o  t h e  P r i n c i p a l  I n v e s t i g a t o r  and s h a l l  
i nc lude  te lemet ry  d a t a  f o r  a minimum of two luna t ions .  

Evalua t ion  
/ 

FTO 1) 
FTO 2) 
FTO 3) 

Evaluat ion w i l l  c o n s i s t  of a n a l y s i s  of d a t a  and determina- 
t i o n  of proper  equipment opera t ion .  
t e d  a t  MSC f o r  process ing  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 .  
[Premission,  experiment suppor t ,  and experiment eva lua t ion  
d a t a  as def ined  under Data Requirements, i nc lud ing  a l l  EED 
te lemet ry  measurements l i s t e d  under paragraph 3)a)l 

Tapes w i l l  b e  reformat- 
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FTO 1) Experiment d a t a  w i l l  b e  analyzed t o  i d e n t i f y  g a s e s . i n  the  
l u n a r  atmosphere and determine t h e i r  concentrat ions.  
missfon and experiment eva lua t ion  d a t a  as def ined under Data 
Requirements, inc luding  a l l  EED te lemetry measurements l i s t e d  
under paragraph 3) a )  3 

[Pre- 

FTO 2) Experiment d a t a  w i l l  b e  analyzed t o  determine t h e  v a r i a t i o n s  
of t h e s e  gas concentrat ions i n  the  l u n a r  atmosphere over two 
o r  more luna t ions .  
d a t a  as def ined under Data Requirements, inc luding  a l l  EED 
telemetry measurements l i s t e d  under paragraph 3) a )  ] 

[Premission and experiment eva lua t ion  

FTO 3) Experiment d a t a  w i l l  b e  analyzed t o  s tudy  s h o r t  term varia- 
t i o n s  i n  t h e  l u n a r  atmosphere which may arise from s u r f a c e  
vent ing ,  s o l a r  wind phenomena o r  o t h e r  sources.  [Premission 
and experiment eva lua t ion  d a t a  as def ined under Data Require- 
ments, inc luding  a l l  EED te lemetry measurements l i s t e d  under 
paragraph 3) a )  3 

Data Requirements 

1) Premission Data (PD): (M) 

Ca l ibra t ion  and Checkout Data: 

Premission c a l i b r a t i o n  and checkout d a t a  included i n  t h e  
Apollo 17 ALSEP F i n a l  Acceptance Data Package provided 
t o  NASA/MSC by t h e  i n t e g r a t i o n  cont rac tor .  

2) Experiment Support Data (ESD): (M) 

a) Telemetry Measurements : 

Telemetry measurements l i s t e d  under 3)a).  Display 
preference  i s  i n d i c a t e d  by (D) f o r  d i g i t a l .  

b )  Voice Comments: (HD) 

Comments on t h e  bubble level i n d i c a t i o n ,  t h e  l a y  of t h e  
cable  f o r  the  deployed instrument ,  and t h e  n a t u r e  of t h e  
nearby t e r r a i n .  

3) Experiment Evaluation Data (EED): 

a) Telemetry Measurements : 

Measurement 
Number Descr ipt ion 

AM-1 Marker I D  (Eight 1's) 
AM-2 Experiment Current 
AM-3 Ion Pump Current 
AM-4 Ion Pump Voltage 
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Measurement 
Number 

AM-5 
&6 
AM-7 
AM-8 
AM-9 
AM- 10 
AM-11 
AM-12 
AM-13 
AM-14 
AM- 15 
AM-41 
AM-44 
DM- 1 

DM- 3 

DM-5 
DM-12 
DM-13 
DM- 14 
DM-15 
DM-16 
DM-17 
DM-18 
DM-19 
DM-20 

OM-4 

Descr ipt ion 

Baseplate  Temperature 
Ion  Source Temperature 

__ +12 B - C  Supply Voltage 
9 5  VDC Supply Voltage 
-12 VDC Supply Voltage 
-15 VDC Supply Voltage 
Emission Current Monitor 
Filament .I1 Current 
Filament 112 Current  
M u l t i p l i e r  High Voltage 
Low Voltage Power Supply Temperature 
E l e c t r o n i c s  Temperature 
Sweep High Voltage 
Command Readback S t a t u s  
Deleted 
Low Mass (A) Range 
In te rmedia te  Mas’s (B) Range 
High Mass (C) Range 
M u l t i p l i e r  Voltage S t a t u s  
Discr iminator  Level S t a t u s  
Mass Step S t a t u s  
Auto Step-Lock (Manual) S t a t u s  
Ion  Pump S t a t u s  
Dust Cover S t a t u s  
Bake Out Heater S t a t u s  
Mult. and Sweep HV Sta tus  
Filaments S t a t u s  

*There are no 

b) 

TM 
PCM 
PCM 
P CM 
PCM 
PCM 
PCM 
PCM 
PCM 
PCM 
PCM 
PCM 
PCM 
PCM 
PCM 

PCM 
PCM 
PCM 
PCM 
PCM 
PCM 
PCM 
PCM 
PCM 
PCM 
PCM 
PCM 

- 

requirements f o r  Premission Telemetry Data. 

Telemetry Measurement Tapes : (M) 

P r i o r i t y  
PD*. ESD EED -- - 

HD 
M 
HD 
HD 
HD 
HD 
M 

HD 
HD 

HD 
HD 

M 
M 
M 

* M  
M 
M 

M B  M 
M 

‘ M  
M 
M 

IB 

One copy of 7-track, 800-BPI tapes  conta in ing  EED tele- 
metered measurements l i s t e d  under 3)a). 
b e  compatible with an IBM 360/50 computer. 

Astronaut Logs o r  Voice Records: 

One copy each of a s t r o n a u t  records containing comments 
on t h e  bubble level  i n d i c a t i o n ,  t h e  azimuth o r i e n t a t i o n  
wi th  r e s p e c t  t o  t h e  c a b l e  f o r  the deployed experiment, 
and t h e  l u n a r - t e r r a i n  d e s c r i p t i o n s ,  

The tapes  are t o  

(HD) 

Astronaut Debriefings: (HD) 

One copy each of  a s t r o n a u t  postmission sc ien t i f ic  and 
photographic debr ie f  ings  p e r t a i n i n g  t o  experiment deploy- 
ment. 
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e)  Photographs: (M) 

(1) One copy of the photograph of the deployed experi- 
ment defined under b) (1) of the T e s t  Conditions. 

(2) One copy of the panoramic photographs defined under 
b) (2) of the Test Conditions. * 

*Panoramas obtained i n  support of detailed objectives or other experiments 
w i l l  be sat isfactory.  . 
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5 .4  LUNAR ATMOSPHERIC COMPOSITION 

Background and J u s t i f i c a t i o n  

Measurements of the lunar  ambient atmospheric composition i n  the mass a A  
range 1 t o  110 amu a t  the lunar surface,  and the detect ion of t r ans i en t  

changes i n  composition due t o  venting of gases from the surface o r  from 

man made sources w i l l  provide inputs  t o  the study of the lunar  atmosphere, 

i ts  sources,  s inks  and t ranspor t  mechanisms. Such determinations are 

important i n  inves t iga t ing  the suggestion t h a t  noble gases, carbon monoxide, 

hydrogen su l f ide ,  ammonia, sulphur dioxide and water vapor may be released 

by lunar  volcanism and from rocks and magma. 

of gases from the  surface,  e.g., s o l a r  wind bombardment, can, perhaps, be 

affirmed when the e f f luen t  gases are known. 

gases w i l l  a f ford  some knowledge of the chemical processes underlying the 

lunar surface.  

This instrument has an extended mass range t o  include hydrogen and 

I A  
The mechanisms of release 

Likewise, da ta  on released 

I helium a t  the low end and krypton a t  the high end. 

no t  present  i n  the o r b i t a l  Mass Spectrometer experiments. Improved t i m e  

reso lu t ion  with respect  t o  d iurna l  var ia t ions  is expected due t o  the longer 

These capab i l i t i e s  were A 

d iu rna l  period when operating on the lunar  sur face  as compared t o  co l lec t -  

ing da ta  i n  lunar  o rb i t .  

w e l l  defined boundary condition, namely, the lunar surface.  Background 

gas l eve l s  are expected t o  be very low due t o  extended experiment operation 
t i m e  which permits long-time outgassing of the experiment area. 

I n  addi t ion,  da ta  w i l l  be  taken very c lose  t o  a 

I 
The photographs described under Test Conditions are t o  provide a 

permanent record of the  physical conditions of the deployed experiment and 

the nearby lunar  t e r r a i n  including any nearby boulders and craters. These 

photographic da t a  are important i n  in t e rp re t ing  and compensating f o r  any 

of f-nominal experiment operation o r  anomalous r e su l t s .  

A 

Previous Mission Experiments 

Experiment 
Number T i t l e  

S-165 Mass Spectrometer 
S-165 Mass Spectrometer 
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5.5 LUNAR EJECTA AND METEORITES 

Conduct t he  Lunar E j e c t a  and Meteor i tes  Experiment (S-202) 

Purpose 

The purpose i s  t o  measure p h y s i c a l  parameters of primary cosmic d u s t  

p a r t i c l e  impacts on senso r s  i n  c i s l u n a r  space,  and of l una r  e j e c t a  emana- 

t i n g  from the  sites of me teo r i t e  impacts on the  luna r  s u r f a c e .  

The f u n c t i o n a l  test o b j e c t i v e s  are as fol lows:  

FTO 1) Determine the  background and long-term v a r i a t i o n s  i n  
cosmic d u s t  i n f l u x  rates i n  c i s l u n a r  space.  

FTO 2) Determine t h e  e x t e n t  and na tu re  of l una r  e jecta  pro- 
duced by me teo r i t e  impacts on the  luna r  su r face .  

FTO 3) Determine t h e  r e l a t i v e  con t r ibu t ions  of comets and 
a s t e r o i d s  t o  the  e a r t h ' s  meteoroid ensemble. 

FTO 4 )  Study p o s s i b l e  c o r r e l a t i o n s  between t h e  a s soc ia t ed  
ejecta events  and t h e  t i m e s  of e a r t h ' s  c ross ings  of 
cometary o r b i t a l  p lanes  and meteor streams. 

FTO 5) Determine the  e x t e n t  of con t r ibu t ion  of i n t e r s t e l l a r  
p a r t i c l e s  toward t h e  maintenance of t h e  zodiaca l  cloud 
as the  s o l a r  system passes  through g a l a c t i c  space.  

FTO 6 )  I n v e s t i g a t e  the  e x i s t e n c e  of an e f f e c t  c a l l e d  "ear th  
focus ing  of d u s t  p a r t i c l e s . "  

T e s t  Conditions 

FTO 1)  The Lunar Ejecta and Meteor i tes  experiment is  p a r t  of 
FTO 2) ALSEP 17 which w i l l  be deployed on the  luna r  sur face .  
FTO 3) 
FTO 4 )  Astronaut  ac t iv i t ies  w i l l  be  accomplished as fol lows:  
FTO 5) 
FTO 6 )  a) The a s t r o n a u t  w i l l  deploy t h e  experiment package approxi- 

mately 8 meters from t h e  RTG, b u t  n o t  ad jacen t  t o  a 
boulder  o r  i n  a crater. The i n t e n t  i s  t o  provide a loca- 
t i o n  such t h a t  no o b j e c t s  are a t  an e l e v a t i o n  of 10 degrees  
o r  g r e a t e r  as measured i n  a l l  azimuths from t h e  h o r i z o n t a l  
p l ane  con ta in ing  t h e  sensor  a p e r t u r e  on top of t h e  experi-  
ment package. H e  w i l l  then  level and a l i g n  t h e  ins t rument  
wi th  t h e  a i d  of t h e  bubble  level, gnomon and shadowgraph. 
The a s t r o n a u t  w i l l  r e p o r t  t h e  bubble level and shadowgraph 
i n d i c a t i o n s  t o  MCC. 
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b)  It is  h igh ly  d e s i r a b l e  t h a t  t h e  a s t r o n a u t  o b t a i n  two 
photographs of t h e  deployed experiment us ing  the  HEDC 
as fol lows:  

(1) One photograph of t h e  deployed experiment showing 
t h e  bubble level and shadowgraph, taken cross-sun 
from a d i s t a n c e  of 3 f e e t .  

(2) One photograph of the  deployed experiment taken 
from a d i s t a n c e  of 7 f e e t  showing the  ALSEP c e n t r a l  
s t a t i o n  i n  t h e  background. 

Af t e r  provid ing  a t  least two hours  t o  a l low t h e  d e b r i s  from 
detonat ion  of t h e  Lunar Seismic P r o f i l i n g  Experiment explo- 
s ive charges t o  se t t le  t o  the  luna r  s u r f a c e ,  MCC w i l l  i n i t i a t e  
commands t o  remove t h e  sensor  cover and accomplish TURN-ON 
of t h i s  experiment. Data w i l l  be  t r ansmi t t ed  t o  e a r t h  and 
recorded f o r  as much of th'e planned two y e a r  ALSEP o p e r a t i o n a l  
per iod  as p o s s i b l e ,  cons is  t e n t  wi th  equipment c a p a b i l i t i e s  and 
ope ra t iona l  requirements  of o t h e r  ALSEP experiments.  
ment adjustments w i l l  be  made as requ i r ed 'du r ing  per iods  of 
MCC monitoring. 

Data Book, SNA-8-D-027, Vol. V ,  ALSEP Data Book. 

Experi- 

The commands t o  be  i s sued  by MCC w i l l  be  
def ined  i n  Appendix F of t h e  CSM/LM Spacecraf t  Opera t iona l  I C  

Success Criteria 

FTO 1)  
FTO 2) 
FTO 3) 
FTO 4 )  
FTO 5) 
FTO 6 )  

Evalua t ion  

FTO 1) 
FTO 2) 
FTO 3) 
FTO 4 )  
FTO 5) 
FTO 6)  

FTO 1)  

Experiment d a t a  def ined  as mandatory under Data Requirements 
s h a l l  be  t r ansmi t t ed  t o  e a r t h  and provided t o  t h e  P r i n c i p a l  
I n v e s t i g a t o r  and s h a l l  i nc lude  te lemet ry  d a t a  f o r  a minimum 
t i m e  pe r iod  of s i x  months a f t e r  a c t i v a t i o n  of t he  ALSEP 
c e n t r a l  s t a t i o n  on t h e  luna r  su r face .  

Evaluat ion w i l l  c o n s i s t  of a n a l y s i s  of d a t a  and de termina t ion  
of proper  equipment opera t ion .  
a t  MSC f o r  process ing  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 .  [Pre- 
mission,  experiment suppor t ,  and experiment eva lua t ion  d a t a ,  
i nc lud ing  a l l  te lemet ry  measurements l i s t e d  under paragraph 

Data t apes  w i l l  be  re format ted  

314  1 

The background and long-term v a r i a t i o n s  i n  cosmic d u s t  i n f l u x  
rates on t h e  luna r  s u r f a c e  w i l l  b e  determined by a n a l y s i s  of 
experiment da ta .  [Premission and experiment eva lua t ion  d a t a  
as def ined under Data Requirements, i nc lud ing  a l l  te lemet ry  
measurements l i s t e d  under paragraph 3)a)l 
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FTO 2) The extent  and nature  of lunar e j e c t a  produced by impacts of 
meteorites on the lunar surface w i l l  be determined l>y analysis  
of experiment data .  
da t a  as defined under Data Requirements, including a l l  tele- 
metry measurements l i s t e d  under paragraph 3) a) ] 

[Premission and experiment evaluation 

IA 

IA 

c. 

FTO 3) The r e l a t i v e  contr ibut ions of comets and as te ro ids  t o  the  
ear th ' s  meteoroid ensemble w i l l  be determined by analysis  
of experiment data.  
da ta  as defined under Data Requirements, including a l l  tele- 
metry measurements l i s t e d  under paragraph 3)a) ] 

Experiment data  will be analyzed t o  determine the cor re la t ions  
between associated e j e c t a  events and the  times of ea r th ' s  
crossings of cometary o r b i t a l  planes and meteor streams. 
[Premission and experiment evaluation da ta  as defined under 
Data Requirements, including a l l  telemetry measurements l i s t e d  
under paragraph 3) a> ] 

[Premission and experiment evaluation 

FTO 4) 

FTO 5) The extent  of the contr ibut ion of i n t e r s t e l l a r  p a r t i c l e s  
toward the  maintenance of the  zodiacal cloud as the s o l a r  
system passes through ga lac t i c  space w i l l  be determined by 
analyzing the  experiment data.  [Premission and experiment 
support da ta  as defined under Data Requirements, including a l l  
telemetry measurements l i s t e d  under paragraph 3)a) I 

FTO 6 )  Experiment da ta  w i l l  be analyzed t o  f a c i l i t a t e  inves t iga t ion  
of the exis tence of an e f f e c t  ca l led  "earth focusing of dust  
p a r t i c l e s  ." 
defined under Data Requirements, including a l l  telemetry 
measurements l i s t e d  under paragraph 3)a) ] 

[Premission and experiinent evaluation da ta  as 

I A  
'Data Requirements 

1 )  Premission Data (PD): (M) 

Calibrat ion and Checkout Data: 

Premission experiment ca l ib ra t ion  da ta  included i n  the Apollo 
17 ALSEP Fina l  Acceptance Data Package provided t o  NASA/MSC 
by the in tegra t ion  contractor.  

Experiment Support bata (ESD) : 

a) Telemetry Measurements : (MI I A 

2) 

. Telemetry measurements l i s t e d  under 3) a). Display prefer- 

I A 

ence i s  indicated by (D) f o r  d i g i t a l .  

b) Voice Comments: (HD) 

Comments on bubble level and shadowgraph indica t ions  
f o r  the  deployed experiment. 
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, .  

3) Experiment Evaluation Data (EED): 

a) Telemetry Measurements: 

Measurement 
Number 

AS-1  
AJ-2 
AJ-3 
AJ-4 
AJ-5 
AJ-6 
AT-7 
AJ-8 
AJ-9 
AJ-10 
AJ-11 
DJ-1  
DJ-2 
DJ-3 
DJ-4 
DJ-5 
DJ-6 
DJ-7 
DJ-8 
DJ-9 
DJ-10 
D J - 1 1  
DJ-12 
DJ-13 
DJ-14 
DJ-15 
DJ-16 
DJ-17 
DJ-18  
DJ-19 
DJ-20 
DJ-21 
DJ-22 
DJ-23 
DJ-24 
DJ-25 
DJ-26 
DJ-27 
DJ-28 
DJ-29 
DJ-30 
D J - 3 1  

TM Description L 

+5v Supply PCM 
Sensor Dust Cover S ta tus  PCM 
Mirror Dust Cover S ta tus  PCM 
Power Supply Monitor PCM 
Bias Voltages Monitor PCM 
Up Microphone Temperature PCM 
East Microphone Temperature PCM 
West Microphone Temperature PCM 
Central  Electronics  Temperature PCM 
-5v Supply PCM 
Survival Temperature PCM 
Front Film I D  PCM 
Front Film PHA (Pulse Height Ana1ysis)PCM 
Front Film Accumulator PCM 
Rear Film I D  PCM 
Rear Film PHA PCM 
Rear Film Accumulator PCM 
Front Collector I D  PCM 
Microphone PHA PCM 
Microphone Accumulator PCM 
Rear Collector  I D  PCM 
Elapsed Time PCM 
Front Film I D  PCM 
Front Film PHA PCM 
Front Film Accumulator PCM 
Rear Film I D  PCM 
Rear Film PHA PCM 
Rear Film Accumulator PCM 
Front Col lector  I D  PCM 
Microphone PHA PCM 
Microphone Accumulator PCM 
Rear Collector  I D  PCM 
Elapsed Time  PCM 
Film I D  PCM 
Collector  I D  * PCM 
Film PHA PCM 
Film Accumulator PCM 
Secondary Microphone Accumulation PCM 
Analog Data Synchronization I D  B i t  PCM 
Heater S ta tus  PCM 
Main Microphone PHA PCM 
Main Microphone Accumulator PCM 

*There are no requiremente f o r  Premission Data (PD). 
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P r i o r i t y  
PD* ESD EED - - -  

HD 
HD 
HD 
HD 
HD 
HD 
HD 
HD 
M 
HD 
HD 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
HD 
M 
M 
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b)  Telemetry Measurement Tapes : (M) 

One copy of 9-track 800 o r  1600 BPI t ape  containing I A 
EED telemetered measurements l i s t e d  under 3) a) ,  recorded 
and c o r r e l a t e d  wi th  GMT during per iods  of experiment 
operat ion.  The tapes  are t o  b e  compatible wi th  an IBM 
360191 computer. CA 

c) Astronaut Logs o r  Voice Records: (HD) 

One copy each of as t ronaut  records containing comments 
on bubble level and shadowgraph i n d i c a t i o n s  f o r  t h e  
deployed experiment. 

d)  Astronaut Debriefings : (HD) 

One copy each of a s t r o n a u t  postmission s c i e n t i f i c  and 
photographic d e b r i e f i n g  t r a n s c r i p t s  p e r t a i n i n g  t o  experi-  
ment deployment. 

e )  Photographs : (HD) 

One copy each of t h e  photographs of t h e  deployed experiment 
as def ined under Test Conditions. 

5-36 A 
MS C-05180 
Change A 





5.5 LUNAR EJECTA AND METEORITES 

Background and J u s t i f i c a t i o n  

The h i s to ry  of i n  s i t u  measurements of the s p a t i a l  d i s t r ibu t ion  of 

cosmic dust covers almost 2 decades. 

cerning the cosmic dust  i n f lux  rates near the ea r th  p e r s i s t s  and va r i e s  

over s eve ra l  orders of magnitude. The two extremes of t h i s  disagreement 

are defined by zodiacal l i g h t  measurements on the low s p a t i a l  densi ty  and 

S t i l l  a severe disagreement con- 

microphone measurements on the high s p a t i a l  densi ty  end. 

drawn from each of these two types of measurements are pe r s i s t en t ly  

exposed t o  questions and c r i t i c i s m  due t o  assumptions concerning the cosmic 

p a r t i c l e  charac te r i s  t i c s .  

The conclusions 

This experiment on the lunar  sur face  w i l l  provide r e l i a b l e  da ta  on 
long term va r i a t ions  of cosmic dust f l ux  dens i t i e s  i n  the v i c i n i t y  of 

ear th .  This w i l l  be accomplished by measuring the  mass d i s t r ibu t ion ,  

speed, and d i r ec t ion  of cosmic dust p a r t i c l e s  of mass 

which impact on the moon during annual meteor showers as w e l l  as during 

normal periods of a c t i v i t y .  

polated t o  p a r t i c l e  masses which produce s ign i f i can t  lunar e j e c t a  and 

surface erosion. 

grams and less 

This mass d i s t r ibu t ion  can readi ly  be extra-  

I n  addi t ion,  the experiment w i l l  measure the ex ten t  and na ture  of the 

lunar e j e c t a  which is c ruc ia l  t o  our f u l l  understanding of the o r ig in  and 

na ture  of the lunar s o i l .  

The Lunar Ejecta and Meteorite experiment i s  r e l a t ed  to ,  and comple- 

mentary with,  the similar sa te l l i t e  experiments car r ied  on Pioneers 8 and 

9. 
-. 

The Apollo Window Meteoroid experiment was conducted during Apollo 

l A  14, 15 and 16. 

various Apollo CM hea t  sh i e ld  windows. 

have not  been analyzed. 

Ten poss ib le  meteoroid craters have been detected on 

The Apollo 11, 15 and 16 windows 
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Previous Mission Assignments 

Experiment 
Number Title 

S-176 Apollo Window Meteoroid 
S-176 Apollo Window Meteoroid 
S-176 Apollo Window Meteoroid 

14 
15 
16 
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5.6 LUNAR GEOLOGY INVESTIGATION 

Col l ec t  and document samples, and s tudy luna r  s u r f a c e  geology, 

Purpose 

The purposes are t o  o b t a i n  a b e t t e r  understanding of t h e  n a t u r e  and 

development of t h e  Taurus-Littrow area and t h e  processes  which have modi- 

f i e d  t h e  luna r  s u r f a c e  through t h e  s tudy  of documented luna r  geologic  

f e a t u r e s  and re turned  luna r  samples. 

by t h e  Apollo Lunar Geology Experiment Team (Experiment S-059) f o r  Apollo 

Mission 5-3 , i n  consu l t a t ion  wi th  the  Science Working Panel  r ep resen t ing  

t h e  requirements of P r i n c i p a l  I n v e s t i g a t o r s  f o r  sample ana lys i s . ]  

[The experiment w i l l  be  conducted 

The f u n c t i o n a l  test  ob jec t ives  are as follows: 

FTO 1) Examine, desc r ibe ,  photograph, and c o l l e c t  l una r  geologic  
samples from craters f o r  r e t u r n  t o  e a r t h .  

FTO 2)  Examine, d e s c r i b e ,  photograph, and c o l l e c t  l una r  geologic  
samples from boulders  f o r  r e t u r n  t o  ea r th .  

FTO 3) Examine, desc r ibe ,  photograph, and c o l l e c t  l una r  geologic  
samples of rocks and s o i l s  inc luding  s p e c i a l  s o i l  and 
s p e c i a l  conta iner  samples. 

FTO 4 )  Examine, desc r ibe ,  and photograph f i e l d  r e l a t i o n s h i p s  (such 
as shape, s i z e ,  range,  p a t t e r n s  of alignment,  o r  d i s t r i b u -  

t h e o r e t i c a l  models p e r t a i n i n g  t o  t h e  o r i g i n  of l una r  f e a t u r e s  
t i o n )  of a l l  a c c e s s i b l e  types of l una r  f e a t u r e s  such t h a t  

and t h e  n a t u r e  of l una r  processes  can be evaluated.  
c I 

FTO 5 )  Return an  organic  c o n t r o l  sample i n  each SRC. 

T e s t  Condi t ions 

T e s t  Conditions f o r  each of t h e  FTO's are presented i n  t a b u l a r  form 

i n  Table 1. This  format had been adopted f o r  ease of r e fe rence  i n  t h e  

p repa ra t ion  of crew t r a i n i n g  procedures and t imel ines .  

r e f e r r i n g  t o  similar s i t u a t i o n s  are grouped t o  f a c i l i t a t e  i n t e g r a t i o n  of 

activit ies.  

Sample procedures  

Information on procedura l  requirements  which would n o t  f i t  i n t o  t h i s  

t a b l e  are presented  on t h e  fol lowing page. 
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The fol lowing procedures a re  a p p l i c a b l e  t o  t h e  act ivi t ies  and photo- 

graphs as shown i n  Table 1. 

A. Documented Sample Procedures ( a p p l i e s  t o  a c t i v i t y  numbers 1 

through 8, 10 ,  11, 19 and 20). 

0 Documented sample areas should inc lude  a sample of each 
recognizable  rock type  and a scoop of  s o i l  ( ~ 2 0 0  gm) 

0 Select d i f f e r e n t  types of rocks and s o i l  showing v a r i a t i o n s  
i n  c o l o r ,  t e x t u r e ,  shape,  degree of rounding and minera l  
comp 0s i t  ion .  

0 Where rocks are too l a r g e  t o  b e  c o l l e c t e d ,  i t  i s  h igh ly  
d e s i r a b l e  t h a t  ch ips  be removed by chipping o r  prying.  
The number and l o c a t i o n  of ch ips  t o  be  taken w i l l  be  
determined by rock t e x t u r e ,  mineralogy, s t r u c t u r e  and 
s u r f a c e  exposure. Chips should be taken from each 
recognizable  rock type.  I f  d i f f e r e n t  types cannot be 
d i s t i n g u i s h e d ,  i t  i s  h igh ly  d e s i r a b l e  t h a t  a ch ip  be 
taken from two o r  t h r e e  s e p a r a t e  l a r g e  rocks.  

0 Rake/so i l  samples should inc lude  up t o  one kilogram of 
rock  fragments from 1 t o  4 cent imeters  i n  diameter  taken 
from a smooth area r e l a t i v e l y  f r e e  from r e c e n t  s m a l l  craters 
and ejecta. I n  a d d i t i o n ,  a sample of approximately 200 
grams of undis turbed s o i l  w i l l  be taken from j u s t  o u t s i d e  
t h e  raked area. 
( r a t h e r  than  200 grams) of undis turbed s o i l  w i l l  be  taken 
from j u s t  o u t s i d e  t h e  raked area on f i v e  occasions (once 
a t  each of t h e  major geologic  u n i t s  t o  inc lude  da rk  mantle ,  
sub f loo r ,  South M a s s i f / l i g h t  mant le ,  North Massif and 
Sculptured H i l l s ) .  

A sample of approximately 1 kilogram 

0 Documented samples w i l l  be  placed i n d i v i d u a l l y  i n  pre- 
numbered sample bags whose i d e n t i t y  w i l l  be  c a l l e d  o u t  
a t  the  t i m e  t h e  sample i s  p laced  i n  t h e  bag. S o i l  and 
rock samples may a t  crew d i s c r e t i o n  be p laced  i n  t h e  
same bag, except  i f  t h e  rock i s  f r i a b l e  o r  f r a g i l e .  The 
sample bags w i l l  be  s t o r e d  i n  an SRC o r  a sample c o l l e c t i o n  
bag (SCB).  
be  s t o r e d  i n  an SCB. 

Samples too  l a r g e  t o  f i t  i n  t he  sample bags w i l l  

0 These sampling procedures  w i l l  be  c a r r i e d  ou t  where t h e  
s p e c i f i e d  f i e l d  r e l a t i o n s  can b e  observed, documepted, 
and sampled. Where the  geologic  c i rcumstances permi t ,  
i n t e g r a t i o n  of t h e s e  procedures  wi th  each o t h e r  o r  w i th  
mandatory sampling procedures as descr ibed  above i s  pre- 
f e r r e d  i n  o rde r  t o  s a t i s f y  more than  one requirement w i th  
t h e  same sample. 
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B . Photographic Procedures 

1) Documented Sample Photography 

S ing le  geologic  samples and t h e  r a k e / s o i l  sample areas 
w i l l  b e  photographica l ly  documented t o  show t h e i r  or ien-  
t a t i o n  on t h e  luna r  s u r f a c e  and t o  show t h e i r  r e l a t i o n -  
s h i p  t o  geologic  f e a t u r e s  on t h e  luna r  s u r f a c e  such as 
o t h e r  rocks ,  craters, f i l l e t s ,  and l ineaments.  The 
Documented Sample Photographs w i l l  be  taken wi th  the  
Hasselblad e lec t r ic  d a t a  camera (HEDC) us ing  t h e  follow- 
i n g  procedure: 

0 The gnomon w i l l  be  pos i t i oned  down-sun from t h e  sample. 
The l e g  wi th  a t tached  photometr ic  c h a r t  w i l l  be  poin ted  
up-sun. 

0 Four photographs w i l l  be  taken before  sampling. One 
photograph w i l l  be  taken down-sun a t  a d i s t a n c e  of 11 
f e e t .  Immediately fol lowing,  a l o c a t i o n  photograph w i l l  
be  taken from t h e  same spo t .  It  w i l l  inc lude  some 
i d e n t i f i a b l e  landmark o r  o b j e c t  (p re fe rab ly  the  LRV o r  
LM), and hor izon  wi th  t h e  camera focused a t  the  f a r -  
f i e l d  d e t e n t .  A s t e r e o  p a i r  w i l l  be  taken cross-sun a t  
a d i s t a n c e  of 7 f e e t  and w i l l  i nc lude  t h e  photometr ic  
c h a r t .  

0 I f  a down-sun photograph is  n o t  taken, a l o c a t i o n  photo- 
graph w i l l  be  taken approximately cross-sun a t  a d i s -  
tance  of 15 f e e t  be fo re  o r  a f t e r  t he  sampling and w i l l  
i nc lude  t h e  sample area and i d e n t i f i a b l e  landmark o r  
o b j e c t  as descr ibed above. 

0 A photograph w i l l  be  taken a f t e r  sampling. A 
cross-sun photograph of t he  sampled area w i l l  b e  
taken a t  a d i s t a n c e  of 7 f e e t ,  from approximately 
t h e  same p l a c e  as the  s t e r e o  p a i r  be fo re  sampling. 

I f  only one crew member c o l l e c t s  and photographica l ly  
documents a s i n g l e  sample, t h e  gnomon w i l l  be  pos i t i oned  
as descr ibed  above, and only t h e  cross-sun s t e r e o  p a i r  
p r i o r  t o  sampling and t h e  af ter-sampling photograph are 
mandatory. 
graph b e  taken approximately cross-sun a t  a d i s t a n c e  of 
of 15 f e e t  as descr ibed  above. 

It i s  h igh ly  d e s i r a b l e  t h a t  a l o c a t i o n  photo- 

2) Panoramic Photography wi th  60-mm Lens 

Large areas of t h e  landing  s i te  w i l l  b e  documented by pan- 
oramic photographs. The f a r - f i e l d  (74-foot) d e t e n t  w i l l  b e  

’ used f o r  a l l  panoramic photographs. The a s t r o n a u t  w i l l  a i m  
t h e  HEDC wi th  60-mm l e n s  s o  t h a t  t he  hor izon  w i l l  appear i n  
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t he  top h a l f  of each photograph. I n  t h e  down-sun photograph, 
t he  p i c t u r e  must i nc lude  the  a s t r o n a u t ' s  shadow. I f  t h e  
shadow is  s o  s h o r t  t h a t  i t  cannot be photographed i n  t h e  same 
frame wi th  the  hor izon ,  a second photograph w i l l  be  taken i n  
the  same d i r e c t i o n  t o  inc lude  the  shadow. 

One panorama a t  each s t a t i o n  s t o p  w i l l  b e  taken wi th  black- 
and-white f i lm .  
o r  p a r t i a l  panorama of t h e  sampling area be taken wi th  a t  
least a 20-meter base  and the  b a s e l i n e  should be  o r i e n t e d  
from East t o  West. To s impl i fy  crew procedures ,  t h i s  second 
panorama may be  taken i n  co lor .  

It i s  h ighly  d e s i r a b l e  t h a t  a second panorama 

P a r t i a l  panorama sets w i l l  be  taken from t h e  LM windows t o  
cover t h e  e n t i r e  v i s i b l e  area, p a r t i c u l a r l y  i n  t h e  immediate 
v i c i n i t y  of t h e  LM. 

3) F l i g h t  Line Survey Photography 

F l i g h t  l i n e  survey photographs w i l l  be  taken a long  a base- 
l i n e  t h a t  i s  p a r a l l e l  t o  t he  boulder  o r  o the r  f e a t u r e  being 
photographed. The optimum spac ing  between camera s t a t i o n s  
i s  1 / 4  of t h e  d i s t a n c e  t o  the  o b j e c t  t o  b e  photographed. A 
spac ing  of 1/10 t o  1 /2  of t h e  d i s t a n c e  t o  t h e  o b j e c t  i s  
accep tab le  . 

4) Close-up S te reo  P a i r s  

Close-up s t e r e o  p a i r s  of d e t a i l s  of rocks and s o i l  t e x t u r e s ,  
s t r u c t u r e s ,  sampling si tes,  etc.  should be  taken as t i m e  
permits .  
d i s t a n c e  from camera t o  ob jec t .  

Tongs o r  scoop w i l l  b e  used t o  e s t a b l i s h  t h e  

5) P o l a r i m e t r i c  Photography 

a )  Fa r - f i e ld  p o l a r i m e t r i c  measurement photographs w i l l  be  
obta ined  wi th  an HEDC. 

t o  o b t a i n  p a r t i a l  panoramas. 
The fo l lowing  procedures  w i l l  b e  used 

The a s t r o n a u t  w i l l  select a f a r - f i e l d  area of i n t e r e s t ,  
t h a t  i nc ludes  t h e  North Massif and Sculptured H i l l s  o r  
South Massif ,  and maneuver t o  about cross-sun. 
z ing  f i l t e r  w i l l  be  a t t ached  t o  t h e  camera l e n s .  
canera w i l l  be  focused a t  t h e  f a r - f i e l d  d e t e n t ,  and t h e  
s h u t t e r  speed changed t o  1/125 sec. 

The p o l a r i  
The 

P a r t i a l  panoramas w i l l  be  taken of t h e  f i e l d  of i n t e r e s t  
through t h e  f i l c e r .  
photographs w i l l  n o t  b e  changed dur ing  a p o l a r i z a t i o n  

The f / s t o p  and s h u t t e r  speed between 
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sequence. All t h r e e  f i l t e r  p o s i t i o n s  w i l l  be  used and 
r epor t ed  be fo re  moving t o  t h e  next  azimuth p o s i t i o n  
(pos i t i ons  are approximately 20" a p a r t ) .  
p o s i t i o n s  should be  taken i n  each p a r t i a l  panorama (cross-  
sun, 20" and 40" up sun of cross-sun view). 

Three azimuth 

I f  t h e  a s t r o n a u t  cannot maneuver, then  a s e t  of 3 photo- 
graphs,  one a t  each f i l t e r  p o s i t i o n ,  w i l l  be  taken with 
t h e  camera po in t ing  east of no r th  (or  w e s t  of south)  
such t h a t  t h e  phase angle  i s  approximately 110". 

b) Deleted.  

6 )  Standard Core Tube Photography 

A l o c a t i o n  photograph inc luding  the  core  tube and LRV o r  
hor izon  w i l l  be  taken from a d i s t a n c e  of 15 f e e t  a f t e r  core  
tubes are emplaced. 

The gnomon w i l l  be  p o s i t i o n  near  t h e  core  tube.  
a t t ached  photometric c h a r t  w i l l  b e  poin ted  up-sun. 

The l e g  wi th  

Af t e r  embedding the  core  tube i n  t h e  luna r  s u r f a c e  b u t  p r i o r  
t o  hammering t h e  core  tube,  a cross-sun s t e r e o  p a i r  of t h e  
gnomon and the  core  tube w i l l  b e  taken from a d i s t a n c e  of 7 
f e e t .  The numbers ( o r  o the r  i d e n t i f y i n g  marks) on t h e  core  
tube  w i l l  b e  v i s i b l e .  

7) LRV Sampling Photography 

The crew w i l l  select p o i n t s  a loag  t h e  traverse where i t  i s  
d e s i r a b l e  t o  c o l l e c t  a s o i l  sample wi th  t h e  LRV sampler device  
(without dismounting from the  LRV) . 
p o i n t ,  t h e  LMP w i l l  t ake  two photographs wi th  t h e  HEDC of t h e  
approximate sampling area. It is  h igh ly  d e s i r a b l e  t h a t  t h e  
LRV be parked cross-sun +45 degrees  p r i o r  t o  sampling. A t  t h e  
conclusion of t h e  sampliGg opera t ion ,  each crew member w i l l  
take a s t ra ight -ahead  photograph, us ing  an  HEDC, t o  provide 
d a t a  t h a t  w i l l  a i d  i n  determining t h e  l o c a t i o n  of t h e  sample. 

When approaching such a 
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500 mm Photography 

The HEDC wi th  500 mm l e n s  may be  used, i f  s u i t a b l e  t a r g e t s  
e x i s t ,  t o  photograph d i s t a n t  t a r g e t s  , such as: b locks  and 
albedo c o n t r a s t s  i n  l a r g e  craters; l ineaments ,  boulders ,  boulder  
t r a c k s ,  p o s s i b l e  o u t  crops and source areas of l i g h t  mant le  on 
South Massif;  l ineaments ,  boulders ,  boulder  t r a c k s ,  and p o s s i b l e  
ou t  crops on North Massif and Sculptured H i l l s ;  p i c t u r e s  of t h e  
sca rp .  

LRV Photography 

While on r o u t e  between s t a t i o n s ,  photographs should be  taken 
a t  i n t e r v a l s  (approximately 50 t o  100 m a p a r t )  t o  document t h e  
l u r a i n ,  i t s  uni formi ty  and/or  he t e rogene i ty .  

Te lev i s ion  Procedures 

A t  each major geo log ica l  s i t e ,  inc luding  t h e  LM and ALSEP 
s i tes ,  a t e l e v i s i o n  f u l l  panorama w i l l  be  performed, a t  the  
ear l ies t  convenient t i m e .  The panorama should be  made wi th  
pauses i n  the  scan  t o  permit  Polaro id  hard copies  t o  be obta ined  
i n  t h e  Science Support Room. Targe ts  of oppor tuni ty  f o r  te le-  
v i s i o n  coverage w i l l  be  determined i n  real  t i m e .  No a s t r o n a u t  
a c t i v i t y  i s  planned i n  suppor t  of t hese  TV requirements .  

General  Comments Ic  
The p r i o r i t y  of stowage of r e t u r n  l u n a r  samples i n  t h e  SRC's 
i s  as fol lows:  

1) Organic Control  Sample 
2)  Sample stowed i n  t h e  CSVC 
3)  Sample stowed i n  t h e  SESC 
4 )  Up t o  f o u r  core  tubes  
5)  Documented samples 
6 )  Rake l so i l  samples (1 kg of rocks and 1 kg of s o i l  each) 
7) Rake/so i l  samples (1 kg of rocks and 200 grams of s o i l  each) IC 

Success Criteria 

FTO 1) 
FTO 2) 
FTO 3) w i t h  t h e  f i l m  d a t a  t o  t h e  LRL. 
FTO 5) 

Verbal ly  and photographica l ly  documented samples s h a l l  b e  
c o l l e c t e d ,  p laced  i n  t h e  proper  con ta ine r s ,  and r e tu rned  

FTO 4 )  Lunar s u r f a c e  f e a t u r e s  s h a l l  b e  observed, descr ibed  and 
photographed, and the  f i l m  d a t a  s h a l l  be  r e tu rned  t o  t h e  
LRL . 

- 
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Evaluat ion 

FTO 1)  
FTO 2) 
FTO 3) 
FTO 4 )  
FTO 5) 

Samples w i l l  be  re turned  t o  the  LRL f o r  pre l iminary  s tudy  
by t h e  Lunar Samples Prel iminary Examination Team (LSPET). 
These i n v e s t i g a t i o n s  w i l l  be  conducted i n  t h e  LRL a t  MSC. 
The LSPET w i l l  provide a complete c a t a l o g  of a l l  re turned  
samples and d i s t i n g u i s h i n g  c h a r a c t e r i s  t ics  of t hese  samples 
t o  MSC f o r  use  i n  d i s t r i b u t i o n  t o  sample P r i n c i p a l  Inves t i -  
g a t o r s ,  who w i l l  make f u r t h e r  i n v e s t i g a t i o n s  i n  t h e i r  own 
l a b o r a t o r i e s .  (Lunar samples) 

The Lunar Geology Experiment Team w i l l  l o c a t e  re turned  
samples and emplaced ins t ruments  on photographs and traverse 
maps. They w i l l  i n t e g r a t e  geo log ica l  in format ion  obtained 
from t h e  t r a n s c r i p t  of vo ice  communication, from d e b r i e f i n g  
of t he  crew, from a l l  photographs and from t h e  pre l iminary  
examination of t h e  r e tu rned  samples. 
s t i l l  and sequence photographs,  v ideo  t a p e s ,  landed LM 
l o c a t i o n ,  d e b r i e f i n g  d a t a ,  photomaps) 

(Astronaut records ,  

Data Requirements 

1 )  Experiment Support  Data (ESD): 

a) P o s i t i o n  of t h e  landed LM as determined by t h e  MCC 
and crew comments. (M) 

b)  Voice Comments: (M) 

(1) Comments and i d e n t i f i c a t i o n  of samples (by sample 
bag number and sample c o l l e c t i o n  bag number) and 
photographs.  

( 2 )  Records of where samples were obta ined  ( loca t ion  
and depth) .  

Geologic observa t ions  of l una r  su r face .  (3) 

c )  Lunar Surface  TV. (HD) 

d )  Locat ion and heading of t h e  LRV a t  each geo log ica l  
s top .  (M) 

2) Experiment Evaluat ion Data (EED): 

a) P o s i t i o n  of t h e  landed LM. (M) 

b)  Astronaut  Logs o r  Voice Records: (M) 
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(1) Comments and i d e n t i f i c a t i o n  of samples and 
photographs. 

(2) Records of where samples were obta ined  ( l o c a t i o n  
and depth) .  

(3) Geologic observa t ions  of l una r  su r face .  

c) Astronaut  Debrief ings : (M) 

One copy each of a s t r o n a u t  postmission s c i e n t i f i c  and 
photographic  d e b r i e f i n g  t r a n s c r i p t s  p e r t a i n i n g  t o  both 
mandatory and h igh ly  d e s i r a b l e  experiment o b j e c t i v e s  . 

d) S t i l l  photographic  documentation as shown i n  Table 1. 
( P r i o r i t i e s  are as shown i n  t h e  table.) 

e) Sequence Photographs: (HD>* 

(1) Descent t o  touchdown. 

(2) Ascent from l u n a r  su r face .  

(3)  A l l  o r b i t a l  photography of t h e  landing  area. 

f )  Lunar samples as shown i n  Table 1. ( P r i o r i t i e s  are as 
shown i n  t h e  t ab le . )  

g) Lunar s u r f a c e  TV v ideo  tapes .  (HD) 

h )  Copies of annotated photomaps r e tu rned  from t h e  
moon. (HD) 

*No s p e c i f i c  crew tasks are requi red .  Copies of t hese  photographs are t o  
be provided t o  t h e  P r i n c i p a l  I n v e s t i g a t o r s  and Lunar Geology Experiment 
Team only i f  they are obta ined  i n  suppor t  of o p e r a t i o n a l  tasks, d e t a i l e d  
o b j e c t i v e s  o r  o t h e r  d e t a i l e d  experiments. 
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5.6 LUNAR GEOLOGY INVESTIGATION 

Background and J u s t i f i c a t i o n  

The fundamental o b j e c t i v e  of t h e  Lunar Geology I n v e s t i g a t i o n  Experi- 

ment i s  to provide d a t a  i n  t h e  v i c i n i t y  of t h e  landing s i t e  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  geologic  h i s t o r y  of t h e  moon. 

missions o f f e r  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 

with a v a r i e t y  of observa t iona l  d a t a  on a t  least the  upper por t ions  of t h e  

mare b a s i n  f i l l i n g  and the  lunar  highlands,  t h e  two major geologic  sub- 

d i v i s i o n s  of t h e  moon. 

Apollo lunar  landing  

The n a t u r e  and o r i g i n  of the  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 lunar  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  lunar  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  processes  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 ,  o r  r e g o l i t h ,  and the  land 

forms superimposed on the  maria and highland regions are a record of l u n a r  

h i s t o r y  subsequent t o  t h e i r  formation. 

r e f l e c t s  t h e  h i s t o r y  of t h e  extra-lunar environment. 

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 

This later h i s t o r y  predominately 

Within and on t h e  

of geologic  u n i t s  elsewhere on t h e  moon and t h e  broader aspec ts  of lunar  

h i s  t o r y .  

Documented sample c o l l e c t i o n  and geologica l  observat ion of t h e  lunar  

I A  s u r f a c e  were accomplished on Apollo 11, 12, 14 ,  15 and 16. 
The landing s i t e  f o r  Apollo 14 w a s  Fra  Mauro. This s i te,  i n  t h e  c e n t e r  

of the moon's f a c e  as seen from t h e  e a r t h ,  w a s  of d i f f e r e n t  geologic  in-  

terest from t h e  Apollo 11 and 1 2  landing sites. 

i n s p e c t ,  document and c o l l e c t  lunar  material which may o r i g i n a l l y  have 

come from deep i n s i d e  t h e  moon qnd may have been thrown o u t  onto t h e  l u n a r  

s u r f a c e  during t h e  formation of t h e  very l a r g e  Imbrium crater. 

s i t e  f o r  Apollo 15 w a s  Hadley-Apennine. 

very anc ien t  rocks,  t h e  o r i g i n  of which preda tes  t h e  formation and f i l l i n g  

of t h e  major mare basins .  

The crewmen were a b l e  t o  

The landing 

The Apenninean material may provide 

The mission t o  

chronology of major 

and t h e  composition 

Hadley-Apennine should r e s o l v e  ques t ions  concerning t h e  

events  i n  lunar  h i s t o r y ,  t h e  n a t u r e  of these  events ,  

of deep-seated materials. 
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The Apollo 1 6  landing s i t e  w a s  t h e  Descartes area of t h e  

l u n a r  highlands,  In  t h i s  area, a v a r i e t y  of highlands c o n s t r u c t i o n a l  

u n i t s  were w i t h i n  range of t h e  landing poin t .  

The Taurus-Littrow area is i n  t h e  mountainous region of t h e  south- 

eastern r i m  of t h e  S e r e n i t a t i s  b a s i n ,  approximately 750 km east of t h e  

Apollo 15 site. Steep-sided mass i f s ,  a c c e s s i b l e  on LRV traverses, pro- 

v i d e  an opportuni ty  t o  o b t a i n  o l d  highlands material from an  unsampled 

quadrant of t h e  Moon. 

graben-like trough whose subsurface is thought t o  c o n s i s t  of down-faulted 

uplands material t h a t  may b e  p a r t i a l l y  bur ied  by younger b a s i n - f i l l i n g  

m a t e r i a l s .  The s u r f a c e  of t h e  v a l l e y  f l o o r ,  as w e l l  as p o r t i o n s  of t h e  

upland area, i s  covered by a dark mantle of probable p y r o c l a s t i c  o r i g i n .  

The l a n d i n g - p o i n t  i t se l f  is on t h e  f l o o r  of a 

Major s u r f a c e  f e a t u r e s  of s p e c i a l  geologic  in te res t  inc lude  craters, 

shal low troughs a t  t h e  bases  of t h e  massifs  and scu lp tured  h i l l s ,  and t h e  

prominent eas t - fac ing  f a u l t  scarp.  

The l a r g e r  craters (genera l ly  >lo0 m) on t h e  p l a i n s  s u r f a c e  are of 

t h r e e  types:  1) l a r g e  ( . 5  - 1 km) s teep-s ided  craters t h a t  occur i n  a 

c l u s t e r  n e a r  t h e  landing p o i n t ,  2) l a r g e  subdued craters with b a r e l y  

p e r c e p t i b l e  rims, and 3) s c a t t e r e d  c l u s t e r s  of smaller (e.5 km) craters. 

All t h r e e  types are i n f e r r e d  t o  be o l d e r  than t h e  dark mantle although 

some could b e  contemporary volcanic  sources .  

material are discont inuous and genera l ly  occur only on t h e  i n n e r  w a l l  

below t h e  r i m  crest. Elsewhere t h e  ejecta are mantled except f o r  scat- 

t e r e d  blocks l a r g e  enough t o  p r o j e c t  through t h e  t h i n  mantle. Although 

t h e  l a r g e r  craters are probably of impact o r i g i n ,  a volcanic  o r i g i n  f o r  

some may b e  considered. 

Exposures of w a l l  and r i m  

The dark  mantle i s  excavated only by r e l a t i v e l y  small craters t h a t  

are g e n e r a l l y  much less than 100 m i n  daimeter. 

f o r  dark mantle material i n  t h e  nearby uplands are small craters w i t h  

r e l a t e d  dark d e p o s i t s  of l o c a l  extent. 
represented  by similar small craters c l o s e l y  enough spaced so t h a t  t h e  

ejecta b lankets  overlap.  

I n  many p l a c e s  t h e  boundary between t h e  uplands and t h e  p l a i n s  is  a 

The most l i k e l y  vents  

Vents i n  t h e  p l a i n s  area may b e  

f a i r l y  sharp ,  topographic break accentuated by a shallow trough o r  s l i g h t  
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depression a t  t h e  edge of t he  p l a i n s .  

ness  of t h e  massif f aces  show la rge-sca le  u p l i f t  of the  mountain blocks 

r e l a t i v e  t o  t h e  p l a i n s ,  t he  bounding depressions sugges t  a f i n a l  s l i g h t  

subsidence of t h e  mountain blocks o r  u p l i f t  of t he  trough f l o o r .  

Although the  g r e a t  he igh t  and s teep-  

An apparent ly  young, eas t - fac ing  scarp, wi th  l o c a l  h e i g h t  of as much 

as 80 m, c ros ses  the  f l o o r  of t h e  trough about 5 km w e s t  of t h e  landing  

p o i n t  and cont inues i n t o  t h e  n o r t h  massif .  

r ep resen t s  t h e  s u r f a c e  trace of a complex f a u l t ,  c o n s i s t s  of a l t e r n a t i n g  

no r th  and nor thwes t -s t r ik ing  segments, each on the  order  of 5 km long. 

Some segments occur as s i n g l e ,  continuous,  approximately s t r a i g h t  s ca rps ,  

o t h e r s  as zones of discont inuous en echelon sca rps .  Between t h e  l i g h t  

mantle u n i t  and t h e  no r th  massif  t h e  sca rp  i s  covered by the  dark mantle 

u n i t ,  which i t  t h e r e f o r e  appears t o  an teda te .  However, d i s t i n c t n e s s  of 

some segments of the  sca rp  i n  the  area of t h e  l i g h t  mant le  and absence of 

dark  mantle on some segments of the  sca rp  on the  no r th  massif sugges t  t h a t  

younger movement may have occurred. 

The sca rp ,  which probably 

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,  crew observa t ions  and i n t e r p r e t a t i o n s ,  and re turned  luna r  

samples. Photographs taken according t o  s p e c i f i c  procedures supplerient and 

i l l u s t r a t e  crew comments, record d e t a i l s  n o t  discussed by the  crew, provide  

a framework f o r  deb r i e f ing ,  and record a weal th  of l u n a r  s u r f a c e  informa- 

t i o n  t h a t  cannot b e  r e tu rned  o r  adequately descr ibed by any o t h e r  means. 

I n  any Hasselblad p i c t u r e  taken from the  lunar  s u r f a c e ,  as much as 

90 pe rcen t  of t h e  t o t a l  image information may be less than 100 f e e t  from 

t h e  camera, depending on topography and haw f a r  t h e  camera i s  depressed 

below h o r i z o n t a l .  Images of d i s t a n t  s u r f a c e  d e t a i l  are s o  foreshor tened  

t h a t  they are d i f f i c u l t  t o  i n t e r p r e t .  Therefore ,  i t  i s  important  t h a t  

panoramas be  taken a t  i n t e r v a l s  dur ing  t h e  traverse and a t  the  f a r t h e s t  

excurs ion  of t h e  traverse. This procedure w i l l  extend the  h igh  r e s o l u t i o n  

photographic  coverage t o  t h e  areas examined and d iscussed  by the  a s t ronau t ,  

and w i l l  show t h e  reg iona l -contex t  of areas of s p e c i f i c  i n t e r e s t  t h a t  have 

been d iscussed  and photographed i n  d e t a i l .  

The p o l a r i z i n g  f i l t e r  w i l l  permit  t h e  measurement of t h e  degree of I C  
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  p l ane  of p o l a r i z a t i o n  contained i n  
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l i g h t  r e f l e c t e d  from t h e  lunar  su r face .  D i f f e r e n t  l u n a r  materials (i.e., 

f ine-grained g l a s s  and/or  fragments,  s t r o n g l y  shocked rocks ,  s l i g h t l y  

shocked rocks and shock- l i t h i f i ed  fragmental  m a t e r i a l )  have d i f f e r e n t  

p o l a r i m e t r i c  func t ions ,  i n  o the r  words, d i f f e r e n t  p o l a r i m e t r i c  "s igna tures ."  

Comparison of t h e  p o l a r i m e t r i c  func t ion  of known material, such as r e tu rned  

samples and close-up l u n a r  s u r f a c e  measurements, wi th  materials photo- 

graphed beyond the  traverse of t h e  a s t r o n a u t  w i l l  a l low 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 t h e s e  materials even though t h e i r  t e x t u r e s  are n o t  

r e so lvab le .  The p o l a r i m e t r i c  p r o p e r t i e s  of l una r  materials and rock types  

are a u s e f u l  t o o l  f o r  c o r r e l a t i o n  and geologic  mapping of each landing  s i t e ,  

and f o r  e x t r a p o l a t i o n  of geologic  d a t a  from s i t e  t o  s i t e  ac ross  t h e  luna r  

s u r f  ace. 

desc r ib ing ,  and c l a s s i f y i n g  l u n a r  materials. The gnomon wi th  photometr ic  

c h a r t  a t t ached  w i l l  be  photographed bes ide  a r e p r e s e n t a t i v e  rock and, i f  

p r a c t i c a l ,  b e s i d e  any rock o r  f ine-grained material wi th  unusual  f e a t u r e s .  

Sampling techniques vary  wi th  t h e  n a t u r e  of t h e  area a t  each s t a t i o n  

s top .  The b a s i c  samples a t  each s i t e  are the  documented samples f o r  which 

t h e  s t anda rd  photographic  sequence is  obtained.  With t h e s e  photographs 

t h e  fo l lowing  b a s i c  d a t a  can be  determined: 

and o r i e n t a t i o n ,  photometr ic  p r o p e r t i e s  of t h e  samples and ad jacen t  t e r r a i n  

on the  l u n a r  s u r f a c e ,  t h e  l o c a l  l u n a r  geologic  environment of t h e  sample, 

and photogrammetric a n a l y s i s  of rocks and s u r f a c e s  i n  t h e  s t e r e o s c o p i c  

coverage of t h e  cross-sun p i c t u r e s .  Rocks and s o i l  samples of t h i s  type  

can c h a r a c t e r i z e  t h e  va r ious  geologic  u n i t s  i d e n t i f i e d  a t  each si te.  

t h e  o r i g i n a l  l u n a r  l o c a t i o n  

The l u n a r  r ake  i s  designed t o  collect  a l l  fragments l a r g e r  than  1 c m  

ac ross  from an  area f r e e  of rocks.  This  sample enhances t h e  s ta t i s t ics  of 

rock types and i n c r e a s e s  t h e  p r o b a b i l i t y  of r e t u r n i n g  fragments which were 

thrown i n t o  t h e  sample area from d i s t a n t  impact sites. 

Small  exp lo ra to ry  t r enches ,  several cent imeters  deep, may be dug t o  

determine t h e  c h a r a c t e r  of t h e  r e g o l i t h  down t o  t h e s e  depths.  The t renches  

should b e  dug i n  t h e  va r ious  types of  t e r r a i n  and i n  areas where t h e  sur -  

face c h a r a c t e r i s t i c s  of t he  r e g o l i t h  are of s i g n i f i c a n t  i n t e r e s t  as de te r -  
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mined by the  a s t r o n a u t  crew. The main purpose of t he  t renches w i l l  be  t o  

determine the  s m a l l  s c a l e  s t r a t i g r a p h y  ( o r  l a c k  o f )  i n  the  upper few cen t i -  

meters 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  

A s p e c i a l  environmental  sample con ta ine r  (SESC) is  being c a r r i e d  t o  

ensure  a vacuum seal on c e r t a i n  r e g o l i t h  samples. 

d e s i r a b l e  f o r  a permanently shadowed sample which might be  obtained i n  the  

shadowed s i d e  of a l a r g e  boulder .  A permanently shadowed l o c a l i t y  i s  a 

cold t r a p  and thus w i l l  p r e f e r e n t i a l l y  p r e c i p i t a t e  and r e t a i n  v o l a t i l e  

elements.  This  sample when compared t o  an ad jacent  r e g o l i t h  sample t h a t  

i s  exposed t o  t h e  sun w i l l  permit  an a n a l y s i s  of amounts and rates of 

t r a n s f e r  of t h e  v o l a t i l e s .  

This i s  p a r t i c u l a r l y  

The Core Sample Vacuum Container is  designed t o  r e t u r n  a s i n g l e  core  

tube of l una r  material i n  luna r  vacuum s o  t h a t  i t  can be s t o r e d  and pre- 

served f o r  many yea r s .  This material may then be  opened and analyzed by 

techniques as y e t  undeveloped. 

A number of samples from boulders ,  s o i l  beneath boulders ,  and s o i l  

i n  an east-west c rack ,  w i l l  be  c o l l e c t e d  as t i m e  permi ts  i f  t h e  s p e c i a l  

r e l a t i o n s h i p s  requi red  are found and i d e n t i f i e d .  

The organic  c o n t r o l  sample, c a r r i e d  i n  each SRC, w i l l  be analyzed post-  

mission i n  t h e  Lunar Receiving Laboratory t o  determine t h e  level of contami- 

n a t i o n  i n  each SRC. This w i l l  then be compared t o  an organic  c o n t r o l  sample 

which was removed from t h e  SRC p r i o r  t o  t h e  SRC be ing  shipped t o  KSC f o r  

loading onto t h e  LM. 

The LRV sampler is  designed t o  permit sampling without  dismounting. 

These samples w i l l  provide a d d i t i o n a l  sampling p o i n t s  between major s t a t i o n s .  

This  w i l l  a i d  i n  understanding t h e  lateral  v a r i a t i o n  i n  t h e  su r face  materials 

as w e l l  as providing an oppor tuni ty  t o  sample t a r g e t s  of oppor tuni ty  seen 

a long  t h e  traverse r o u t e  wi th  t h e  least  t i m e  impact. 

. 
C 

I n  o rde r  t o  more f u l l y  sample t h e  major geo log ica l  f e a t u r e s  of t h e  

Apollo Mission 5-3 l anding  s i t e ,  va r ious  groupings of sampling t a s k s  w i l l  

be combined and w i l l  be  accomplished i n  concentrated areas. 

i n  ob ta in ing  ver t ical  as w e l l  as la teral  d a t a  i n  t h e  p r i n c i p a l  geo log ica l  

This  w i l l  a i d  
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s e t t i n g s .  Thus, some t rench samples, c o r e  tube samples and lurlar environ- 

mental  s o i l  samples w i l l  be  c o l l e c t e d  i n  a s s o c i a t i o n  wi th  r a k e / s o i l  samples. 

I n  a d d i t i o n ,  sampling of crater rims of widely d i f f e r i n g  s i z e s  i n  a con- 

c e n t r a t e d  area 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  site. Repeating t h i s  sampling technique a t  success ive  traverse 

s t a t i o n s  w i l l  show t h e  c o n t i n u i t y  of t h e  main u n i t s .  
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Table 1. Experiment A c t i v i t i e s  

I 

! 

Tasks (P r io r i ty )  * 

TO 1 )  Crater 

*.Rim sampling 

-ng 

( s o i l  and rocks). 
(M) 20 t o  50 m 
diameter craters. 

*.Radial sampling 
of a f r e sh  
c r a t e r  (M) and 
diametric 
sampling (HD) . 
20 t o  50 m diam- 
eter craters. 

Astronaut Ac t iv i t i e s  

Scoop s o i l  and c o l l e c t  
rock samples from each 
crater r i m .  

Take photographs. 

Col lect  3 
samples: 1 one c r a t e r  
d i a e t e r  outward on 
ejeCta f i e l d ;  1 one- 
ha l f  crater diameter 
autward from r i m ;  1 
on crater r i m .  

Perform diametr ic  
sampling, t i m e  per- 
mit t ing:  a) crater 
center ;  b) diametri- 
c a l l y  opposite c r a t e r  
r i m ;  c) one-half out- 
ward from t h i s  c r a t e r  
r i m ;  d) one c r a t e r  
diameter from t h i s  
crater r i m .  

Photographs 

Documented Sample 
Photography and 
p a r t f a l  panorama 
from each crater 
r i m .  (M) 

Documented Sample 
Photography. 1 
s t e r e o  p a r t i a l  pan- 
orama a f t e r  sampling 
along sampling direc- 
t ion .  (M) 

Stowage 

I n  individ-  
u a l  pre- 
numbered 
bags. 

Loose i n  ar 
SRC o r  
c o l l e c t  ion 
bag. 

*Note: The numbers f o r  each t a sk  are fo r  reference only and do n o t  imply 
p r i o r i t y .  The word "Prior i ty"  r e f e r s  only t o  the  symbols (M) o r  
(HD) 

- 

Rationale /Remarks 

The material from the rims 
of the  craters w i l l  pro- 
v ide  samples from the 
deepest p a r t  of the  
craters. 

The a i m  i s  t o  determine thc 
s t r a t i g r a p h i c  h i s  tory and 
charac te r ize  regol i th  
s t r u c t u r e  of the area. Thc 
deepest material should be 
exposed a t  the  c r a t e r  r i m ;  
t he  material o r ig in  should 
g e t  progressively shallowei 
moving out  from the  crater; 
i.e.,  materials f a r t h e s t  
away should have the 
shallowest o r ig in  i n  the  
crater. 

Photographs of the c r a t e r  
w i l l  record i t s  s i z e ,  
type,  and freshness (fresh- 
ness is suggested by radi-  
a t i n g  pa t t e rns  of high al- 
bedo material; i .e. ,  
"br ight  ray" c ra t e r s ,  o r  
by a l a rge  abundance of 
angular blocks or,  
boulders).  
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Tasks ( P r i o r i t y )  

1 .  Radia l  sampling 
of a f r e s h  crater 
(M) and d i ame t r i c  
sampling (D). 
20 t o  50 m 
diameter  craters. 
(Continued) 

I .  Fresh secondary 
crater s o i l  and 
rocks.  (HD) 
Crater wi th  
c l e a r l y  associa-  
t e d  remnants of 
impacting pro- 
ject i le  (prefer -  
ab ly  10 t o  20 sq. 
cm,  g lass-coated,  
non-vest icular  
remnants) 

?TO 2) Boulder 

i .  Large boulders  

Boulder >5 m 
diameter  , most 
l i k e l y  b r e c c i a  

Sampling 

(MI 

Table 1. Experiment Activit ies (Continued) 

Astronaut Activit ies 

If t i m e  l imi t ed ,  rake /  
s o i l  samples can be  
replaced by 2 scoops 
of s o i l  and several 
documented rocks a t  
each site. 

Take photographs. 

Scoop s o i l  and col-  
lect rocks from 
crater, Co l l ec t  i m -  
pac t ing  p r o j e c t i l e  o r  
chip.  

Take photographs. 

Co l l ec t  samples. 

Take re ference  s o i l  
sample. 

Take photographs. 

Photographs 

Documented Sample 
Photography. (M) 

F l i g h t l i n e  survey 
( 3  t o  5 frames).  (M) 

Close-up s t e r e o  p a i r  
of each chip.  (M) 
Documented Sample 
Photography of 
r e fe rence  s o i l  
sample. (M) 

Stowage 

Cn indiv id-  
s a l  pre- 
lumbered 
3ags. 

Ind iv idua l  
prenumb er e d  
bags. 

Rat iona le  / Remarks 

Samples from c r a t e r  s o i l  
and ch ips  from rock(s)  
producing t h e  crater w i l l  
provide d a t a  on contem- 
porary exposure h i s t o r i e s  . 
Undisturbed g l a s s  remnants 
( i . e . ,  n o t  s t r u c k  by o ther  
p r o j e c t i l e s )  w i l l  provide 
magnetic l una r  h i s to ry .  

Can be  used f o r  crater 
da t ing  i f  boulders  are 
unambiguous l y  re l a  ted  t o  
crater of i n t e r e s t .  Sample, 
w i l l  p rovide  v a r i a t i o n  i n  
l i t h o l o g y ,  roc6 s t ruc -  
t u r e  and r a d i a t i o n  h i s t o r y  
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Tasks ( P r i o r i t y )  

5 .  Vertical s p l i t  
boulder  chips .  

Boulder >1 m 
diameter .  S p l i t  
<5 cm wide. 
C r y s t a l l i n e  o r  
very hard  b recc ia  

Chips from verti-  
ca l  column down 
middle of i n t e r i o  
s u r f a c e  (HD) . 

(HD) 

5. Chips and s o i l  
from over turnab le 
boulder .  (HD) 

Chips from o t h e r  
s i d e s .  (HD) 

Table 1. Experiment A c t i v i t i e s  (Continued) 

Astronaut  Activit ies 

P u l l  o r  pry boulder  
a p a r t  a long f r a c t u r e .  
C o l l e c t  ch ips  from top 
bottom, and i n t e r i o r  
s u r f  ace. 

Take photographs. 

Take ch ip  from top,  
t u r n  boulder  over ,  tak 
chip  from bottom ten- 
ter. C o l l e c t  s o i l  from 
under boulder  and 
r e f e r e n c e  s o i l  from 
nearby unshielded lo- 
ca t ion .  Take ch ips  
from exposed s i d e s .  
(HD) 

C r e w  judgment used on 
b i g g e s t  rock which can 
b e  turned over.  

Overturned h a l f  should 
b e  N o r  E p o r t i o n  i f  

Take photographs. 

s p l i t .  

Photographs 

Iocumented Sample 
?hotography . (M) 
:lose-up s t e r e o  p a i r  
a f t e r  each chip.  (M) 

Zross-sun s t e r e o  p a i l  
ief  o r e  a t tempt ing  t o  
ive r tu rn  the  boulder .  
(M) 
Stereo p a i r  of each 
i f  3 o the r  f a c e s  of 
the same boulder  
x i o r  t o  over t u r n i n g  
it .  (MI 
:lose-up s t e r e o  p a i r  
i f  chipped area. (M) 
Zross-sun s t e r e o  pa i l  
i f  overturned boul- 
3er. (M) 
Iocumented Sample 
'hotography of 
reference s o i l .  (M) 
>own-sun and loca-  
:ion photos. (MI 

Stowage 

.n pre- 
lumbered 
)ag i n  SRC, 

Cn pre- 
iumb er ed 
jag i n  SRC, 

R a  tionale/Remarks 

Chips from f r a c t u r e  sur-  
f a c e  and boulder  top/  
bottom w i l l  provide d a t a  
on r a d i a t i o n  h i s t o r y  and 
long cosmic ray  tracks. 

Chips and samples from 
s o i l  underneath and ad- 
j a c e n t  t o  boulder  w i l l  
p rovide  da t a  on s u r f a c e  
r a d i a t i o n  h i s  to ry .  

A 



Table 1. Experiment Act ivi t ies  (Continued) 
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Tasks ( P r i o r i t y )  

'. Boulder w i th  
permanent shadow. 

encountered) 

>1 km from LM 

(M, if 

~- ~~ ~ 

1. East-West s p l i t  
boulder  s o i l .  (HD) 

>1 km from LM. 

Width of s p l i t  
<he ight  of s p l i t ;  
i .e.,  45" sh ie ld -  
i n g  angle.  

?TO 3) Rock and S o i l  

3 .  Contingency 

Sampling 

sample. (My i f  
circumstances 
a r i s e )  

As t ronau t A c t  i v i  ties 

Col lec t  s o i l  from 
permanently shadowed 
a rea  beneath boulder  
overhang and chip from 
shadowed rock su r face .  

F i l l  SESC t o  nea r  
capac i ty  . C o l l e c t  
re fe rence  s o i l  a t  least  
1 m away i n  open area. 

Take photographs. 
~~ ~ ~ 

Col l ec t  s o i l  sample 
from between s p l i t  
halves  and r e fe rence  
s o i l  sample from un- 
sh ie lded  s u r f a c e  east 
o r  w e s t  of rock. 

S p l i t  should be  narrow 
b u t  wide enough t o  
permit  sample co l lec-  
t i on .  

Take photographs. 

I n  event  of a c t u a l  con- 
t ingency, c o l l e c t  loose 
sample of l una r  mater- 
ia l .  

Take photographs. 

Photographs 
~~ ~~ 

idequate t o  permit  
: a l cu la t ion  of shadow 
) a t t e r n  on s o i l .  (M) 

)acumen t ed S amp l e  
'hotography of 
:eference sample. (M) 

' l i g h t l i n e  survey 
:3 t o  5 frames).  (M) 

Iocumented Sample 
'hotography of 
reference s o i l  
;ample. (M) 

Location photo. (HD) 
Thoto through LM win- 
low w i l l  b e  satis- 
Eactory i f  sample 
srea is  i n  view. 

Stowage 

Cn SESC and 
I renumb er ed 
)ag i n  SRC. 

Ind iv idua l  
p r enumb er e d  
3ags. 

S u i t a b l e  
r e t u r n  con- 
t a i n e r  . 

Rationale/Remarks 

SESC sample of s o i l  under 
overhang w i l l  b e  used f o r  
a n a l y s i s  of v o l a t i l e  sub- 
s t ances .  S o i l ,  i f  p o s s i b l e ,  
should be  from mate r i a l  
( i . e . ,  dark mantle cover) 
t h a t  w a s  deposi ted a f t e r  
the  boulder  w a s  implaced. 

~ ~- 

S o i l  from East-West s p l i t  
b ou Id e r  w i  11 have been 
sh ie lded  from cosmic rad ia-  
t i o n .  S o i l ,  i f  poss ib l e ,  
should be from mate r i a l  
( i . e . ,  dark mantle cover) 
t h a t  w a s  deposi ted a f t e r  
the  boulder  w a s  implaced. 

This l u n a r  su r face  mater ia l  
w i l l  p rovide  a lunar  sample 
f o r  e a r t h  r e t u r n  only i f  
t he  l u n a r  s t a y  i s  termina- 
t e d  e a r l y  i n  t h e  f i r s t  EVA 
per iod .  

c 

lc 
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Tasks ( P r i o r i t y )  

0. Documented 
Samples. (M) and 

A t  each major 
geo log ica l  s i t e  
on traverses and 
from each geolog- 
ical  unit. 
Rake/soi l  samples 
a t  s t a t i o n s  r e p r e  
s e n t a t i v e  of dark 
mantle,  sub f loo r ,  
South Massif/ 
l i g h  t mantle , 
North Massif and 
Sculptured H i l l s .  

(HD) 

Around 
rimmed 

Within 
geolog 

(MI 

b locky- 
craters. 

each major 
cal  site. 

Each p s e s s i b l e  
l a y e r .  

Each bedrock 
l a y e r  g r e a t e r  
than  10 m i n  
th ickness .  (HD) 

Table 1. Experiment Activit ies (Continued) 

Astronaut  Act ivi t ies  

Scoop 100 t o  200 gm 
of s o i l  and rocks.  
Where rocks are too  
l a r g e ,  ch ips  w i l l  be 
obtained.  (M) 

C o l l e c t  r a k e / s o i l  
sample inc luding  1-kg 
rock from 1 t o  4 cm 
diameter  and samples 
from j u s t  o u t s i d e  
each raked area, 
as descr ibed on page 
5-40. (M) 

Co l l ec t  sanples  of 
l o c a l  bedrock. (M) 

Co l l ec t  s eve ra l  roughl! 
equidimensional rocks 
of 1 t o  3 kg m a s s .  (M) 

Samples of  bedrock. 
(M, i f  encountered) 

Samples from top ,  
middle,  and bottom. 

Take photographs. 

Photography 

Documented Sample 
Photography. (M) 

Stowage 

~ ~~ 

In pre- 
numbered 
3ags i n  an 
3RC o r  
sample col-  
l e c t i o n  
3ag. I f  
too l a r g e ,  
s t o r e  i n  
Zollec t i o n  
3ag. 

Ration a le  /Remarks 

The i n t e n t  is  t o  ob ta in  
samples r ep resen ta t ive  of 
t he  landing  area. 

The photographs w i l l  show 
sample o r i e n t a t i o n ,  buried 
depth,  r e l a t i o n s h i p  t o  
o the r  geologic  f ea tu res ,  
and l o c a t i o n  with r e spec t  
t o  t h e  LM o r  o the r  recog- 
n i z a b l e  f e a t u r e s .  Photo- 
graphs wi th  gnomon and 
photometr ic  c h a r t  w i l l  
show o r i e n t a t i o n  wi th  
r e spec t  t o  sun,  lunar  
l o c a l  ver t ical ,  and 
co lo r ime t r i c  p rope r t i e s ;  
s t e r eo -pa i r s  w i l l  b e  ob- 
t a ined  f o r  p r e c i s e  photo- 
grammetric measurements 
of f e a t u r e s .  

C 
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Tasks ( P r i o r i t y )  

1. LRV Sampling. (MI 

2. 2 lunar environ- 
ment s o i l  samples 
(MI 
Use CSVC >1 km 
from LM away from 
f l i g h t  pa th .  

Use SESC only  i f  
shadowed s o i l  
sample n o t  pre- 
v ious ly  c o l l e c t e d  
i n  t a s k  7.  >1 km 
from LM away from 
f l i g h t  path.  

.3. 3.3-meter d r i l l  
core. (M) 
A t  least 25 m 
from t h e  ALSEP 
Cen t ra l  S t a t ion .  
(M) It is (HD) 
t h a t  i t  a l s o  b e  
i n  c e n t e r  of  lar- 
.gest  old- crater. 

Table 1. Experiment Activit ies (Continued) 

Astronaut Activit ies 

Co l l ec t  s o i l / r o c k  
samples a long t r ave r ses  
without dismounting 
from LRV. U s e  LRV 
sampler device.  

C o l l e c t  s i n g l e  core  
tube sample and seal 
i n  CSVC. 

C o l l e c t  s o i l  sample 
from bottom of t rench  
a t  least 10 c m  deep, 
f i l l  SESC t o  near  
capac i ty .  

Take photographs. 
~ ~~~~ 

Obtain sample us ing  
Apollo l u n a r  su r face  
d r i l l .  

Take photograph. 

Photographs 

LRV Sampling Photo- 
graphy. (MI 

Do cumen t ed S amp l e  
Photography. (M) 

S m a l l  explora tory  
t rench  photographs 
w i l l  s u f f i c e .  (M) 

h e  l o c a t i o n  photo- 
graph. (MI 

' Stowage 

LRV sample] 
lags i n  an 
SRC o r  a 
sample c01. 
l e c t i o n  bai 

~~ 

CSVC i n  an 
SRC. 

In  SESC. 

Stow d r i l l  
s t e m  sec- 
t i o n s  i n  
Beta c l o t h  
bag. 

Rationale/Remarks 

; o i l  samples from many 
) o i n t s  along t r ave r ses  pro- 
ride information on t rans-  
Ior t  mechanism f o r  l u n a r  
:u r face  materials and on 
-atera1 v a r i a t i o n  i n  dark 
i a n t l e  materials. Samples 
irom LRV without d i s -  
iounting i s  only manner 
:o c o l l e c t  such samples 
.n given t i m e  frame. 

These samples w i l l  b e  t h e  
only t r u l y  v i r g i n  vacuum 
samples from the  moon and 
w i l l  provide b i o l o g i c a l l y  
pure  samples for gas 
a n a l y s i s  and f o r  chemical 
and microphysical  analyses  

This  co re  w i l l  p rovide  the  
only deep sample of rego- 
l i t h  and w i l l  he lp  t o  de- 
termine s t r a t i g r a p h y  i n  
t h e  sample area. The loca.  
t i o n  w i t h i n  a crater w i l l  
p rovide  a subsurface l i n e  
of s i g h t  between the  RTG 
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Tasks ( P r i o r i t y )  

-3. 3.3-meter d r i l l  
core  (M) 
(Continued) 

. 4 .  1 double co re  
tube  sample. (M) 

Should p e n e t r a t e  
lower dark mantle  
sequence and e n t e r  
sub f loo r  mater- 
i a l s .  

L5. 1 double core  
tube sample. (M) 
Remote from f r e s h  
craters nea r  base  
of scarp .  Lower 
tube should b e  
placed i n  CSVC. 

.6. 1 double core  tube 
sample. (M) 
Remote from f r e s h  
craters nea r  rake /  
s o i l  sample. 
Should p e n e t r a t e  
dark mantle se- 
quence and e n t e r  
sub f loo r  mater- 
i a l s  a t  l o c a t i o n  
o t h e r  than t a s k  1 4  

Astronaut Activit ies 

l b t a i n  core  tube  
3ample. 

l epor t  number and order  
)f mul t ip l e  c o r e  tubes.  

Cake photographs. 

3b t a i n  core  tube 
sample. 

Report number and order 
o f  mu l t ip l e  core  tubes.  

Take photographs. 

Obtain core  tube  
sample. 

Report number and order 
of  mu l t ip l e  core  tubes.  

Take photographs. 

Photographs 

tandard Core Tube 
hotography . (M) 

i tandard Core Tube 
'hotography . (M) 

i tandard Core Tube 
'hotography. (M) 

Stowage 

:n an SRC 
)r sample 
: o l l e c  t i o n  
'ag 

.n an SRC. 

In an SRC 
5 r  sample 
z o l l e c t i o n  
lag.  

Rationale/Remarks 

and t h e  Lunar Neutron Probe 
which w i l l  be  i n s e r t e d  i n  
the  h o l e  l e f t  by e x t r a c t i n g  
the  d r i l l  core  sample.  

This a c t i v i t y  w i l l  provide 
a sample f o r  determining 
s t r a t i g r a p h y  and so i l - type  
d i s t r i b u t i o n  t o  depths of 
approximately 0.6 meters 
i n  t h e  luna r  su r face  a t  
s e l e c t e d  loca t ions  (ex- 
pected mul t ip l e  l aye r  
a r e a s ) .  Thin edges of 
rays  and ejecta b lankets  
are p re fe rab le .  The photo- 
graphs w i l l  record t h e  sur-  
f ace c h a r a c t e r i s t i c s  and 
l o c a t i o n  of the  sample 
area. 

C 

l c  



Table 1. Experiment Act ivi t ies  (Continued) 

I 

I 

I 

I 

I 

1 

1 

I 

I 

I 

I 

I 

Tasks ( P r i o r i t y )  

7. 1 double core  tube 
sample. (M) 

Remote from f r e s h  
craters near  rake/ 
s o i l  sample. 

I n  dark  mantle. 

One s i n g l e  core  
tube sample. (M) 

Base of North 
Massif i n  massif 
d e b r i s ,  i f  
poss ib l e .  

.8. Any remaining 
core  tube sample. 
(HD) 
I n  v i c i n i t y  of 
LM. 

-9. Addi t iona l  samples 
t o  maximize amount 
of material re- 
turned. (M) 

Astronaut A c t i v i t i e s  

~~ 

l b t a i n  core  tube 
samples. 

Report number and o rde r  
3 f  mul t ip l e  core  tubes.  

rake photographs. 

Db t a i n  core  tube 
samples. Co l l ec t  a t  
end of f i n a l  EVA. 

Report number and order  
of m u l t i p l e  core  tubes.  
~~ 

C o l l e c t  samples of 
p a r t i c u l a r  i n t e r e s t  i n  
o rde r  of p r i o r i t y .  
I n  SRC's: a) small 
rocks;  and b)  s o i l .  
I n  SCB's: a) 15 t o  20 
cm equidimensional 
rocks ;  and c) s o i l .  
C o l l e c t  n e a r  end of 
a v a i l a b l e  sampling t i m e  
on each EVA. 

Photographs 

i tandard Core Tube 
'hotography. (M) 

j tandard Core Tube 
'hotography . (M) 

3efore sampling 
xoss-sun photo- 
Zraph. (M) 

Stowage 

Cn an SRC 
ir sample 
:o l l e  c t i o n  
3ag. 

In an SRC 
31: sample 
c o l l e c t i o n  
bag. 

Loose i n  
SRC's  and 
SCB's .  

Rationale/Remarks 

This a c t i v i t y  w i l l  provide 
samples  f o r  determining 
s t r a t i g r a p h y  and so i l - type  
d i s t r i b u t i o n  t o  depths of 
approximately 0.6 meters 
i n  t h e  luna r  s u r f a c e  a t  
s e l e c t e d  loca t ions  (ex- 
pec ted  mul t ip l e  l a y e r  
areas). Thin edges of 
r ays  and ejecta b lanke t s  
are p re fe rab le .  The 
photographs w i l l  record 
the  su r f  ace c h a r a c t e r i s  t i c s  
and loca t ion  of t he  sample 
area. 

15 t o  20 cm diameter:  The 
i n t e n t  is  t o  ob ta in  infor -  
mation on t h e  r a d i a t i o n  
h i s t o r y  of t h e  sun by pro- 
v id ing  a l a r g e  sample with 
exposed and unexposed ex- 
t e r n a l  areas. The photo- 
graphs w i l l  record the  ex- 
posed p a r t s  of the  rock anc 
t h e  l o c a t i o n  of the  sample 
area. 



I 

I 

I 

1 

I 

I 

I 

I 

I 

1 

1 

I 

! 

I 

Tasks (P r io r i ty )  

3 .  Addit ional  samples 
t o  maximize amounl 
of material re- 
turned. (M) 
(Continued) 

0. 1 f i l l e t  sample - 
f i l l e t s  around 
most of rock 
base. (HD) 

Table 1. Experiment A c t i v i t i e s  (Continued) 

I s  t ronaut  A c t i v i t i e s  

Cake photographs. 

Scoop f i l l e t  material 
le fore  taking chip 
Erom rock. Scoop 
nearby t y p i c a l  s o i l  
sample 2 t o  3 m from 
rock f o r  reference.  

Take photographs. 

Photographs 

-~ 

)own-sun, loca t ion ,  
md cross-sun s te reo-  
lair before  co l l ec t -  
.ng f i l l e t  material. 
3) 
:ross-sun s tereo-  
,a i r  a f t e r  f i l l e t  
Raterial i s  co l l ec t ed  
3) 
:lose-up s t e r e o  p a i r  
i f t e r  chip. (M) 

lo cumen ted Sample 
'ho tography f o r  
reference s o i l .  (M) 

Stowage 

%lip, f i l -  
.et materi- 
1 1 ,  and 
iearby 
.ef er ence 
; o i l  w i l l  
le placed 
.n separa te  
irenumbered 
lags. 

Rationale/Remarks 

5 t o  15 cm diameter: 
S i m i l a r  t o  r a t iona le  on 
previous page. Several  
s m a l l  rocks may be more 
va luable  than one l a r g e  
rock because of higher 
s ta t i s t ica l  s ign i f icance  
of more samples. 

The volume of the  f i l l e t  
may be  d i r e c t l y  propor- 
t i o n a l  t o  the  time the  
rock has been i n  pos i t i on  
and t o  the rock s i z e .  
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I 
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I 
I 

I 

I 

I 

Table 1. Experiment Act ivi t ies  (Continued) 

Tasks ( P r i o r i t y )  4stronaut  Activit ies 

1. S m a l l  explora tory  
t renches.  (HD) 

The fol lowing 
sites w i l l  be 
considered f o r  
t renching  : 

a) n e a r  r i m  of 
small crater; 

b) i n  c e n t e r  of 
crater; 

c) i n  a mound; 
d) i n  an area 

where t h e r e  i s  
a change i n  
s u r f  ace 
c h a r a c t e r i s  tic1 
such as c o l o r  
s u r f a c e  pat-  
t e r n s ,  o r  
mech ani cal 
DroDer tfes . 

J A .  Fuel  products  
contamination 
sample. (M) 

Dig t renches  20° o f f  
sun l i n e  t o  a depth of 
B t o  20 cm. 

So21 and rock samples 
dl1 be  taken a t  
crew ' s d i s c r e t i o n ,  
except t h a t  200 t o  
500 grams of s o i l  w i l l  
be taken from bottom 
of t renches  i n  rake/ 
s o i l  sample areas. 

Col lec t  >1 bur i ed  
rock, i f  encountered. 

Take photographs. 

Col lec t  s o i l  sample 
near  LM descent  engine 
s k i r t .  Double bag. 

rake photographs. 

Photographs 

. l o c a t i o n  photograpf 
before o r  a f t e r  samp- 
Sng. (M) 

L l s t e r e o  p a i r  of t he  
; u n l i t  w a l l  a f t e r  
Lrenching . (M) 
L after-sampling 
ihotograph. (M) 
?hotos a t  crew's 
i i s c r e t i o n  i f  
i n t e r e s t i n g  f e a t u r e s  
me observed. (HD) 

. l o c a t i o n  photograpf 
t f t e r  sampling show- 
.ng sample area and 
)ar t  of LM. 

Stowage 

I n  pre- 
numb er ed 
bag i n  an 
SRC o r  SCE 

[ndiv idua l  
1 re-num- 
)ered bags.  
loub l e  bag 
ind r e t u r n  
in SRC. 

Rationale/Remarks 

The i n t e n t i o n  i s  t o  de- 
termine t h e  charac te r  of 
r e g o l i t h  and small  scale 
s t r a t i g r a p h y  i n  terms of 
p e t r o l o g i c  cha rac t e r i s  t ics 
and p a r t i c l e  s i z e .  The 
photographs w i l l  record 
the  s u r f a c e  character-  
i s t i c s  and loca t ion  of the  
t rench sample area and 
o t h e r  c h a r a c t e r i s  t ics  

Buried rock w i l l  provide 
an oppor tuni ty  t o  assess 
e f f e c t s  of su r f ace  e ros ion  
when compared with exposed 
rocks.  

~~~~ ~~ 

The i n t e n t i o n  i s  to  obta in  
a sample wi th  the maximum 
contamination caused by 
the  LM descent  engine. 
Should be  co l l ec t ed  as 
e a r l y  as p r a c t i c a l ,  C 



c’ 

Examine and desc r ibe  
fol lowing types  of 
f i e l d  r e l a t i o n s h i p s :  
a) su r face  p a t t e r n s  of 
l i n e a r  f e a t u r e s  o r  

I 

I 

I 

1 

I 

1 

I 

I 

I 

I 

I 

I 

! 

! 

I 

~ 

I 

6 

I 

Features  and f i e l d  
re la t i o n s h i p s  w i l l  
be  photographed a t  
crew d i s c r e t i o n  usin;  
60 mm o r  500 mm l e n s  

Tasks ( P r i o r i t y )  

o the r  s u r f a c e  t e x t u r e s ;  
b )  rock s u r f a c e s  t h a t  
show t e x t u r e s  such as 
l aye r ing ,  f r a c t u r i n g  
o r  co lo r  v a r i a t i o n s ,  

TO 4 )  Lunar F i e l d  
Rela t ionships  

Shor t  base  s t e r e o  
pair of targets of 
oppor tuni ty  us ing  
60 mm l e n s .  (HD) 

2. Lunar s u r f a c e  
f e a t u r e s  and 
f i e l d  r e l a t i o n -  
sh ips .  (M) 

Table 1. Experiment Activities (Continued) 

Astronaut Activit ies I Photographs 

and s t r u c t u r e s  too  
l a r g e  t o  r e t u r n ;  
c) craters t h a t  show a 
range of s i z e ,  f resh-  
ness ,  and degradat ion;  
d)  rock-so i l  con tac t s  
such as f i l l e t s  banked 
a g a i n s t  rocks ,  especi-  
a l l y  those banked 

Inc lude  scale 
(gnomon, LRV, etc.) 
i n  photo when 
poss ib l e .  

h) ou t  crops;  
i) boulders  and 
boulder t r a c k s ;  and 
j )  sca rp  f e a t u r e s .  

a g a i n s t  rocks on one o r  
two s i d e s :  Take photographs. 

e) boundary zone be- 
tween h i l l s i d e  and 
r e l a t i v e l y  level  ground 
a t  i t s  base ;  
f )  d i s tu rbed  (foot-  
p r i n t s ,  wheel t racks ,  
t renches)  and undis- 
turbed s u r f a c e  material; 
g )  source of l i g h t  
mantle (South Massif)  ; 

. 

S towage 

N/A 

Rat iona le  /Remarks 

Geologic f e a t u r e  co lor  and 
t e x t u r e  d i f f e rences  i n f e r s  
age,  o r i g i n ,  and composi- 
t i o n  of f e a t u r e s .  



I 

cn 
I 
f. 
f. 
7c 

Tasks (Pr ior i ty)  

3. Panoramic Photo- 
graphic sequences 
(MI 

4. 3 panoramic 
photograph sequen 
ces a t  LM. (M) 
1 set per  EVA. 
6 m from h f  a t  
3 pos i t ions  ap- 
proximately 120° 
apart .  

Table 1. .Experiment Activities (Continued) 

Astronaut Ac t iv i t i e s  

Take panoramic photo- 
graphs based on 
following c r i t e r i a :  
a) geological  f ea tu re s  
of i n t e r e s t  along 
traverse; b) from high 
elevat ion points  from 
which unobstructed 
horizon can be seen; 
c) items of crew 
i n t e r e s t ;  d) one set 
per t raverse  s t a t i o n ;  
e) second panoramic pel 
traverse s t a t i o n  with 
as wide a s t e reo  base 
as p r a c t i c a l  within 
sampling area. 

Take photographs 

Photographs 

15 photographs are 
(M) per  panorama t o  
provide 360°, over- 
lapped coverage. 
Additional 5 photo- 
graphs pe r  panorama 
a re  (HD). Second 
panorama per  traver s f 
is (HD). 

15 photographs are 
(M) per panorama t o  
provide 360°, over- 
lapped 'coverage. 
Additional 5 photo- 
graphs per  panorama 
are  (HD). 

Stowage 

N/A 

N/A 

Rationale /Remarks 

These photographs, when 
joined as mosaics, w i l l  
provide accurate  map con- 
t r o l  data .  

These photographs, when 
joined as mosaics, w i l l  
provide accurate map con- 
t r o l  data.  

A 



i 

I 

Tasks (P r io r i ty )  

5 .  LM window p a r t i a l  
panoramic 
sequences 

a) immediately 
a f t e r  landing 

b) after any EVA 
when rock 
samples were 
co l lec ted  i n  
f i e l d  of view 
of LM window, 
bu t  without thi 
normal Docu- 
mented Sample 
Photography. 
(MI 

c) p r i o r  t o  l i f t -  
off  i f  c r e w  
s leep  period 
is  a f t e r  last  
EVA and i f  roc1 
samples w e r e  
co l lec ted  dur- 
ing  any EVA 
without the  
normal Docu- 
mented Sample 
Photography . 

(MI 

(m 

, 

Table 1. Experiment Activities (Continued) 

Astronaut Activities 

rake photographs. 

Photographs 

1 panoramic sequence 
Df area v i s i b l e  from 
Each LM window a f t e r  
landing. (M) 
1 panoramic sequence 
Erom each LM window 
z t  end of each EVA, 
then required. (M) 

1 panoramic sequence 
Erom each LM window 
) r i o r  t o  l i f t o f f .  
@D) 

Stowage RationalelRemarks 

These photographs w i l l  
enable iden t i f i ca t ion  of 
loca t ion  and or ien ta t ion  
of samples col lected i n  
v i c i n i t y  of LM i n  case the 
normal Documented Sample 
Photography was not accom- 
pl ished.  

A 

P 



Tasks ( P r i o r i t y )  

6. Deleted.  

7. Far- f ie ld  po la r i -  
metric measure- 
ment photographs. 
(MI 

'TO 5) Organic 
Control  
S amp l e  

8. 2 organic  c o n t r o l  
samples. (M) 

- 

Table 1. Experiment Activit ies (Con-tinued) 

Astronaut  Activit ies 

Photos of North Massif- 
Sculptured H i l l s  and 
South Massif. 

S e a l  t he  organic  con- 
t r o l  sample a t  t h e  
beginning of  each EVA 
on which an SRC i s  
used. 

Photographs 

' a r t i a l  panoramas 
qith camera cross-sur 
ZOO and 40° upsun of 
:ross-sun. (M) 

N / A  

Stowage 

I n  each 
SRC. 

Rat iona le  /Remarks 

Comp aris on o f p olarime t r i  c 
s i g n a t u r e s  wi th  those of 
known materials will allow 
c l a s s i f i c a t i o n  and cor re lz  
t i o n  of l u n a r  material 
even though t ex tu res  are 
n o t  r e so lvab le .  

These samples w i l l  permit 
a determinat ion of t h e  
contamination wi th in  each 
SRC. 

lc 
lc 





5.7 SURFACE ELECTRICAL PROPERTIES 

Conduct t he  Surface Elec t r ica l  P rope r t i e s  Experiment (S-204) .  

Purp 0s e 

The purpose is  t o  ob ta in  da t a  about the e lec t romagnet ic  energy 

t ransmiss ion ,  absorp t ion  and r e f l e c t i o n  c h a r a c t e r i s t i c s  of t he  luna r  

s u r f a c e  and subsur face  f o r  use i n  the  development of a geo log ica l  

model of t h e  upper l a y e r s  of t he  moon. 

The func t iona l  test o b j e c t i v e  i s  as fol lows:  

FTO 1)  Obtain d a t a  on t h e  e lectr ical  p r o p e r t i e s  of t h e  lunar  sub- 
s u r f a c e  as a func t ion  of depth and la teral  pos i t i on .  

T e s t  Conditions 

FTO 1) The Surface  Electrical  P rope r t i e s  (SEP) experiment t r a n s m i t t e r  
w i l l  be  deployed on t h e  luna r  s u r f a c e  a t  a s i t e  a t  least 100 
meters from t h e  LM and 70 meters from any o t h e r  metallic ob jec t .  

The fol lowing a s t r o n a u t  ac t iv i t ies  w i l l  be  accomplished: 

a )  The p o r t a b l e  receiver and orthogonal-loop antenna w i l l  
be  mounted on t h e  SEP bracke ts  on t h e  LRV. Receiver 
temperature  w i l l  be  read and repor ted  t o  MCC. The 
receiver w i l l  be  connected t o  the  LRV t o  ob ta in  range,  
bea r ing ,  and wheel r o t a t i o n  pu l ses  from two LRV wheels. 

b )  Receiver thermal c o n t r o l  w i l l  be  exerc ised  by readouts  of 
t h e  temperature i n d i c a t o r  and ope ra t ion  of t he  r a d i a t o r  
covers.  If the  receiver is deployed during the  f i rs t  EVA 
per iod ,  t h e  receiver w i l l  be  i n  t h e  OFF p o s i t i o n  between 
t h e  end of t h e  f i r s t  EVA per iod  and t h e  start  of t h e  
second EVA per iod ,  wi th  both f l a p s  of t h e  r a d i a t o r  
covers  open. 
b e  read  a t  t h i s  t i m e  t o  MCC t o  h e l p  e s t a b l i s h  a hea t ing  
g r a d i e n t  as a func t ion  of sun angle .  

Photographs of t h e  rece iver /an tenna  w i l l  b e  taken w i t h  a 
HEDC t o  show t h e  genera l  mounting arrangement and o r i en ta -  
t i on .  

I n  a d d i t i o n ,  t h e  receiver temperature w i l l  

c) 

d )  The t r a n s m i t t e r  package w i l l  be deployed, l eve led ,  and 
a l igned  us ing  t h e  bubble level and shadowgraph. 

- 
e) The transmitter antenna reels w i l l  be  removed from t h e  

* t r a n s m i t t e r  package and r e e l e d  out  i n  two orthogonal  d i rec-  
t i o n s  (each antenna element w i t h i n  9 E l O  degrees of t h e  

5-45 
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l e g ) ,  w i t h  one a x i s  roughly Eormal t o  t h e  i n i t i a l  traverse 
ad jacen t  l e g s  and w i t h i n  18W10 degrees  of t h e  oppos i t e  

d i r e c t i o n .  The o r i e n t a t i o n  of each antenna l e g  w i t h  
r e s p e c t  t o  luna r  n o r t h  w i l l  be  repor ted  t o  MCC. 

C I 
A photograph w i l l  be  taken of t h e  deployed t r a n s m i t t e r /  
antenna wi th  a HEDC t o  show o r i e n t a t i o n  of t r a n s m i t t e r  
and gene ra l  l ayou t  of t h e  antenna.  It i s  h igh ly  d e s i r a b l e  
t h a t  one c r e w  member t a k e  a HEDC photograph from t h e  end 
of one of t h e  f o u r  antenna elements t o  show luna r  f e a t u r e s  
and t h e  o t h e r  crewman s tanding  a t  t h e  f a r  end of t h e  
oppos i te  antenna element.  
be taken i n  a s i m i l a r  manner from t h e  end of e i t h e r  of t h e  
o the r  two antenna elements.  

Another HEDC photograph w i l l  

g )  The t r a n s m i t t e r  power w i l l  b e  turned ON and MCC w i l ?  be 
n o t i f i e d  of t h i s  event .  

h )  Approximately twenty minutes p r i o r  t o  t h e  s ta r t  of t h e  
traverse dur ing  t h e  second EVA pe r iod ,  receiver tempera- 
t u r e  w i l l  be  read  and r epor t ed  t o  MCC. The receiver w i l l  

r a d i a t o r  covers  w i l l  be  c losed .  A t  t h e  start  of  t h e  tra- 
verse t h e  receiver w i l l  be  switched t o  t h e  ON p o s i t i o n .  
An HEDC photograph w i l l  be  taken showing t h e  p o s i t i o n  of 
t h e  parked LRV (at t h e  beginning of t h e  traverse) wi th  
r e s p e c t  t o  t h e  t r a n s m i t t e r  package. The LRV w i l l  s tar t  
a t  a p o s i t i o n  as c l o s e  as p r a c t i c a b l e  b u t  no more than 25 
meters from t h e  t r a n s m i t t e r  package and approximately 5 
meters from t h a t  antenna element which p o i n t s  in t h e  
gene ra l  d i r e c t i o n  of t h e  subsequent traverse. The LRV 
w i l l  then move i n  a d i r e c t i o n  p a r a l l e l  t o  t h e  same antenna 
element and t h e  crew w i l l  r e p o r t  t o  MCC when t h e  LRV passes  
t h e  end of t h a t  antenna element. Af t e r  r e p o r t i n g  p o s i t i o n  
and heading t o  MCC, t h e  LRV w i l l  cont inue on t h e  planned 
traverse. It is h ighly  d e s i r a b l e  t h a t  t h e  LRV b e  d r iven  
i n  roughly a s t r a i g h t  l i n e  f o r  t h e  f i r s t  300 meters of t h e  
traverse. The p o s i t i o n  and heading of t h e  LRV w i l l  b e  
r epor t ed  t o  MCC by vo ice  a t  each subsequent s top .  

then be  switched t o  STANDBY and both f l a p s  of t h e  Ic 

i) The r eco rde r  w i l l  be  powered dawn dur ing  t h e  long s t a t i o n  
s t o p s  as necessary  t o  i n s u r e  recorder  coverage through 
t h e  end of t h e  t h i r d  EVA. Power w i l l  be  app l i ed  t o  t h e  
r eco rde r  b e f o r e  proceeding and t h e s e  power down and power 
up events  w i l l  b e  repor ted  t o  MCC as they occur.  
receiver r a d i a t o r  w i l l  b e  dus t ed ,  as requi red .  

The 

j) It is  h i g h l y  d e s i r a b l e  t h a t  p r i o r  t o  t h e  end of t h e  
second EVA pe r iod  t h e  LRV r e t u r n  t o  t h e  s t a r t i n g  p o s i t i o n  
as descr ibed  i n  paragraph h) above, fol lowing t h e  i n i t i a l  
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pa th  between the  end of the  antenna element and t h e  s ta r t -  
i n g  p o s i t i o n .  It  i s  a l s o  h ighly  d e s i r a b l e  t o  push the  NAV 
reset bu t ton  a t  t h e  end of t h e  second EVA per iod  p r i o r  t o  
power dawn of t h e  SEP receiver and recorder .  

k) A t  t h e  end of t he  second EVA per iod the  receiver and re- 
corder  w i l l  b e  powered down. Both f l a p s  of t h e  RC 
r a d i a t o r  covers w i l l  b e  opened. Receiver temperature w i l l  
be  read  and repor ted  t o  MCC. 

1 )  P r i o r  t o  beginning t h e  t h i r d  EVA traverse, power w i l l  be  
app l i ed  t o  t h e  receiver and recorder .  Both f l a p s  of 
t h e  r a d i a t o r  covers  w i l l  be  c losed.  Receiver tempera- 
t u r e  w i l l  b e  read and repor ted  t o  MCC. 

I C  

m) A t  t h e  beginning of t h e  LRV traverse dur ing  t h e  t h i r d  EVA 
pe r iod ,  t h e  LRV w i l l  be  dr iven  t o  a p o s i t i o n  similar t o  
t h a t  descr ibed  i n  paragraph h )  above b u t  n e a r  t h e  t r ans -  
m i t t e r  antenna element t h a t  i s  i n  the  d i r e c t i o n  of t h e  
subsequent traverse. An HEDC photograph w i l l  b e  taken 
from t h e  t r a n s m i t t e r  package showing t h e  LRV loca t ion .  
It i s  h ighly  d e s i r a b l e  t h a t  t h e  LRV then proceed on t h e  
planned traverse as i n  paragraph h )  above. 

n)  Recorder and receiver power w i l l  be  app l i ed  and removed 
as noted i n  paragraph i )  above. 

0) A t  t he  end of traverse on t h e  t h i r d  EVA, i t  i s  h igh ly  
d e s i r a b l e  t h a t  t h e  LRV b e  dr iven  t o  the  end of any one of 
t h e  t r a n s m i t t e r  antenna elements and proceed p a r a l l e l  t o  
t h e  antenna l e g  t o  a p o s i t i o n  as c l o s e  as p r a c t i c a l  t o  
t h e  t r a n s m i t t e r  package. It is  h igh ly  d e s i r a b l e  t h a t  t he  
NAV reset bu t ton  then  b e  pushed. The receiver and recorder  
w i l l  then be  powered down. 

p) The SEP t r a n s m i t t e r  w i l l  be  turned OFF anytime a f t e r  power 
is removed from t h e  receiver and recorder  f o r  t h e  f i n a l  
t i m e  dur ing  t h e  t h i r d  EVA per iod .  

q )  The recorder  w i th  t ape  w i l l  b e  removed and stowed i n  the  
LM a t  t h e  end of t h e  t h i r d  EVA per iod .  

Success Criteria 

FTO 1 )  Experiment d a t a  def ined  as mandatory under Data Requirements 
s h a l l  be  provided t o  t h e  P r i n c i p a l  I n v e s t i g a t o r .  

Evalua t ion  

FTO 1) The d a t a  s h a l l  be analyzed t o  determine t h e  fol lowing:  

a) Changes i n  electrical  p r o p e r t i e s  due t o  l a y e r i n g  i n  t h e  
- . regol i th  o r  o t h e r  s t ra ta  i n  t h e  l u n a r  subsur face ,  i n  t h e  
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(1) Comments and d e s c r i p t i o n  of deployment of SEP 
experiment and of t r a n s m i t t e r  site. 

(2) Comments and d e s c r i p t i o n  of traverse r o u t e  and 
s tops .  

d) Astronaut Debriefings: (HD) 

One copy each of a s t r o n a u t  postmission s c i e n t i f i c ,  and 
photographic d e b r i e f i n g  t r a n s c r i p t s  p e r t a i n i n g  t o  t h e  
experiment . 

e) S t i l l  Photographs : 

(1) Photographs of t h e  receiver and antenna as 
mounted on t h e  LRV. (M) 

(2) A photograph of t h e  deployed t ransmit ter /antenna.  (M) 

(3) lB Photographs of t h e  LRV p o s i t i o n  with r e s p e c t  t o  t h e  
transmitter packages a t  t h e  start of t h e  traverses 
during t h e  second and t h i r d  EVA per iods.  (MI 

HEDC photographs from t h e  ends of any two orthogonal  
antenna elements showing l u n a r  f e a t u r e s  and a crew- 
man a t  t h e  fa r  end of t h e  oppos i te  antenna element. 
(HI)) 

(4) 

(5) One set  of panoramic photographs per  major site. (HD)* 
- 

4) Supporting Data: (M) 

a )  One copy of a topographic map of t h e  traverse area wi th  an  
accuracy of 10 t o  1 5  meters i n  e leva t ion .  
be provided by t h e  S&AD of NASA/MSC. 

One copy of LRV naviga t ion  d a t a  (reduced by MSC/FOD). 

The map is  t o  

I B  b) 

*No s p e c i f i c  crew tasks are required.  Copies of t h e  panoramas obtained 
a t  t h e  m a j o r ' s i t e s  i n  support  of t h e  Lunar Geology I n v e s t i g a t i o n  
experiment w i l l  be  s a t i s f a c t o r y .  

5-48A 
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5.7 SURFACE ELECTRICAL PROPERTIES 

Background and J u s t i f i c a t i o n  

This experiment w i l l  provide data  on the e l e c t r i c a l  p roper t ies  o f  the  

lunar subsurface as a funct ion of depth and la teral  posi t ion.  The BB 
frequency range of the experiment has been se lec ted  t o  allow determination 

of layer ing and sca t t e r ing  over a range of depths from a few meters t o  a 

few kilometers. Accordingly, i t  may be possible  t o  determine the thick- 

n e s s  of the outer  layer  o r  r ego l i th  i n  the v i c i n i t y  of the  landing site. 

Such ‘layering could be detected by the expected change i n  d i e l e c t r i c  

propert ies .  This subsurface topographic information holds considerable 

implications f o r  the h i s t o r y ~ o f  the outer few kilometers of the moon. 

Recent seismic experiments have indicated tha t  a l a rge  amount of 

s c a t t e r i n g  material may be present  i n  the lunar subsurface. 

magnetic propagation i n  t h i s  experiment w i l l  be sens i t i ve  t o  these 

sca t t e r ing  bodies, and s ince  a number of d i f f e r e n t  wavelengths are being 

used, a measure of the s i z e  and number of s ca t t e r ing  bodies i s  a l so  

possible.  

few kilometers of the moon. 

Since electro-  

This would give addi t iona l  information on the nature  of the outer 

Since minute amounts of water i n  rocks change the e l e c t r i c a l  conduc- 

t i v i t y  by several orders of magnitude, any moisture present  would be 

e a s i l y  detected by t h i s  experiment. 

amount of water i n  the lunar  subsurface t o  depths of a few kilometers. 

Thus, upper bounds can be set on the 

Moreover, the  presence of water i n  the moon would allow determination 

of the amount of hea t  flowing from the  i n t e r i o r  of the moon t o  the surface.  

The electrical proper t ies  experiment, . under favorable conditions,  could 

provide a determination of the depth a t  which any moisture present  changed 

from the  s o l i d  t o  l i qu id  form. 

degree isotherm could be found. 

of the  thermal conductivity estimated from the hea t  flow experiment and 

lunar  samples, could give an estimate of the lunar thermal flux. 

Thus the  approximate depth of the zero- 

This depth, together with the knowledge 

The experiment w i l l  use a t ransmit t ing antenna set  up on the  lunar  

sur face  and both a receiver and recorder t o  be moved over the  surface oh 
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the  LRV. 
1) a d i r e c t  wave along and above the surface,  2) a d i r e c t  wave along and 

below the surface;  and 3) a r e f l ec t ed  wave from the subsurface,  i f  such a 

r e f l ec t ing  surface ex i s t s .  

There are a t  l e a s t  th ree  waves which may reach the re'ceiver: 

I n  general ,  these waves t r a v e l  a t  d i f f e r e n t  v e l o c i t i e s  and/or d i f f e r -  

en t  dis tances ,  and therefore  i n t e r a c t  with each other  a t  each point  on the 

surface.  The r e s u l t  i s  a series of peaks and n u l l s  i n  the received f i e l d  

s t rength  as the  separat ion between the receiver  and the  t ransmi t te r  is 

changed. It is  t h i s  in te r fe rence  pa t t e rn  of peaks and n u l l s  which i s  

ind ica t ive  of the e l e c t r i c a l  p roper t ies  of the medium and of the depth 

of the r e f l ec to r .  I n  ac tua l  p rac t i ce ,  the s i t u a t i o n  i s  never qu i t e  so 

simple, due t o  such things as. s loping in t e r f aces ,  a r b i t r a r y  changes i n  

d i e l e c t r i c  proper t ies ,  more than two layers ,  and inhomogeneity of materials. 

. 

The usefulness of t h i s  method f o r  depth sounding depends upon two 

imp l i c i t  assumptions. 

lossy o r  the amplitude of the re f lec ted  wave w i l l  be too l o w  t o  i n t e r f e r e  

w e l l  with the  d i r e c t  waves. Both the lack of moisture i n  the returned 

samples, and extensive radar  da ta  suggest t h a t  the moon w i l l  not  be very 

lossy.  Second, there  must e x i s t  some s t rong e l e c t r i c  cont ras t  below the 

subsurface o r  there  w i l l  be very l i t t l e  energy re f lec ted .  This cont ras t  

may be i n  the d i e l e c t r i c  constant,  as between s o i l  (%3.0) and rock (%9.0 t o  

lS.O), or  i n  the conductivity,  i f  a moist l ayer  i s  present ,  

F i r s t ,  the  medium being probed m u s t  not  be too 

In t e rp re t a t ion  of the  data  requires  a knowledge of the loca t ion  of 

The pos i t ion  of the the rece iver  relative t o  the t ransmit t ing antenna. 

LRV w i l l  be  determined by crew repor t s  and by traverse reconstruct ion from 

recorded LRV navigation system da ta  ( range,  bearing and wheel rota- 

t i o n  pulses  from two wheels). 

t raverse  l e g  d i r ec t ions  and voice repor t s  of LRV heading. 

Orientat ion of the LRV may be infer red  from 

The t ransmi t te r  w i l l  produce continuous waves a t  1, 2.1, 4, 8.1, 16, 

and 32.1 MHz successively,  on each of two orthogonal t ransmit t ing antennas. 
The receiving antenna on the LRV w i l l  de t ec t  three orthogonal f i e l d  

components f o r  each frequency and t ransmit t ing dipole  combination. The 

f i e l d  s t rengths ,  plus  navigation da ta ,  w i l l  be recorded on a'small 
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analogue tape recorder which w i l l  be returned t o  earth. 

Previous Mission Experiments 

Experiment 
Number 

None 

T i t l e  - 

. 
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5.8 TRAVERSE GRAVIMETER 

Conduct t he  Traverse Gravimeter Experiment (S-199) 

Purpose 

The purposes are t o  make a r e l a t i v e  survey of the  lunar g rav i t a t iona l  

f i e l d  i n  the  lunar  landing area and t o  make an earth-moon gravi ty  tie. 

The func t iona l  test objec t ives  are as follows: 

FTO 1 )  Measure the  value of grav i ty ,  relative t o  the  value a t  a 
lunar base s t a t i o n ,  a t  se lec ted ,  known loca t ions  along the  
lunar  traverse. 

FTO 2) Measure the value of grav i ty ,  a t  a known po in t  on the  lunar 
sur face  (base s t a t i o n ) ,  r e l a t i v e  t o  the  value of grav i ty  
a t  a known poin t  on ear th .  

T e s t  Conditions 

FTO 1) A t  each LRV scheduled science s top  during each lunar  geologi- 
cal  traverse, a GRAV measurement w i l l  be made 
with the t r ave r se  gravimeter. 
i t  i s  highly des i r ab le  t h a t  a GRAV 
be  made a t  any unscheduled science stops.  

I n  addi t ion ,  c 
me  as uremen t I 

A t  each scheduled science stop where g rav i ty  measurements are 
performed, a photographic panorama w i l l  be obtained t o  assist 
i n  determining t h e  coordinates of t h e  measurement s i te  with 
respect t o  t h e  base s t a t ion .  I n  addi t ion ,  t h e  panoramas 
should provide a permanent record of t h e  lunar topography i n  
t h e  measurement loca t ion  area. The HEDC w i l l  be used t o  
obta in  these  photographs. 

FTO 2) A t  t h e  i n i t i a l  l oca t ion  (base s t a t i o n )  from which t h e  LRV 
depar t s  f o r  t h e  f i r s t  geological traverse, t h r e e  g rav i ty  
measurements w i l l  be made. Two of these  measurements (one 
GRAV measurement followed by one BIAS measurement, i n  t h a t  
order) w i l l % e  made with t h e  gravimeter on t h e  lunar surface. 
One GRAV measuremerlt w i l l  be made with t h e  gravimeter mounted 
on t h e  LRV. 

A t  t h e  end of t h e  f i r s t  traverse, and a t  t h e  beginning and 
end of each subsequent traverse, a GRAV measurement w i l l  be 
made wi th in  15  meters of t h e  i n i t i a l  l oca t ion  (base s t a t i o n )  
where t h e  f i r s t  g rav i ty  measurement w a s  made. 

FTO 1) P r i o r  t o  each traverse, t h e  ON/STANDBY switch w i l l  be placed 
FTO 2) ' i n  t h e  ON pos i t ion .  

switch then be depressed and t h e  instrument temperature read 
It i s  highly des i r ab le  t h a t  t h e  READ 
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by an a s t r o n a u t  t o  MCC. 

P r i o r  t o  any g r a v i t y  measurement, a t  least 5 minutes of 
warmup t i m e  (20 minutes i s  h igh ly  d e s i r a b l e )  must have 
elapsed w i t h  t h e  instrument  ON/STANDBY swi tch  i n  t h e  ON 
p o s i t  i o n ,  

A t  t h e  t i m e  each measurement i s  i n i t i a t e d  by t h e  a s t r o n a u t  
a c t u a t i n g  t h e  a p p r o p r i a t e  switch on t h e  t r a v e r s e  gravimeter ,  
t h e  a s t r o n a u t  w i l l  s i g n a l  MCC, and MCC w i l l  r eco rd  t h e  t i m e  
of each measurement t o  t h e  n e a r e s t  minute. 

The a s t r o n a u t  w i l l  t r ansmi t  t h e  g r a v i t y  r ead ings  t o  MCC f o r  
each measurement. It i s  h igh ly  d e s i r a b l e  t h a t  t h i s  be  done 
p r i o r  t o  moving t h e  LRV t o  t h e  next  s t o p  on t h e  traverse 
and p r e f e r a b l y  as soon as p o s s i b l e  a f t e r  t h e  measurement has  
been completed. 

Success Cri ter ia  

FTO 1)  
FTO 2) 

Experiment d a t a  def ined  as mandatory under Data Requirements 
s h a l l  be provided t o  t h e  P r i n c i p a l  I n v e s t i g a t o r .  

Evalua t ion  

FTO 1 )  The va lues  of g r a v i t y  a t  s e l e c t e d  l o c a t i o n s  a long  t h e  luna r  
traverses, wi th  r e s p e c t  t o  t h e  va lue  of g r a v i t y  a t  t h e  lunar 
base  s t a t i o n ,  w i l l  b e  determined t o  w i t h i n  +3 m i l l i g a l s  ( i .e. ,  
approximately 1.9 i n  16 p a r t s  of l u n a r  g r a v i t y ) .  (Premission 
and experiment suppor t  d a t a  as def ined  under Data Requirements) 

FTO 2) The va lue  of g r a v i t y  a t  t h e  l u n a r  base  s t a t i o n ,  wi th  r e s p e c t  
t o  a s e l e c t e d  base  s t a t i o n  on e a r t h ,  w i l l  be  determined t o  
w i t h i n  +10 m i l l i g a l s  (i.e., approximately 6 . 3  i n  16 p a r t s  of 
l u n a r  g r a v i t y ) .  
def ined  under Data Requirements) 

(Premission and experiment suppor t  d a t a  as 

Data Requirements 

1) Premission Data (PD): (M) . 

C a l i b r a t i o n  and Checkout-Data: 

Premission c a l i b r a t i o n  and checkout d a t a  package provided t o  
the P r i n c i p a l  I n v e s t i g a t o r  by t h e  S&AD of NASA/MSC. 

2) Experiment Support  Data (ESD): (HD) 

a) Voice Comments: 

Gravimeter readings  and t i m e  t o  t h e  nearest minute f o r  
each gravimeter  measurement. 
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b) Deleted lB 
3) Experiment Evaluation Data (EED) : 

Voice Records: (M) 

One copy of voice records containing gravimeter readings 
and time t o  the nearest minute f o r  each gravimeter mea- 
surement. 

Astronaut Debriefings : (HD) 

One copy of ,the t r ansc r ip t  of as t ronaut  postmission 
s c i e n t i f i c  and photographic debrief ings per ta ining t o  
experiment operations and lunar  geological cha rac t e r i s t i c s  
of the locat ions where gravi ty  measurements are performed. 

Photographs : (M) 

One copy of each of the photographs taken as described 
under T e s t  Conditions.* 

Supporting Data: 

A topographic r e l i e f  map of the Apollo landing area 
covering a radius  of 30 km around the  landed LM and 
encompassing a l l  gravi ty  measurement sites, with 
each measurement s i te  iden t i f i ed .  The map should 
include elevat ion contour intervals of 100 meters 
or  less, with elevat ions accurate  t o  within +15 
meters, and with hor izonta l  dis tances  accurate  t o  

the  S & f i  of NASA/MSC. (HD) 

B B  

IB 
within +25 meters. This map w i l l  be provided by D B  

(2) One copy of a tabulat ion of the coordinates of each 
t raverse  measurement s i te  with respect  t o  the lunar  
base s t a t ion .  Horizontal dis tances  must be accurate  
t o  +25 meters; e levat ions must be accurate t o  less 
tha; +15 meters, with +2 meters preferred.  
da t a  G i l l  be derived wTth the a id  of the panoramic 
photographs described under T e s t  Conditions, and w i l l  
be  provided by the S&AD of NASAIMSC. 

I B  
These 

(M) 

*Panoramas obtained i n  support  of de t a i l ed  object ives  o r  other  experiments, 
such as Lunar Geology Invest igat ion,  w i l l  be sa t i s f ac to ry .  
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5.8 TRAVERSE GRAVIMETER 

Background and J u s t i f i c a t i o n  

Gravimetry is  a major t oo l  of geophysical explorat ion on ear th .  The 

in t e rp re t a t ion  of grav i ty  anomalies on ea r th  has led  t o  major discoveries  

such as i sos tasy ,  tectogenes, lateral densi ty  va r i a t ions  i n  c rus t  and 

mantle, s t rength  of t he  mantle, geometry of geosynclines, margins, batho- 

l i t h s  and f igu re  of the ear th .  

the moon, satell i te tracking, provided an important contr ibut ion t o  lunar 

tec tonics ,  the discovery of pos i t i ve  grav i ty  anomalies cor re la ted  with 

ringed maria. Future satel l i te  gravi ty  s tud ies  of the moon w i l l  probably 

contr ibute  t o  fu r the r  underst,anding of l a rge  scale s t ruc tu res  (>50 km) . 
However, only lunar  sur face  gravimetry can lead t o  the  f i n e r  reso lu t ion  

required f o r  exploring such fea tures  as mare r idges,  edge e f f e c t s  of mas- 

cons, craters, rilles, scarps ,  thickness Variat ions i n  the  r ego l i th  and 

lava  flows, densi ty  var ia t ions  i n  the basement, and maria-highland in t e r -  

faces.  

The f i r s t  appl icat ion of gravimetry t o  

Previous Mission Experiments 

Experiment 
Number T i t l e  

None 
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5.9 LUNAR SOUNDER 

Conduct t h e  Lunar Sounder Experiment (S-209). 

Purpose 

The purposes are  t o  ob ta in  s t r a t i g r a p h i c ,  s t r u c t u r a l ,  t ec tonic .  and 

topographic d a t a ,  v ia  e lec t romagnet ic  soundings,  of t h e  l u n a r  su r face  and 

subsurface;  t o  ob ta in  measurements of ambient e lec t romagnet ic  n o i s e  levels 

i n  the  luna r  environment; and t o  measure luna r  o c c u l t a t i o n  of electromag- 

ne t i c  waves . 
The func t iona l  tes t  o b j e c t i v e s  are: 

FTO 1) 

FTO 2 )  

mo 3 )  

FTO 4 )  

FTO 5 )  

Obtain d a t a  i n  HF-1 and HF-2 bands t o  a l low de termina t ion  of 
l una r  subsurface s t r a t i g r a p h i c ,  s t r u c t u r a l  and t e c t o n i c  
c h a r a c t e r i s t i c s ;  and t o  cons t ruc t  a topographic p r o f i l e  a long 
t h e  g r e a t  c i rc les  def ined  by t h e  s p a c e c r a f t  l u n a r  t r a c k .  

Obtain d a t a  i n  VHF band t o  a l low de termina t ion  of nea r  l una r  
su r face  s t r a t i g r a p h i c ,  s t r u c t u r a l ,  and t e c t o n i c  c h a r a c t e r i s -  
t ics,  and t o  cons t ruc t  a topographic p r o f i l e  a long t h e  
g r e a t  c i rc les  def ined  by the  s p a c e c r a f t  l una r  t r ack .  

Obtain d a t a  i n  HF-1 and HF-2 bands t o  measure cosmic, s o l a r  
and Jovian no i se ;  t o  measure s o l a r  wind e lec t romagnet ic  
no i se ;  and t o  determine l u n a r  o c c u l t a t i o n  of t h e  e l e c t r o -  
magnetic waves emanating from e a r t h .  

Obtain d a t a  i n  HF-1 and HF-2 bands t o  determine l u n a r  occul- 
t a t i o n  of e lec t romagnet ic  waves emanating from t h e  Lunar 
Surface E l e c t r i c a l  P r o p e r t i e s  Experiment (S-204) equipment. 

Obtain d a t a  i n  VHF and HF bands t o  a l low de termina t ion  of 
s t r a t i g r a p h i c ,  s t r u c t u r a l ,  and t e c t o n i c  characteristics 
of i n d i v i d u a l  sounding t a r g e t s .  

T e s t  Condi t ions 

FTO 1) HF sounding d a t a  w i l l  b e  c o l l e c t e d  f o r  two continuous o r b i t s .  
HBR (high b i t  rate) te lemet ry  i s  p r e f e r r e d  dur ing  HF sounding; 
however, LBR (low b i t  rate) te lemet ry  i s  acceptab le .  The CSM 
h igh  g a i n  antenna w i l l  n o t  b e  used when performing HF soundings. 
While i n  t h e  LBR mode, measurements SL 1250 E ,  SL 1 2 5 1  E,  
SL 1255 E ,  SL 1276 V, SL 1277 V ,  SL 1278 V and SL 1279 Q w i l l  
n o t  b e  te lemetered.  The HF-1 and HF-2 t r a n s c e i v e r s  w i l l  be  
operated cont inuously i n  t h e  ope ra t e  mode w i t h  t h e  HF antennas  
f u l l y  extended dur ing  t h i s  per iod .  Preceding and fo l lowing  

lB 
IB 
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t h e  above da ta  c o l l e c t i o n  period, lunar  sounder systems s t a t u s  
d a t a  w i l l  be co l lec ted  f o r  a t  least 1 minute (but not more 
than 2 minutes) with t h e  telemetry i n  HBR. 
t h a t  t h e  lunar sounder systems s t a t u s  (HF mode) da t a  be received 
i n  real t i m e ;  however, i t  i s  acceptable i f  i t  i s  delayed. The 
CSM high ga in  antenna w i l l  not be used when t h e  lunar  sounder 
system s t a t u s  (HF mode) d a t a  are being taken. The Surface 
E l e c t r i c a l  Proper t ies  Experiment (SEP) w i l l  be i n  t h e  OFF mode 
during t h e  HF sounding period. 

It i s  prefer red  

The VHF t ransce iver  and a l l  SIM bay equipment (i.e., experi- 
ments, cameras and laser altimeter) w i l l  be i n  t h e  OFF mode 
during these  two o r b i t s  of da t a  c o l l e c t i o n  and experiment 
c a l i b r a t i o n ,  

* FTO 2) VHF sounding da ta  w i l l  be co l lec ted  f o r  two continuous o r b i t s  
with the  experiment i n  t h e  VHF mode and t h e  telemetry i n  HBR 
(except that LBR da ta  are acceptable during one over f ly  from 
longitude 15OOW t o  1 8 O O W  and from 140'E t o  110'E). 
t ransce iver  and o ther  SIM bay equipment ( i . e . ,  experiments, 
cameras, and laser a l t ime te r )  w i l l  be i n  t h e  OFF mode. The 
VHF sounding w i l l  be done as c lose  t o  t h e  HF sounding ground 
t r a c k  of FTO 1) as is possible.  

Ic The HF 

FTO 1) 
FTO 2) 

The sounding d a t a  w i l l  be co l lec ted  during lunar  o r b i t s  i n  
which t h e  spacecraf t  a l t i t u d e  i s  continuously wi th in  t h e  
l i m i t s  of 52 t o  68 n a u t i c a l  m i l e s  with r e spec t  t o  t h e  mean 
lunar surface.  It i s  highly d e s i r a b l e  t h a t  t h e  HF and VHF 
d a t a  c o l l e c t i o n  periods begin on t h e  lunar  nearside,  a t  least 
25 minutes before  LOS, and t h a t  a t  least 5 minutes of sounder 
telemetry d a t a  (preferably a t  HBR) be downlinked i n  real t i m e  
a t  t h e  start  of each da ta  c o l l e c t i o n  period. It is  highly 
des i r ab le  t h a t  during two add i t iona l  lunar o r b i t s  t h e  remain- 
ing  SIM bay equipment (such as t h e  I R  scanning radiometer, 
f a r  W spectrometer, laser altimeter, panoramic camera 
and mapping camera) be operated, with t h e  HF and VHF trans- 
ceiver i n  the  OFF mode. The ground t r ack  of these  two addi- 
t i o n a l  o r b i t s  w i l l  be as c lose  as poss ib le  t o  the  ground t r ack  
f o r  those o r b i t s  when sounding da ta  are co l l ec t ed  during FTO 1)  
and FTO 2).  Minimum lunar  sounder equipment c o o l d m  require- 
ments between d a t a  c o l l e c t i o n  periods w i l l  be  as spec i f i ed  i n  
paragraph 3.13.3.4.2 of t h e  CSM/LM Spacecraft Operational 
Data Book, SNA-8-D-027, Volume V I ,  CSM Experiments Data Book 
f o r  J-Type Missions. 

-FTo 3) Test d a t a  w i l l  be co l lec ted  i n  lunar  o r b i t  i n  t h e  receive only 
mode. 
be OFF. 

The telemetry w i l l  be i n  t h e  HBR mode and t h e  SEP will 
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FTO 4 )  

FTO 3) 
FTO 4 )  

FTO 5 )  

T e s t  d a t a  w i l l  b e  c o l l e c t e d  i n  luna r  o r b i t  i n  t he  receive only 
mode. The te lemet ry  w i l l  be  i n  t h e  HBR mode and t h e  SEP w i l l  
be ON. The test d a t a  w i l l  be  co l l ec t ed  dur ing  those  o r b i t s  
which come c l o s e s t  t o  ove r f ly ing  t h e  landing s i t e  i n  o rde r  t o  
o b t a i n  SEP s i g n a l  occu l t a t ion .  

FTO 3) and FTO 4 )  w i l l  provide a r i s i n g  and s e t t i n g  o c c u l t a t i o n  
of t h e  Sun, J u p i t e r ,  and t h e  Earth.  The coverage f o r  each of 
t h e s e  two FTO'S w i l l  be  equiva len t  t o  t h a t  f o r  d a t a  c o l l e c t i o n  
over a n  arc beginning a t  least  45" east of t h e  landing s i t e ,  
then  pass ing  completely around t h e  moon, p a s t  t h e  s t a r t i n g  
longi tude  and ending a t  least 45" w e s t  of t h e  landing si te.  
The coverage may be  broken i n t o  two o r  more segments. 
v i d u a l  t a r g e t  soundings may be performed w i t h i n  245" of 
longi tude  from t h e  landing  s i te ,  providing t h a t  t h e  ground 
t r a c k s  f o r  i nd iv idua l  sounding t a r g e t s  do n o t  overlap.  There 
i s  no r e s t r i c t i o n  as t o  t h e  e l l i p t i c i t y  of t h e  o r b i t s .  The 
HF t r a n s c e i v e r s  w i l l  b e  i n  receive only mode wi th  t h e  antennas 
f u l l y  extended. The o the r  SIM bay equipment ( i .e. ,  experiments,  
cameras and laser a l t i m e t e r )  w i l l  be  OFF dur ing  t h e s e  o r b i t s  
of l una r  sounder ope ra t ion  i n  t h e  receive only mode. 

Ind i -  

T e s t  d a t a  w i l l  be  c o l l e c t e d  f o r  s h o r t  d a t a  sequences i n  VHF 
mode and HF-1, HF-2 ope ra t iona l  modes f o r  s e l e c t e d  i n d i v i d u a l  
sounding t a r g e t s .  The d a t a  w i l l  be  c o l l e c t e d  dur ing  o r b i t s  
w i t h i n  t h a t  def ined  by t h e  extreme parameters 68 x 52 NM. 
The t a r g e t s ,  t ransmiss ion  t i m e  and mode are as def ined  by 
Table  1. 

The recorder  f i l m  remaining a f t e r  completion of FTO 1) and 
FTO 2 ) s h a l l  be u t i l i z e d  t o  t h e  f u l l e s t  e x t e n t  p o s s i b l e  f o r  
FTO 5 )  i n d i v i d u a l  sounding t a r g e t s .  The o the r  SIM bay equip- 
ment (i.e., experiments,  cameras and laser altimeter) w i l l  be  
OFF whenever t h e  luna r  sounder is  used t o  o b t a i n  d a t a  from 
i n d i v i d u a l  sounding t a r g e t s .  
sounding of i n d i v i d u a l  t a r g e t s .  HBR te lemet ry  i s  requi red  
f o r  VHF soundings and i s  p re fe r r ed  f o r  HF soundings; however, 
LBR i s  accep tab le  f o r  HF soundings. 
w i l l  n o t  be  used when performing HF soundings of s e l e c t e d  
t a r g e t s .  
number 1 i n d i v i d u a l  sounding t a r g e t  (see Table l), l una r  sounder 
systems s t a t u s  (HF mode) d a t a  w i l l  be  c o l l e c t e d  f o r  a t  least 
1 minute (but  no t  more than  2 minutes) w i t h  te lemet ry  i n  t h e  
HBR mode. Lunar sounder systems s t a t u s  (HF mode) d a t a  w i l l  be  
obtained f o r  another  1 t o  2 minutes fol lowing t h e  las t  sounding 
of an  i n d i v i d u a t t a r g e t  i n  t h e  same r e v o l u t i o n  t h a t  i nc ludes  
t h e  p r i o r i t y  number 1 i n d i v i d u a l  t a r g e t .  
t h e  luna r  sounder systems s t a t u s  (HF mode) d a t a  be rece ived  
a t  MCC i n  real t i m e ;  however, i t  i s  accep tab le  i f  i t  is  delayed. 

The SEP w i l l  be  OFF dur ing  HF 

The CSM high  ga in  antenna 

Preceding t h e  d a t a  c o l l e c t i o n  f o r  t h e  p r i o r i t y  

It is  p re fe r r ed  t h a t  
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FTO 1) 
FTO 2)  
FTO 5 )  

FTO 3 )  
FTO 4)  

FTO 5 )  

The CSM a t t i t u d e  dur ing  t h e  d a t a  a c q u i s i t i o n  w i l l  be  CSM +X 
a x i s  o r  -X a x i s  pointed along v e l o c i t y  v e c t o r  and SIM bay 
c e n t e r l i n e  a l igned  t o  n a d i r  t o  an  accuracy of +1.4 degrees  
(not  i nc lud ing  t h e  CSM a t t i t u d e  deadband cont rFbut ion) .  
CSM a t t i t u d e  deadband w i l l  be  - +0.5 degrees  i n  a l l  axes  during 
VHF and HF o p e r a t e  modes. 

The 

Ic 
The luna r  sounder HF and VHF o p e r a t e  mode sc i ence  d a t a  w i l l  
be  s t o r e d  on t h e  instrument  o p t i c a l  recorder  l oca t ed  i n  t h e  
SIM bay. The f i l m  from t h e  o p t i c a l  recorder  w i l l  be  r e t r i e v e d  
dur ing  a n  EVA. 

It i s  mandatory t h a t  FTO 1 )  be planned t o  occur p r i o r  t o  t h e  
o t h e r  fou r  FTO's. It i s  mandatory t h a t  FTO 1 )  and FTO 2) be 
planned t o  be  completed p r i o r  t o  s t a r t i n g  t h e  remaining FTO's. 
The number of t a r g e t s  and d u r a t i o n  of t ransmiss ion  f o r  FTO 5 )  
w i l l  be l i m i t e d  by t h e  amount of f i l m  availa>le on the  op t i -  
c a l  recorder .  

The CSM w i l l  be  i n  i n e r t i a l  hold wi th  t h e  HF antenna horizon- 
t a l  t o  t h e  ground. 
The luna r  sounder sc i ence  d a t a  obtained during-the HF receive 
mode w i l l  be  recorded on t h e  s p a c e c r a f t  d a t a  r eco rde r  repro-  
ducer  f o r  playback t o  t h e  MSFN and/or t r ansmi t t ed  t o  MSFN on 
downlink te lemet ry .  

A t t i t u d e  deadband w i l l  be  +5.0 degrees .  

When t h e  receive only mode i s  i n t e r r u p t e d  f o r  i n d i v i d u a l  
sounding t a r g e t  d a t a  c o l l e c t i o n ,  i t  is  pe rmis s ib l e  t o  s t a y  
i n  i n e r t i a l  hold.  

Success Criteria 

FTO 1) Spacecraf t  a t t i t u d e  and t r a j e c t o r y  d a t a ,  a s t r o n a u t  l ogs  and 
FTO 2)  
FTO 3 )  
FTO 4 )  
FTO 5)  

vo ice  r eco rds  f o r  t h e  Lunar Sounder Experiment per iods  s h a l l  
be provided t o  t h e  P r i n c i p a l  I n v e s t i g a t o r .  

FTO 1) The HF and VHF sounding experiment d a t a  s h a l l  be  obtained 
FTO 2)  
FTO 5) o r b i t s  s p e c i f i e d ,  and dur ing  i n d i v i d u a l  sounding t a r g e t  

IC 
and recorded on t h e  o p t i c a l  r eco rde r  dur ing  t h e  CSM l u n a r  

act ivi t ies .  The o p t i c a l  recorder  f i l m  magazine s h a l l  be 
recovered dur ing  EVA activit ies.  
be  processed and de l ive red  t o  t h e  P r i n c i p a l  I n v e s t i g a t o r .  

The experiment d a t a  s h a l l  

FTO 3)  The HF experiment d a t a  (receive only mode) s h a l l  be obta ined  
FTO 4)  

Ic 
as reques ted  dur ing  l u n a r  o r b i t s  and provided t o  t h e  P r i n c i p a l  
I n v e s t i g a t o r .  
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Evaluat ion 

FTO 1) 
FTO 2) d i s t r i b u t i o n s  of s c a t t e r i n g  c e n t e r s  by comparing the  para- 

The P r i n c i p a l  I n v e s t i g a t o r  Team w i l l  develop three-dimensional 

meters of de t ec t ed  pu l ses  (such as shape,  amplitude,  t i m e  and 
spectrum) t o  t h e  parameters  of t h e  t r ansmi t t ed  pulses .  The 
s c a t t e r i n g  c e n t e r  d i s t r i b u t i o n ,  t oge the r  w i th  ca l cu la t ed  
e lec t romagnet ic  parameters w i l l  be  used t o  produce a circum- 
l u n a r  geo log ica l  model of t h e  l u n a r  i n t e r i o r  t o  a depth of 
approximately 1 .3  k i lometers  a long the  g r e a t  circle p a t h s  
over  which t h e  experiment i s  conducted. 
ment t apes ,  a s t r o n a u t  records ,  a s t r o n a u t  d e b r i e f i n g  d a t a ,  
t r a j e c t o r y  d a t a ,  o p t i c a l  recorder  f i l m ,  photographs and ground 
t r a c k  suppor t ing  d a t a )  

(Telemetry measure- 

FTO 3) 
FTO 4 )  

The P r i n c i p a l  I n v e s t i g a t o r  Team w i l l  determine the  o c c u l t a t i o n  
by t h e  moon of e lec t romagnet ic  waves emanating from t h e  e a r t h  
and from the  Surface  E l e c t r i c a l  P r o p e r t i e s  Experiment. 
deep luna r  probing via  o c c u l t a t i o n  by t h e  moon w i l l  b e  demon- 
s t r a t e d ,  s t u d i e d  and evaluated.  (Telemetry measurement t apes ,  
a s t r o n a u t  records ,  t r a j e c t o r y  d a t a ,  and SEP suppor t ing  d a t a )  

The 

The P r i n c i p a l  I n v e s t i g a t o r  Team w i l l  analyze t h e  d a t a  t o  
measure t h e  s o l a r  wind e lec t romagnet ic  no i se ,  cosmic, s o l a r  
and Jovian  n o i s e  i n  t h e  l u n a r  environment and the  occul ta -  
t i o n  of t hese  n o i s e  sources  by t h e  moon. 
ment tapes  , a s t r o n a u t  records  and t r a j e c t o r y  d a t a )  

(Telemetry measure- 

FTO 5)  The P r i n c i p a l  I n v e s t i g a t o r  Team w i l l  develop a n a l y t i c a l  
s t u d i e s  of i n d i v i d u a l  sounding t a r g e t s  such as mascons, r i d g e s ,  
and craters,  t o  d e l i n e a t e  t h e i r  s i z e ,  depth,  and e l e c t r o -  
magnetic p r o p e r t i e s  i n  o rde r  t o  permit  t h e  composition o r  mode 
of o r i g i n  of t h e  t a r g e t s  t o  b e  determined. (Telemetry 
measurement t apes ,  a s t r o n a u t  records ,  a s t ronau t  d e b r i e f i n g  
d a t a ,  t r a j e c t o r y  da t a ,  o p t i c a l  r eco rde r  f i l m  and photographs) 

Data Requirements 

1) Premission Data (PD): 

a )  Telemetry Measurements: 

Telemetry measurements l i s t e d  under 3 )a ) .  

b) C a l i b r a t i o n  and Checkout Data: 

b C a l i b r a t i o n  and checkout d a t a  i n  accordance wi th  KSC 
procedure TCP-K-0005. (M) 

2) Experiment Support Data (ESD): 

a )  Telemetry Measurements l i s t e d  under 3)a). Display pre- 
f e rence  is  ind ica t ed  by (D) f o r  d i g i t a l .  
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b)  Voice Comments: 

(1) Descr ip t ion  and GET of changes t o  Lunar Sounder 
Experiment c o n t r o l  dur ing  pe r iods  of experiment 
opera t ion .  
SL 1250 E,  SL 1251 E,  SL 1257 V and SL 1258 V are 
n o t  ava i l ab le .  ) 

(Mandatory only i f  t e lemet ry  measurements 

(2) GET of ope ra t ing  SIM bay equipment ( i .e. ,  I R  scanning 
radiometer ,  f a r  W spectrometer ,  laser altimeter, 
panoramic camera and mapping camera) when t h e  l u n a r  
sounder equipment is  i n  the  OFF mode as s p e c i f i e d  
i n  the  T e s t  Conditions f o r  FTO 1) and FTO 2) .  (HD) 

3) Experiment Evaluat ion Data (EED) : 

a) T e l e m e t q  Measurements : 

Measurement 
Number 

SL 1250 E 
SL 1251 E 
SL 1255 F 
SL 1256 T 
SL 1257 V 
SL 1258 V 
SL 1261 E 
SL 1262 E 

SL 1275 T 

SL 1276 V 

SL 1277 V 
SL 1270 V 
SL 1279 Q 

Descr ip t ion  

CSAR RF Power Output HF1 
CSAR RF Power Output HF2 & VHF 
CSAR O s c i l l a t o r  Frequency 
CSAR I n t e r n a l  Temperature 
CSAR Receiver Gain HF1 
CSAR Receiver Gain HF2 & VHF 
CSAR Noise Pwr and Spec Pwr HF1 
CSAR Noise Pwr and Spec Pwr HF2/ 
Specular  Power VHF 
Opt i ca l  Rec Film Cassette 
Temp 
Opt i ca l  Rec Control  Mode 
S t a t u s  
O p t i c a l  R e c  Echo S t a t u s  
O p t i c a l  Rec Video S t a t u s  
O p t i c a l  Recorder Film Remaining 

P r i o r i t y  
TM Mode PD ESD EED - - -  - - 
PCM 1 M 
PCM 1 M 
PCM 1 M 
PCM+ 2 M 
PCM+ 2 M 
PCM+ 2 M 
PCM+ 2 M 
PCM+ 2 M 

PCM+ 2 M 

PCM 1 M 

PCM 1 M 
PCM 1 M 
PCM 1 M 

M M 
M M 
HD(D) M 
HD(D) M 
M M 
M M 
M M 
M M 

b) Telemetry Measurement Tapes : (M) 

Four copies  of tapes** con ta in ing  EED te lemetered measure- I C  
ments l i s t e d  under 3)a) recorded and c o r r e l a t e d  wi th  GMT 
dur ing  per iods  of experiment opera t ion ,  

c) Astronaut  Logs o r  Voice Records: 

One copy each of a s t r o n a u t  l ogs  o r  vo ice  records  contain-  
i n g  : 

(1) Descr ip t ion  and GET of changes t o  Lunar Sounder 
Experiment c o n t r o l  modes dur ing  per iods  ‘of exper i -  

- ment opera t ion .  (Mandatory only i f  t e lemet ry  
MSC-05180 
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measurements SL 1250 E ,  SL 1251 E,  SL 1257 V and 
SL 1258 V are no t  ava i l ab le . )  

(2) GET of opera t ing  SIM bay equipment ( i . e . ,  I R  scanning 
radiometer ,  f a r  UV spectrometer ,  laser altimeter, 
panoramic camera and mapping camera) when the  lunar  
sounder equipment i s  i n  the  OFF mode as s p e c i f i e d  
i n  the  T e s t  Conditions f o r  FTO 1)  and FTO 2) .  fHD) 

Astronaut  Debrief ings : (M) 

One copy of each a s t ronau t  postmission s c i e n t i f i c  and 
photographic deb r i e f ing  t r a n s c r i p t  p e r t a i n i n g  t o  the  
per iod  of experiment operat ion.  

T ra j ec to ry :  (M) 

Four copies  of tapes** conta in ing  b e s t  estimate of trajec- 
t o r y  (BET) inc luding  spacec ra f t  a t t i t u d e  f o r  t h e  CSM dur ing  
per iods  of experiment operat ion.  

( C  

Op t i ca l  Recorder Film: (M) 

The o r i g i n a l  f i l m  from the  o p t i c a l  recorder  cassette and 
n ine  copies  of a l l  imagery developed from f i l m  exposed 
dur ing  experiment operat ion.  

Photographs : (M) 

One copy of each appropr i a t e  Mapping and/or Panoramic 
Camera photograph t h a t  has  been taken of t h e  luna r  
s u r f a c e  over which the  luna r  sounder has  operated.  Photo- 
graphs are t o  be  i d e n t i f i e d  by GET and se lenographic  
coord ina tes .  

Supporting Data: 

The fol lowing s c i e n t i f i c  d a t a  w i l l  n o t  be provided by MSC 
b u t  w i l l  be  obta ined  through arrangement of t h e  S-209 
P r i n c i p a l  I n v e s t i g a t o r  Team wi th  o the r  p r i n c i p a l  i n v e s t i -  
g a t o r s  and wi th  t h e  Photo Team. 

(1) Reduced and i n t e r p r e t e d  S-Band Transpondel (CSMI’SM) , 
Far  UV Spectrometer,  I R  Scanning Radiometer, Mapping 
C a m e r a ,  and Laser A l t i m e t e r  d a t a  over t h e  luna r  ground 
track scanned by t h e  Lunar Sounder Experiment. (HD) 

(2) Reduced and i n t e r p r e t e d  d a t a  from t h e  Surface Elec- 
t r ical  P r o p e r t i e s  Experiment. (M) 

**Magnetic tapes  produced are t o  be as fol lows:  
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0 One tape Univac 1108 computer-compatible digital, 7 track, 800 BPI 
(for JPL) 

0 One tape Univac 1108 computer-compatible digital, 9 track, 800 BPI 

C (for U. of Utah) 

0 One tape IBM 360/67 computer-compatible digital, 9 track, 800 BPI 
(for U. of Michigan) 

0 One tape PDP 11 computer-compatible digital, 7 track, 800 BPI 
(for USGS) 
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5.9 LUNAR SOUNDER 

Background and J u s t i f i c a t i o n  

This experiment w i l l  provide fundamental new s c i e n t i f i c  da ta  of the 

s t r a t ig raph ic ,  s t r u c t u r a l ,  and tec tonic  composition of the lunar  surface 

t o  a depth of 1.3 kilometers on a global  basis .  

The experiment w i l l  r equi re  the transmission of electromagnetic pulses 

from the spacecraf t  i n  lunar o r b i t ,  r e f l ec t ion  of these pulses from the 

lunar subsurface and surface,  then the subsequent detect ion and recording 

of the r e f l ec t ed  pulses  a t  the  spacecraft .  

development of a circumlunar geological model of the lunar  i n t e r i o r  t o  a 

depth of 1.3 kilometers.  

electromagnetic sounding of the moon which w i l l  y i e ld  a cross sec t iona l  

physical  model of s ca t t e r ing  centers  derived from cont ras t  i n  lunar 

e l e c t r i c a l  conductivity,  d i e l e c t r i c  constant,  and the magnetic permea- 

b i l i t y .  

depth d i s t r ibu t ions  of lunar parameters. 

The data  w i l l  permit the 

The geological model w i l l  be  developed from the 

The model w i l l  then be in te rpre ted  i n  terms of the surface and 

The t i m e  delay of subsurface r e f l ec t ions  with a given ve loc i ty  p r o f i l e  

Calculations of the apparent w i l l  y i e ld  the  thicknesses of various layers .  

conductivity,  r e f l e c t i o n  coe f f i c i en t  and apparent d i e l e c t r i c  constant may 

de l inea te  lunar electromagnetic parameters and enable detect ion of the 

r ego l i th  layer ,  the postulated ice layer  and other  possible  d i f f e ren t i a t ed  

layers  within the lunar  i n t e r i o r .  

Mare-terra and other  geological contacts,  igneous in t rus ions ,  meteor- 

i t e  impact and permafrost accumulations may be evident from sounder da ta ,  

as la teral  changes i n  lunar proper t ies  are detectable  through la teral  
va r i a t ions  i n  electromagnetic parameters. 

Variations of radar  re turn  t i m e  w i l l  

t ions  of var ious lunar  i n t e r f aces  such as 
i n  r ego l i th  depth, d i f f e ren t i a t ed  layers ,  

be used t o  denote depth varia- 
mare-terra cuntacts  , changes 

and igneous intrusions.  

The presence of subsurface water i n  pore l i qu id  o r  permafrost form 

is evident  i n  c h a r a c t e r i s t i c  electromagnetic response. 

absence of t h i s  c h a r a c t e r i s t i c  response w i l l  imply a dry (less than 1% 
Total  o r  reg iona l  - 
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pore l i qu id )  lunar I n t e r i o r  within the depth of penetrat ion of the .experi- 

ment. 

The lunar  sounder da t a  w i l l  be s tud ied  a t  a l l  s p a t i a l  po in ts  where 

ground t racks cross  the v i c i n i t y  of known mascons. Variations i n  radar  t i m e  

re turns  and electromagnetic proper t ies  w i l l  de l inea te  the  electromagnetic 

propert ies  of the mascons. The electromagnetic response may be s u f f i c i e n t  

t o  determine the mascon composition, geometry and/or mode of or igin.  

Lunar sur face  fea tures  such as surface roughness pa t t e rns ,  buried 

ejecta blankets ,  lava d e l t a s ,  r i l l e  s t ruc tu res ,  and pa t te rns  of buried 
scatterers w i l l  be located and s tudied using the of f -ver t ica l  sounding 

data.  This surface areal information w i l l  be used t o  loca te  fea tures  com- 

p l e t e ly  around the g rea t  c i r c l e  t r a j ec to ry  t o  an accuracy of 0.0007 radians 

of longitude o r  approximately 20 meters along the subt ra jec tory  path. 

The r e l a t i v e  e leva t ion  between points  separated by a few kilometers 

w i l l  be measured t o  a max imum accuracy of 1/10 of the wavelength of the  

center  of each frequency band (i.e.,  an accuracy of 0.2 meters VHF, 2 

meters a t  HF-2 and 6 meters a t  HF-1). These da t a  i n  conjunction with da ta  

from the  laser altimeter, cameras, accelerometers, spacecraf t  o r ien ta t ion ,  

etc., w i l l  y i e l d  an absolute  topographic p ro f i l e .  

f i l e ,  along the  g rea t  c i r c l e s  covered during the Lunar Sounder Experiment, 

w i l l  be developed with grea te r  accuracy than w a s  possible  previously. 

The lunar  sur face  pro- 

The electromagnetic waves from the e a r t h  and those emanating from the  

Surface E l e c t r i c a l  Proper t ies  Experiment on the lunar sur face  w i l l  be 

monitored and s tudied  with respect  t o  lunar  probing via occul ta t ion by the  

mom. 

The VHF radar  da ta  and possibly some of the  HF da ta  are capable of pro- 

viding coverage of t he  lunar  sur face  on a complete grea t  circle path. 

These da ta  may be used as a base of reference (not provided by photography 

on the  darkside of the moon) f o r  laser and I R  scanner selenographic mapping 

inves t iga t ion .  

The experience gained i n  technology and analyses from the sounder ex- 

periment w i l l  be  invaluable  i n  designing electromagnetic experiments f o r  

fu tu re  space missions such as de tec t ion  of surface o r  near sur face  water 
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on Mars, and mapping major g e o l o g i c  u n i t s  on Mars and Venus, and t o p s i d e  

sounding of J u p i t e r .  

P r e v i o u s  Mission Experiments 

Experiment 
Number -- 
None 

T i t l e  Mission 



I 

I 

I 

I 

I 

I 

I 

t 

I 

I 

I 

i 

I 

I 

I 

I 

I 

, 

P r i o r i t y  

1 

2 

3 

Table 1. Ind iv idua l  Sounding Targets  f o r  FTO 5) 

Transceiver  

Target  Descr ip t ion  

Crisium, S e r e n i t a t i s ,  Fra  Mauro 
Apennine Bench and Euler  H i l l s  

Tsiolkovsky , Fermi 

T r a n q u i l i t a t i s - S e r e n i t a t i s  
Boundary 

Deleted 

4 Marius H i l l s  

5 

Ln 
I 
U 
0 Apollonius Volcanics ,  Rima Cauchy I, 

and T r a n q u i l i t a t i s - S e r e n i t a t i s  Boundary 

Deleted 

6A* Reiner  & Mare Ridge 

6B* Reiner & Mare Ridge 

7 A* Pas t e u r  

B E  8 E O  

Deleted 

Hertesprung 
rz& 
l D L n  Deleted P 
C J Q ,  
O *The letters A and B mean t h a t  t h e  p r i o r i t y  of t h i s  

S t a r t  s t o p  
Lofig i tud e Longitude 

99' E 36" W 

135" E 117" E 

49" E 08" W 

45" w 

58" E 

49" w 
49" w 

110" E 

60" W 

8" W 

64" W 

64" W 

98" E 

Mode 
HF - VHF - 

Ic 
X 

X 

X 

X 

X 

X 

X 

117" W 144" W X 

t a r g e t  is  based upon obta in ing  d a t a  i n  both t h e  HF 
and VHF modes. 
may occur.  

I f  d a t a  cannot be obtained i n  one of t hese  two modes, then a r eo rde r ing  of p r i o r i t i e s  

I C  



5.10 S-BAND TRANSPONDER (CSM/LM) 

Conduct the S-Band Transponder Experiment (S-164) 

Purpose 

The purpose i s  t o  obtain S-band Doppler resolver  t racking da ta  t o  de- 

termine the d i s t r i b u t i o n  of mass along the lunar surface ground t rack.  

The funct ional  test object ives  l i s t e d  i n  order of p r i o r i t y  are as 

follows : 

FTO 1 )  Obtain S-band Doppler tracking measurements of the CSM/LM 
during non-powered f l i g h t  while i n  the low a l t i t u d e  port ions 
of the 59 x 15 NM lunar  orb i t .  1 B  

FTO 2) Obtain S-band Doppler t racking measurements of the  undocked 
LM during non-powered port ions of the lunar descent. 

. FTO 3) Obtain S-band Doppler t racking measurements of the ascent  
s t age  of the LM during non-powered port ions of the descent 
f o r  lunar surface impact. 

FTO 4) Obtain S-band Doppler t racking measurements of the docked 
CSM/LM and the undocked CSM during non-powered f l i g h t  while 
i n  the c i r c u l a r  lunar  o rb i t .  

FTO 5 )  Obtain S-band Doppler tracking measurements of the docked 
CSM/LM during non-powered f l i g h t  while i n  the 170 x 60 NM 
lunar o r b i t .  

T e s t  Conditions 

FTO 1)  
FTO 2) 
FTO 3) 
FTO 4) 
FTO 5) surface.  

MSFN w i l l  obtain and record S-band Doppler t racking measure- 
ments during f ron t s ide  passes of the docked CSM/LM and un- 
docked CSM i n  lunar  o r b i t ,  of the LM during descent,  and of 
t he  LM ascent s t age  during descent f o r  impact on the lunar 

Translat ional  motion r e su l t i ng  from unbalanced RCS th rus t e r  
f i r i n g  when maintaining SIM bay a t t i t u d e  w i l l  s l i g h t l y  degrade 
t h e  da t a  but  is  permissible. This experiment w i l l  no t  include 
those periods when the SPS, DPS o r  AF'S bums occur. 

The minimum tracking da ta  sample rate required t o  obtain the  
desired s p a t i a l  reso lu t ion  of g rav i t a t iona l  va r i a t ions  is  
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dependent on the  vehic le  a l t i t u d e  above the lunaresurface.  

The following t ab le  lists the  minimum tracking data sample 
rates f o r  various lunar a l t i t udes .  

Lunar Al t i tude  (NM) Tracking Data Sample R a t e  
\ 

1 p e r  minute \ > 30 - 
20 t o  30 6 per  minute 

< 20 1 per  second 

S-band Doppler tracking da ta  are required from one ground 
s t a t i o n  operating i n  the 2-way mode. A l l  ground s t a t i o n s  
supplying da ta  w i l l  use Doppler resolvers .  
des i rab le  t o  obtain t racking da ta  from a t  least one addi- 
t i o n a l  ground s t a t i o n  operating i n  a 3-way mode. 

MSFN w i l l  obtain t racking da ta  f o r  a l l  f ron t s ide  passes f o r  

The da ta  of primary s c i e n t i f i c  value are those obtained dur- 
ing  f ron t s ide  passes a t  a l t i t u d e s  of 16 NM or  less. 
following t ab le  presents  the impact t o  the s c i e n t i f i c  da t a  
f o r  four  operat ional  modes i n  which t r ans l a t iona l  motion due 

- 

It i s  highly 

FTO 1) 
FTO 2) FTO l ) ,  FTO 2) and FTO 3). 
FTO 3) 

The 

A 
t o  e f f luen t  dumps and f u e l  cell purges may take place.  I 

Mode Science Impact - 
1. Translat ional  a c t i v i t i e s  on backside only. None 

2. Trans la t iona l  activities above 16 NM only. S l igh t  degradation. 

3. Trans la t iona l  activit ies below 16 NM on Sl ight  degradation. 
a l t e r n a t e  revolutions.  [FTO 1) only] 

4. Trans la t iona l  activit ies between 13 Loss of good qua l i ty  
and 16 NM only. g rav i t a t iona l  data.  

. 5 .  Deleted 

6. Deleted 
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FTO 1 )  
FTO 4) 
FTO 5) 

FTO 2) 
FTO 3) 

FTO 4) 

FTO 5) 

It is highly des i rab le  t o  c o l l e c t  tracking da ta  from 
the  spacecraf t  a t  a minimum of two d i f f e r e n t  a l t i t u d e s ,  
d i f f e r i n g  by a t  least 10 NM, over g rav i t a t iona l ly  equiva- 
l e n t  ground t racks.  One ground t rack i s  g rav i t a t iona l ly  
equivalent t o  another i f  i t  lies within a s p e c i f i c  a l t i -  
tude-dependent band about t h a t  ground track. 
of such a band may be defined as follows: 

The s i z e  

BW = 

where 

BW = 

Alti tude 

i =  

*For the  
f o r  FTO 

A 1  t i  tude = Alt i tude  
40 s i n  i 13,a1 

width of band i n  terms of degrees of longitude 
a t  the lunar equator. 

= a l t i t u d e  of spacecraf t  above the lunar sur face  
i n  nau t i ca l  miles. 

the angle of i nc l ina t ion  of the o r b i t a l  plane t o  
the lunar equator ia l  plane,  

planned inc l ina t ion  of approximately 20.2 degrees 
1 ) .  [Not appl icable  t o  FTO 2) o r  FTO 3) due t o  

the sho r t  tracking period. ] 

The CSM S-band transponder system w i l l  be operated during 
experiment periods while the CSM is i n  the c i r cu la r ,  
59 x 15 NM 
orb i t s .  

e l l i p t i c a l ,  and 170 x 60 NM e l l i p t i c a l  lunar I B  

The LM S-band transponder system w i l l  be operated during the 
experiment period. 

During the c i r cu la r  lunar o r b i t ,  the  MSFN w i l l  t rack the  
CSM during a number of experiment data  co l lec t ion  periods. 
It is highly des i rab le  t h a t  each data  co l lec i ton  period con- 
sist of two consecutive f ronts ide  passes. As a minimum, each 
da ta  co l lec t ion  period w i l l  cons is t  of one f ronts ide  pass. 
The t o t a l  number of co l lec t ion  periods w i l l  be a function of 
the inc l ina t ion  of the CSM o rb i t .  For an inc l ina t ion  of 20.2 
degrees p r i o r  t o  LQPC, 4 revolutions must e lapse between da ta  
co l lec t ion  periods before new unique g rav i t a t iona l  da t a  w i l l  
be obtained. 
3 revolut ions must elapse.  

With an inc l ina t ion  of 23.25 degrees a f t e r  MPC, 

MSFN w i l l  obtain tracking da ta  fo r  a l l  f ron t s ide  passes 
while the  CSM/LM is  i n  the 170 x - 60 NM lunar >'it. - 
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Success Criteria 

FTO 1) 
FTO 4) 
FTO 5) 

The mandatory experiment da t a  defined under Data Requirements 
s h a l l  be obtained during the CSM and CSM/LM lunar  o r b i t  test 
periods and del ivered t o  the Pr inc ipa l  Invest igator .  

FTO 2) Mandatory experiment da t a  defined under Data Requirements 
s h a l l  be obtained during the LM descent and del ivered t o  the 
P r inc ipa l  Inves t iga tor .  

The mandatory experiment da ta  defined under Data Requirements 
s h a l l  be obtained during the period between LM deorb i t  burn 
and lunar impact and del ivered t o  the Pr inc ipa l  Inves t iga tor .  

F T O  3) 

. Evaluation 

FTO 1)  
FTO 2) 
FTO 3) 
FTO 4) 
FTO 5) t i on ,  supplemental t racking data  may be processed. The 

S-band Doppler t racking data  w i l l  be  reduced pos t f l i gh t  t o  
produce Doppler res idua l  p lo t s .  These p l o t s  w i l l  be v i sua l ly  
inspected t o  iden t i fy  t i m e  increments containing non-gravita- 
t i o n a l  disturbances.  Depending on the r e s u l t s  of t h i s  inspec- 

r a w  t racking da ta  w i l l  then be reprocessed t o  compute 
the g rav i t a t iona l  acce lera t ion  i n  a continuous form. Line-of- 
s i g h t  accelerat ion contour maps w i l l  be cor re la ted  with lunar 
surface fea tures  t o  def ine the locat ions of g rav i t a t iona l  
anomalies. I n  addi t ion,  the  va l id  raw data  w i l l  be processed 
by a Surface Mass Determination Program t o  generate an en- 
hanced lunar .surf ace mass dis t r ibu t ion .  
t i o n  da ta  l i s t e d  under Data Requirements) 

(Experiment evalua- 

Data Requirements 

1) Experiment Evaluation Data (EED) : 

a) Telemetry Measurements : 

Me as u r  emen t 
Number Description 

CH 3546 X RCS Solenoid Activate C3/13/+X 
CH 3547 X RCS Solenoid Activate A4/14/+X 
CH 3548 X RCS Solenoid Activate A3/23/-X 
CH 3549 X RCS Solenoid. Activate C4/24/-X 
CH 3550 X RCS Solenoid Activate D3/25/+X 
CH 3551 X RCS Solenoid Activate B4/26/+X 
CH 3552 X RCS Solenoid Activate B3/15/-X 
CH 3553 X RCS Solenoid Activate D4/16/-X 
CH 3554 X RCS Solenoid Activate B1/11/+Z 
CH 3555 X RCS Solenoid Activate D1/22/+Z 
CH 3556 X RCS Solenoid Activate D1/21/-Z 
CH 3557 X RCS Solenoid Activate B2/12/-Z 
CH 3558 X RCS Solenoid Activate Al/+Y 
CH 3559 X RCS Solenoid Activate C2/+Y 

P r i o r i t y  
TM Mode PD* ESD* EED - - --- 
PCME 1 
PCME 1 
PCME 1 
PCME 1 
PCME 1 
PCME 1 
PCME 1 
PCME 1 
PCME 1 
PCME 1 
PCME 1 
PCME 1 
PCME 1 
PCME 1 

HD 
HD 
HD 
HD 
HD 
HD 
HD 
HD 
HD 
HD 
HD 
HD 
HD 
HD 
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M e  as uremen t 
Number 

CH 3560 X 
CH 3561 X 
GR 5031 X 
GR 5032 X 
GR 5033 X 
GR 5034 X 
GR 5035 X 
GR 5036 X 
GR 5037 X 
GR 5038 X 
GR 5039 X 
GR 5040 X 
GR 5041 X 
GR 5042 X 
GR 5043 X 
GR 5044 X 
GR 5045 X 
GR 5046 X 

Des c r i p  t i o n  

RCS Solenoid Activate Cl/-Y 
RCS Solenoid Activate A2/-Y 
P r e s s ,  Thrust  Chamber No. 4U 
P r e s s ,  Thrust  Chamber No. 4D 
P r e s s ,  Thrust  Chamber No. 4F 
Press ,  Thrust  Chamber.No. 4s 
P r e s s ,  Thrust  Chamber No. 3U 
P r e s s ,  Thrust  Chamber No. 3D 
P r e s s ,  Thrust  Chamber No. 3F 
Press ,  Thrust  Chamber No. 3s 
P r e s s ,  Thrust  Chamber No. 2U 
P r e s s ,  Thrust' Chamber No. 2D 
Press ,  Thrust  Chamber No. 2F 
Press ,  Thrust  Chamber No. 2s 
P r e s s ,  Thrust  Chamber No. 1 U  
P r e s s ,  Thrust  Chamber No. 1 D  
Press ,  Thrust  Chamber No. 1F 
Press ,  Thrust  Chamber No. 1s 

P r i o r i t y  
TM Mode PD* ESD* EED - - --- 
PCME 
PCME 
PCME 
PCME 
PCME 
PCME 
PCME 
PCME 
PCME 
PCME 
PCME 
PCME 
PCME 
P CME 
PCME 
PCME 
PCME 
PCME 

1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

HD 
HD 
HD 
HD 
HD 
HD 
HD 
HD 
HD 
HD 
HD 
HD 
HD 
HD 
HD 
HD 
HD 
HD 

*There are no requirements f o r  Premission Data (PD) and Experiment Support 
Data (ESD). 

b )  Telemetry Tapes: 

One copy of tapes** containing EED telemetered measure- 
ments l i s t e d  under l ) a ) ,  recorded and c o r r e l a t e d  with GMT 

- during per iods  of experiment opera t ion .  (M) 

(1) The per iod between AOS and LOS of t h e  CSM/LM 170 x 
60 NM and 59 x 15 NM l u n a r  o r b i t s .  I B  . 

(2) The per iods  between AOS and LOS of t h e  LM during 
descent.  

(3) The per iod between AOS and LOS of t h e  LM a s c e n t  
s t a g e  during i t s  descent  t o  lunar s u r f a c e  impact. 

(4) The per iods  between AOS and LOS of t h e  CSM (or  CSM/LM) 
during t h e  f r o n t s i d e  passes  of each quiescent  d a t a  
c o l l e c t i o n  per iod p l u s  t h e  two passes  preceding and 
t h e  two passes  following each quiescent  period. 

c) Astronaut Logs o r  Voice Records: (HD) 

. GET of aon-gravi ta t iona l  activities f o r  t h e  t i m e  per iods  
descr ibed i n  b) above t o  inc lude  e f f l u e n t ,  dumps and f u e l  
ce l l  purges.  

**Magnetic tapes  produced are t o  b e  UNIVAC 1108 computer-compatible, 7-track 
800-BPI tapes .  
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d) MSFN Data: 

(1) S-band Doppler t racking  d a t a  f o r  docked CSM/LM and 
CSM alone. (M) 

(2) S-band Doppler t racking  d a t a  f o r  LM dur ing  unpowered 
l u n a r  descent .  (M) 

( 3 )  S-band Doppler t racking  d a t a  f o r  LM ascent  s t a g e  dur- 
i n g  unpowered p o r t i o n  of f l i g h t  a f t e r  d e o r b i t  burn. 
(MI 

( 4 )  Transmit t ing frequency of each MSFN s t a t i o n .  (M) 

(5) I d e n t i t y  of t r a n s m i t t i n g  ground s t a t i o n s  and GET of 
their t ransmissions a t  a c q u i s i t i o n  of s i g n a l  and l o s s  
of s i g n a l .  (M) 

(6) I d e n t i t y  of ground s t a t i o n s  which are i n  3-way mode 
and GET of t h e i r  recept ions  a t  a c q u i s i t i o n  of s i g n a l  
and loss of s i g n a l .  (M) 

(7) Geocentric coordinates  ( rad ius ,  l a t i t u d e ,  and longi- 
tude) f o r  a l l  MSFN s t a t i o n s .  (M) 

(8) S t a t i o n  delay t i m e  f o r  each ranging pass.  (HD) 

(9) I d e n t i f i c a t i o n  of any USB ground s t a t i o n  anomalies 
as shown i n  GSFC document DSS-670, "USB Mission Log." 
(HD) 

e) Tra jec tory  Data: (M) 

Best estimate of t r a j e c t o r y  (BET) of CSM/LM, CSM, LM, 
and LM ascent  s t a g e ,  on microfilm with only s p a c e c r a f t  
s ta te  v e c t o r  ( t i m e ,  p o s i t i o n ,  and v e l o c i t y )  requi red  
during experiment d a t a  c o l l e c t i o n  per iods.  

f )  Supporting Data: (HD) 

Reduced Laser Altimeter d a t a  f o r  same t i m e  per iods  of 
S-band Transponder Experiment operat ion.  
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5.10 S-BAND TRANSPONDER (CSM/LM) 

Background and J u s t i f i c a t i o n  

S-band Doppler tracking da ta  have been analyzed from the Lunar Orbi ter  

missions. Defini te  gravi ty  var ia t ions  were detected.  These r e s u l t s  showed 

the exis tence of mass concentrations (mascons) i n  the ringed maria. Con- 

f i rmat ion of these r e s u l t s  has been obtained with Apollo tracking data.  

The CSM and/or LM i n  low a l t i t u d e  o rb i t s  w i l l  provide de ta i led  infor-  

mation on lunar  grav i ty  anomalies t o  supplement the da t a  obtained during 

Apollo 1 4 ,  15, and 16. These data  B A 

w i l l  provide a f ac to r  of 10 improvement i n  s p a t i a l  reso lu t ion  over pre-  

Apollo experiments. 

These data  can a l s o  be used i n  conjunction with high a l t i t u d e  da t a  t o  

provide a descr ipt ion of the s i z e  and shape of the perturbing masses. 

Data co l lec ted  during the c i r cu la r  o r b i t s  w i l l  be  combined with Lunar U A  

Orbi ter  and Apollo Subsa te l l i t e  da ta  col lected a t  similar a l t i t u d e s  t o  form 

a more comprehensive da t a  set  from which improved lunar mass d i s t r ibu t ion  

da ta  can be generated. 

Correlation of grav i ty  da ta  with photographic and other  s c i e n t i f i c  

records w i l l  g ive a more complete p i c tu re  of the lunar environment and 

support  fu tu re  lunar act ivi t ies .  Inclusion of t h i s  improved g rav i t a t iona l  

f i e l d  descr ip t ion  is per t inent  t o  any theory of the or ig in  of the moon and 

the study of the lunar  subsurface s t ruc ture .  There is  a l so  the addi t iona l  

bene f i t  of b e t t e r  navigat ional  capab i l i t i e s  f o r  fu tu re  lunar missions with 

an improved lunar  gravi ty  model. 

, 
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Previous Mission Experiments 

Experiment 
Number T i t l e  

S-164 S-band Transponder (CSM/LM) 
S-164 S-band Transponder (CSM/LM) 
S-164 S-band Transponder (Subsatell ite) 
S-164 S-band Transponder (CSM/LM) 
S-164 S-band Transponder (Subsatel l i te)  

... 5-7 8 

Mission 

14 
15 
15 
16 
16 
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5.11 FAR W SPECTROMETER 

Conduct t h e  Far  UV Spectrometer Experiment (S-169). 

Purpose 

The purposes are t o  o b t a i n  d a t a  t o  determine the  atomic composition, 

d e n s i t y ,  and scale h e i g h t  f o r  each c o n s t i t u e n t  i n  the  luna r  atmosphere 

and t o  i n v e s t i g a t e  f a r  u l t r a v i o l e t  (UV) r a d i a t i o n  from t h e  luna r  s u r f a c e  

and g a l a c t i c  sources .  

The f u n c t i o n a l  test  o b j e c t i v e  i s  as fol lows : 

FI"I' 1) Obtaip data on g p e c t r a l  emissions i n  the  s p e c t r a l  range from 
1175 A t o  1675 A. 

T e s t  Conditions 

FTO 1) The Far  W spectrometer  (WS) w i l l  b e  operated and d a t a  col-  
l e c t e d  wh i l e  t he  CSM i s  i n  luna r  o r b i t  and t r a n s e a r t h  coas t ,  
under t h e  fol lowing s i x  condi t ions  ( a r b i t r a r i l y  i d e n t i f i e d  
as Modes I through V I ) .  Modes I and I1 are of equal  impor- 
t ance  and are of h ighe r  p r i o r i t y  than the  remaining four  modes. 
The W S  instrument  cover w i l l  be  c losed  during e f f l u e n t  dumps 
through t h e  f i r s t  two days i n  c i r c u l a r  l u n a r  o r b i t  b u t  n o t  
dur ing  subsequent dumps. The cover w i l l  a l s o  b e  c losed  during 
a l l  ope ra t ion  of RCS jets A2,  A 4 ,  B 1 ,  and B4, and whenever t h e  
spacec ra f t / sun  l i n e  i s  w i t h i n  20 degrees  of t h e  spectrometer  
o p t i c a l  a x i s .  
Data c o l l e c t i o n  per iods  w i l l  begin no sooner  than 15 minutes 
a f t e r  e f f l u e n t  dumps through t h e  f i r s t  two days i n  c i r c u l a r  
l u n a r  o r b i t .  It i s  h igh ly  d e s i r a b l e  t h a t  d a t a  c o l l e c t i o n  
per iods  f o r  i n e r t i a l  ho ld  t a r g e t s  begin no sooner  than two 
hours  a f t e r  e f f l u e n t  dumps. It i s  h igh ly  d e s i r a b l e  t h a t  t h e  
TJVS be  opera ted  whenever p o s s i b l e  throughout t he  SIM equip- 
ment ope ra t ing  per iod.  For a l l  spectrometer  ope ra t ion  except  
Mode V I ,  t h e  CSM a t t i t u d e  deadbands w i l l  be  H . 5  degrees f o r  
i n e r t i a l  a t t i t u d e  hold  t a r g e t s  and - +3.0 degrees f o r  o t h e r  
t a r g e t s .  

Mode 1 (Nearside Terminator Mode). Data w i l l  be  c o l l e c t e d  
wi th  t h e  CSM +X a x i s  a l igned  t o  t h e  v e l o c i t y  v e c t o r  and t h e  
SIM bay c e n t e r l i n e  a l igned  t o  t h e  nad i r .  lc Data i n  Mode I w i l l  
a l s o  be acquired dur ing  crew rest per iods  i n  luna r  o r b i t ,  and 
i t  is h igh ly  d e s i r a b l e  t h a t  t hese  be  a l t e r n a t e  rest per iods  
(with remaining rest per iods  t o  b e  used f o r  Mode 11). Mode I 

# 

MS C-0 5 180 
Change C 5-79 



d a t a  w i l l  be  c o l l e c t e d  dur ing  a four-hour pe r iod  from 1200 t o  
1600 hours CST on a t  least two days i n  l u n a r  o r b i t .  (Note: 
This  is  t o  ensure  coord ina t ion  w i t h  a rocke t  launch, a t  White 
Sands Missile Range, which w i l l  be  scheduled f o r  t h e  f i r s t  
day i n  luna r  o r b i t ,  w i th  succeeding days as a l t e r n a t e  launch 
da te s . )  The f i n a l  pe r iod  of Mode I d a t a  c o l l e c t i o n  w i l l  be  
as la te  as p r a c t i c a b l e  i n  luna r  o r b i t .  

Mode I1 (Fa r s ide  Terminator Mode). Data w i l l  b e  c o l l e c t e d  
wi th  t h e  CSM -X axis a l igned  t o  t h e  v e l o c i t v  v e c t o r  and t h e  

lc SIM bay c e n t e r l i n e  a l igned  t o  t h e  nad i r .  
l e c t e d  dur ing  one 59 x 15 NM o r b i t  from a t  least f ive minutes 
be fo re  te rmina tor  c ros s ing  ( l i g h t s i d e )  t o  a t  least 10  minutes 
a f t e r  te rmina tor  c r o s s i n g  (darks ide) .  Data i n  Mode I1 w i l l  
be  acquired dur ing  those  crew rest  pe r iods  i n  l u n a r  o r b i t  
which are no t  used f o r  Mode I d a t a  c o l l e c t i o n .  

Data w i l l  be  col-  

Mode I11 (Lunar Grazing Mode). Data w i l l  be  c o l l e c t e d  dur ing  
two l i g h t  s i d e  passes ,  once i n  a 59 x 15 NM o r b i t  and once i n  
a n  approximately c i r c u l a r  o r b i t .  The CSM w i l l  be  maintained 
i n  i n e r t i a l  a t t i t u d e  hold such t h a t  t h e  W S  o p t i c a l  axis 
w i l l  p o i n t  a t  6h28m r i g h t  ascens ion ,  and -74 degrees  dec l ina-  
t i o n  whi le  i n  t h e  59 x 15 NM o r b i t ,  and a t  4h32m r i g h t  
ascens ion  and -72 degrees  i n c l i n a t i o n  whi le  i n  t h e  c i r c u l a r  
o r b i t .  The UVS cover w i l l  be  opened 5 minutes p r i o r  t o  
tangency of t h e  ins t rument  o p t i c a l  axis wi th  t h e  l u n a r  sur face .  

Mode I V  (Solar  Atmosphere Mode). During l u n a r  o r b i t ,  d a t a  
w i l l  be  c o l l e c t e d  when t h e  s p a c e c r a f t  i s  on t h e  dark  s i d e  of 
t h e  moon. Before e n t e r i n g  t h e  shadow on one r evo lu t ion ,  t h e  
WS cover w i l l  b e  c losed  and t h e  CSM w i l l  be  p laced  i n  orb i -  
t a l  a t t i t u d e  rate. The CSM a t t i t u d e  a t  the  t i m e  of i n i t i a t i o n  
of o r b i t a l  rate w i l l  b e  such t h a t  t h e  W S  o p t i c a l  a x i s  w i l l  
p o i n t  a t  t h e  receding  l u n a r  horizon i n  t h e  e c l i p t i c  p l ane  
wi th  t h e  longer  dimension of t h e  f i e l d  of view p a r a l l e l  t o  
t h e  horizon.  The UVS cover  w i l l  be  opened as soon as 
p r a c t i c a l  a f t e r  e n t r y  i n t o  t h e  shadow, and o r b i t a l  ra te  w i l l  
be maintained f o r  approximately 1 0  minutes a f t e r  t h e  cover i s  
opened. The CSM w i l l  t hen  be maneuvered a t  a rate of -0.2 
degrees  pe r  second i n  t h e  o r b i t  p lane  t o  a p o i n t  such t h a t  
t h e  W S  o p t i c a l  a x i s  w i l l  p o i n t  a t  t h e  approaching luna r  
hor izon  w i t h  t h e  longer  dimension of t h e  f i e l d  of view 
p a r a l l e l  t o  t h e  horizon.  The CSM w i l l  t hen  be placed i n  
o r b i t a l  a t t i t u d e  rate and maintained i n  o r b i t a l  rate f o r  t h e  
remainder of t h e  da rks ide  pass .  
as l a t e  as p r a c t i c a l  p r i o r  t o  e n t r y  i n t o  s u n l i g h t .  

Deleted 

The UVS cover  w i l l  be  c losed  

- 
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Mode V ( S t e l l a r  Targe t  Mode). During t r a n s e a r t h  c o a s t ,  d a t a  
w i l l  be  c o l l e c t e d  wi th  t h e  CSM maintained i n  i n e r t i a l  a t t i t u d e  
hold such t h a t  t h e  W S  o p t i c a l  a x i s  w i l l  po in t  a t  celestial 
coord ina te  p o s i t i o n s  as s p e c i f i e d  below. Ic 

Right Durat ion of 
Mode N a m e  Ascension Decl ina t ion  Observation 

v- 1 Lyman Alpha qh 35m +30 " 1 h r .  

v- 2 Mode I11 gh 28m -74" 15 min, 

Minimum* 

C a l i b r a t i o n  

v- 3 Mode I11 4h32m -72" 15 min. 

v- 4 Coma Clus t e r  12h 58m +26" 1 h r .  

V-5 Dark North 14h OOm +22" 1 h r .  

V-6 Virgo C lus t e r  12h 30m +12 " 50 min. 

v- 7 Spica 13h 24m -11" 10 min. 

V- 8 North E c l i p t i c  l g h  0om $78" 1 h r .  

v- 9 Dark South lh 05m -10" 1 h r .  

V-10 Alpha Er idan i  lh 3gm -58 " 10 min. 

C a l i b r a t i o n  

Pole  

V - 1 1  Current  p o s i t i o n  
of moon 

V-12 Current  p o s i t i o n  
of e a r t h  

V-13 Mode I V  
Cal ibrat ion** 

10 min. 

10 min. 

30 min. 

* The smaller dimension of t h e  12" x 20" f i e l d  of view w i l l  be  
o r i en ted  i n  t h e  celest ia l  east-west d i r e c t i o n  such t h a t  t h e  
CSM +X axis w i l l  p o i n t  gene ra l ly  away from t h e  sun. 

**The Mode I V  c a l i b r a t i o n  d a t a  w i l l  i nc lude  t h e  same celestial  
scan  as t h e  Mode I V  d a t a  obtained i n  l u n a r  o r b i t  (as l i m i t e d  
by sun l i n e  c o n s t r a i n t s ) .  lc 

Mode V I  (PTC Galactic Scan Mode). 
dur ing  t r a n s e a r t h  c o a s t  wh i l e  t h e  CSM is in-PTC. 

Data w i l l  b e  c o l l e c t e d  
WS opera- 

. t i o n  w i l l  be  as s p e c i f i e d  i n  t h e  t a b l e  below. 
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CSM +X Axis  
Mode Right Ascension Declination Duration of Observation 

V I - 1  loh 25m + 0 7 O  9 h r .  

VI-2 2Oh 2om +88" 

V I -  3 gh 45m -47 O 

VI-4 17h 40m +05" 

VI-5 qh 55m +46 O 

Deleted 

VI-7 oh 55m +08O 

8 h r .  

8 h r .  

45 min. 

1 hr .  

Ic 
1 hr .  

Success Cri ter ia  

FTO 1 )  The mandatory da ta  defined under Data Requirements s h a l l  be 
acquired and provided t o  the P r i n c i p a l  Inves t iga tor .  

Evaluation 

FTO 1 )  The P r i n c i p a l  Inves t iga to r  w i l l  study and evaluate the da t a  
obtained from the  MSFN receiving s t a t i o n s .  
from t h i s  experiment w i l l  be i n  t h e  form of pulse count9 i n  
each 2f 115 d iv i s ions  of the  s p e c t r a l  region from 1175 A t o  
1675 A. The pos i t i on  wi th in  t h i s  s p e c t r a l  range w ' i l l  deter-  
mine the  atmospheric (or  other) spec ies  from which the  radia- 
t i o n  comes. Magnitudes of t he  counts a t  d i f f e r e n t  pos i t i ons  
i n  the  s p e c t r a l  region w i l l  give information on d e n s i t i e s  of 
t he  corresponding species.  The d a t a  co l lec ted  i n  Modes I,  I1 
and I11 w i l l  a l s o  be cor re la ted  with lunar coordinates and 
with t i m e  during t h e  mission t o  provide atmospheric composi- 
t i o n  and dens i ty  as a function of a l t i t u d e .  (Premission, 
experiment support ,  and experiment evaluation da ta  l i s t e d  
under Data Requirements) . 

Data obtained 

Data co l lec ted  i n  Mode I V  and during t r ansea r th  coas t  i n  Modes 
V and VI w i l l  be evaluated t o  determine the  presence and 
d i s t r i b u t i o n  of atomic hydrogen between the  e a r t h  and moon, 
t o  determine the  u l t r a v i o l e t  emission of t h e  ea r th ,  and t o  
determine the  emission of s o l a r  system, g a l a c t i c ,  and ex t ra -  
g a l a c t i c  sources. (Premission, experiment support ,  and 
experiment evaluation d a t a  l i s t e d  under Data Requirements) 
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Data Reauirements 

1) Premission Data (PD): 

a) Telemetry Measurements: 

Telemetry measurements l i s t e d  under 3)a). (HD) 

lc b)  P r e - i n s t a l l a t i o n  Checkout Data: 

P r e - i n s t a l l a t i o n  checkout d a t a  i n  accordance wi th  KSC 
procedure TCP KE-8003. (M) 

2) Experiment Support Data (ESD): 

a) Telemetry Measurements : 

Telemetry measurements l i s t e d  usder  3)a). Display 
preference  i s  ind ica t ed  by (D) f o r  d i g i t a l  and (A) 
f o r  analog. (M) 

3) Experiment Evaluat ion Data (EED): 

a) Telemetry Measurements: 

M e  as uremen t 
Number Descr ip t ion  

P r i o r i t y  
TM Mode PD ESD EED - - -  - - 

SL 1100 K W S  Spectrum Count - 16 b i t  Ser  PCMD N/A 

SL 1102 T W S  Motor Temp PCM N/A 
SL 1103 V WS Inpu t  Voltage PCM N/A 
SL 1104 C WS Inpu t  Current PCM N/A 
SL 1105 V WS Photomul t ip l ie r  Tube H i  Volt  PCM N/A 
SL 1106 V WS Regulated Voltage PCM N/A 
SL 1109 T W S  Elec t ron ic s  Temp PCM N/A 

SL 1101 T WS Housing Temp PCM N/A 
HD 
HD 
HD 
HD 
HD 
HD 
HD 
YD 

M 
HD 
HD 
HD 
HD 
HD 
HD 
HD 

*This measurement i s  M dur ing  pe r iods  of mandatory experi-  
ment ope ra t ion  and HD dur ing  h igh ly  d e s i r a b l e  per iods  of 
experiment opera t ion .  

b) Telemetry Measurement Tapes : 

One copy of tapes** conta in ing  EED te lemetered measure- 
ments l i s t e d  under 3)a), recorded and c o r r e l a t e d  w i t h  
GMT dur ing  pe r iods  of experiment opera t ion .  (M) 

c) Astronaut  Debrief i ngs  : 

One copy each ,o f  a s t ronau t  postmission s c i e n t i f i c  and- 
photographic  deb r i e f ing  t r a n s c r i p t  p e r t a i n i n g  t o  bo th  
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mandatory and h ighly  d e s i r a b l e  pe r iods  of experiment 
opera t ion .  (HD) 

d) Photographs : 

One copy each of appropr i a t e  Mapping and/or  Panoramic 
Camera photographs t h a t  have been taken  of t h e  l u n a r  
s u r f a c e  over  which the  W spectrometer  has  operated.  
Photographs are t o  b e  i d e n t i f i e d  by BET and se lenographic  
coord ina tes .  (HD) 

e) Tra jec tory :  

One copy of tape** conta in ing:  

(1) B e s t  estimate of t r a j e c t o r y  (BET) i nc lud ing  space- 
c r a f t  a t t i t u d e  f o r  t h e  CSM dur ing  mandatory per iods  
of experiment opera t ion .  (M) 

(2) Best estimate of t r a j e c t o r y  (BET)' i nc lud ing  space- 
c r a f t  a t t i t u d e  f o r  t h e  CSM dur ing  h igh ly  d e s i r a b l e  
per iods  of experiment opera t ion .  (HD) 

**Magnetic tapes  produced are t o  be  IBM 7094 computer-compatible d i g i t a l  
7-track, 800-BPI tapes .  
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5.11 FAR W SPECTROMETER 

Background and J u s t i f i c a t i o n  

There is an important experimental f a c t  about the  lunar  atmosphere, 

namely t h a t  the t o t a l  densi ty  of the l i g h t  atmospheric const i tuents  (atomic 

hydrogen, oxygen, nitrogen) is less than 10 atoms per cubic centimeter. 

This conclusion is  based on the absence of rad ia t ion  s c a t t e r i n g  l o s s  from 

a star near occul ta t ion by the  dark limb of t he  moon. 

6 

This experimental f ac t .  leads t o  one simple conclusion. The base of 

the  lunar exosphere is the  lunar  surface i t s e l f .  Any quan t i t a t ive  analysis  

leading t o  values f o r  equilibrium concentration of atmospheric const i tuents  

a t  the lunar surface requires  a knowledge of the lunar  degassing rate,  

which is  unknown. Quant i ta t ive ca lcu la t ion  of thermal escape or  of escape 

by co l l i s ions  with s o l a r  wind p a r t i c l e s  i s  therefore  inconclusive. Conse- 

quently,  the following q u a l i t a t i v e  ana lys i s  is  presented, based on the 

known s c a l e  heights  and average lunar ve loc i t i e s  of candidate atomic 

spec ies ,  together with the  corresponding terrestrial parameters. 

1 )  Solar  wind protons cannot provide a high hydrogen atom concentra- 

t i on  by picking up an e lec t ron  a t  the  sur face  because the escape ve loc i ty  

is less than the average thermal ve loc i ty  of such atoms and the  s o l a r  wind 

densi ty  i s  very low. 

2) Nitrogen and oxygen molecules w i l l  be l o s t  by escape. Because of 

t h e i r  l a rge  scale height ,  these cons t i tuents  w i l l  a l s o  escape as a r e s u l t  

of co l l i s ions  with s o l a r  wind protons. 

t i c  excursion are probably t i g h t l y  held by the  lunar  sur face  when they re- 
turn ,  which would fu r the r  reduce the  equilibrium concentration. 

Those atoms which survive a b a l l i s -  

3) The noble gases argon, krypton, and xenon would be expected t o  en- 

joy a longer l i fe t ime.  Their loss rate from d i r e c t  escape is very small; 

t h e i r  sho r t e r  t i m e  of f l i g h t  per  o r b i t  reduces the  probabi l i ty  of a co l l i -  

s ion  with a solar proton and increases  the chance t h a t  such co l l i s ions  w i l l  

d r ive  them t o  the  lunar  surface,  and t h e i r  g rea te r  mass decreases the  

ve loc i ty  imparted by a co l l i s ion  with a s o l a r  proton. Furthermore, these 

atmospheric components w i l l  no t  bind a t  the lunar sur face  and can quickly 
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recycle  t o  the atmosphere a f t e r  a b a l l i s t i c  impact. 

atoms should thermally equ i l ib ra t e  with the  surface and neu t r a l i ze  i f  

ion iza t ion  occurred during f l i g h t .  

A t  each impact, the 

4 )  The conclusions of paragraph 3) above are pa r t i cu la r ly  t rue  f o r  

the  heaviest  of the  noble gases - xenon, mass 131, s c a l e  height  21 km, and 

mean ve loc i ty  of 2.6 x 10 

the  predominant species  of the lunar atmosphere. 

r ad ia t ion  s c a t t e r i n g  experiment would have had an upper l i m i t  of 10 

p e r  cubic centimeter f o r  the atmospheric densi ty  a t  the lunar surface 

(because of the reduced s c a l e  height) .  

4 cmlsec. I n  f a c t ,  xenon could very possibly be 

I f  so, the  stellar 
7 atoms 

5) I f  w e  assume t h a t  the t o t a l  xenon content of the ea r th ' s  atmos- 

atoms t o t a l )  phere (10l2 atoms per  cubic centimeter a t  the surface,  

can be scaled f o r  the lunar atmosphere i n  proportion t o  the  moodearth 

mass r a t i o ,  the t o t a l  number of xenon atoms i n  the moon's atmosphere is 

about and the  sur face  densi ty  i s  10l1 atoms per cubic centimeter. 

above ca lcu la t ion  assumes t h a t  a l l  of the ear th ' s  xenon is i n  its atmos- 

phere and therefore  provides a lower l i m i t  f o r  the  o r i g i n a l  lunar supply. 

Clear ly ,  e i t h e r  the moon has l o s t  most of i ts  xenon o r  some remains trapped 

beneath the  lunar  surface.  Although the  above numerical exercises  are 
inconclusive,  they emphasize two key points :  

The 

a) Xenon may exist  i n  the lunar atmosphere i n . d e n s i t i e s  as 
grea t  as lo7 atoms per  cubic centimeter. 

b) I f  the  moon has an atmosphere, xenon is a prime candidate 
f o r  the  t i t l e  of major const i tuent .  

Since most atomic species  t h a t  may be present  i n  the lunar atmosphere 

are very sparse ,  i t  is necessary t o  maximize the s e n s i t i v i t y  of the  spec- 

tro-photometer. Accordingly, the  l a r g e s t  and most s e n s i t i v e  system 

developed f o r  studying planetary atmospheres is planned f o r  lunar s tudies:  

a 1/2-meter foca l  length Ebert spectrometer with 6 c m  long slits, 1 /2  c m  
wide, a 100 c m  2 gra t ing  with 3600 grooves/mm, used i n  the second order,  and 

co l l ec t ing  op t i c s  t o  d i r e c t  the  dispersed rad ia t ion  t o  a solar-blind low 

dark cur ren t  photomultiplier tube which employs pulse  counting c i r c u i t r y  

(dynamic range of 10 ) t o  measure the l i g h t  i n t ens i ty .  

s i m i l a r  i n  design t o  the Mariner VI and VII W spectrometer, bu t  the 

6 Thelnstrument  is  



increased  dimensions provide almost an order  of magnitude inc rease  i n  

s e n s i t i v i t y .  The Ebert  spectrometer  w i l l  g ive  an output  of about 200 

photoe lec t rons  p e r  Rayleigh.* 

t e n s  of seconds t h e  l i m i t  of d e t e c t i o n  w i l l  be about .05 Rayleighs.  How- 

ever, s te l lar  and g a l a c t i c  background, t h e  magnitude of which i s  unknown, 

w i l l  probably l i m i t  t he  d e t e c t a b i l i t y  t o  a h ighe r  va lue ,  p a r t i c u l a r l y  f o r  

hydrogen, where the  known g a l a c t i c  background i s  a few hundred Rayleighs.  

With an observa t ion  t i m e  of t h e  o rde r  of 

0 

I n  t h e  s p e c t r a l  range 1100 t o  1700 A several n e u t r a l  atomic cons t i t u -  

e n t s  have ground s t a t e  resonance l i n e s ,  and may e x i s t  i n  concent ra t ions  
0 

which are d e t e c t a b l e  by t h i s  experiment. These are hydrogen (1216 A ) ,  
0 0 0 0 

carbon (1657 A ) ,  n i t rogen  (1200 A ) ,  oxygen (1304 A ) ,  krypton (1236 A ) ,  

and xenon (1470 A ) .  I n  p a r t i c u l a r ,  t h e r e  is  a h igh  p r o b a b i l i t y  t h a t  xenon 

w i l l  be de tec ted .  It i s  be l ieved  un l ike ly  t h a t  any o t h e r  c o n s t i t u e n t  except  

hydrogen w i l l  be  de tec ted .  It i s  important  t o  know whether t h e  l i g h t e r  

s p e c i e s  e x i s t  i n  t h e  v i r g i n  l u n a r  atmosphere be fo re  man adds much more 

contamination. For example, t h e  minimum amount of oxygen, n i t rogen  and 

carbon which can be de t ec t ed  r ep resen t s  only about 25 t o  50 tons  of each 

of t hese  c o n s t i t u e n t s  i n  the  l u n a r  atmosphere. 

0 .  

Operation i n  Modes I and I1 w i l l  permit observa t ion  of t he  luna r  at- 

mosphere dur ing  predawn and post-sunset  per iods .  During these  pe r iods  t h e  

luna r  s u r f a c e  i s  n o t  i l l umina ted  b u t  t he  atmosphere i s  i l l umina ted ,  and 

resonant ly  s c a t t e r e d  r a d i a t i o n  can be observed. 

operated throughout t h e  o r b i t ,  p rovid ing  a measure of t h e  luna r  a lbedo and 

p o s s i b l e  luna r  phosphorescence. The opera t ion  i n  the  above two modes has  

t h e  advantage (as compared t o  opera t ion  i n  Mode 111) t h a t  t he  luna r  

background i s  poss ib ly  lower than t h e  g a l a c t i c  background, and measurements 

made a t  d i f f e r e n t  s o l a r  depress ion  angles  provide scale h e i g h t  information.  

Sur face  s c a t t e r i n g  i s  n o t  normally encountered i n  t h e  f a r  W spectrum i n  

p l ane ta ry  atmospheres because molecular spec ie s  absorb t h e  spectrum above 

t h e  s u r f a c e  and above t h e  level a t  which Rayleigh s c a t t e r i n g  becomes s i g -  

n i f i c a n t ,  whereas t h e  f u l l  s o l a r  UV spectrum reaches t h e  luna r  s u r f a c e  

The ins t rument  can be 

6 *The Rayleigh i s  a u n i t  of r a d i a t i o n  b r igh tness  def ined  as 10 photons pe r  
cn? p e r  sec p e r    IT s t e r a d i a n s ,  and is  equ iva len t  t o  a v a r i a b l e  energy p e r  
un i t  area p e r  u n i t  t i m e  p e r  u n i t  s o l i d  angle  depending on t h e  wavelength 
of r a d i a t i o n .  .._ 



where a po r t ion  of t h e  spectrum i s  d i f f u s e l y  s c a t t e r e d .  

w i l l  n o t  be a b l e  t o  s p e c t r a l l y  d i s t i n g u i s h  between t h e  very weak resonance 

s c a t t e r i n g  and t h e  d i f f u s e  s u r f a c e  s c a t t e r i n g  of t h e  s o l a r  spectrum. Be- 

cause of t h e  p o s s i b i l i t y  of contamination of t he  s p e c t r a l  measurement by 

s u r f a c e  s c a t t e r i n g ,  no h o r i z o n t a l  scanning mode w i l l  be  employed. 

instrumented rocke t  t o  be  launched a t  White Sands M i s s i l e  Range i n  coordi-  

n a t i o n  wi th  Mode I ope ra t ion  w i l l  provide a c a l i b r a t i o n  f o r  WS d a t a  

acqui red  i n  luna r  o r b i t .  

This experiment 

The 

Operat ion i n  Mode I11 w i l l  be  a t  such an  a t t i t u d e  t h a t  t he  spec t ro-  

m e t e r  looks through a long atmospheric pa th  a g a i n s t  t h e  g a l a c t i c  background. 

Mode I11 opera t ion  i n  a 59 x 15 NM o r b i t  w i l l  maximize t h e  atmospheric p a t h  uc 
and t h e r e f o r e  the  s i g n a l  s t r e n g t h  a t  t h e  instrument .  

Operat ion i n  Mode I V  w i l l  permit  two important  observat ions:  

1. A sea rch  f o r  u l t r a v i o l e t  zod iaca l  l i g h t .  

This l i g h t  i s  very  f a i n t ,  b u t  i nc reases  s t r o n g l y  i n  t h e  d i r ec -  

t i o n  of t h e  sun. Normally t h e  WS cannot be  poin ted  n e a r  t h e  

sun. The ope ra t ion  d iscussed  here ,  however, makes use  of t h e  

moon's limb as a s h i e l d  t o  a l low c o l l e c t i o n  of d a t a  from only 

7.5 degrees  away from t h e  sun ' s  p o s i t i o n  i n  t h e  sky. 

acqui red  from previous  experiments (OAO) i n d i c a t e  a r ap id  

i n c r e a s e  i n  t h e  zod iaca l  l i g h t  toward t h e  wavelengths sensed by 

t h e  WS. 

v e r i f y  and extend t h e s e  observat ions.  

l i g h t  from t h e  gene ra l  g a l a c t i c  l i g h t  should b e  p o s s i b l e  from 

t h e  s p e c t r a l  character of t h e  s i g n a l .  

Data 

Apollo Mission 5-3 provides  a unique oppor tuni ty  t o  

Separa t ion  of t h e  zod iaca l  

2. A map of t h e  u l t r a v i o l e t  b r i g h t n e s s  of t h e  a v a i l a b l e  s e c t i o n s  

of t h e  sky. 

This u l t r a v i o l e t  l i g h t  is  emi t ted  by s o l a r  system hydrogen and 

by stars; t h e  latter p o r t i o n  comes mostly from t h e  g a l a c t i c  plane.  

The emission a t  h igh  g a l a c t i c  l a t i t u d e s  i s  a l s o  of g r e a t  interest 
as p a r t  of t h e  r a d i a t i o n  might b e  due t o  quasars  o r  h o t  gas i n  

c l u s t e r s  of ga l ax ie s .  
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Mode V and Mode VI opera t ion  of t h e  spectrometer w i l l  view t h e  I A  
g a l a c t i c  background whi le  t h e  CSM i s  i n  c i s l u n a r  space. The instrument 

may determine t h e  presence of an  e a r t h  geomagnetic t a i l  by d e t e c t i o n  of 

Lyman a lpha  r a d i a t i o n  from hydrogen. One of t h e  Mode V t a r g e t s  is t h e  . 

e a r t h ,  which emits u l t r a v i o l e t  l i g h t  through two b a s i c  processes ,  both 

s o l a r  i n  u l t i m a t e  o r i g i n .  

t e r e d  by hydrogen atoms i n  t h e  o u t e r  p a r t  of the  e a r t h ' s  atmosphere, and 

p a r t i c l e s  impinging on t h e  e a r t h ' s  atmosphere cause atoms t o  b e  e x c i t e d  

and subsequently e m i t  u l t r a v i o l e t  photons. The experiment w i l l  measure 

t h e  t o t a l  a i rglow and aurora  spectrum of t h e  ear th .  

Solar  Lyman a lpha  r a d i a t i o n  i s  resonant ly  scat- 
A 

I n  summary, t h i s  experiment w i l l  provide d a t a  on s p e c t r a l  emissions 

from lunar  atmospheric s p e c i e s  by resonance re - rad ia t ion  of adsorbed s o l a r  

f l u x  i n  t h e  s p e c t r a l  range of 1100 t o  1700 A. 

l u n a r  atmosphere i s  composed predominantly of xenon, i n  concent ra t ions  

perhaps as g r e a t  as lo7  atoms per  cubic  cent imeter  a t  t h e  lunar s u r f a c e .  

The measurement technique is  p o t e n t i a l l y  capable  of measuring a dens i ty  

of 10 

o t h e r  atmospheric c o n s t i t u e n t s  which are n o t  expected t o  b e  p r e s e n t  i n  

concent ra t ions  above 10 atoms per  cubic  cent imeter  and which probably 

are below t h e  d e t e c t a b l e  l i m i t  of t h e  experiment, i.e., 10 atoms p e r  

cubic  cent imeter  . 

0 

It is  predic ted  t h a t  t h e  
# 

2 xenon atoms per cubic  cent imeter ;  i t  is  a l s o  capable  of d e t e c t i n g  

5 
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5.12 I R  SCANNING RADIOMETER 

Conduct the  I R  Scanning Radiometer Experiment (S-171). 

Purpose 

The purpose i s  t o  measure t h e  thermal emission from the  luna r  s u r f a c e  

beneath the  o r b i t i n g  s p a c e c r a f t  by scanning t r a v e r s e l y  t o  the  ground t r ack .  

The f u n c t i o n a l  test o b j e c t i v e  i s  as fol lows:  

FTO 1)  While t h e  CSM i s  i n  luna r  o r b i t ,  measure the  thermal emission 
a t  the  CSM from the  luna r  su r face  t o  ob ta in  a high r e s o l u t i o n  
s u r f  ace temperature map. 

T e s t  Conditions 

FTO 1) The mandatory po r t ion  of t h e  experiment w i l l  be  performed 
a f t e r  t h e  CSM c i r c u l a r i z a t i o n  burn a t  luna r  a l t i t u d e s  no 
lower than 40 NM. 
d a t a  be acquired i n  the  59 x 15  NM l una r  o r b i t .  Data from 
t h i s  o r b i t  can b e  approximately co r rec t ed  f o r  a n a l y s i s  by 
e s t ima t ing  t h e  e f f e c t  of t he  deep space c a l i b r a t i o n  scan  from 
previous and/or succeeding opera t ion  per iods .  
mandatory d a t a  w i l l  be  c o l l e c t e d  i n  segments of fou r  hours  
du ra t ion ,  spaced 24+2 hours a p a r t ,  throughout t h e  mission 
pe r iod  when t h e  CSM-is above t h e  requi red  a l t i t u d e  s p e c i f i c a -  
t i on .  It i s  h igh ly  d e s i r a b l e  t o  ope ra t e  t h e  experiment i n  
more f r equen t ,  equally-spaced per iods  of l eng th  equal  t o  two 
o r  more complete revolu t ions .  Concurrent ope ra t ion  of t h e  
I R  Scanning Radiometer during per iods  of laser altimeter opera-IC 
t i o n  is  h ighly  d e s i r a b l e .  It is  h ighly  d e s i r a b l e  t o  maximize 
common s u r f a c e  area coverage between t h i s  experiment and t h e  
Lunar Sounder Experiment ( t o  provide complementary d a t a  t o  a i d  
i n  i n t e r p r e t a t i o n  of t h e  I R  sensor  r e s u l t s ) .  

During l u n a r  o r b i t  experiment opera t ion ,  t h e  CSM w i l l  b e  
maneuvered such t h a t  t he  SIM bay c e n t e r l i n e  p o i n t s  toward 
t h e  l u n a r  s u r f a c e  along ' the l o c a l  vertical t o  an accuracy 
of +1.4 degrees  (not  inc luding  t h e  CSM a t t i t u d e  deadband 
con t r ibu t ion ) .  The CSM a t t i t u d e  deadband w i l l  n o t  exceed 
- +3.5 degrees  i n  a l l  axes dur ing  experiment operat ion.  
h igh ly  d e s i r a b l e  t h a t  a t  least one experiment opera t ion  
segment be  performed us ing  CSM a t t i t u d e  deadband of 9 . 5  
degrees.  The SIM c e n t e r l i n e  d i r e c t i o n  must b e  known t o  with- 
i n  +1.4 degrees  (not  i nc lud ing  t h e  CSM a t t i t u d e  deadband 
con%bution) t o  s a t i s f y  pos tmission po in t ing  knowledge 
requirements .  Data w i l l  b e  c o l l e c t e d  wi th  t h e  CSM +X a x i s  
o r  -X axis a l igned  along its v e l o c i t y  vec tor .  

I n  a d d i t i o n ,  i t  i s  h ighly  d e s i r a b l e  t h a t  

As a minimum, 

It i s  
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The c r e w  w i l l  set  t h e  I R  s enso r  ope ra t ion  swi tch  t o  t h e  ON 
p o s i t i o n  f o r  10 minutes p r i o r  t o  SIM door j e t t i s o n .  I n i t i a l  
and subsequent d a t a  c o l l e c t i o n  pe r iods  w i l l  be  preceded by a 
warm-up pe r iod  i n  accordance wi th  paragraph 3.11.3.4.1 of t h e  
CSM/LM Spacecraf t  Opera t iona l  Data Book, SNA-8-D-O27(VI), 
Volume V I ,  CSM Experiments Data Book f o r  J-Missions. 

RCS jets A2, A4, B 1  and B4 w i l l  b e  i n h i b i t e d  and l i q u i d  dumps 
( u r i n e  and waste water) and f u e l  c e l l  purges w i l l  be  pro- 
h i b i t e d  dur ing  per iods  of experiment ope ra t ion .  It i s  h igh ly  
d e s i r a b l e  t h a t  a l l  RCS f i r i n g s  and e f f l u e n t  dumps and purges 
be  minimized from t h e  t i m e  of SIM door j e t t i s o n  u n t i l  a l l  
planned experiment d a t a  c o l l e c t i o n  segments have been com- 
p l e t ed .  
p o s i t i o n  when these  je ts  are enabled and e f f l u e n t  dumps and 
SPS burns are performed. When an e f f l u e n t  dump i s  necessary ,  
t h e  p r o t e c t i v e  cover w i l l  remain i n  t h e  CLOSE p o s i t i o n  f o r  a t  
least  30 minutes a f t e r  t h e  dump i s  terminated.  

The I R  s enso r  p r o t e c t i v e  cover w i l l  b e  i n  the  CLOSE 

A l l  CSM maneuvers w i l l  be  performed w i t h  t h e  sensor  p r o t e c t i v e  
cover i n  t h e  CLOSE p o s i t i o n .  

The S c i e n t i f i c  Data System must be  ope ra t ing  p r i o r  t o  applying 
power (switch ON p o s i t i o n )  t o  t h e  sensor .  

S c i e n t i f i c  d a t a  ga the r ing  i n  support  of t h i s  experiment w i l l  
t e rmina te  one r e v o l u t i o n  p r i o r  t o  T E I  (Note: The I R  Scanning 
Radiometer is  t o  be  subsequent ly  used, however, i n  support  
of d e t a i l e d  o b j e c t i v e  Skylab Contamination Study).  

Success Cri ter ia  

FTO 1)  Mandatory experiment d a t a  def ined  under Data Requirements 
s h a l l  b e  obta ined  and provided t o  t h e  P r i n c i p a l  I n v e s t i g a t o r .  

Evalua t ion  

FTO 1) The d a t a  a n a l y s i s  and eva lua t ion  w i l l  be  conducted p o s t f l i g h t  
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 .  A l u n a r  s u r f a c e  temperature 
map w i l l  be  generated d i r e c t l y  from t h e  gathered d a t a  which 
wi lL  l e a d  t o  t h e  c a l c u l a t i o n  of cool ing  curves f o r  va r ious  
l u n a r  reg ions .  These curves w i l l  enable  t h e  c h a r a c t e r i z a t i o n  
of such phys ica l  parameters  as t h e  luna r  s u r f a c e  thermal 
conduc t iv i ty ,  t h e  bulk  dens i ty ,  and t h e  s p e c i f i c  hea t .  Lunar 
s u r f a c e  thermal  anomalies a t  h igh  r e s o l u t i o n  w i l l  a l s o  be  
i d e n t i f i e d .  (Premission, experiment suppor t ,  and experiment 

- -  eva lua t ion  d a t a  l i s t e d  under Data Requirements) 

Data Requirements 

1 )  Premission Data (PD): 

a) Telemetry Measurements: 

Telemetry measurements l i s t e d  under 3)a). 
MSC-05180 
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b)  C a l i b r a t i o n  and Checkout Data: 

(1) C a l i b r a t i o n  Data: 

Magnetic tapes** containing analog s i g n a l s  from t h e  
I n f r a r e d  Scanning Radiometer (ISR) s c i e n t i f i c  d a t a  
channels,  recorded during c a l i b r a t i o n  opera t ions  by 
t h e  instrument  cont rac tor .  (M) 

(2) Checkout Data: 

C a l i b r a t i o n  and checkout d a t a  i n  accordance wi th  KSC 
procedure TCP-K-8004. (M) I B  

2) Experiment Support Data (ESD): 

a )  Telemetry Measurements 

Telemetry measurements l i s t e d  under 3) a ) .  
erence is  i n d i c a t e d  by (D) f o r  d i g i t a l  and (A) f o r  analog. 

Display pref-  

b)  Voice Comments: 

(1) Descript ion and GET of changes t o  experiment con- 
t r o l  and p r o t e c t i v e  cover s e t t i n g s  dur ing  mandatory 
per iods  of experiment operat ion.  (M) 

(2) Descr ipt ion and GET of changes t o  experiment con- 
t r o l  and p r o t e c t i v e  cover s e t t i n g s  during h ighly  
d e s i r a b l e  per iods  of experiment operat ion.  (HD) 

3) Experiment Evaluation Data (EED) : 

a)  Telemetry Measurements: 

Measurement 
Number Descr ip t ion  

SL 1126 K ISR Data Channel No 1 
SL 1127 K ISR Data Channel No 2 
SL 1128 K ISR Data Channel No 3 
SL 1129 T ISR Prim Mirror  Temp 
SL 1131 T 
SL 1132 T 
SL 1134 V 
SL 1135 V 
Deleted 

ISR C a l i b r a t i o n  Patch Temp 
ISR Detector  Temp 
ISR B i a s  Voltage Mon 
ISR C i r c u i t  Voltage Sum 

TM Mode 

PCM N/A 
PCM N/A 
PCM N/A 
PCM N/A 
PCM N/A 
PCM N/A 
PCM N/A 
PCM N/A 

- -  
- 
PD 

M 
M 
M 
HD 
M 
M 
HD 
HD 

- 
P r i o r i t y  

ESD EED - -  
' M*(A) M* 

M*(A) M* 
M*(A) M* 
HD(D) HD 
M*(D) M* 
M*(D) M* 
HD(D) HD 
HD(D) HD 

SL 1202 T Temp Thrm Envir-BMl XS221,R62 PCM 1 N/A N/A HD 
SL 1221 T Temp Thrm Envir Shelf XS236.5, PCM 1 N/A N/A HD 

R70 
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M e  as ur emen t 
Number 

D e l e t e d  
CH 3548 X 
CH 3549 X 
CH 3550 X 
CH 3552 X 
CH 3553 x 
CH 3555 x 
CH 3556 X 
CH 3557 x 
CH 3558 X 
CH 3559 X 

D e s  cr i p  t ion  

RCS Solenoid Activate A3/23/-X 
RCS Solenoid Activate C4/24/-X 
RCS Solenoid Activate D3/25/+X 
RCS Solenoid Activate B3115l-X 
RCS Solenoid Activate D4/16/-X 
RCS Solenoid Activate D2/22/+Z 
RCS Solenoid Activate D1/21 / -Z  
RCS Solenoid Activate B21121-Z 
RCS Solenoid Activate Al/+Y 
RCS Solenoid Activate C2/+Y 

TM Mode - -  

PCME 1 
PCME 1 
PCME 1 
PCME 1 
PCME 1 
PCME 1 
PCME 1 
PCME 1 
PCME 1 
PCME 1 

Telemetry Measurement Tapes : (M) 

P r i o r i t y  
PD ESD EED - - -  

I B  
N/A N/A HD 
N/A N/A HD 
N/A N/A HD 
N/A N/A HD 
N/A N/A HD 
N/A N/A HD 
N/A N/A HD 
N/A N/A HD 
N/A N/A HD 
N/A N/A HD 

One copy of tapes** containing EED telemetered measure- 
ments l i s t ed .  under 3)a) ,  recorded and correlated with 
GMT during periods of experiment operation. 

Astronaut Logs o r  Voice Records: 

One copy each of as t ronaut  logs o r  voice records 
containing : 

(1) Description and GET of changes t o  experiment con- 
t r o l  and pro tec t ive  cover s e t t i n g s  during mandatory 
periods of experiment operation. (M) 

(2)- Description and GET of changes t o  experiment con- 
t r o l  and pro tec t ive  cover s e t t i n g s  during highly 
des i rab le  periods of experiment operation. (HD) 

Astronaut Debriefings : 

One copy of each astronaut  postmission s c i e n t i f i c  and 
photographic debrief ing t r ansc r ip t  per ta ining t o  both 
mandatory and highly de is rab le  periods of experiment 
operation. (HD) 

Photographs : 

One copy of each appropriate  Mapping and/or Panoramic 
Camera photograph t h a t  has been taken of the lunar 
sur face  over which the  I R  Scanning Radiometer has 
operated. 
selenographic coordinates. (HD) 

Tra j ec t ory : 

Photographs are t o  be iden t i f i ed  by GET and 

/ 

One copy of tape** containing: 
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(1) Output of t h e  Apollo Photographic Evalua t ion  (APE) 
program, modified f o r  t h e  I R  scanning Radiometer, 
dur ing  mandatory per iods  of experiment opera t ion .  I 

Ic 

(M) 

(2) Output of t h e  Apollo Photographic Evaluat ion (APE) 
program, modified f o r  t h e  I R  Scanning Radiometer, 
dur ing  h ighly  d e s i r a b l e  per iods  of experiment 
opera t ion .  (HD) 

g) Supporting Data: 

The fo l lowing  s c i e n t i f i c  d a t a  w i l l  n o t  be  provided 
by MSC b u t  w i l l  be  obtained through arrangement between 
r e spons ib l e  P r i n c i p a l  I n v e s t i g a t o r s  : 

(1) Reduced and i n t e r p r e t e d  Lunar Sounder Experiment 
d a t a  gathered over l una r  s u r f a c e  scanned by t h e  
I R  Scanning Radiometer experiment. (HD) 

(2) P r e c i s i o n  s p a c e c r a f t  a l t i t u d e  and I R  sensor  
po in t ing  information obtained dur ing  pe r iods  
of I R  s enso r  ope ra t ion  as der ived  from re- 
duced laser altimeter d a t a  and s te l lar  
camera photographs***, r e s p e c t i v e l y .  (HD) 

*This measurement i s  M dur ing  mandatory experiment ope ra t ion  and HD 
dur ing  h igh ly  d e s i r a b l e  experiment opera t ion .  

**Magnetic tapes  produced are t o  be  IBM 7094 computer-compatible d i g i t a l  

***There is  no requirement  f o r  stellar camera photographs t o  suppor t  t h i s  

7-track, 556 - BPI tapes .  

experiment.' I f ,  however, t h e s e  photographs are obtained on t h e  lunar dark  
s i d e  i n  suppor t  of o the r  o b j e c t i v e s  (such as SM O r b i t a l  Photographic Tasks) ,  
then  they  w i l l  p rovide  u s e f u l  da t a .  

- 
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5.12 IR SCANNING RADIOMETER 

Background and J u s t i f i c a t i o n  

The I R  ( infrared)  Scanning Radiometer Experiment is  intended t o  obtain 

a surface temperature map of the  lunar  sur face  a t  a higher reso lu t ion  than 

has been possible  before. 

f r o n t  s i d e  of the  moon w i l l  be improved. 

no t  previously been surveyed i n  the inf ra red  spectrum. 

temperature map w i l l  permit the ca lcu la t ion  of cooling curves f o r  various 

lunar regions and, hence, t o  the character izat ion of such lunar surface 

physical  parameters as the thermal conductivity,  the bulk densi ty ,  and the  

s p e c i f i c  heat.  

The da ta  f o r  the  unilluminated port ion of the 

The back s i d e  of the moon has 

This r e su l t i ng  

The da ta  from t h i s  experiment w i l l  be used t o  loca te ,  i den t i fy ,  and 

study anomalously hot  or  cold regions at a high s p a t i a l  reso lu t ion  over 

r e l a t i v e l y  long term surface cooling periods. 

searches f o r  thermal anomalies have been l imited t o  s p a t i a l  ra ther  than 

local ized temporal scans across the lunar  sunset  terminator and from 

local ized temporal s tud ie s  conducted f o r  a few hours while the  lunar sur- 

face  w a s  darkened by an ea r th  ec l ipse .  

based observations i n  the I R  have been concerned with the  detect ion of the 

low predawn lunar  surface temperatures acquired during lunar phases near 
the new moon. 

ences between maria and highland regions,  apparent differences between 

the number of ec l ip se  and night-time anomalies, and t h e  presence of lunar 

material with unusual thermal propert ies .  

Previous earth-based I R  

Other r e l a t ive ly  recent  earth- 

These observations have served t o  iden t i fy  thermal d i f f e r -  

The i d e n t i f i c a t i o n  of such thermal anomalies a t  high resolut ion w i l l  

a id  i n  the understanding of the problem concerning the o r ig in  of sur face  

fea tures  exhib i t ing  previously unexplained anomalous thermal "signatures. I' 

Typical of such fea tures  would be surface 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 fe rences ,  volcanic a c t i v i t y ,  f i s su res  emitt ing "hot" gase~i ,  and the  

l i k e .  

answer the  following questions r e l a t ed  t o  some of the thermal puzzles 

noted from earth-based observations : 

This experiment can conceivably provide s u f f i c i e n t  information t o  
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, ., 

a) Why have c e r t a i n  s m a l l  c r a t e r s  exhibi ted in tense  anomalies while 
some la rge  craters have shown p rac t i ca l ly  no anomalies a t  a l l ?  

b) Why do ce r t a in  maria contain a high concentration of anomalies 
while other maria have only a few anomalies? 

c) Why cannot some anomalies be readi ly  iden t i f i ed  with a pa r t i cu la r  
surface fea ture?  

Lunar dark s i d e  thermal s tud ie s  w i l l  be enhanced by the a b i l i t y  of 

the I R  sensor t o  de tec t  var ia t ions  i n  the rate a t  which dark s i d e  cooling 

i s  taking place which, i n  tu rn ,  i s  r e l a t ed  t o  subsurface s t ruc tu re  composi- 

t i on  by inference of exhibi ted thermal and other physical  propert ies .  

addi t iona l  benef i t  t o  be derived from t h i s  experiment would be the resolu- 

t i on  of whether o r  no t  the moon is  an i n e r t  body (possessing no i n t e r n a l  

hea t  sources).  

sources, a s c i e n t i f i c  discovery of immense s igni f icance  would be real ized.  

Contemporary s c i e n t i f i c  hypotheses presume the moon t o  be an i n e r t  body. 

In  t h i s  respect  there  is now known t o  be a s ign i f i can t  t i e - in  of the  I S R  

experiment with preliminary r e s u l t s  current ly  being formulated from the 

Apollo 15 Heat Flow Experiment (HFE). The extensive s p a t i a l  mapping of 

lunar cooling curves t o  be obtained with the  I S R  experiment i n  conjunction 

with addi t iona l  da ta  now being received and analyzed from the  Apollo 15 
HFE and t h a t  expected t o  be obtained from temperature probes t o  be emplaced 

a t  the planned Apollo Mission 5-3 HFE s i t e  may add a s i g n i f i c a n t  4 A  

dimension t o  the  h i s to ry  of lunar thermal evolution, i ts present  thermal 

state,  and clues t o  the or ig in  and makeup of sur face  and subsurface s t ruc-  

ture .  

An 

I f  i t  were discovered t h a t  the moon has i n t e r n a l  hea t  

F ina l ly ,  hardware and operat ional  experience obtained from t h i s  ex- 

periment w i l l  serve as a bas i s  f o r  the  development of an advanced I R  

spectrometer capable of performing a compositional charac te r iza t ion  of 

planetary surfaces  f o r  advanced lunar and planetary missions. 

Previous Mission Experiments 

Experiment 
Number T i t l e  

None 
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5.13 LU'NAR NEUTRON PROBE 

Conduct the  Lunar Neutron Probe Experiment (S -229) .  

Purpose 

The purpose is  t o  measure the  neutron capture rates of lunar  mater ia ls  

as a function of depth i n  the  lunar  regol i th .  

The funct ional  test  object ives  are as follows: 

FTO 1) Determine the average mixing depth f o r  lunar s o i l .  

FTO 2 )  Determine the degree of s t r a t i f i c a t i o n  and mixing h i s to ry  of 
lunar s o i l  cores. 

FTO 3) Determine the average i r r a d i a t i o n  depth f o r  lunar rocks. 

FTO 4) Obtain information on the  lunar neutron energy spectrum. 

T e s t  Conditions 

FTO 1)  
FTO 2) assembled, and inser ted  approximately two meters deep i n t o  
FTO 3) 
FTO 4 )  

The Lunar Neutron Probe experiment w i l l  be unstowed, ac t iva ted ,  

the lunar  s o i l  i n  the hole  l e f t  by ex t rac t ing  the  deep core 
sample (par t  of experiment Lunar Geology Inves t iga t ion  S-059) .  
The probe w i l l  remain i n  the  lunar s o i l  f o r  a t  least 24  hours 
and w i l l  then be extracted,  deactivated,  stowed, and returned 
t o  ea r th  f o r  analysis.  It is  highly des i rab le  t h a t  the  probe 
be emplaced during the f i r s t  EVA period and t h a t  i t  remain 
emplaced u n t i l  the t h i r d  EVA period. 

The astronaut  w i l l  photograph the deployed probe using a HEDC 
from a dis tance of approximately 3 f e e t  t o  provide a permanent 
record of the depth of penetrat ion i n t o  the  lunar  s o i l .  

( B  

It is highly des i rab le  t h a t  a photograph of the deployed 
probe and the RTG be obtained which shows the approximate 
separat ion dis tance between the  probe and RTG. * 
The astronaut  w i l l  no t i fy  MCC when the upper probe sec t ion  i s  
ac t iva ted ,  when the lower probe sec t ion  is ac t iva ted ,  when 
the  assembled probe is inser ted ,  when the  probe is extracted,  
when the upper probe sec t ion  i s  deactivated and when the lower 
probe sec t ion  i s  deactivated.  

*TV or  photographs obtained i n  support of other  lunar surface activities 
which show the separat ion dis tance between the  deployed neutron probe 
and the  RTG w i l l  be acceptable. 
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The deployed probe w i l l  b e  a t  least 25 meters from t h e  RTG. 
Probe temperature must n o t  exceed 7OoC a t  any t i m e  'during the  
mission o r  p r i o r  t o  a n a l y s i s  of t h e  exposed probe. The probe 
s e c t i o n s  should n o t  b e  a c t i v a t e d  u n t i l  t h e  RTG has  been de- 
ployed i n  order  t o  minimize t h e  e f f e c t  of t h i s  neutron source.  

Success Criteria 

FTO 1) 
FTO 2) 
FTO 3) 
FTO 4 )  

Evaluat ion 

FTO 1) 
FTO 2) 
FTO 3) 
FTO 4 )  

. FTO 1) 

FTO 2) 

FTO 3) 

FTO 4 )  

The probe s h a l l  be re turned  t o  earth and provided t o  t h e  
P r i n c i p a l  I n v e s t i g a t o r  a f t e r  having been deployed i n  t h e  
a c t i v a t e d  condi t ion  i n  t h e  lunar s o i l  t o  a depth of a t  least 
1.5 meters f o r  a minimum t i m e  of 24 hours.  
mandatory photograph def ined under Test Conditions and a 
record of t h e  a c t i v a t i o n ,  i n s e r t i o n ,  e x t r a c t i o n  and deact iva-  
t i o n  t i m e s  s h a l l  b e  provided t o  t h e  P r i n c i p a l  I n v e s t i g a t o r .  

A copy of t h e  

Evaluat ion w i l l  c o n s i s t  of a n a l y s i s  of t h e  t r a c k  d e t e c t o r  
materials contained w i t h i n  t h e  probe and t h e  d a t a  descr ibed 
under Data Requirements. 
experiment eva lua t ion  da ta )  

(Experiment support  and 

The average mixing depth f o r  lunar s o i l  i n  t h e  experiment 
deployment area w i l l  b e  determined by a n a l y s i s  of t h e  re turned  
probe materials and o ther  data .  (Experiment support  and exper i -  
ment eva lua t ion  d a t a  as def ined under Data Requirements) 

The degree of s t r a t i f i c a t i o n  and mixing h i s t o r y  of l u n a r  s o i l  
cores  w i l l  be  determined by a n a l y s i s  of t h e  re turned  probe ' 

materials and o t h e r  data .  (Experiment support  and experiment 
eva lua t ion  d a t a  as def ined under Data Requirements) 

The average i r r a d i a t i o n  depth f o r  lunar  rocks w i l l  b e  de te r -  
mined by a n a l y s i s  of t h e  returned probe materials and o t h e r  
da ta .  '(Experiment support  and experiment eva lua t ion  d a t a  as 
def ined under Data Requirements), 

Information on the  l u n a r  neutron energy spectrum w i l l  be  
der ived by a n a l y s i s  of t h e  re turned  probe materials and 
o t h e r  da ta .  
d a t a  as def ined under Data Requirements) 

(Experiment support  and experiment eva lua t ion  

Data Requirements 

1) Experiment Support Data (ESD): (M) 

Voice Comments: 

Comments i n d i c a t i n g  t h e  times of probe activation, (each probe 
s e c t i o n ) ,  i n s e r t i o n ,  e x t r a c t i o n ,  and d e a c t i v a t i o n  (each probe 
s e c t i o n )  descr ibed  under Test Conditions. ~ 
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‘ I  

2)  Experiment Evaluat ion Data (EED) 

Lunar neutron probe. (M) 

Astronaut Logs o r  Voice Records: (M) 

One copy each of a s t r o n a u t  logs  o r  voice  records p e r t a i n -  
i n g  t o  t h e  experiment inc luding  t h e  t i m e s  of probe acti- 
v a t i o n ,  i n s e r t i o n ,  e x t r a c t i o n ,  and deac t iva t ion .  

Astronaut Debriefings: (HD) 

One copy each of as t ronaut  postmission s c i e n t i f i c  and 
photographic debr ie f ing  t r a n s c r i p t s  p e r t a i n i n g  t o  t h e  
experiment. 

Photographs : 

(1) One copy of t h e  mandatory photograph descr ibed under 
Test Conditions. (M) 

(2)  One copy of t h e  h ighly  d e s i r a b l e  photograph(s) o r  
TV coverage descr ibed under Test Conditions. (HD) 
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5.13 LUNAR NEUTRON PROBE 

Background and J u s t i f i c a t i o n  

Previous research  on both Apollo 11 and Apollo 12 lunar  samples has  

demonstrated t h a t  t h e r e  are Gd i s o t o p i c  v a r i a t i o n s  which can b e  ascr ibed  

t o  neutron capture  by Gd15' and Gd155. From t h e  Gd i s o t o p i c  v a r i a t i o n s ,  

low energy neutron exposures f o r  lunar  samples can b e  ca lcu la ted .  Because 

t h e  lunar neutron probe d a t a  i s  a very s e n s i t i v e  func t ion  of depth,  t h e  

measured exposures are a u s e f u l  t o o l  i n  i n t e r p r e t i n g  t h e  mixing h i s t o r y  

of lunar  rocks,  and p a r t i c u l a r l y ,  t h e  l u n a r  s o i l .  However, a thorough 

i n t e r p r e t a t i o n  of t h e  Gd i s o t o p i c  d a t a  has  been hindered by a lack  of 

knowledge of t h e  g r a d i e n t  of t h e  Gd capture  rate. 

of t h e  neutron capture  rates are being c a r r i e d  o u t  and w i l l  be  very u s e f u l  

and necessary i n  any case. 

Theore t ica l  calculat-ons 

However, t h e r e  are enough u n c e r t a i n t i e s  in- 

volved t h a t  a d i r e c t  measurement of neutron capture  r a t e s  w i l l  provide 

more u s e f u l  information. 
7 t h e  "B(n, a )  

t h e  r e c o i l  a lpha  p a r t i c l e s  from t h i s  reac t ion .  

The Lunar Neutron Probe experiment i s  based on 

L i  r e a c t i o n  u t i l i z i n g  a p l a s t i c  t r a c k  d e t e c t o r  t o  d e t e c t  

The i n c l u s i o n  of cadmium 

and potassium bromide s t r i p s  on t h e  d e t e c t o r  material w i t h i n  t h e  probe 0 
w i l l  a l low d a t a  t o  b e  obtained on t h e  energy d i s t r i b u t i o n  of lunar  

neutrons.  

i n c r e a s e  t h e  r e l i a b i l i t y  of t h e  instrument i n  low count ra te  areas such as 

n e a r  the  lunar  sur face .  The mica d e t e c t s  f i s s i o n  products from t h e  

n e ~ t r o n / U ~ ~ ~  r e a c t i o n .  

probe f o r  c a l i b r a t i o n  purposes. 

M i ~ a l U ~ ~ ~  i s  included as p a r t  of t h e  d e t e c t o r  material t o  lB A trace amount of U238 i s  included w i t h i n  t h e  

Previous Mission Experiments 

Experiment 
Number T i t l e  

None 
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5.14 COSMIC RAY DETECTOR (SHEETS) 

Conduct the Cosmic Ray Detector (Sheets) Experiment (S-152). 

PurDos e 

The purposes are t o  measure the mass and energy d i s t r ibu t ion  of s o l a r  

wind and cosmic ray p a r t i c l e s  i n  the energy range 1 Kev/amu t o  25 Mev/amu, 

t o  determine the  quiet-time energy spectrum and composition of p a r t i c l e s  

with 2 6 i n  in te rp lane tary  space, and t o  determine the Rn222 f l u x  a t  the 

lunar  surface.  

The funct ional  test  object ives  are as follows: 

FTO 1)  Obtain da ta  on cosmic ray and s o l a r  wind p a r t i c l e s  a t  the 
lunar surface.  ' 

FTO 2) Determine the Rn222 f lux  a t  the lunar  surface.  

T e s t  Conditions 

FTO 1) 
FTO 2) 

Platinum, aluminum, mica, g l a s s  and lexan nuclear p a r t i c l e  
t rack  detectors  mounted within a th in  aluminum box (approxi- 
mately 6 c m  by 10 cm by 0.9 cm) and its s l i d i n g  cover (approxi- 
mately 5 c m  by 10 cm by 0.3 cm) w i l l  be deployed f o r  a mini- 
mum of one sleep period and one EVA period. 
des i rab le  t h a t  the box and cover be deployed as long as prac- 
t i c a b l e  during the lunar s tay .  The astronaut  w i l l  s l i d e  the  
cover from the box by pul l ing  i n  opposite d i rec t ions  on two 
r ings  mounted on opposite ends of the box and s l i d i n g  cover. 
The s l i d i n g  cover w i l l  be immediately placed i n  a shaded 
locat ion such t h a t  the exposed detector  materials mounted 
in s ide  i t  face  away from the sun with a v i e w  of the dark sky 
and with minimum obstruct ions i n  i t s  approximately hemi- 
spher ica l  f i e l d  of view during the ent i re  exposure period. 
The de tec tor  materials on the cover w i l l  not  be exposed t o  
d i r e c t  sunl ight  f o r  more than 60 seconds. The box w i l l  be  
placed i n  a loca t ion  such t h a t  the exposed de tec tor  materials 
mounted on its ins ide  surface face  d i r e c t l y  i n t o  the  sun 
during the  ent i re  exposure period with minimum obstruct ions 
i n  its approximately hemispherical f i e l d  of view. 
ment locat ions w i l l  be  such as t o  minimize the p o s s i b i l i t y  of 
contaminating the  exposed de tec tor  surfaces  with lunar s o i l  
'or other  debris .  

After the box and cover are re t r ieved ,  the  box and cover w i l l  
be mated together and stowed i n  a s i n g l e  bag f o r  r e tu rn  t o  
ear th .  
t o  d i r e c t  sunl ight  f o r  more than approximately 20 minutes. 

It is  highly 

The deploy- 

The mated box and s l i d i n g  cover w i l l  no t  be  exposed 
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It is  highly des i rab le  t h a t  the  de tec tor  box and cover remain 
i n  their closed bag(s) u n t i l  they have been provided t o  the  
P r inc ipa l  Inves t iga tor ,  a t  which t i m e  the  bags w i l l  be examined 
and opened under clean room conditions and the  contents photo- 
graphical ly  documented. 

The astronaut  w i l l  no t i fy  MCC a t  the t i m e  the  de tec tor  material 
are exposed and a t  the time the  materials are stowed f o r  ea r th  
r e tu rn  s o  t h a t  MCC can record the times. 

It is  highly des i rab le  t h a t  if a s o l a r  f l a r e  warning is  
received by MCC during the mission, the experiment w i l l  be  
terminated as ea r ly  as prac t icable  by stowing the  box and 
cover f o r  ea r th  re turn.  

Success Criteria 

- FTO 1)  
FTO 2) 

The de tec tor  materials s h a l l  be returned t o  ea r th  a f t e r  having 
been exposed o n ~ t h e  lunar  surface i n  accordance with the  T e s t  
Conditions and s h a l l  be provided t o  the  P r inc ipa l  Inves t iga to r .  
(Mandatory experiment evaluat ion da ta  defined under 
Data Reauirements) 

Evaluation 

FTO 1) Data w i l l  be  obtained on cosmic ray and s o l a r  wind p a r t i c l e s  
a t  the  lunar  sur face  by examination and ana lys i s  of the  
experiment de tec tor  materials, platinum, aluminum, mica, 
g l a s s  and lexan. (Astronaut records and de tec tor  materials) 

FTO 2) The Rn222 f l u x  a t  the lunar  surface w i l l  be  determined by 
examination and analysis  of the mica de tec tor  material. 
(Astronaut records and de tec tor  mater ia l )  

Data Requirements 

1) Experiment Support Data: (ESD) (HD) 

a)  Astronaut Voice Records: 

The times of the  beginning and end of the  de tec tor  
material exposure interval. 

2) Experiment Evaluation Data: (EED) 

.a) Astronaut Logs ur  Voice Records: (M) 

Six  copies of as t ronaut  logs o r  voice records containing 
the  times of the  beginning and end of the  de tec tor  
material exposure periods. 
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b) Astronaut Debrief ings : (HD) 

S ix  copies of astronaut post f l ight  s c i e n t i f i c  and photo- 
graphic debriefing transcripts pertaining to  the experi- 
ment. 

c) Detector Materials: (M) 

Detector materials which have been exposed on the lunar 
surface i n  accordance with the Test Conditions. 

-. 

B 
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5.14 COSMIC RAY DETECTOR (SHEETS) 

Background and J u s t i f i c a t i o n  

The Cosmic Ray Detector (Sheets) experiment w i l l  provide da ta  on 

charged p a r t i c l e s  i n  in te rp lane tary  space i n  an i n t e r v a l  of energy and 

atomic number t h a t  i s  a t  b e s t  only ske tch i ly  known. The r e s u l t s  w i l l  

be  of d i r e c t  relevance t o  lunar  surface processes, t o  processes i n  the 

s o l a r  atmosphere, t o  in te rp lane tary  processes,  and t o  processes occurring 

i n  the ea r th ' s  magnetosphere. Col lect ively,  the detectors  w i l l  span the  

energy interval from 1 Kev/amu t o  25 Mev/amu. 

up t o  100 Kev/amu the mica w i l l  cover the unknown 3/4 of the Periodic  

Table beyond Fe; a t  higher energies lexan and g lass  w i l l  be  used t o  

iden t i fy  l i g h t  ( Z  = 2 t o  14) 'and heavy (2 > 10) ions respect ively.  

A t  s o l a r  wind energies and 

The d i s t r ibu t ion  i n  mass and energy of s o l a r  wind ions (as w e l l  as 

suprathermal ions up t o  %lo0 Kev/amu) can be determined by measuring the 

diameters and depths of p i t s  produced by control led etching of mica. 

s o l a r  f lare  t h a t  occurred during Apollo 16 produced such a high densi ty  of 

p a r t i c l e s  of various energies i n  in te rp lane tary  space t h a t  is w a s  no t  

possible  unambiguously t o  d is t inguish  s o l a r  wind ions from f l a r e  ions.  

From observations presented i n  the NASA Apollo 16 Preliminary Science 

Report, i t  appears highly l i k e l y  tha t  the heavy s o l a r  wind ion  composi- 

t i on  can be successful ly  determined i n  t h i s  experiment, assuming no s o l a r  

f l a r e  occurs during Apollo Mission 5-3. 

A 

Because radon i n  the lunar  atmosphere produces p i t s  i n  mica t h a t  can 

be  mistaken f o r  p i t s  produced by s o l a r  wind ions with 2 > 200, i t  is  

necessary t o  do a cont ro l  experiment with mica facing away from the  sun. 

To check on the  radon contr ibut ion,  lexan subsequently exposed t o  u l t ra -  

v i o l e t  i r r a d i a t i o n  and chemically etched w i l l  give the  alpha p a r t i c l e  f l u x  

from radon decay. 

The platinum and aluminum f o i l s  are doubly useful .  When analyzed mass 

spectrometerkcally they w i l l  give the s o l a r  wind helium f l u x  t o  which the  

mica da t a  on heavy ions can be compared. 

be compared with helium da ta  obtained on a l l  previous missions t o  permit 

inferences t o  be drawn about spat ia l  and temporal var ia t fons  i n  s o l a r  wind 

I n  addi t ion,  the helium f l u x  can 

flux. 
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The o r ig in  and na ture  of in te rp lane tary  ions with energies between 

t h a t  of the s o l a r  wind and t h a t  of cosmic rays are unknown. 

s o l a r  f l a r e  occurs does the f l u x  of these ions reach a level t h a t  has been 

inves t iga ted  by de tec tors  on satellites and rockets.  

ions present  during a t i m e  when the sun i s  q u i e t  w i l l  permit a determina- 

t i on  of t h e i r  o r ig in ,  i.e., whether they or iginated from the  sun o r  

whether they or iginated as cosmic rays bu t  managed t o  penetrate  i n t o  the  

s o l a r  system. 

Only when a 

The composition of 

The t rack  dens i t i e s  i n  the p l a s t i c  and g lass  detectors  on the  Apollo 

16 Cosmic Ray Detector (Sheets) experiment were extremely high, perhaps 

as much as s i x  orders of magnitude higher than w i l l  be observed i n  the  

absence of a f l a r e .  I n  the Apollo Mission 5-3 experiment, da ta  should 

be obtained on the more abundant elements (He,  C,  N, 0, N e ,  Mg, Si and Fe) 

even i f  the  f lux  i s  t o  of t h a t  found during Apollo 16. Having 

g lass  i n  the  shade as w e l l  as i n  the sun should give d i r ec t iona l  informa- 

t i o n  on the heavier  ions.  

t i v e  t o  helium are enhanced during solar f l a r e s .  

determine i f  the  quiet-time abundances show a similar heavy element 

enhancement. 

Previous Xis s ion  Experiments 

The abundances of heavy ions such as Fe rela- 

The experiment w i l l  a l s o  

Experiment 
Number T i t l e  - 
S-151 
S-151 
S- 15 2 

Cosmic Ray Detector (Helmets) 
Cosmic Ray Detector ( H e l m e t s )  
Cosmic Ray Detector (Sheets) 

Mission 

8 
12 
16 
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6.0 OPERATIONAL TESTS AND IN-FLIGHT DEMONSTRATIONS 

6.1 

6.2 

No o p e r a t i o n a l  tests have been assigned t o  t h i s  mission. 

A Heat Flow and Convection i n - f l i g h t  demonstration w i l l  b e  accomplished 

t o  u t i l i z e  t h e  unique condi t ions of space f l i g h t  environment. 

paragraph 6.2.1 f o r  d e t a i l s .  I A 

See  
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6.2.1 BEAT F’LOW AND CONVECTION 

Perform the  hea t  flow and convection demonstration. 

Purpose 

The purpose is  t o  obtain da ta  on the  types and amount of convection 

t h a t  occur i n  the near weightless environment of space f l i g h t .  

The funct ional  test object ives  are as follows: 

FTO 1) Obtain da ta  on temperature d i s t r ibu t ion  pa t te rns  i n  heated 
f l u i d s  . 

FTO 2) Obtain data  on the flow pa t te rns  caused by sur face  tension 
gradients  i n  heated f lu ids .  

T e s t  Conditions 

FTO 1) 
FTO 2) 

The demonstration w i l l  be performed i n  t ranslunar  coast  with 
the FDAI i n  the 5 /1  scale s e t t i n g  and the telemetry i n  the 
HBR mode. The three test  cells  and r e l a t ed  equipment w i l l  
be  mounted i n  a f ixed pos i t ion  such t h a t  the f u l l  face  of 
the apparatus can be photographed by the DAC a t  one frame 
per  second. 

The spacecraf t  rates w i l l  be nul led i n  a l l  three axes ( i .e . ,  - <0.005 degrees per second) i n  the manner normally accomplished 
p r i o r  t o  s e t t i n g  up PTC. Liquid dumps w i l l  be inh ib i ted  where 
possible ,  RCS jets w i l l  be  inh ib i ted ,  and crew motion w i l l  be 
minimized, u n t i l  completion of t h a t  port ion of t he  demons tra- 
t i on  which requires  nulled spacecraf t  rates. 
minute w i l l  be allowed f o r  the f l u i d  i n  the test cells t o  
come t o  rest a f t e r  the test cells are mounted and the space- 
c r a f t  rates are nulled.  Sequence photographs w i l l  be  obtained 
f o r  ten minutes with power applied t o  the r a d i a l  and l i n e a l  
test cells [ f o r  FTO l)], and f o r  a separa te  15-minute period 
with power applied t o  the  flow pa t t e rn  tes t  cel l  [ fo r  FTO 211. 
It is highly des i rab le  t h a t  the crew provide comments during 
the  above two test  .periods regarding the appearance of the  
temperature d i s t r ibu t ion  pa t te rns  and the manner i n  which the  
pa t t e rns  develop and change 

A t  least one 

It is  highly des i rab le  t h a t  the demonstration be  repeated 
a f t e r  PTC has been i n i t i a t e d .  A t  least  one hour m u s t  e lapse 
a f t e r  termination of the above test (i.e., the test when the 
spacecraf t  rates are nul led)  before s t a r t i n g  the  test i n  PTC 
t o  allow the three test cells t o  re turn  t o  ambient tempera- 
ture.  It i s  highly des i rab le  t h a t  sequence photographs be 
obtained f o r  ten minutes with power applied t o  the r a d i a l  and 
l i n e a l  test cells  and f o r  a separa te  15-minute period with 
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power applied t o  the flow pa t t e rn  test cell .  
des i rab le  t h a t  the crew provide comments during these f i n a l  
two test per iods regarding the appearance of the  flow pa t te rns  
and the  manner i n  which the pa t te rns  develop and change. 

It is  highly 

Upon completion of the demonstration, the small reference tab 
of U.quid c rys t a l s  w i l l  be removed from the face  of the 

There is no requirement to  re turn  the remainder of the demon- 
s t r a t i o n  equipment. 

demonstration equipment and returned t o  ear th .  I B  

Success Criteria 

FTO 1)  
FTO 2) 

Mandatory da ta  defined under Data Requirements w i l l  be 
acquired and returned t o  ea r th  f o r  evaluation. 

Evaluation 

FTO 1)  
FTO 2) 

The da ta  w i l l  be analyzed t o  determine the convective 
behavior of heated f l u i d s  i n  the space f l i g h t  environment. 
( A l l  da t a  l i s t e d  under Data Requirements) 

Data Requirements 

1 )  Telemetry Measurements: 

Measurement 
Number Description - TM Mode P r i o r i t y  

CC 0206 V DC Voltage Main Bus A P W  2 M 

CF 0002 T Temp Cabin PCM 1 M* 
CG 0001 V Computer D ig i t a l  Data 40 B i t s  PCMDt 2 M 
CH 3503 R FDAI SCS Body Rate Pi tch  PCM 1 
CH 3504 R FDAI SCS Body Rate Yaw PCM 1 
CH 3505 R FDAI SCS Body Rate Rol l  PCM 1 

CF 0001 P Pressure Cabin PCMt 2 I B  

M** 

*It is  highly des i rab le  t h a t  cabin pressure and temperature telemetry 
da ta  be obtained continuously during a l l  operations.  It is  mandatory 
t h a t  cabin temperature da t a  be recorded a t  least once a t  o r  just  p r i o r  
t o  the  start ,  and a t  o r  j u s t  p.rior t o  the  end of each use of the  flow 
p a t t e r n  test cell[i.e., FTO 2) 3 .  Astronaut logs o r  voice records of 
cabin pressure and cabin temperature da ta  are s u i t a b l e  subs t i t u t e s  for 
cabin pressure and cabin temperature telemetry data.  

**It is  mandatory t h a t  telemetry da t a  be obtained f o r  a t  least one con- 
tinuous minute any t i m e  during the use of the r a d i a l  and l ineal  test 
cells [i.e., FTO l)]. C r e w  readouts of the three corresponding body 
rate meters are no t  s u i t a b l e  s u b s t i t u t e s  f o r  telemetry data. 
d a t a  are no t  required whenever the  flow pa t t e rn  test cell is-used [i.e., 

Body rate 
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2) Astronaut Logs o r  Voice Records: (HD) 

Comments by t h e  crew on t h e  appearance of t h e  flow p a t t e r n s  
and t h e  temperature d i s t r i b u t i o n  p a t t e r n s  and on t h e  manner 
i n  which they develop and change. 

3) Photographs: 

( a )  Sequence photographs of t h e  demonstration equipment 
during t h e  test  per iods  with t h e  s p a c e c r a f t  rates 
nul led .  (M) 

Sequence photographs of t h e  demonstration equipment 
during t h e  test per iods  when t h e  s p a c e c r a f t  i s  i n  PTC. 

(b) 

(Ha 

4 )  Traj.ectory : 

One copy of tab  l i s t i n g  containing:  

(a) Best estimate of t r a j e c t o r y  (BET) inc luding  s p a c e c r a f t  
a t t i t u d e  f o r  t h e  CSM during t h e  test per iods  with t h e  
s p a c e c r a f t  rates nul led .  (M) 

(b) Best estimate of t r a j e c t o r y  (BET) inc luding  s p a c e c r a f t  
a t t i t u d e  f o r  the  CSM during t h e  test per iods  wi th  t h e  
s p a c e c r a f t  i n  PTC. (HD) 

5 )  The re ference  tab of l i q u i d  c r y s t a l s  which w a s  removed from 
t h e  f a c e  of t h e  demonstration equipment upon completion of t h e  
test  per iods.  (M) 
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6.2.1 HEAT now AND CONVECTION 

Background and J u s t i f i c a t i o n  

One of the major f ac to r s  considered i n  planning f o r  science experi- 

ments and manufacturing processes i n  space is the f a c t  t h a t  gravi ty  driven 

convection is suppressed t o  a very low level. 
induced pr imari ly  from surface tension, a r t i f i c i a l  g rav i ty ,  expansion, and 

possibly i n t e r f a c i a l  tension. 

grav i ty  e f f e c t s ,  making experimental observation of flows caused by these 

other  forces  very d i f f i c u l t .  Consequently, laboratory da t a  have been pr i -  

marily or iented toward the study of grav i ty  induced flaw. 

analyses have been made on na tu ra l  f l u i d  flows caused by surface tension 

gradients ,  i n t e r f a c i a l  tension and expansion, but  experimental confirmation 

must be obtained i n  space f l i g h t .  

I n  space, f l u i d  flows are 

On ear th ,  f l u i d  flow i s  usual ly  dominated by 

Theoret ical  

The demonstration on Apollo Mission 5-3 w i l l  provide da t a  on the 

thermal and f l u i d  flow behavior of f l u i d s  i n  a spec ia l ly  se lec ted  "cell" 

configuration i n  low gravi ty .  

t i on  are as follows: 

The three cells contained i n  t h i s  demonstra- 

1 )  Radial test  cell.  The r a d i a l  test ce l l  is a c i r c u l a r  ce l l  with 

a small e l e c t r i c  hea te r  i n  the center.  It w i l l  be used t o  test  

r a d i a l  hea t  flow. 

covered with a l i qu id  c r y s t a l  material which changes color  when. 

i t  is  heated. 

color  pa t t e rns ,  which w i l l  be recorded by the DAC. 

The cel l  is  f i l l e d  with argon gas and is 

The flow of hea t  w i l l  be indicated by the changing 

2) Lineal test c e l l .  The l i n e a l  test ce l l  is a transparent  cylinder 

with a small e l e c t r i c  hea te r  a t  one end. It w i l l  be used t o  test 

l i n e a l  hea t  flow. 

o i l )  and s t r i p s  coated with l i qu id  c rys t a l s  are located along the 

w a l l s .  

pa t te rns  which w i l l  be recorded by the  DAC. 

Flow.pattern test cell.  The flow pa t t e rn  test ce l l  cons is t s  of 

a shallow aluminum dish with a heated bottom i n t o  which th in  

layers  of Krytox are introduced. The Krytox contains a suspen- 

s ton  of aluminum f lakes  which w i l l  enable the o i l  flow pa t t e rns  

The cylinder is  f i l l e d  with Krytox (a heavy 

The flow of hea t  w i l l  be indicated by changing co lor  
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t o  be photographed by the DAC. The window t o  t h i s  ce l l  w i l l  

be opened during the test so t h a t  the hea t  can be  d iss ipa ted  

i n t o  the spacecraf t  atmosphere. 

The Apollo 14 Heat Flow and Convection demonstration provided evi- 
dence of s i g n i f i c a n t  sur face  tension flows i n  the flow pa t t e rn  c e l l  and 

showed unexpected trends i n  the hea t  flow cells. 
grea te r  s e n s i t i v i t y  a re  required t o  assess the importance of these trends.  

It is most important t o  def ine the magnitude of these e f f e c t s  and the  

conditions required f o r  t h e i r  exis tence so t h a t  they may be considered 

f o r  fu tu re  science experiments and manufacturing processes i n  space. 

i s  a l so  of s c i e n t i f i c  and technical  i n t e r e s t  t o  determine the  cause of 

the unexpected trends.  

Additional da t a  and 

It 

Previous Mission Demonstrations 

Demonstration 
Number T i t l e  

2.6.2 Heat F,m and Convection 
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7.0 ALTERNATE MISSION AND ABORT GUIDELINES 

An alternate mission i s  def ined  as any dev ia t ion  from t h e  nominal 

mission where f u r t h e r  mission ob jec t ives  are considered be fo re  mission 

terminat ion.  An abor t  i s  def ined as any s i t u a t i o n  where crew s a f e t y  

r equ i r e s  immediate mission terminat ion.  

w i l l  be  considered i n  t h a t  case. 

No f u r t h e r  mission ob jec t ives  

7.1 Al te rna te  mission p lans  w i l l  be  based on t h e  fol lowing gu ide l ines :  

A l t e rna te  missions w i l l  be  c o n s i s t e n t  wi th  s p a c e c r a f t ,  crew 
and ope ra t iona l  c o n s t r a i n t s .  

No a d d i t i o n a l  RTCC (real t i m e  computation cen te r )  processors  
w i l l  be  necessary.  

Entry v e l o c i t i e s  g r e a t e r  than 37,500 f p s  should n o t  be  planned. 

There w i l l  be no a d d i t i o n a l  crew t r a i n i n g .  

The Apollo Mission 5-3 t ime l ine  w i l l  be  adhered t o  whenever 
poss ib l e .  

Deorbi t  w i l l  be  planned s o  t h a t  recovery l i g h t i n g  c o n s t r a i n t s  
are m e t  whenever poss ib l e .  

Water landings  w i l l  be  planned. 

It i s  h igh ly  d e s i r a b l e  t h a t  a l l  l a r g e  SPS maneuvers i n  e a r t h  
o r b i t  b e  pos i t i oned  s o  t h a t  MSFN coverage i s  ava i l ab le .  

An RCS d e o r b i t  c a p a b i l i t y  w i l l  be  maintained a t  a l l  t i m e s  when 
i n  e a r t h  o r b i t .  

7.2 Contingency p l ans  w i l l  b e  a v a i l a b l e  f o r  t h e  fol lowing modes as 

d i r e c t e d  by Reference 8. 

1) One S-IC engine ou t .  

2) One S-I1 engine out .  

3) S-I1 e a r l y  shutdown. 

4) SPS burn f o r  e a r t h  o r b i t  i n s e r t i o n .  

5) Launch v e h i c l e  backup guidance. 

6) Launch v e h i c l e  t a r g e t  update. 

7-1 
MSC-05180 
Change A 



7) Alternate o r b i t  i n j e c t i o n .  

8) LM e n t r y  t a rge t ing .  

9)  Circumlunar re turn .  

10) A l t e rna te  t r a n s e a r t h  i n j e c t i o n  us ing  LM DPS. 

11) Al t e rna te  l u n a r  s t a y  t i m e s .  

12) LM ascent .  

13) LM rescue.  

14) A l t e rna te  t r a n s e a r t h  r e t u r n  t i m e s .  

15) A l t e rna te  crew t r a n s f e r .  

16) Changed recovery area. 

7.3 Launch a b o r t s  w i l l  be  planned i n  accordance wi th  MSC/MPAD document, 

72-FM-231 "Operat ional  Abort P lan  f o r  Apollo 17,  Volume I ,  Launch 

Phase," of September 21, 1972. 

accordance wi th  MSC/MPAD document 72-FM-231, "Operational Abort P l an  

f o r  Apollo 17,  Volume 11, Translunar ,  Lunar Orb i t  and Transear th  

Aborts," of November 2,  1972. 

Aborts a f t e r  T L I  w i l l  be planned i n  

7.4 The fo l lowing  a l t e r n a t e  mission gu ide l ines  apply: 

1) I n  case t h e r e  i s  no TLI burn,  an e a r t h  o r b i t  a l t e r n a t e  mission 

w i l l  b e  accomplished w i t h  a mission du ra t ion  of approximately 

6-1/2 days. 

i n c l i n a t i o n  w i l l  be  e s t ab l i shed .  

South l a t i t u d e  (on t h e  ascending leg) .  

above o r b i t  w i th  a 45" i n c l i n a t i o n ,  t h e r e  w i l l  b e  in t e rmed ia t e  

o r b i t s  of up t o  approximately 700 by 115 NM. The luna r  sounder 

w i l l  b e  used dur ing  po r t ions  of approximately f o u r  in t e rmed ia t e  

o r b i t s  t o  o b t a i n  HF da ta .  

opera ted  dur ing  t h e  in t e rmed ia t e  o r b i t s  as w e l l  as dur ing  t h e  240 

by 115 NM o r b i t  t o  o b t a i n  d a t a  a t  h igh  and low a l t i t u d e s .  The I R  

Scanning Radiometer w i l l  b e  poin ted  a t  t h e  moon and opera ted  f o r  

up t o  approximately 30 minutes i n  e i t h e r  o r b i t .  The luna r  sounder 

w i l l  be  used i n  t h e  240 by 115 NM o r b i t  t o  o b t a i n  VHF da ta .  

An o r b i t  of approximately 240 by 115 NM w i t h  a 45" 

The apogee w i l l  b e  a t  30 degrees  

P r i o r  t o  e s t a b l i s h i n g  t h e  

The Far  W Spectrometer w i l l  b e  

The 

7-2 Change C 
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SIM cameras w i l l  b e  used i n  t h e  240 by 115 NM o r b i t .  

c a p a b i l i t y  w i l l  b e  maintained throughout t h e  e a r t h  o r b i t a l  per iod.  

An EVA w i l l  b e  planned f o r  cassette retrieval during t h e  l a s t  day. 

I n  case t h e  LM cannot b e  taken i n t o  lunar  o r b i t ,  t h e r e  w i l l  b e  an 

a l t e r n a t e  lunar  o r b i t  mission with t h e  CSM alone. The SIM door 

w i l l  be  j e t t i s o n e d  p r i o r  t o  LOI. The dura t ion  of t h e  l u n a r  o r b i t  

per iod w i l l  be  approximately 6 days. The LO1 burn w i l l  s h i f t  t h e  

node approximately 55 degrees t o  t h e  east f o r  optimum coverage by 

SIM cameras. 

60 NM with  a 20 degree i n c l i n a t i o n .  

cassette retrieval during TEC. 

RCS d e o r b i t  

2) 

The lunar  o r b i t  w i l l  b e  c i r c u l a r i z e d  a t  approximately 

An EVA w i l l  b e  planned f o r  

3) I n  case t h e  LM i s  taken i n t o  lunar  o r b i t  b u t  a dec is ion  i s  made 

n o t  t o  land ,  t h e  mission w i l l  be  planned t o  have a dura t ion  of 

approximately 6 days i n  lunar  o r b i t .  

change and no s h i f t  of t h e  node. 

l a r i z e d  a t  approximately 60 NM w i t h  a 20 degree i n c l i n a t i o n .  

SIM cameras and experiments w i l l  b e  operated whenever f e a s i b l e .  

The LM w i l l  remain docked with t h e  CSM as long as p o s s i b l e ,  

c o n s i s t e n t  with SHe l i m i t a t i o n s .  A real t i m e  dec is ion  w i l l  then 

b e  made to cont inue t h e  mission o r  u t i l i z e  t h e  DPS f o r  TEI based 

on CSM systems s t a t u s .  

w i l l  b e  j e t t i s o n e d  from t h e  CSM. 

cassette retrieval during TEC. 

There w i l l  be  no p lane  

The l u n a r  o r b i t  w i l l  b e  c i rcu-  

The 

I f  t h e  DPS i s  n o t  used f o r  T E I ,  the  LM 
An EVA w i l l  be  planned f o r  

7-3 
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ACRONYMS AND ABBREVIATIONS 

0 

A 

A 

ci 

ALFMED 

ALSD 

ALS EP 

AM 

amu 

AOS 

APE 

APS 

A s  

B 

BET 

BPI 

BW 

C 

CDR 

CM 

cm 

CMP 

CSM 

D 

DAC 

db 

Angstrom Unit 

Analog 

Alpha P a r t i c l e  

Apollo Light Flash Moving Emulsion Detector 

Apollo Lunar Surface D r i l l  

Apollo Lunar Surface Experiments Package 

Amplitude Modulation 

Atomic Mass Unit 

Acquisit ion of Signal  

Apollo Photographic Evaluation 

Ascent Propulsion System 

Apollo Saturn 

Boron 

Best Estimate of Trajectory 

B i t s  per  Inch 

Band Width 

Carbon 

Commander 

Comqand Module 

Centimeter 

Conrmand Module P i l o t  

Command and Service Module 

D i g i t a l  

Data Acquisit ion Camera 

Decibel 

A-1 
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DO1 

DPS 

E 

EED 

ESD 

EVA 

Fe 

FM 

FOV 

fPS 

FTO 

g 

GCTA 

Gd 

GSFC 

GET 

GMT 

HBR 

HD 

H e  

HEC 

HEDC 

HF 

HFE 

HOPE . 

HZE 

h r  

Hz 

Descent O r b i t  I n s e r t i o n  

Descent Propuls ion Sys t e m  

East 

Experiment Evaluat ion Data 

Experiment Support Data 

Extravehicular  A c t i v i t y  

I r o n  

Frequency Modulation 

F i e  Id-o f -View 

Feet  per  Second 

Funct ional  T e s t  Object ive 

Gravity 

Ground Commanded Telev is ion  Assembly 

Gadolinium 

Goddard Space F l i g h t  Center 

Ground Elapsed T ime  

Greenwich Mean Time 

High B i t  Rate (51.2 k i l o b i t s  p e r  second) 

Highly Desirable 

Helium 

Hasselblad Electric Camera 

Hasselblad Electric Data Camera  

High Frequency 

Heat Flow Experiment 

Houston Operations Predictor-Estimator 

High-2 Energy 

Hour 

Hertz 

A- 2 
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IB 



IMU 

i n  

I R  

ISR 

JPL 

KC 

Kev 

kg 

km 

KS C 

x 
LBR 

LDAC 

LGC 

L i  

LM 

LO 

LO1 

LOPC 

LOS 

LRL 

LRV 

LSPE 

LSPET 

M 

MeV 

Mg 

MHZ 

I n e r t i a l  Measurement Unit 

Inch 

Inf ra red  

Inf ra red  Scanning Radiometer 

Jet Propulsion Laboratory 

Kilocycle 

Kilo-Electron Volts 

Kilogram 

Kilometers 

Kennedy Spacecraft  Center 

Lambda (Wavelength) 

Low B i t  Rate (1.6 k i l o b i t s  per second) 

Lunar Surface Data Acquisit ion Camera 

Lunar Module Guidance Computer 

Lithium 

Lunar Module 

Lunar Orbi t  

Lunar Orbi t  Inser t ion  

Lunar Orbi t  Plane Change 

Loss of Signal 

Lunar Receiving Laboratory 

Lunar Rover Vehicle 

Lunar Seismic Pro f i l i ng  Experiment 

Lunar Samples Preliminary Examination Team 

Mandatory 

Mega-Electron Volts 

Magnesium 

Megahertz 
MSC-05180 
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# B  

lB 



min 

mm 

MCC 

WAD 

MSC 

MSFN 

N 

N 

n 

N/A 

NASA 

N e  

NM 

0 

OAO 

OMSF 

PCM 

P CMD 

P CME 

PD 

PGNS 

P I  

PLSS 

PM 

QRN. 

ps  i a  

PTC 

Quad 

Minute 

Millimeter 

Mission Control  Center 

Mission Planning and Analysis Divis ion 

Manned Spacecraf t  Center 

Manned Sp'ace F l i g h t  Network 

Nitrogen 

North 

neutron 

Not Applicable 

Nat ional  Aeronautics and Space Administration 

Neon DB 

Naut ica l  Mile 

oxygen 

Orbi t ing  Astronomical Observatory 

Off ice  of Manned Space F l i g h t  

Pulse  Code Modulation 

Pulse  Code Modulation D i g i t a l  

Pulse  Code Modulation Event 

Premission Data 

Primary Guidance and Navigation Subsystem 

P r i n c i p a l  I n v e s t i g a t o r  

P o r t a b l e  L i f e  Support System 

Phase Modulation 

Pseudo-Random Noise 

Pounds p e r  Square Inch Absolute 
- 

Pass ive  Thermal Control 

Quadrant 

MS C-05180 
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RCS 

Rn 

RTCC 

RTG 

S 

SA 

s &AD 

SEA 

Sec 

SEP 

SESC 

s i  
S I M  

SLA 

SM 

SP S 

SRA 

SRC 

s 1s 

SXT 

s-IC 

s-I1 

s-IVB 

T 

TBD 

TEI 

TLI 

TM 

Reaction Control Subsystem 

Radon 

R e a l  T ime  Computation Center 

Radioisotope Thermoelectric Generator 

South 

Saturn Apollo 

Science and Applicat ions D i r e c t o r a t e  

Sun Eleva t ion  Angle 

Second 

Surface Electrical  P r o p e r t i e s  

S p e c i a l  Environmental Sample Container 

S i l i c o n  

S c i e n t i f i c  Instrument Module 

SpacecraftILM Adapter 

Serv ice  Module 

Serv ice  Propulsion System 

Sun Relative Azimuth 

Sample Re t u r n  Container 

Samples per  Second 

Sextant  

Saturn I C  

Saturn I1 

Saturn  IVB 

Time  (of l i f t - o f f )  

To be determined 

Trans e a r t h  In  j ec ti on 

Translunar I n j e c t i o n  
~ 

Telemetry 

I B  

Y 
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TPI 

Tv 

U 

U 

USB 

USSR 

w 

VHF 

AV 

W 

2 

Terminal Phase Ini t iat ion 

Television 

Uranium 

Unclassified 

Unified S-Band 

Union of Soviet Soc ia l i s t  Republics 

Ultraviolet 

Very High Frequency 

Delta Velocity 

West 

Atomic Number of an Element 
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GLOSSARY 

ALBEDO 

ANGSTROM UNIT 

ANISOTROPIC 

BASEMENT 

BATHOLITH 

COSMIC RAYS 

COSMOLOGICAL 

CRUST 

FIGURE OF THE 
EARTH 

GALACTIC 

GEOSYNCLINE 

GNOMON 

IGNEOUS ROCK 

IN SITU 

The amount of electromagnetic r ad ia t ion  r e f l ec t ed  
by a body expressed as a percentage of t he  radia- 
t i on  inc ident  on the body as sunl ight  albedo, X-ray 
albedo, etc. 

A u n i t  of length equal t o  10-l' meters o r  10 
microns commonly used i n  specifying wavelengths of 
electromagnetic radiat ion.  

Exhibit ion of d i f f e r e n t  proper t ies  when tes ted  
along axes i n  d i f f e r e n t  d i rec t ions .  

-4 

A compact, f i rm rock underlying less firmly consoli- 
dated ea r th  (or  lunar) materials. 

A g rea t  mass of intruded igneous rock t h a t  f o r  the 
most p a r t  stopped i n  i t s  rise a considerable dis- 
tance below t h e  sur face  and t h a t  extends downward 
t o  unknown depth. 

Very high energy nuclear  p a r t i c l e s ,  commonly pro- 
tons,  t h a t  bombard the ea r th  (or moon) from a l l  
direct ions.  

Concerned with the inves t iga t ion  of t he  character 
and o r ig in  of the  universe. 

The outer  p a r t  of the ea r th  composed e s sen t i a l ly  of 
c r y s t a l l i n e  rocks and varying i n  thickness from 
place t o  place but  probably nowhere more than a few 
score miles th ick  as distinguished from the  under- 
ly ing  zones composed of denser bu t  less r i g i d  matter. 

The prec ise  geometric shape of t he  planet.  

Per ta ining t o  a galaxy i n  the universe such as 
the  Milky Way. 

A grea t  'downward f lexure  of the  ea r th ' s  c rus t .  

A rod pivoted about a f r e e  bearing used on the 
lunar sur face  t o  ind ica t e  the  l o c a l  vertical, t o  
give sun pos i t ion ,  and to  serve as a dis tance 
scale . 
Rock formed by s o l i d i f i c a t i o n  of molten material. 

"In its o r i g i n a l  position." 
photographs of a lunar sur face  rock sarnple "in 
s i t u "  (as it  lays on the  surface).  

For example, taking 

01 



GLOSSARY (Continued) 

ISOSTASY 

L I  THIFIED 

MANTLE 

MARE 

MARIA 

MASCONS 

POLARIMETRIC 

REGOLITH 

SCARP 

SEISMIC 

SENSITOMETRIC 

SIDELAP 

SOLAR WIND 

SPECTROMETER 

General equilibrium i n  the  e a r t h ' s  c r u s t  maintained 
by a y ie ld ing  flow of rock material beneath the 
sur face  under g rav i t a t ive  stress and by the approxi- 
mate equal i ty  i n  mass of each u n i t  column of the  
ea r th  from the sur face  t o  a depth of about 70 m i l e s .  

Evidence of having been changed i n t o  stone.  

The p a r t  of the ea r th ' s  i n t e r i o r  beneath the  l i t ho -  
sphere and above the c e n t r a l  core from which it is 
separated by a discont inui ty  a t  a depth of about 
1800 m i l e s .  

A l a rge ,  dark, f l a t  area on the lunar sur face  
(Lunar Sea). 

P l u r a i  form of mare. 

Large m a s s  concentrations beneath the  sur face  of 
the  moon. 
bodies o r  masses t h a t  have impacted the lunar sur- 
face  from outer space. 

They are believed t o  contain l a rge  

Referring t o  the measurement of the i n t e n s i t y  of 
polarized l i g h t  i n  a p a r t i a l l y  polar ized l i g h t  
beam o r  the measurement of the ex ten t  of polar i -  
zation. 

The unconsolidated r e s idua l  material t h a t  res ides  
on the s o l i d  sur face  of the  moon (or ear th) .  

A l i n e  of c l i f f s  produced by f au l t i ng  o r  erosion. 

Related t o  mechanical v ibra t ions  within the sur face  
of the ea r th  o r  moon r e su l t i ng  from, f o r  example, 
impact of p r o j e c t i l e s  on the surface.  

Per ta ining t o  the measurement of the  l i g h t  response 
cha rac t e r i s t i c s  of photographic f i lm  under con- 
t r o l l e d  .conditions of exposure and development. 

Overlap of one aerial  o r  o r b i t a l  photographic 
s t r i p  with another i n  a d i rec t ion  perpendicular 
t o  the length of the  s t r i p s .  

Streams of plasma emanating from and flowing 
approximately r a d i a l l y  outward from the sun. 

An instrument which disperses  rad ia t ion  i n t o  
energy bands (or,  i n  a mass spectrometer, p a r t i c l e s  
i n t o  mass groups) and ind ica tes  the  f l u x  i n  each 
band o r  group. 

6-2 



GLOSSARY (Continued) 

TECTOGENE A long narrow downward fo ld  of the  e a r t h ' s  c r u s t  
t h a t  i s  pos tu la ted  as an e a r l y  phase i n  the  process 
of t h e  formation of a mountain range o r  an i s l and  
a rc .  

TECTONICS Geological s t r u c t u r a l  f ea tu re s  as a whole. 

THREE-WAY MODE A Doppler radar  method involving a primary s t a t i o n  
which both sends and receives s i g n a l s ,  a trans- 
ponder on the  spacecraf t ,  and a secondary s t a t i o n  
which receives s igna l s  only. 

TOPOGRAPHIC 

TWO-WAY MODE 

Per ta in ing  t o  the  accurate graphical descr ip t ion ,  
usua l ly  on maps o r  char t s ,  of the  physical f ea tu re s  
of an area on the  ea r th  o r  moon. 

The Doppler radar  tracking method which employs a 
s i n g l e  sending and receiving s t a t i o n  and the  space- 
c r a f t  transponder. 
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