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APOLLO 1 6  LAUNCH A P R I L  1 6  

,/Apollo 166schedu led  f o r  an A p r i l  1 6  launch’ w i l l  3 
devote its 12-day du ra t ion  t o  ga the r ing  a d d i t i o n a l  knowl- 

edge about t h e  environment on and around t h e  Moon and about 

our  own p l a n e t  Ear th .  ! \  
During t h e  t h r e e  days two Apollo 1 6  crewmen spend on t h e  

luna r  s u r f a c e  no r th  of t h e  c r a t e r  Descartes, they w i l l  

extend t h e  exp lo ra t ion  begun by Apollo 11 i n  t h e  summer 

of 1 9 6 9  and cont inued through t h e  Apollo 1 2 ,  1 4 ,  and 15 

luna r  landing missions.  I n  a d d i t i o n  t o  ga the r ing  samples 

of l u n a r  s u r f a c e  m a t e r i a l  f o r  a n a l y s i s  on Ear th ,  the  c r e w  

w i l l  emplace a f o u r t h  automatic  s c i e n t i f i c  s t a t i o n .  

. 

- more - 
March 2 2 ,  1 9 7 2  
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An extensive array of scientific experiments in the 

orbiting command/service module will search out and record 

data on the physical properties of the Moon and near-lunar 

space and photographic images to further refine mapping 

technology. Additionally, the command module pilot Will 

photograph astronomical phenomena in the distant reaches 

of space. 

The Descartes landing site is a grooved, hilly region 

which appears to have undergone some modification by vol- 

canic processes during formation. The Descartes region iS 

in the southeast quadrant of the visible face of the Moon 

and will offer an opportunity to examine several young, 

bright-rayed craters created by impacts in the volcanic 

terrain. 

John W. Young is Apollo 16 mission commander, with 

Thomas K. Mattingly flying as command module pilot and 

Charles M. Duke, Jr. as lunar module pilot. Young is a 

US Navy captain, Mattingly a Navy lieutenant commander, 

and Duke a US Air Force lieutenant colonel. - 
- more - 
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. 

Young and Duke will climb down from the lunar module 

onto the lunar surface for three seven-hour periods of explora- 

tion and experimentation. A major part of the first EVA 

will be devoted to establishing the nuclear powered, auto- 

matic scientific station -- Apollo Lunar Surface Experiment 
Package (ALSEP) -- which will return scientific data to 
Earth for many months for correlation with data still being 

returned by the Apollo 12, 14 and 15 ALSEPs. 

The second and third EVAs will be devoted primarily 

to geological exploration and sample gathering in selected 

areas in the vicinity of the landing site. As in past 

missions, the crew's observations and comments will be 

supplemented by panoramic, stereo, and motion picture photo- 

graphic coverage and also by television coverage. Crew 

mobility again will be aided by the use of the lunar roving 

vehicle. 

In lunar orbit, Mattingly will operate experiments 

in the scientific instrument module (SIM) bay for measuring 

such things as the lunar surface chemical composition, 

and the composition of the lunar atmosphere. A high-reso- 

lution camera and a mapping camera in the SIM bay will add 

to the imagery and photogrammetry gathered by similar cameras 

flown on Apollo 15. Mattingly will perform an inflight 

EVA during transearth coast to retrieve film cassettes from 

these cameras. 
- more - 
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Using hand-held cameras, Matt ingly w i l l  photograph such 

phenomena i n  deep space as t h e  Gegenschein, and looking 

ear thward,  photograph t h e  u l t r a v i o l e t  s p e c t r a  around Ear th .  

A second subsatell i te,  s i m i l a r  t o  t h e  one flown on 

Apollo 15, w i l l  be e j e c t e d  i n to  luna r  o r b i t  t o  measure t h e  

e f f e c t  o f  t h e  E a r t h ' s  magnetosphere upon t h e  Moon and t o  

i n v e s t i g a t e  t h e  s o l a r  wind and t h e  l u n a r  g r a v i t y  f i e l d .  

Apollo 1 6  i s  scheduled f o r  launch a t  1 2 : 5 4  pm EST 

A p r i l  1 6  from t h e  NASA Kennedy Space C e n t e r ' s  Launch Complex 

39, with luna r  landing  t ak ing  p l ace  on A p r i l  2 0 .  The landing  

c r e w  w i l l  remain a t  Descar tes  f o r  7 3  hours be fo re  r e t u r n i n g  

t o  lunar o r b i t  and f o r  rendezvous wi th  t h e  o r b i t i n g  command 

module on A p r i l  23 .  Ea r th  splashdown w i l l  occur  on Apr i l  2 8  

a t  3:30 pm EST a t  5 degrees  n o r t h  l a t i t u d e  and 158.7  degrees  

w e s t  l ong i tude  i n  t h e  c e n t r a l  P a c i f i c  j u s t  no r th  of  Christmas 

I s l and .  The prime recovery v e s s e l ,  USS Ticonderoga, an 

a i r c r a f t  carrier,  w i l l  be l o c a t e d  near  t h e  splashdown p o i n t  

t o  recover  t h e  c r e w  and s p a c e c r a f t .  

- more - 
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Communications c a l l  s igns  t o  be used dur ing  Apollo 16  

a r e  "Casper" f o r  the  command module and "Orion" f o r  the 

luna r  module. The United S t a t e s  f l a g  w i l l  be e r e c t e d  on t h e  

luna r  s u r f a c e  i n  t h e  v i c i n i t y  of  t h e  luna r  module, and a 

s t a i n l e s s  steel plaque engraved wi th  t h e  landing  d a t e  and 

crew s i g n a t u r e s  w i l l  be a f f i x e d  t o  t h e  LM f r o n t  landing  gear .  

Apollo 1 6  backup crewmen a r e  c i v i l i a n  Fred W. Haise,  Jr., 

commander; USAF LtCol Stdart A .  Roosa, command module 

p i l o t ;  and USN Captain Edgar D. M i t c h e l l ,  l u n a r  module 

p i l o t .  

- more - 
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COUNTDOWN 

The Apollo 1 6  launch countdown w i l l  be conducted by a 
government-industry team working i n  two cont ro l  cen te r s  a t  
t h e  'Kennedy Space Center  (KSC) . 

Overall  space vehic le  operat ions w i l l  be cont ro l led  
from F i r i n g  Room No.1 i n  t h e  Complex 39 Launch Control Cen- 
ter .  The spacecraf t  countdown w i l l  be run from an Accept- 
ance Checkout Equipment cont ro l  room i n  t h e  Manned Space- 
c r a f t  Operations (MSO) Building. 

Extensive checkout of the launch veh ic l e  and spacecraf t  
components a re  completed before t h e  space vehic le  i s  ready 
f o r  t he  f i n a l  countdown. The prime and backup crews p a r t i -  
c ipa t e  i n  many of these tests,  including mission s imulat ions,  
a l t i tqd.e+ runs ,  a f l i g h t  readiness  tes t  and a countdown de- 
monstration test. 

The Apollo 1 6  r o l l o u t  -- the  5.5-kilometer (3.4-nautical- 
m i l e )  t i i g  from t h e  Vehicle Assembly Building (VAEI) t o  the 
launch pad -- took place Dec. 13, 1971. Due t o  a problem 
assoc ia ted  with the  f u e l  tank system i n  t h e  command module 
r eac t ion  cont ro l  system, t h e  space vehic le  was returned t o  t h e  
VAB on Jan. 27. The spacec ra f t  was taken t o  the  MSO Build- 
ing  f o r  changeout of t he  tanks.  After  re-mating t h e  space- 
craf t  w i t h  the  launch veh ic l e ,  t he  XSC team again r o l l e d  
Apollo 1 6  back t o  Pad A on Feb. 9 ,  1972 .  

A (e ight  manned). Apollo 1 0  w a s  t he  only launch from Pad B,  
which w i l l  be used again i n  1973 f o r  the'tjkylab program. 

Apollo 1 6  w i l l  be the t e n t h  Saturn V launched from Pad 

The Apollo 1 6  precount a c t i v i t i e s  w i l l  start a t  T-6 days. 
The e a r l y  t a sks  include e l e c t r i c a l  connections and pyro- 
technic  i n s t a l l a t i o n  i n  t h e  space vehicle .  Mechanical build- 
up of t h e  spacecraf t  i s  completed, followed by se rv ic ing  of 
t h e  various gases and cryogenic propel lan ts  ( l i q u i d  oxygen 
and l i q u i d  hydrogen) t o  the CSM and LM. Once t h i s  is accom- 
p l i shed ,  t h e  f u e l  cells are ac t iva ted .  

b a t t e r i e s  are i n s t a l l e d  i n  t h e  t h r e e  s tages  and instrument 
u n i t  of t h e  launch vehic le .  

The f i n a l  countdown begins a t  T-28 hours when t h e  f l i g h t  

-more- 
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. 
A t  t he  T-9 hour mark, a b u i l t - i n  hold of nine hours and 

54 minutes  i s  planned t o  meet contingencies and provide a 
rest period f o r  t h e  launch crew. A one hour b u i l t - i n  hold 
i s  scheduled a t  T-3 hours 30 minutes.  

Following a r e  some of t h e  h igh l igh t s  of t he  l a t t e r  p a r t  
of t he  count: 

T-10 hours, 15 minutes 

T-9 hours 

T-8 hours, 05 minutes 

T-4 hours, 15 minutes 

T-4 hours,  O D  minutes 

T-3 hours, 30 minutes 

T-3 hours, 30 minutes 

T-3 hours, 06 minutes 

T-2 hours, 4 8  minutes 

T-2 hours, 40  minutes 

T-1 hour , 51 minutes 

T-43 minutes  

T-42 minutes - 

Star t  mobile s e rv i ce  s t r u c t u r e  
move t o  park s i te .  

Bui l t - in  hold f o r  nine hours and 
54 minutes. A t  end of hold,  pad 
is c leared  f o r  LV propel lan t  load- 
ing. 

Launch vehic le  propel lan t  loading - 
Three s tages  (LOX i n  f . i r s t  s tage ,  
LOX and LH i n  second and t h i r d  s t a g e s ) .  
Continues 8hru T-3 hours 38 minutes. 

F l i g h t  c r e w  alerted. 

C r e w  medical examination. 

C r e w  breakfas t .  

One-hour b u i l t - i n  hold. 

C r e w  depar t s  Manned Spacecraft  Oper- 
a t i o n s  Building f o r  LC-39 via  t r ans -  
fer van. 

C r e w  a r r i v a l  a t  LC-39. 

S t a r t  f l i g h t  crew ingress .  

Space Vehicle Emergency Detection 
System tes t  (Young p a r t i c i p a t e s  a- 
long w i t h  launch team). 

Ret rac t  Apollo access arm t o  stand- 
by pos i t i on  (12 degrees) .  

Arm launch escape system. Launch 
vehic le  power t r a n s f e r  test, LM 
switch t o  i n t e r n a l  power. 

-more- 
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T-37 minutes 

T-30 mtnutes 

T-20 minutes t o  T-10 
minutes 

T-15 minutes 

T-6 minutes 

T-5 minutes, 3 0  seconds 

T-5 minutes 

T-3 minutes, 6 seconds 

T-50 seconds 

T-8.9 seconds 

T-2 seconds 

T'O 

F i n a l  launch vehic le  range s a f e t y  
checks ( t o  35 minutes).  

Launch vehic le  power t r a n s f e r  test, 
LM swi t ch  over  t o  i n t e r n a l  power. 

Shutdown LEI opera t iona l  instruman- 
t a t i o n .  

Spacecraft t o  f u l l  i n t e r n a l  power. 

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

A m  d e s t r u c t  system. 

Apollo access arm f u l l y  retracted. 

F i r ing  comm&ld (automatic sequence). 

Lqunch vehicle transfer t o  internal 
power. 

I g n i t i o n  start .  

A l l  engines running. 

L i f t o f f  

NOTE: Some changes i n  the countdown are poss ib le  as a r e s u l t  
of experience gained i n  the countdown test which occurs about 
two weeks before launch. 

- more - 
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LAUNCH WINDOWS 
, 

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

Launch windows are based on flight azimuth limits of 
720 to 1000 (Earth-fixed heading east of north of the launch 
vehicle at end of the r o l l  program), on booster and spacecraft 
performance, on insertion tracking, and on Sun elevation 
angle at the lunar landing site. 

LAUNCH DATE 

April 16, 1972 
May 14, 1972 
May 15, 1972 
May 16, 1972 
June 13, 1972** 
June 14, 1972** 
June 15, 1972** 

Launch Windows* SUN ELEVATION 
OPEN CLOSE ANGLE 

12:54 pm 4:43 pm 11.90 
12:17 pm 4:Ol pm 6.8O 
12:30 pm 4:09 pm 6.80 
12:38 pm 4:13 pm 18.60 
10:50 am 2:23 pm 13.0° 
10:57 am 2:26 pm 13. Oo 
( ------ To Be Determined ------) 

* April times are Eastern Standard Time; all others are 

** Launch window times and Sun elevation angles for June 

Eastern Daylight Time. 

will be refined. The June 15, 1972 launch opportbnity 
is under review. 

- more - 
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GROUND ELAPSED TIME UPDATE 

It is planned to update, if necessary, the actual 
ground elapsed time (GET) during the mission to allow the 
major flight plan events to occur at the pre-planned GET 
regardless of either a late liftoff or trajectory dispersions 
that would otherwise have changed the event times. 

insertion (DOI) to occur at GET 82 hours, 40 minutes and the 
flight time to the Moon is two minutes longer than planned 
due to trajectory dispersions at translunar injection, the 
GET clock will be turned back two minutes during the trans- 
lunar coast period so that DO1 occurs at the pre-planned 
time rather than at 82 hours, 42 minutes. It follows that 
the other major mission events would then also be accomplished 
at the pre-planned times. 

what would otherwise require separate time adjustments for 
each event. By updating the GET clock, the astronauts and 
ground flight control personnel will be relieved of the bur- 
den of changing their checklists, flight plans, etc. 

The planned times in the mission for updating GET will 
be kept to a minimum and will, generally, be limited to three 
updates. If required, they will occur at about 53, 9 7 ,  and 
150 hours into the mission. . Both the actual GET and the up- 
date GET will be maintained in the MCC throughout the mission. 

For example, if the flight plan calls for descent orbit 

Updating the GET clock will accomplish in one adjustment 

-more- 
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LAUNCH AND MISSION PROFILE 

. The Saturn V launch vehic le  (SA-511) w i l l  boost t he  
Apollo 1 6  spacecraf t  from Launch Complex 39A a t  t h e  Kennedy 
Space Center,  Fla., a t  12:54 p.m. EST Apr i l  16 ,  1972, on an 
azimuth of 72 degrees. 

The f i r s t  s t age  (S-IC) w i l l  l i f t  t h e  vehic le  68.4 
kilometers (37 naut ical  m i l e s )  above the E a r t h .  Af te r  
separat ion t h e  booster  s t age  w i l l  f a l l  i n t o  t h e  A t l a n t i c  
Ocean about 668 km (361 n a u t i c a l  m i . )  downrange from 
Cape Kennedy, approximately nine minutes, 1 4  seconds 
a f t e r  l i f t o f f .  

The second s tage  (S-11) w i l l  push t h e  vehic le  to  an 
a l t i t u d e  of about 173 km (93.6 n a u t i c a l  m i . ) .  A f t e r  
separat ion the  S-I1  s t age  w i l l  follow a b a l l i s t i c  trajec- 
tory  which w i l l  plunge it i n t o  t h e  A t l a n t i c  about 4,210 km 
(2,273 n a u t i c a l  m i . )  downrange about 19  minutes, 51 seconds 
i n t o  t h e  mission. 

The s i n g l e  engine of the t h i r d  s t age  (S-IVB) w i l l  
i n s e r t  t h e  vehic le  and spacecraf t  i n t o  a 173-km (93-nautical 
m i . )  c i r c u l a r  Earth parking o r b i t  before  it is cu t  off for 
a coast period. when r e ign i t ed ,  t he  engine w i l l  i n j e c t  
t h e  Apollo spacecraf t  i n t o  a trans-lunar t r a j e c t o r y .  

- more - 



APOLLO 16 
FLIGHT PROFILE 

SUBSATELL ITE 
EJECTION ( R E V  73)  

-TRANSEARTH 

*. 
*. 

I N J E C T I O N  (REV 76) 
CSM O R B I T  CHANGE 
55 x 85 NM (REV 7 3 )  

I N - F L I G H T  EVA 

I 

P 

I 

CSM PLANE CHANGES N 

CM/SM SEPARATION 
52 x 68 NM (REV 12) 

S I M  DOOR JETTISON 

S-IVB 2ND BURN CUT0 
TRANSLUNAR I N J E C T 1 0  

S/C SEPARATION, 

41 74 



APOLLO 16 vs APOLLO 15 
OPERATIONAL DIFFERENCES 
m 

LAUNCH AZIMUTH 
INCLINATION 
DO1 TRIM MANEUVER 
HIGH ALTITUDE LANDMARK TRACKING AND 

PDI 
SURFACE STAY TIME 
SURFACE REST CYCLE 

W OF LANDING S I T E  

tlmLQ.3 
72 - 100' 
9' 
NOT PLANNED 
NO 

REV 13 
-73 HOURS 
8 HOURS 
(REST BEFORE LIFTOFF) 

EVA'S: D W T I O N  (HRS) (PLANNED) 7 - 7 - 7  
SEVA NO 
TRAVERSE STATION TIMES 9:40 (PLANNED) 

SURFACE ACT I V I T  I ES ALSEP DEPLOYED FIRST 
LUNAR ORBIT PLANE CHANGES 2 
EARTH RETURN INCLINATION 62 

LAND I NG PLAN TO RECOVER PARA- 
CHUTES AND RETAIN RCS 
PROPELLANTS ON BOARD 

w 
80 - 100' 
26" 
ACCOMPLISHED 
YES 

REV 14 
6689 HOURS 
7 - 7 1/2 HOURS 
(NO REST BEFORE 
LIFTOFF ) 

7 - 7 - 6  
YES 
7:53 (PLANNED) 
5 : 00 (ACTUAL) 
TRAVERSE FIRST 
1 
40' 

NEITHER APOLLO 16 
TYPE EVENTS !.IERE 
PLANNED 

I 

P 
W 

I 



COMPARISON OF APOLLO MISSIONS 

PAY LOAD 
DELIVERED TO 
LUNAR SURFACE 

KG (LBS) 

EVA 
DURAT I ON 
(HR:MIN)  

SURFACE DISTANCE 
TRAVERSED 

( K M )  

SAMPLES 
RETURNED 
KG (LBS) 

APOLLO 11 

APOLLO 12 

APOLLO 14 

APOLLO 15 

APOLLO 16 
(PLANNED) 

104 (225) 

166 (365) 

209 (460) 

550 (1210) 

558 (1228) 

2:24 

7:29 

9:23 

18 : 33 

21:oo 

,25 

2,o 

3 , 3  

27,9 

25,7 

20,7 (46) 

34,l (75) 

42,8 (94) 

76,6 (169) 

88,6 (195) 

I 

I-’ 
Ip 

I 



LAUNCH EVENTS 

Vehicle Wt 
Kilograms 
(Pounds) * 
2,920,956 
(6,439,605) 

Time 
Hrs Min Sec 

00 00 00 

- 

00 01 20 

00 02 18 

00 02 40 

00 02 42 

00 02 44 

00 03 12 

00 03 18 

00 07 40 

00 09 17 

Event 

First Motion 

- 

Maximum Dynamic Pressure 

S-IC Center Engine Cutoff 

S-IC Outboard Engines Cutoff 

S-IC/S-II Separation 

S-I1 Ignition 

S-I1 Aft Interstage Jettison 

Launch Escape Tower Jettison 

S-I1 Center Engine Cutoff 

S-I1 Outboard Engines Cutoff 

1,853,350 
(4,085,937) 

1,084,409 
(2,390,712) 

843,020 
(1,858,541) 

676,542 
(1,491,519) 

676,542 
(~91,519) 

644,029 
(1,419,840) 

633,419 
(1,396,45 1) 

303,470 
(669,037) 

216,673 
(477,682) 

Altitude 
Meters 
(Feet) * 

60 
(198) 

12,646 
(41,491) 

47,153 
(154,703) 

67,371 
(221,034) 

69,094 
(226,685) 

70,645 
(231,775) 

95,024 
(311,758) 

99,428 
(326,207) 

174,389 
(572,142) 

174,130 
(571,291) 

Velocity 
Mt rs /Sec 
(Ft/Sec) * 

0 
( 0 )  

(1,577) 

1,712 
(5,618) 

2,369 
(7,773) 

2,375 
(7,792) 

2,369 
(7,771) 

2,474 
(8,117) 

48 1 

2,503 
(8,?13) 

5,201 
(17,065) 

6,568 
(21,550) 

Range 
Kilometers 
(Naut' Mi)* 

0 
(0) 

5 
(3) 

51 
(27) 

91 
(49) 

95 
(51) 

98 
(53) 

161 
(87) 

174 
(94) 

P 
UI 

* English measurements given in parentheses. 
(continued) 



Time - 
Hrs Min Sec Event 
00 09 18 S-II/S-IVB Separation 

00 09 21 S-IVB First Ignition 

00 11 44 s-IVB First Cutoff 

00 11 54 Parking Orbit Insertion 

02 33 35 S-IVB Second Ignition 

02 39 19 S-IVB Second Cutoff 

02 39 29 Trans-Lunar Injection 

Vehicle Wt 
Kilograms 
(Pounds )* 

170,989 
(376,967) 

170,947 
(376,874) 

140,103 
(308,873) 

140,039 
(308,734) 

139,052 
(306,557) 

65,620 
(144,666) 

65,551 
(144,514) 

Altitude 
Meters 
(Feet)* 

174,161 
(571,395) 

174,235 
(571,637) 

172,908 
(567,282) 

172,914 
(567,302) 

175,919 
(577,162) 

305,315 
(1,001,688) 

319,199 
(1,047,241) 

Velocity 
Mtrs/Sec 
(Ft/Sec)* 

6,,571 
(21,558) 

6,571 
(21,559) 

7,400 
(24,279) 

7,402 
(24,284) 

7,404 
(24,292) 

10,441 
(34,256) 

10,433 
(34,230) 

Rllnge 
Kilometers 
(Naut Mi)* 

1,657 
(895) 

1,677 
(905) 

2,643 
(1 9 427) 

2,715 
(1,466) 

16,203 
(8,749 ) 1 

13,320 QI 

(7,192) 1 

F 

13,222 
(7,139) 

* English measurements given in parentheses. 



ACT I V I  TY - T I M E  

.VISUAL L IGHT FLASH 
PHENOMENON, 
.EYE SHIELDS TRANSLUNAR 8 

T RANSE ARTH 
ALFMED TRANSLUNAR 

ELECTROPHORETIC TRANS LUNAR 
SEPARATION 

P 11 F(P6 SE 

TO STUDY THE O R I G I N  OF 
V I S U A L  L IGHT FLASHES 
OBSERVED BY ASTRONAUTS 
ON PREVIOUS M I S S I O N S ,  

TO STUDY A PROCESS OF 
MATERIALS PURI F I CAT I ON 
\I!HICH MAY PERMIT PRO- 
DUCTION SEPARATION OF 
MATERIALS OF HIGHER 
PURITY THAN CAN CURRENTLY 
BE PRODUCED ON EARTH, 



APOLLO 16 
SIN BAY DOOR 10 NM BEHIND 
AND 26 NM ABOVE MlA.M 

SUN 

I 



T r a n s l u n a r  i n j e c t i o n  
(S-IYB e n g i n e  s ta r t )  

CSM s e p a r a t i o n ,  docking 

E j e c t i o n  from SLA 

S-IVB e v a s i v e  maneuver 

S- IVB r e s i d u a l  p r o p e l l a n t  dump 

APS impact  burn  

APS c o r r e c t i o n  burn  

Midcourse c o r r e c t i o n  1 

Midcourse c o r r e c t i o n  2 

Midcourse c o r r e c t i o n  3 

Midcourse c o r r e c t i o n  4 

SIM d o o r  j e t t i s o n  

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

S-IVB impacts  lunar s u r f a c e  

Descent  o r b i t  i n s e r t i o n  

GET 
hrs :min 

2:33 

3:04 

3:59 

4:23 

4 :44  

5:30 

9:30 

TLI+9 h r  

TL1+28 h r  

LOI-22 h r  

LOI-5 h r  

LOI-4.5 hr  

74:29 

74:30 

78:36 

MISSION EVENTS 

Date/EST 

16/3:27 pm 

16/3:58 pm 

16/4:53 pm 

16/5:17 pm 

16/6:38 pm 

16/7:24 pm 

16/11:24 pm 

17/00:33 am 

17/7:33 pm 

18/5:23 pm 

19/10:23 a m  

19/10:53 am 

19/3:23 p m  

19/3:24 pm 

19/7:30 pm 

velocity change 
m/sec (ft/sec) Purpase  and  resultant orbi t  

3053 (10,018) I n j e c t i o n  i n t o  t r a n s l u n a r  trajectory w i t h  1 3  km 
(71  nzh) p e r i c y n t h i o n  

_-- Mating of CSM and LM 

.3  (1) S e p a r a t e s  CSM-LM from S-IVB/SLA 

3 (9.8) P r o v i d e s  s e p a r a t i o n  prior t o  S-IVB p r o p e l l a n t  dump 
and t h r u s t e r  maneuvsr to cause lunar impac t  

O* 

O* 

O* 

*These midcourse  c o r r e c t i o n s  have  a nominal  
v e l o c i t y  change of 0 m/sec, but  w i l l  b e  calcu- 
l a t e d  i n  real  t i m e  t o  correct TLI d i s p e r s i o n s ;  

docked-DPS TEI b u r n  s h o u l d  SPS f a i l  t o  ignite. 

, 
T r a j e c t o r y  remains  w i t h i n  c a p a b i l i t y  of a UJ , 

O* 

4.2 (13.7)  

-855.6 (-2807) Inserts Apollo 16 into 108x316 km (58x170 nm) 
e l l ip t ica l  l u n a r  o r b i t .  

S e i s m i c  e v e n t  f o r  Apo l lo  12 ,  1 4  and 15  p a s s i v e  
se i smometers .  Ta rge t :  2.2 d e g r e e s  south l a t i -  
t u d e  by  21.4 d e g r e e s  w e s t  l o n g i t u d e .  

-62.8 (206) SPS b u r n  p l a c e s  CSM/LM i n t o  20x109 km (11x59 nm) 
l u n a r  o r b i t .  

- more - 



Events 

CSM/LM undocking 

CSM c i r c u l a r i z a t i o n  bu rn  

LM powered d e s c e n t  

LM l u n a r  s u r f a c e  touchdown 

EVA-1 b e g i n s  

EVA-2 beg ins  

EVA-3 b e g i n s  

CSM p lane  chahge 1 

LM a s c e n t  

Lunar  o r b i t  i n s e r t i o n  

Terminal phase i n i t i a t e  
(TPI) LM APS 

Braking: 4 LM RCS burns  

Docking 

LM j e t t i s o n ,  s e p a r a t i o n  

GET 
hrs:min 

96:14 

97:42 

98:35 

98146 

102:25 

124:50 

148:25 

152:29 

171:45 

171:52 

172: 39 

173:20 

173:40 

177:31 

Ve loc i ty  change 
Date/EST m/sec (ft/sec) 

--- 20/01:08 pm 

20/2:36 pm 30.3 (99.6) 

20/3:29 pm -2041 (6696) 

20/3:41 pm _-- 
20/7:19 pm _ _ _  
21/5:44 pm --- 
22/5:19 pm -__ 
22/9:23 p m  48  (159) 

23/4:39 pm 1,843 (6048) 

23/4:46 p m  
23/5:33 pm 1 5  50 

23/6:14 pm 1 0  33 

23/6:34 pm --_ 
23/10:25 pm --- 

Purpose and r e s u l t a n t  orbi t  

I n s e r t s  CSM i n t o  96x111 km (52x60 nmj o rb i t  

Three-phase DPS bu rn  w brake LM o u t  of trans- 

(SPS burn)  

f e r  o rb i t ,  ver t ical  d e s c e n t  and lunar s u r f a c e  
touchdown. 

Lunar e x p l o r a t i o n ,  deploy  ALSEP, collect .geolo- 

See s e p a r a t e  EVA t imel ines  

See s e p a r a t e  EVA thelines 

See s e p a r a t e  EVA t i m e l i n e s  

Changes CSM o r b i t a l  p l ane  by 1 . 7  d e g r e e  to coin- 

g i c a l  samples, photography. 

, 
c i d e  w i t h  LM orbi ta l  plane a t  t i m e  of LM a s c e n t  
from s u r f a c e  0 

I 
Boosts ascent stage i n t o  1 6 . 6 ~ 8 4  km ( 9 ~ 4 5 . 4  m) 

l u n w  o r b i t  for  rendezvous w i t h  CSM 

Boosts a s c e n t  stage in to  81.4x114.5 km ( 4 4 ~ 6 1 . 9  nd 
ca tch-up  o r b i t :  LM t ra i l s  CSM by  59.2 km (32 nml 
and 27.7 km (15 nm) below a t  TPI burn  time 

Line-of -s ight  t e r m i n a l  phase  b r a k i n g  t o  p l a c e  
LM i n  110.7x109.8 km (59.8x59.3 nm) o r b i t  for 
f i n a l  approach ,  docking. 

CDR and LMP t r a n s f e r  back t o  CSM 

Preven t s  r e c o n t a c t  of CSM w i t h  LM a s c e n t  stage 
f o r  remainder  of mission 

- more - 



POWERED DESCENT VEHICLE POSITIONS 

EVENT 

POWERED DESCENT I N  I T  I AT I ON 
THROTTLE TO MAXIMUM THRUST 
YAW TO VERTICAL 

-_----- m- --&------ -_____ 
s- ,ma 

m. m- bn- 

AL-. m- 
n.m. 

W- 

SUMMARY 

TF I i H A V  
MIN:SEC V .FPS FPS FT FPS 

I 
0:OO 5555 -5 52700 0 
0:26 5527 -4 52600 28 
3:OO 4096 -56 46840 1476 

LOW GATE 
LANDING 

THROTTLE RECOVERY I HIGH GATE 
10:42 583 6246 
12:Ol. 0 6697 

7:20 1188 24740 4559 
9:20 I 342 I-;;: I 7970 I 5602 I I 

I 

N 
P 

I 



A P P R O A C H  P H A S E  
12 

10 

0 '  
20 
40 
60 
80 ** 
102 
122 
162 *** 

'I TIME TO LANDING FROM HIGH GATE 

- 
ALTITUDE HORIZONTAL LPD ANGLE 

RATE VELOCITY 

174 
134 
05 

320 - 
230 41' 
184 1 

41' 'I 

I 
N 
N 

I 



FIRST VIEW OF DESCARTES 
(HISH SATE + 8 SECONDS) 

I 'rcer 

+ FIELD O$ YLEW OF LMP- 

FIELD OF VIEW OF CWI 



Events - 
LM a s c e n t  stage deorbit  

LM impact  

(RCS burn )  

CSM p lane  change 2 

CSM shap ing  burn 

S u b s a t e l l i t e  j e t t i son  

T r a n s e a r t h  in jec t ion  (TEI) 

Midcourse c o r r e c t i o n  5 

T r a n s e a r t h  EVA 

Midcourse c o r r e c t i o n  6 

Midcourse c o r r e c t i o n  7 

CM/SM s e p a r a t i o n  

En t ry  i n t e r f a c e  
(121,9 km, 400,000 f t )  

Splashdown 

GET Velocity change 
hrs:min Date/EST Wsec lft/sec) 

- more - 

179:16 24/00:10 am 

179:39 24/00:33 am 

193:14 24/2:08 pm 

216:49 25/1:43 Pm 

218:02 25/2:56 pm 

2 2 2 ~ 2 1  25/1:15 pm 

239:21 26/12:17 pm 

241:57 26/2:51 pm 

EI-22 h r s  27/5:17 pm 

EI-3 h r s  28/12:17 pm 

290:08 28/3:02 pm 

290:23 28/3:11 pin 

290:36 28/3:30 pm 

-70 (-229) 

--- 

86 (282)  

11 (38) 

--- 
979 (3212) 

0 

Purpose  and r e s u l t a n t  orbi t  

WlVP seismmeters a t  Apo l lo  1 6 ,  15 ,  1 4  and 12  
l d n d i n g  sites record impact .  

Impact  a t  about 1 6 9 1  m/sec (5550 f p s l  a t  -3.2 
d e g r e e  angle. 23 km (12  nm) west of Apo l lo  
16  ALSEP. 

Increase lunar s u r f a c e  p h o t o , c o v e r a g e ,  changes  

A d j u i t s  CSM o r b i t  f o r  later subsatel l i te  j e t t i s o n  

Lunar o r b i t  s c i e n c e  expe r imen t s  

I n j e c t  CSM in to  t r a n s e a r t h  t r a j e c t r a r y  

T r a n s e a r t h  midcourse c o r r e c t i o n s  w i l l  be  com- 

p l a n e  3 degrees. 

o r b i t :  102x147 km ( 5 5 x 8 5  nm).  

pu ted  i n  real t i m e  f o r  e n t r y  corridor c o n t r o l  
and r e c o v e r y  area wea the r  avo idance .  , 

N R e t r i e v e  S M  SIM bay  f i l m ;  c a n i s t e r s .  P 

Command module o r i e n t e d  for E a r t h  a tmosphere  e n t r y  

Command module e n t e r s  E a r t h ' s  a tmosphere  a t  
11,026 m/s (36,175 fps). 

Landing 2111 kn (114Or.nml downrange f r o m  e n t r y ;  
s p l a s h  a t  5 d e g r e e s  n o r t h  l a t i t u d e  by 158 
d e g r e e s  west l o n g i t u d e .  



FILM RETRIEVAL FROM THE SIM BAY 

EVA TIME LINE 
bSTAR1 IH-FL16Hl EVA. EGRESS .INGRESS FOR EED/ATTITUDE RMEWER 1 

I 

N 
VI 

I 



ILL0 16 RECOVERY 



APOLLO 16 

CREW POST-LANDING ACTIVITIES 

DATE ACTIVITY - DAYS FROM RECOVERY 

SPLASHDOWN APRIL  28 

R + 1  APRIL  29 DEPART SHIP, ARRIVE HAWAII 

R + 2  APRIL  30 DEPART HAWAII, ARRIVE HOUSTON 

R t 3 THRU R + 15 MAY 1-12 CREW DEBRIEFING PERIOD 

I 

N 
4 

I 



APOLLO 16 ALTERNATE MISSIONS 

0 EARTH ORBIT MISSIDN (NO TLI) 

PHOTOGRAPHIC MISSION OVER U,S, OF ABOUT 6 DAYS DURATION, X-RAY 
AND GAMMA RAY SPECTROMETERS WILL ALSO BE OPERATED, CMP EVA TO 
RETRIEVE FILM CASSETTES I 

0 LUNAR ORBIT MISSIONS 

0 APPROXIMATELY 6 DAYS IN LUNAR ORBIT 

USE OF SIM BAY EXPERIMENTS 

SUBSATELLITE JETTISON REQUIRED 

TYPES OF CONTINGENCIES 

CSM ALONE 

CSMILM (OPERABLE AND INOPERABLE DPS CASES) 

FROM LM ABORTS 

I 

N 
m 
I 
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EVA MISSION EVENTS 
GET 

Events h r s  : min Date/EST 

Depressurize LM f o r  EVA 1 

CDR s t eps  onto sur face  

LMP s t e p s  onto sur face  

C r e w  of f loads  LRV 

CDR tes t  d r ives  LRV 

LRV parked near  MESA 

CDR of f loads ,  dep1oys.far-W camera/ 

LMP mounts LCRU, TV on LRV 

C r e w  loads geology equipment on LRV 

CDR deploys United States f l a g  

LMP carries ALSEP "barbe l l "  t o  

spectroscope 

deployment s i t e  

CDR d r ives  LRV t o  ALSEP s i t e  

C r e w  begins ALSEP deploy 

ALSEP deploy complete 

C r e w  d r ives  t o  s t a t i o n  1 (Flag Cra te r )  

C r e w  a r r i v e s  a t  s t a t i o n  1 f o r  rake/ 
s o i l  sample, c r a t e r  sample 

C r e w  d r i v e s  t o  s t a t i o n  2 (Spook c r a t e r )  

C r e w  a r r i v e s  a t  s t a t i o n  2 f o r  c r a t e L e r e a  
sampling, magnetometer s i te  measurement 

C r e w  r e tu rns  t o  LM/ALSEP area 
S ta t ion  3 

102:25 

102:40 

102 : 45 

102 : 53 

103:13 

103:  1 5  

103:24 

103  : 25  

103:37 

103:50 

104 : 02 

104:12 

104:20 

106:22 

106:27 

I 0 6  : 39 

107:22 

107:27 

108:23 

Apr 20/7:19 pm 

20/7:34 pm 

20/7:39 pm 

20/7:47 pm 

20/8:07 pm 

20/8:09 pm 

20/8:18 pm 

20/8:19 p m  

20/8:31  pm 

20/8:44 pm 

20/8:56 pm 

20/9:06 pm 

20/9:14 pm 

20#11:16 pm 

2 0 / 1 1 r 2 1  pm 

20/3.1:33 pm 

21/00:06 am 

21/00:21 am 

Apr 21/1:17 am 

- more - 
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APOLLO 16 TRAVERSE COMPARISON WITH APOLLO 15 

I DURATION 
(HR:NIN) 

TRAVERSE STAT I ON LMIALSEP AREA 
T I N E  (HR:MIN) TIME (HR:MIN) 

EVA 1 
APOLLO 15 
APOLLO 16 

EVA I 1  
APOLLO 15 
APOLLO 16 

EVA I l l  
APOLLO 15 
APOLLO 16 

TOTALS 
APOLLO 15 
APOLLO 16 

- 
ACTUAL - 
4:l4 - 

PLAN ACTUAL PLAN ACTUAL PLAN 

7:OO 6:32 1:16 . 1:lO 4:35 
7:OO 1:53 4:41 - - 

7:OO 7:12 3:32 2:37 1:B 
7:OO 4:11 1:30 - - 

6 : O O  4:49 3:05 1:23 1:27 - 1:40 7:OO 3:36 - 

7:53 5 :OO 7:31 
7:51 - - 20:OO 18:33 

21:OO 9:40 

PLAN 

1:08 
: 26 

1:59 
1:19 

1:28 
1:44 

4:35 
3:29 

ACTUAL 

1:08 
- 

1:24 - 

: 36 - 

3:08 - 

PLAN 

8.2 
3,2 

'14.3 
9.5 

10,5 
12.6 

33.0 
25,2 

ACTUAL 

10.3 
- 

12.5 
- 

5.1 - 

27,9 - 



APOLLO 16 tUNAR SURFACE TIMELINE 

BRIEF 
& FdA 

UNDOCK TO [AT. & 
CABIN 
CONFIG. PREP' 

posr r . ~ .  
EVA-1 
I7 HOURS) 

DON PRE-UNDOCK 
EAT SUI'[S L M A C T l V l T l f S  TOUCHDOWN 

POST EVA: v\r 
CABINCONFIG. .  PLSs 
DOFF SUITS.  RCHG. REST 
DEBRIEF PRE- 

SLEEP 

wsT i v A :  

DOFF suirs. ' REST 
CONFIG EAT. PLSS RCHG. 

Cp::I:FNpCt. 
EVA-2 
I7  HOURS) 

POST- BRIEF 
REST SLEEPS & D O N  zp. 
18 HOURS1 suirs DEBRIEF 

I I I I YAl I I I 
26 30 32 34 36 38 40 42 44 46 48 

I I I I I YAI 1 I I 

REST 
18 HOURS1 

p o s r  BRIEF 
SLEEP & D O N  
&EAT SUITS 

I 1 

48 50 52 

EOUIP. DEBRF. 
. JETL EAT& REST EVA EVA-3 

PREP. I1 HOURS1 EVA & D O F F  PRE- 
suirs s t i w  

wsr- 
REST SLEEP. 

& v\r 
I8 HOURSl PWR UP 

54 56 58 6 0 6 2  64 66 68 70 12 

I I 
I I I 

I 

w 
N 

I 

12 74 76 78 &o 82 8 4 8 6  88 90 92 94 96 



CDR 

LMP 

SUMMARY TIME LINE 
FROM ALSEP OFFLOAD THROUGH ALSEP DEPLOYMENT 

1:30 1:40 1:so 2:oo 2:lO 2:20 2:30 2:40 2:50 
I I I I I I I I I 

0 ALSEP 0 ALSEP 0 ALSEP ASE CENTRAL STATION 
OFFLOAD TRAVERSE INTERCONNECT OFFLOAD ACT I VAT I ON 

0 PSE 0 LSM 
DEPLOY DEPLOY 

ALSEP OALSEP 0 ALSEP 0 HFE 0 HFE PROBE 0 HFE PROBE 
OFFLOAD TRAVERSE SITE EQUIP PREP NO. 1 NO, 2 

SURVEY 

I 

W 
W 

I 

2:SO 3:OO 3:lO 3:20 3:30 3:40 3:SO 4:oo 4:lO 
I I I I I I I I I 

0 ASE ASE THUMPER 0 DEPLOY ASE OCORE RECOVERY 
MORTAR PKG TRAVERSE TO STATION ON BASE 

GEOPHONE DEPLOY 

0 CORE RECOVERY 0 ASE OALSEP PHOTOS .DEEP CORE 

DURING THUMPING) 
GEOPHONE DEPLOY (COORDINATE WITH CDR DRILLING TRAVERSE TO STATION 



NEAR LM LUNAR SURFACE ACTIV ITY 

* c . LRV 
SOLAR WIND 

COMPOSITION (60’) LOADING, 

0 
/ 

0 
0 

OSMIC RAY EXPERIMENT 

\ \ AREA OF ACTIV ITY 
\ 
\ 
\ 

I 

w * 
I I 
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GET 
Events hrs:min Date/EST 

Crew arrives at station 3 to retrieve 
deep core. Comprehensive sampling, 
arm mortar package, perform LRV 
"Gran Prix" . 108: 30 21/1:24 am 

Crew returns to LM 108 : 44 21/1:38 am 

Crew arrives at LM 108:45 21/1:39 am 

LMP deploys solar wind composition 
experiment 109 : 02 21/1:56 am 

CDR offloads geology equipment, film mags 109:05 21/1:59 am 

LMP ingresses LM 109 : 15 21/2:09 am 

CDR ingresses LM 109:22 21/2:16 am 

Repressurize LM, end EVA 1 109:25 21/2:19 am 

Depressurize LM for EVA 2 

CDR steps onto surface 

124:50 Apr 21/5:44 pm 

125:lO 21/5:59 pm 

LMP steps onto surface 125:lO 21/6:04 pm 

Crew completes loaaing LRV for geology 
traverse 125: 30 21/6:24 pm 

Crewmen load geological gear on each 
other's PLSS 125:32 21/6:26 pm 

Crew drives to station 4 (upper slope 
of Stone Mountain-) 125:40 21/6:34 pm 

Crew arrives at station 4 for rake soil, 
documented 4 and double core samples, 
photo panorama, penetrometer reading 126:15 21/7:09 pm 

Stone Mountain) 127 : 13 21/8:07 pm 
Crew drives to station 5 (on slope of 

Crew arrives at station 5 for documented 
samples, photo panorama 127:19 21/8:13 pm 

- more - 
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GET 
- Events hrs:min Date/EST 

Crew drives to station 6 (at base of 
Stone Mountain) 

Crew arrives at station 6 for documented 
samples, photo panorama 

base of Stone Mountain) 
Crew drives to station 7 (Stubby Crater, 

Crew arrives at station 7 for documented 
samples, photo panorama 

Crew drives to station 8 (rays from 
South Ray Crater) 

Crew arrives at station 8 for rake soil, 
documented double core samples, photo 
panorama 

Crew drives to station 9 (Cayley Plains) 

Crew arrives at Station 9 for surface and 
core samples, photo panorama 

Crew drives to station 10 (LM/ALSEP area) 

Crew arrives at ktation 10 for soil mech- 
anics investigation, double core, radial 
sample, photo panorama 

Crew drives back to LM 

Crew arrives at LM 

Crew unloads LRV, packs sample containers, 
clean-up 

LMP ingresses LM 

CDR ingresses LM 

Repressurize LM, end EVA 2 

- more - 

127:59 

128:02 

128:22 

128:26 

128:41 

128:46 

129 : 45 

129:50 

130 : 15 

130 : 36 

131:09 

131:lO 

131:20 

131: 37 

131:48 

131:50 

Apr 21/8:53 pm 

21/8:56 pm 

21/9:16 pm 

21/9:20 pm 

21/9:35 pm 

21/9:40 pm 

21/10:3CJ pm 

21/10:44 prn 

21/11:09 pm 

21/11:30 pm 

22/00:03 am 

22/00:04 am 

22/00:14 am 

22/00:31 am 

22/00:42 am 

22/00:44 am 
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GET 
Events hrs:min Date/EST 

Depres su r i ze  LM for  EVA 3 

CDR s t e p s  o n t o  surface 

LMP s t e p s  o n t o  surface 

C r e w  completes  l o a d i n g  LRV, PLSSs for  

C r e w  drives t o  s t a t i o n  11 (South r i m ,  

C r e w  a r r ives  a t  s t a t i o n  11 for polari-  
m e t r i c  pho tos ,  documented samples ,  
photo  panorama 

C r e w  d r i v e s  t o  s t a t i o n  1 2  (North Ray. 
C r a t e r ,  southeast  r i m ,  l a r g e  b l o c k  
area) 

geology traverse 

North Ray Crater)  

C r e w  a r r i v e s  a t  s t a t i o n  1 2  for  r a k e / s o i l  
and documented samples, photo  panorama 

C r e w  d r i v e s  t o  s t a t i o n  1 3  ( o u t e r  ejecta 
b l a n k e t ,  North Ray C r a t e r )  

C r e w  a r r i v e s  a t  s t a t i o n  1 3  f o r  r o c k / s o i l  
samples, photo  panorama 

148:25 

148:40 

148:46 

1 4 9  : 02 

1 4 9 :  10 

149:54 

150: 49 

150:52 

151:47 

151  : 52 

C r e w  d r i v e s  t o  s t a t i o n  1 4  (Smoky Mountain) 152:02 

C r e w  arrives a t  s t a t i o n  1 4  fo r  r a k e / s o i l ,  
double  core, documented samples, 
photo  panorama 152: 09 

C r e w  d r i v e s  t o  s t a t i o n  15 (Cayley P l a i n s )  152:49 

Crew arrives a t  s t a t i o n  15 for  magnetometer 
measurements, rock/soil sample, photo 
panorama 153:OO 

Crew drives t o  s ta t ion 16  (Dot Crater) 153:lO 

Crew arrives a t  station 16 for magnetometer 
measurement I rock/soil samples I photo 
panorama 153 : 1,9 

Apr 22/5:19 pm 

22/5:34 pm 

22/5:40 pm 

22/5:56 pm 

22/6:04 p m  

22/6:48 pm 

22/7:43 pm 

22/7:46 pm 

22/8:41 pm 

22/8:46 pm 

22/8:56 pm 

22/9:03 pm 

22/9:43 pm 

22/9:49 pm 

22/!1::04 pm 

22/10:13 pm 

- more - 
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GET 

Events hrs:min Date/EST 

C r e w  dr ives  t o  s t a t i o n  17 (NE r i m .  Palmetto 
Cra te r )  

C r e w  a r r i v e s  a t  s t a t i o n  17 f o r  rake/soil 
and documented samples, magnetometer 
readings,  photo panorama 

C r e w  d r ives  back t o  LM 

C r e w  arrives a t  LM 

C r e w  transfers samples, f i l m  packs, etc. 
stowage i n  LM; close-out f i n a l  EVA 

LMP ingresses  LM 

CDR ingresses  LM 

Repressurize LM, end EVA 3 

153:29 Apr 22/10:23 pm 

153: 34 22/10:28 pm 

154 : 12 22/11:06 pm 

154 : 30 22/11:24 pm 

154 : 36 22/11:30 pm 

155:19 23/00:13 am 

155:23 23/00:17 a m  

155:25 23/00:19 a m  

- more - 



APOLLO 16 
WALKING TRAVERSE 
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APOLLO 1 6  M I S S I O N  OBJECTIVES 

Apollo 1 6  as t ronauts  w i l l  explore  t h e  Descartes 
region, man's f i r s t  opportunity t o  explore t h e  lunar  high- 
lands.  The s i te  i s  some 2,250 meters ( 7 , 4 0 0  f e e t )  higher  
than t h e  Apollo 11 s i te  and i s  representa t ive  o f ' o v e r  three-  
fou r ths  of the lunar  surface.  Preliminary geological  analy- 
sis of t h e  highlands ind ica t e s  t h a t  t h e  Moon's c r u s t  under- 
went modification e a r l y  i n  i t s  h i s to ry .  By studying these  
modification processes,  w e  hope t o  achieve a b e t t e r  under- 
s tanding  of the development of t h i s  por t ion  of t he  Moon's 
sur face  a s  w e l l  as the development o f  t he  Ea r th ' s  c r u s t ,  
i t s  cont inents ,  and ocean basins .  

The t h r e e  bas i c  ob jec t ives  a r e  t o  explore and sample 
t h e  materials and sur face  f ea tu res ,  t o  se t  up and a c t i v a t e  
experiments on the  luna r  sur face  which w i l l  continue t o  
r e l a y  d a t a  back t o  Earth after t h e  c r e w  has returned,  and 
t o  conduct i n f l i g h t  experiments and photographic tasks. 

The l u n a r  roving vehicle,  used f o r  t h e  f i r s t  t i m e  on 
Apollo 15,  w i l l  extend the range of the explorat ion and 
geological  i nves t iga t ions  t h a t  Young and Duke w i l l  make 
during t h e i r  t h r e e  seven-hour EVAs. 
sur face  package (ALSEP) which the crew w i l l  set up and place 
i n t o  operat ion w i l l ,  with the  Apollo 1 2 ,  14 and 15 ALSEPs, 
become t h e  four th  i n  a network of l una r  surface s c i e n t i f i c  
s t a t i o n s .  

The Apollo lunar  

The s c i e n t i f i c  instrument module (SIM) bay i n  t h e  se rv ice  
module is  t h e  h e a r t  of t h e  i n f l i g h t  experiment e f f o r t  on 
Apollo 16. Q u i t e r s i m i l a r  t o  t he  SIM bay flown on Apollo 15, 
t h e  bay contains  high-resolution and mapping cameras and 
s c i e n t i f i c  sensors f o r  photographing and measuring p rope r t i e s  
of t h e  luna r  su r face  and t h e  environment around t h e  Moon. 

While i n  lunar  o r b i t ,  command module p i l o t  Mattingly 
w i l l  have the r e s p o n s i b i l i t y  f o r  operat ing the i n f l i g h t  
experiments during t h e  t i m e  h i s  crewmates a r e  on t h e  luna r  
surface. During the homeward coast a f te r  t r ansea r th  i n j e c t i o n ,  
Mattingly w i l l  e x i t  through the  command module c r e w  hatch 
and maneuver hand-over-hand t o  the S I M  bay where he w i l l  
r e t r i e v e  f i l m  cassettes, pass  t h e m  back i n t o  t h e  cabin f o r  
r e t u r n  t o  E a r t h  and emplace a medical experiment for exposure 
t o  t h e  solar-space environemnt. Mattingly also will take 
photographs aimed a t  gather ing knowledge of astronomical 
phenomena such as Gegenschein from lunar  o r b i t  and u l t r a v i o l e t  
photography of both t h e  Earth and the  Moon. 

- more - 
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Engineering and operational tasks the Apollo 16 crew 
will carry out include further evaluation of the lunar 
roving vehicle and Skylab crew equipment, and use of the 
SIM bay subsatellite as a navigation tracking aid. Other 
medical experiments tnclude biostack, ALFMED, and the passive 
bone mineral measurement. 

- more - 
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SCIENTIF  C - ESULTS OF APOLLO 11, 1 2 ,  1 4  and 15 MISSIONS 

The Apollo 1 4  and Apollo 15 mis s ions  have c lear ly  
demonstrated t h a t  t he  major s c i e n t i f i c  r e tu rns  from the  
Apollo program a r e  t o  be expected from t h e  later Apollo 
missions. The s c i e n t i f i c  resu l t s  from t n e  Apollo 1 5  
mission have advanced the  sc ience  of understanding the Moon 
from t h e  s t age  charac te r ized  by i n t e r e s t i n g  and s t imula t ing  
speculat ions t o  one character ized by s c i e n t i f i c  hypotheses. 
The hypotheses which lead  t o  s p e c i f i c  experiments t h a t ,  
i n  t u rn ,  give answers t h a t  rap id ly  reduce the  uncertainty 
regarding many b a s i c  quest ions concerning t h e  o r i q i n  and 
evolut ion of the Moon. The extended s t a y  t i m e s  and extended 
mobili ty ava i l ab le  on the  lunar  sur face  and the  wide-array 
of instrumentation s a r r i e d  i n  the  SIM bay of t h e  command 
and se rv ice  module have already provided a r i c h  harvest  
of s c i e n t i f i c  information from the  f irst  J mission. 

Samples from the first two lunar  landings showed us  
t h a t  most of t he  sur face  of t h e  Moon da tes  back t o  a t i m e  
when t h e  terrestrial  geologic record is j u s t  bare ly  deci-  
pherable. They show t h a t  t h e  lunar  m a r i a  t h a t  covers about 
1/3 of t h e  s i d e  of the  Moon viewed from Earth l a rge ly  con- 
sists of an i ron-r ich volcanic  rock produced from a p a r t i a l l y  
molten s h e l l  100-200 miles beneath t h e  sur face  of t he  Moon. 
The s o i l  samples from these  two sites also included a var ie ty  
of i n t r i g u i n g  fragments c l e a r l y  d is t inguishable  from the  
m a r e  b a s a l t s .  These s o i l  samples became the  b a s i s  of 
widespread speculat ion on the  composition and o r i g i n  of t h e  
lunar  highlands t h a t  make up most of t he  backside and approx- 
imately 2/3 of t h e  f r o n t  s i d e  of t h e  Moon. Both the  samples 
and t h e  r e s u l t s  of experiments flown i n  t h e  Apollo 15 CSM 
have shown t h a t  these  i n t r i g u i n g  b i t s  of rock are indeed 
representa t ive  of t h e  l a r g e  a reas  of t he  Moon t h a t  contain 
the  bulk of t h e  e a r l y  h i s t o r y  of t h e  p lane t .  

amounts of rad ioac t ive  substances i n  the  lunar  so i l ,  and 
c h a r a c t e r i s t i c  x-rays, induced by t h e  high energy solar 
r a d i a t i o n  impinging on t h e  s u n l i t s i d e  of t h e  Moon has 
shown t h a t  much of t h e  northwestern quadrant of t h e  Earth 
s i d e  of t h e  Moon i s  probably underlain by a very o ld  (probably 
f i r s t  formed 4.4-4.5 b i l l i o n  years  ago) uranium- and thorium- 
r i c h  volcanic  rock and t h a t  most of t he  backside of t h e  Moon, 
along with t h e  eas t e rn  highland regions on t h e  f r o n t  s i d e ,  
appears t o  be made up of an aluminum- and calcium-rich rock 
(anor thos i te )  t h a t  #as f irst  observed i n  t h e  Apollo 11 s o i l  
samples. 

The measurement of gamma rays ,  produced by minute 

- more - 
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The widespread occurrence of both of these rock types 
tells us a great deal about the early history of the Moon. 
The aluminum-rich rocks suggest that the primitive Moon 
had a liquid outer shell that may have been 50-80 miles 
thick that gave rise to a lunar crust almost simultaneously 
with the formation of the Moon itself. The old uranium-rich 
volcanic rocks both limit the thickness of thds early 
liquid laver and tell us something about the composition 
of the solid interior very early during lunar history. 
In particular, they suggest that the Moon was formed from 
material that dondensed at temperatures much higher tnan 
previously thought out of the primitive dust cloud that 
surrounded the early Sun. 

In addition to the chemical study of the lunar surface, 
the Apollo 15 mission returned excellent photographs of more 
than 10 percent of the surface of the Moon which reveal 
geological features as small as the size of the LM. Like 
the rock samples returned from .this and previous missions, 
these photographs will provide a source of data for scientists 
for generations to come. 

has measured the present magnetic field over a large per- 
centage of the Moon's surface. These magnetic field 
measurements, along with studies of the magnetization of 
lunar rocks, indicate that the Moon's magnetic field 3 bil- 
lion years ago must have been 100 to 1,000 times stronger 
than it is today. The subsatellite and altimeter have also 
shown that the mascons discovered by Lunar Orbiter space- 
craft consist of circular plates of very dense rocks which 
fill the deep circular basins produced by collisions of 
asteroid-size objects with the Moon. 

during the Apollo 12, 14, and 15 missions continue to func- 
tion well, but more important -- they have provided informa- 
tion regarding geological processes that are still going 
on today and have shown us that the interior of the Moon can 
be investigated with present instrumentation. 
of the Apollo 15 SIVB was recorded by both the Apollo 14 and 
Apollo 12 seismometers. Sound waves from this impact pene- 
trated about 80 kilometers (50 miles) into the l'unar 
interior. The relatively high sound velocity found at these 
depths was a complete surprise to seismologists and lunar 
scieritists. The sound velocity profile in the upper 80 
kilometers (50 miles) indicates that the concept of the lunar 
crust derived from mineralogy and chemistry of rocks was well- 
founded. Ultrasensitive thermometers implaced in two holes 
on the lunar surface showed that the amount of heat escaping 
from the lunar interior exceeds even the highest astimates made 
by scientists who speculated on the content of radioactive 
elements found in the Moon. 

A subsatellite left behind by the Apollo 15 mission 

Most of the experiments deployed on the lunar surface 

The impact 

- more - 
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During the week of January 1 0 ,  approximately 700 scien- 
t i s t s ,  15 from fore ign  count r ies  including th ree  sc ien t i s t s  
from the  Soviet  Union, gathered a t  the  Manned Spacecraf t  
Center to  present  and summarize r e s u l t s  obtained by t h e  
Apollo 1 4 ,  Apollo 15, and Luna  1 6  missions. I n  addi t ion  
t o  the  conclusions and ideas  a l ready mentioned here ,  s t u d i e s  
of Apollo 1 4  samples have shown t h a t  t h e  l a r g e s t  c o l l i s i o n  
with an a s t e r o i d a l  o b j e c t  recorded on the  sur face  of t h e  Moon 
took place about 4 b i l l i o n  years  ago. This w a s  much la te r  
than had been an t i c ipa t ed  from various theo r i e s  dea l ing  
with t h e  formation of l a rge  planetary objec ts .  I t  raises 
t h e  p o s s i b i l i t y  t h a t  major c o l l i s i o n s  of as te ro id-s ized  
ob jec t s  and t h e  Earth continued more than 1 b i l l i o n  years  
a f t e r  the p lane t  was formed. 

The r e l a t i v e l y  s m a l l  Luna 1 6  samples provided a sur- 
p r i s i n g  number of extremely i n t e r e s t i n g  r e s u l t s  .that i n d i c a t e  
t h a t  unmanned sampling of t h e  Moon i s ,  indeed;a use fu l  
augmentation of the manned program. 

As w e  e n t e r  i n t o  the  homestretch of the Apollo program, 
it i s  clear t h a t  a successfu l  Apollo 1 6  and 1 7  added t o  the  
missions already flown w i l l  produce a chapter  i n  the  h i s t o r y  
of science t h a t  w i l l  be a permanent and l i v i n g  testimony 
t o  t h i s  undertaking. 

- more - 
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APOLLO 1 6  LANDING S I T E  

A h i l l y  region north of the Descartes c r a t e r  i n  a 
highlands a rea  of t h e  southeastern quadrant of t he  v i s i b l e  
face of t he  Moon i s  the  landing s i te  chosen f o r  Apollo 1 6 .  

The Descartes s i te  appears t o  have s t r u c t u r a l  charac- 
t e r i s t i c s  s imi l a r  t o  vulcanism sites on Earth,  and has two 
separa te  volcanic f ea tu res  -- Cayley P la ins  and t h e  Descartes 
mountains -- which w i l l  be extensively explored and sampled 
by the Apollo 1 6  crew. 

The Cayley P la ins  segment of t h e  landing s i t e  is  
character ized by t e r r a i n  ranging from smooth t o  undulating,-- 
possibly a s  a r e s u l t  of f l u i d  volcanic rock flow. The 
Descartes Mountains, p a r t  of t he  Kant Plateau a r e  character ized 
by h i l l y ,  furrowed highland p la teau  mater ia l  t h a t  i s  thought 
t o  have come from a more viscous volcanic flow. Addit ional ly ,  
t he  Descartes lafiding s i t e  provides an opportunity t o  study 
the  evolut ion of young, bright-rayed c r a t e r s  and t o  extend 
age-dating t o  s imi l a r  c r a t e r s  i n  o the r  regions of t h e  Moon. 

The landing s i t e  has two bas i c  a reas  which w i l l  be 
explored and sampled: Cayley P la ins ,  including North Ray 
and South Ray c r a t e r s ;  Stone Mountain and Smoky Mountain of 
t he  South and North Descartes Mountains. 

The low c r a t e r  dens i ty  i n  the  Cayley P la ins  suggests 
an Imbrian age f o r  t h e  r o l l i n g ,  r idged por t ion  of Cayley 
i n  the  Apollo 1 6  t r ave r se  area.  Stone and Smoky mountains, 
on t h e  o the r  hand, appear t o  have shapes t y p i c a l  of volcanic  
formations on Earth -- shapes t h a t  might b e  formed by move- 
ment of r a t h e r  viscous mater ia l .  

North and South Ray c r a t e r s  appear t o  pene t ra te  deeply 
i n t o  the Cayley formation and reveal t h e  sequence of layer ing ,  
perhaps through an overlap of both t h e  Cayley and Descartes 
formations. 

Smaller, subdued craters i n  the landing s i te  s e e m  t o  
have a c h a r a c t e r i s t i c  concave bottom, which suggests  t h a t  
the substrata underlying the crater impact w e r e  more resis- 
t a n t  than i n  o the r  crater f i e l d s  on the  Moon. 

- more - 
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3'40's. 17028'W UPLAND: DEEP-SEATED EJECTA 
BLANKET. 

APOLLO 1 1  
(SEA OF TRANQUILITY) I 

EJECTA AGE, COMPOSITION AND 
STRUCTURE, GEOPHYSICAL DATA. 

moue i z  
(OCEAN OF STORMS) I 
HADLEY-APENNINES 
(APOLLO 1 5 )  

SESCARTES 

LAT . I LONG. I TERRAIN FEATURES 1 SCIENTIFIC INTEREST 

23'26'E. MARE: LARGE SUBWED CRATERS (ZOO- MARE MATERIAL AGE AN0 
600 METERS DIAMETER), INTERMEDIATE COMPOSITION, GEOPHYSICAL DATA. 

0041"* I I CRATERS (50-200 METERS DIAMETER). 

3OlZ 'S .  I 23"24'W I MARE: SAME AS APOLLO 11. MATERIAL AGE AND COMPOSITION 
FOR COMPARISON WITH APOLLO 11. 
SURVEYOR DATA. 

BASIN AND R I L L E  ORIGIN AND I AGE: HIGHLANDS COMWSITION. I RILLE. RILLE FLOOR BLOCKS: 
MARE/HIGHLAND: V-SHAPE0 SINUOUS 26'04'N. I 3 " 3 9 ' E  

~~ I APENN~NE HIGHLANDS. I GEOPHYSICAL DATA I 

I I 

- 
VOLCANICS AND PLAINS STRUC- 
TURE, HIGHLAND AGE AND COn- 
POSITION, VOLCANISM TIME 
SPAN AND COMPOSITIONAL 
TRENDS. GEOPHYSICAL WTA. 

APOLLO LANDING SITE3 



- 4 8  - 
Lunar Surface Science 

The ALSEP array carried on Apollo 16 has four experiments: 
heat flow, lunar surface magnetometer, passive seismic and 
active seismic. 

Six additional experiments will be conducted on the 
Descartes landing area: far ultraviolet camera/spectroscope, 
portable magnetometer, cosmic ray detector (sheets), solar 
wind composition, lunar geology investigation, and soil 
mechanics. 

Passive Seismic Experiment CPSE): The PSE measures seismic 
activity of the Moon and qathers and relays to Earth informa- 
tion reiating to the physical properties of the lunar crust 
and interior. The PSE reports seismic data on man-made impacts 
(LM ascent stage), natural impacts of meteorites, and moon- 
quakes. Dr. Gary Latham of the Lamont-Doherty Geological 
Observatory (Columbia University) is responsible for PSE 
design and experiment data analysis. 

Three similar PSEs, deployed as a part of the Apollo 12, 
14 and 15 ALSEPs, have transmitted to Earth data on lunar 
surface seismic events since deployment. The Apollo 12, 14, 
15 and 16 seismometers differ from the seismometer left at 
Tranquillity Base in July 1969 by the Apollo 11 crew ill 
that the later PSEs are continuously powered by SNAP-27 radio- 
isotope thermoelectric generators. The Apollo 11 seismometer, 
powered by solar cells, transmitted data only during the 
lunar dai and is no longer functioning. 

spent S-IVB stage and instrument unit will be aimed to impact 
the Moon. This will stimulate the passive seismometers left 
on the lunar surface during)previous Apollo missions. 

After Apollo 16 trans-lunar injection, the Saturn V's 

The S-IVB/IU will be commanded to hit the Moon 250 kilo- 
meters (135 nautical miles) west of the Apollo 12 ALSEP site, 
at a target point 2.2 degrees south latitude by 31.4 degrees 
west. longitude, near Lansberg Craters F and D in the Ocean of 
Storms. 

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

-more- 
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ALSEP EXPERIMENTS 

S-031 
S-033 
S-034 
S-035 
5-036 
S-037 
S-038 
S-058 
s-202 
5-203 
S-205 
5-207 
M-515 

LUNAR PASSIVE SEISMOLOGY 
LUNAR ACTIVE SEISMOLOGY 
LUNAR TRI-AXIS MAGNETOMETER 
SOLAR WINO SPECTROMETER 
SUPRATHERMAL ION DETECTOR 
LUNAR HEAT FLOW 
CHARGED PARTICLE LUNAR ENVIRONMENT 
COLD CATHODE GUAGE 
LUNAR EJECTA AND METEORITES 
LUNAR SEISMIC PROFILING 
LUNAR ATMOSPHERIC COMPOSITION 
LUNAR SURFACE GRAVIMETER 
LUNAR DUST DETECTOR 

OTHER EXPERIMENTS 
5-059 GEOLOGY INVESTIGATION 
S-078 LASER RANGING RETRO-REFLECTOR 
S-080 SOLAR WIND COMPOSITION 
5-151 COSMIC RAY DETECTOR (HELMET) 
5-152 COSMIC RAY DETECTOR (SHEETS) 
S-184 LUNAR SURFACE CLOSE-UP CAMERA 
5-198 PORTABLE MAGNETOMETER 
S-199 LUNAR GRAVITY TRAVERSE 
S-200 SOIL MECHANICS 
S-201 FAR UV CAMERA/SPECTROSCOPE 
S-204 SURFACE ELECTRICAL PROPERTIES 
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The S-IVB/IU will weigh 13,973 kilograms (30,805 pounds) 
and will be traveling 9,223 kilometers an hour (4,980 nautical 
mph) at lunar impact. It will provide an energy source at 
impact equivalent to about 11 tons of TNT. 

After Young and Duke have completed their lunar surface 
operations and rendezvoused with the command module in lunar 
orbit, the lunar module ascent stage will be jettisoned and 
later ground-commanded to impact on the lunar surface west 
of the Apollo 16 landing site at Descartes. The stage will 
impact the surface at 1.692 m/s (5,550 fps) at a -3.2' angle. 

Impacts of these objects of known masses and velocities 
will assist in calibrating the Apollo 16 PSE readouts as well 
as in providing comparative readings between the Apollo 12, 14, 
15 and 16 seismometers. 

ALSEP to Impact Distance Table 
Approximate Distance 
Kilometers Nautical miles 

Apollo 12 ALSEP (3.03OS, 23.4'W) to: 

Apollo 12 LM A/S Impact 
Apollo 13 S-IVB Impact 
Apollo 14 S-IVB Impact 
Apollo 14 LM A/S Impact 
Apollo 15 S-IVB Impact 
Apollo 15 LM A/S Impact 
Apollo 16 S-IVB Impact 
Apollo 16 LM A/S Impact 

Apollo 14 ALSEP (3.67OS, 17.45OW) to: 

Apollo 14 LM A/S Impact 
Apollo 15 S-IVB Impact 
Apollo 15 LM A/S Impact 
Apollo 16 S-IVB Impact 
Apollo 16 LM A/S Impact 

Apollo 15 ALSEP (26.1OoN, 3.65'E) to: 

Apollo 15 LM A/S Impact 
Apollo 16 S-IVB Impact 
Apollo 16 LM A/S Impact 

72 39 
137 74 
175 95 
114 62 
354 191 
1130 610 
252 136 
1173 633 

68 37 
184 99 
1048 565 
433 234 
992 536 

92 50 * 
1347 727 
1129 609 

-more- 
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Approximate Distance 

Kilometers Nautical Miles 

Apollo 16 ALSEP (9.0°S, 15.52OE) to: 

Apollo 16 LM A/S Impact 23 12 
Apollo 16 S-IVB Impact 2.30s, 3 1 0 ~  
Apollo 16 LM A/S Impact 9.4806, 14.9703 

There are three major physical components of the PSE: 

1. The sensor assembly is conprised of 3 long period (LP) 
and a short period (SP) seismometer, an elecfrical power and 
a data subsystem, and a thermal control system. In the LP 
seismometer, low frequency (approximately 250 to 0.3 second 
periods) motion of the lunar surface caused by seismic activ- 
ity is detected by tri-axial, orthogonal displacement ampli- 
tude type sensors. In the SP seismometer, the higher frequen- 
cy (approximately 5 to 0.04 second periods) vertical motion 
of the lunar surface is detected by a displacement velocity 
sensor. 

2 .  The external leveling stool allows manual leveling of 
the sensor assembly by the crewman to within +5 degrees. 
Final internal leveling to within - +3 arc secozds is accomp- 
lished by control motors. 

3. The five-foot diameter hat-shaped thermal shroud covers 
and helps stabilize the temperature of the sensor assembly. 
The instrument uses thermostatically controlled heaters to 
protect it from the extreme cold of the lunar night. 

The Lunar Surface Magnetometer (LSM): The scientific object- 
ive of the magnetometer experiment is to measure the magnetic 
field at the lunar surface. 
netic field of the solar wind impact directly on the lunar 
surface. Some of the solar wind particles are absorbed by 
the surface layer of the Moon. Others may be deflected a- 
round the Moon. The electrical properties of the material 
making up the Moon determine what happens to the magnetic . 
field when it hits the Moon. If the Moon is a perfect insul- 
ator the magnetic field will pass through the Moon undisturbed. 
If there is material present which acts as a conductor, 
electric currents will flow in the Moon. A small magnetic 
field of approximately 35 gammas , one thousandth the size 
of the Earth's field was recorded at the Apollo 12 site. 

Charged particles and the mag- 
' 

-more- 



F i e l d s  r eco rded  by t h e  p o r t a b l e  magnetometer on Apollo 1 4  
were about  43 gammas and 103 gammas i n  two d i f f e r e n t  loca-  
t i o n s .  ( Gamma i s  a u n i t  o f  i n t e n s i t y  of  a magnet ic  f i e l d .  
The E a r t h ' s n e t i c  f i e l d  a t  t h e  Equator ,  f o r  example, i s  
35;~OOO gamma. The i n t e r p l a n e t a r y  magnet ic  f i e l d  from t h e  
Sun h a s  been r eco rded  a t  5 t o  10 gamma.) 

Two p o s s i b l e  models are shown i n  t h e  n e x t  drawing. The 
e l ec t r i c  c u r r e n t  c a r r i e d  by t h e  s o l a r  wind goes through t h e  
Moon and "closes" i n  t h e  space  su r round ing  t h e  Moon ( f i g u r e  a ) .  
Th i s  c u r r e n t  (E)  g e n e r a t e s  a magnet ic  f i e l d  ( M )  as shown. 
The magnet ic  f i e l d  c a r r i e d  i n  t h e  solar wind w i l l  s e t  up a 
sys tem of e lec t r ic  c u r r e n t s  i n  t he  Moon o r  a l o n g  t h e  s u r f a c e .  
These c u r r e n t s  w i l l  g e n e r a t e  a n o t h e r  magnet ic  f i e l d  which 
tr ies t o  c o u n t e r a c t  t h e  s o l a r  wind f i e l d  ( f i g u r e  b ) .  Th i s  
r e s u l t s  i n  a change i n  t h e  t o t a l  magnet ic  f i e l d  measured a t  
t h e  l u n a r  s u r f a c - .  

The magnitu,dv of t h i s  d i f f e r e n c e  can be de te rmined  by 
independen t ly  niti;;suri.ng t h e  magnet ic  f i e l d  i n  t h e  u n d i s t u r b e d  
s o l a r  wind nearby ,  y e t  away from t h e  Moon's s u r f a c e .  The 
v a l u e  o f  t he  maqr;c.tic f i e l d  change a t  t h e  Moon's s u r f a c e  can  
be  used  t o  deduce in fo rma t ion  on t h e  e lectr ical  properties 
o f  t h e  Moon. T h i s ,  i n  t u r n ,  can be used t o  b e t t e r  unde r s t and  
t h e  i n t e r n a l  t empera tu re  of  t h e  Moon and c o n t r i b u t e  t o  b e t t e r  
unde r s t and ing  of t h e  o r i g i n  and h i s t o r y  o f  t h e  Moon. 

The p r i n c i p a l  i n v e s i t g a t o r  for  t h i s  exper iment  i s  
D r .  Pa lmer  Dyal, NASA m.es Research C e n t e r ,  Mountain V i e w ,  
C a l i f o r n i a .  

The magnetometer c o n s i s t s  o f  t h r e e  magnet ic  s e n s o r s  
a l i g n e d  i n  t h r e e  o r thogona l  s e n s i n g  axes, each  l o c a t e d  a t  
t h e  end of a f i b e r g l a s s  s u p p o r t  a r m  ex tend ing  from a c e n t r a l  
s t r u c t u r e .  T h i s  s t r u c t u r e  houses  bo th  t h e  experiment  elec- 
t r o n i c s  and t h e  e l ec t ro -mechan ica l  g i m b a l / f l i p  u n i t  which 
allows t h e  sensor t o  be p o i n t e d  i n  any d i r e c t i o n  f o r  s i t e  
su rvey  and c a l i b r a t i o n  modes. The a s t r o n a u t  a l i g n s  t h e  mag- 
ne tometer  exper iment  t o  w i t h i n  +3 d e g r e e s  east-west u s i n g  a 
shadowgraph on t h e  c e n t r a l  s t r u E t u r e ,  and t o  w i t h i n  + 3  degrees  
o f  t h e  v e r t i c a l  u s i n g  a bubble  l e v e l  mounted on t h e  y s e n s o r  
boom a r m  

-more- 
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Size ,  weight and power are as follows: 

S i z e  deployed 1 0 2  c m  (40  inches)  high 
with 152 cm (60  inches)  
between sensor heads 

Weight (pounds) 8 kilograms (17.5 l b s )  

Peak Power Requirements (wat t s )  

S i t e  Survey Mode 11.5 

S c i e n t i f i c  Mode 6 .2  
12.3 (n ight )  

Cal ibra t ion  Mode 1 0 . 8  

The magnetometer experiment operates  i n  t h r e e  modes: 

S i t e  Survey Mode -- An i n i t i a l  s i t e  survey i s  performed 
i n  each of t he  th ree  sensing modes f o r  t he  purpose of l oca t ing  
and iden t i fy ing  any magnetic inf luences permanently inherent  
i n  t he  deployment s i t e  so t h a t  they w i l l  no t  a f f e c t  t h e  i n t e r -  
p r e t a t i o n  of t h e  LSM sensing of magnetic f l u x  a t  the  lunar  
sur f  ace. 

S c i e n t i f i c  Mode -- T h i s  i s  t h e  normal operat ing mode 
wherein the s t r eng th  and d i r e c t i o n  of t h e  lunar  magnetic f i e l d  
are measured continously.  The t h r e e  magnetic sensors  provide 
s i g n a l  outputs  proport ional  t o  t h e  incidence of magnetic f i e l d  
components p a r a l l e l  t o  t h e i r  respec t ive  axes. Each sensor  
w i l l  record t h e  i n t e n s i t y  t h r e e  times pe r  second which is  f a s t -  
e r ’ t h a n  the  magnetic f i e l d  i s  expected t o  change. A l l  sensors  
have the  capab i l i t y  t o  sense over any one of three dynamic 
ranges w i t h  a r e so lu t ion  of 0.2 gamma. 

-100 t o  +lo0 gamma 
-200 t o  +200 gamma 
-400 t o  +400 gamma 

Cal ibra t ion  Mode -- T h i s  is performed automatically a t  
18-hour i n t e r v a l s  t o  determine t h e  absolute  accuracy of the 
magnetometer sensors  and t o  c o r r e c t  any d r i f t  from t h e i r  lab- 
ora to ry  c a l i b r a t i o n .  

-more- 



- 59 - 

. 

Magnetic Lunar Sample Returned t o  the  Moon 

In  the  study of re turned lunar  samples it has been found 
t h a t  t h e r e  a r e  commonly two components of remanent magnetiza- 
t i on .  The f i rs t  of these  i s  q u i t e  s o f t  and can be removed 
by cleaning i n  a l t e r n a t i n g  f i e l d s  of about 50 t o  1 0 0  oers teds .  
The second component i s  q u i t e  s t a b l e  and is  hardly a f f ec t ed  
by a l t e r n a t i n g  f ie lds  up t o  500 oers teds .  I t  is t h i s  stable 
component which is  most l i k e l y  t o  represent  anc ien t  lunar  
magnetic f i e l d s  and on which most a t t e n t i o n  has been focused. 
I t  can be simulated i n  the  laboratory by allowing t h e  sample 
t o  cool i n  t h e  presence of a weak f i e l d  from above i t s  Curie 
poin t  -- about 780 degrees Centigrade ( 1 , 4 0 0  degrees Fahrenheit)  
i n  t he  case of  l una r  samples. 

The s o f t  component can a l s o  be simulated i n  t he  laboratory 
by exposing lunar  samples t o  s teady magnetic f i e l d s  of about 
1 0  t o  50 oers teds .  The f i e l d  required t o  do t h i s  i s  much 
g r e a t e r  than t h e  Ea r th ' s  f i e l d  which i s  only about 0.5 oers teds .  
One p o s s i b i l i t y ,  t he re fo re ,  is t h a t  t h i s  magnetization was 
acquired on t h e  r e tu rn  journey t o  Earth e i t h e r  i n  the  space- 
c r a f t  o r  i n  Earth l abora to r i e s .  Another p o s s i b i l i t y  is t h a t  
t h i s  magnetization is t r u l y  of lunar  o r i g i n ,  perhaps related 
t o  thermal f luc tua t ions  i n  the presenca of a weak, s o l a r  wind 
f i e l d .  I t  i s  important t o  establish t h e  o r i g i n  of t h i s  s o f t  
component and two s t e p s  are being taken t o  do t h i s .  

A t  t h e  l as t  luna t  por tab le  magnetometer (LPM) s t a t i o n  a 
documented sample (preferably igneous) w i l l  be picked up and 
placed on the  LPM a f t e r  t h e  f i r s t  reading i s  taken. I t  w i l l  
be documented i n  p lace  on the  magnetometer and the  LPM reading 
retaken. If the  i n t e n s i t y  of magnetization of t h e  s o f t  com- 
ponent is  l i k e  t h a t  seen i n  the returned samples it should be 
measurable a t  the  l e v e l  of s eve ra l  gammas. On r e t u r n  t o  E a r t h  
this same sample w i l l  be placed on t h e  back-up f l i g h t  model LPM 
i n  t h e  sh ie lded  room i n  t h e  LRL and the same procedure repeated. 
This w i l l  t e l l  i f  add i t iona l  magnetization has been acquired 
on the  r e tu rn  journey. 

The second s t e p  cons i s t s  of taking a lunar  sample back t o  
t h e  Moon. 
Weight is 4 grams (0.14 ounces). 
t e s t e d  magnetically and has a very clear stable component of 
magnetization. Wheii first received i n  t h e  labora tory  it a l s o  
had a $ o f t  component of magnetization which has been removed. 
Upon r e tu rn  to  Earth it w i l l  be  tested once again to  see i f  it 
has reacquired the s o f t  component. 
is n o t  of lunar or ig in .  
sewn i n s i d e  an in t e r im  stowage assembly bag and returned t o  
Earth s taved as on Apollo 12. 

The sample chosen is  Apollo 12 sample 12002,78. 
This sample has been thoroughly 

If  it has,  t h e  sof t  cemanence 
The sample w i l l  be placed i n  a bag, 
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Lunar Heat Flow Experiment (HFE) : The scientific objective 
of the heat flow experiment is to measure the steady-state 
heat flow from the lunar interior. W o  predicted sources 
of heat are: (1) original heat at the time of the Moon's 
formation and ( 2 )  radioactivity. Scientiscs believe that 
heat could have been generated by the infalling of material 
and its subsequent compaction as the Moon was formed. More- 
over, varying amounts of the radioactive elements uranium, 
thorium and potassium were found in the Apollo 11, 12, 14, 
and 15 lunar samples which if present at depth, would supply 
significant amounts of heat. No simple way has been devised 
for relating the contribution o f  each of these sources to 
the present rate of heat flow. 
the experiment is capable of measuring the thermal conduc- 
tivity of the lunar rock material. 

.In addition to temperature, 

The combined measurement of temperature and thermal 
conductivity gives the net heat flux from the lunar interior 
through the lunar surface. .Similar measurements on Earth 
have contributed basic information to our understanding of 
volcanoes, earthquakes and mountain building processes. In 
conjuction with the seismic and magnetic data obtained on 
other lunar experiments the values derived from the heat flow 
measurements will help scientists to build more exact models 
of the Moon and thereby give us a better understanding of 
its origin and history. 

The heat flow experiment consists of instrument probes, 
electronics and emplacement tool and the lunar surface drill. 
Each of two probes is connected by a cable to an electronics 
box which rests on the lunar surface. The electronics, which 
provide control, monitoring and data processing for the ex- 
periment, are connected to the ALSEP central station. 

Each probe consists of two identical 51 cm (20 in.) 
long sections each of which contains a "gradient" sensor 
bridge, a "ring" sensor bridge and two heaters. Each bridge 
consists of four platinum resistors mounted in a thin-walled 
fiberglass cylindrical shell. 
are located in sensors at opposite ends of the 51 cm (20  in.) 
fiberglass probe sheath. Gradient bridges consequently mea- 
sure the temperature difference between two sensor locations. 

In thermal conauctivity measurements at very low values 
a heater surrounding the gradient sensor is energized with 
0.002 watts and the gradient sensor values monitored. The 

Adjacent areas of the bridge 
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rise i n  temperature of t he  grad ien t  sensor i s  a function of 
thermal conductivity of the surrounding lunar  mater ia l .  For 
higher range of values ,  t h e  hea te r  i s  energized a t  0 .5  watts 
of hea t  and monitored by a r i n g  sensor.  The rate of temper- 
a t u r e  rise, monitored by t h e  r i n g  sensor  i s  a function of 
t he  thermal conductivity of t he  surrounding lunar  mater ia l .  
The r ing  sensor,  approximately 1 0  c m  ( 4  i n . )  from the  heat- 
e r ,  i s  a l s o  a platinum r e s i s t o r .  A t o t a l  of e i g h t  thermal 
conductivity measurements can be made. The thermal conduc- 
t i v i t y  mode of t he  experiment w i l l  be implemented about 20 
days (500 hours) a f t e r  deployment. This i s  t o  allow s u f f i -  
c i e n t  time f o r  t he  per turbing e f f e c t s  of d r i l l i n g  and empla- 
cing the  probe i n  the  borehole t o  decay; i . e . ,  f o r  t h e  probe 
and casings t o  come t o  equi l ibr ium with t h e  lunar  Subsurface. 

A 9 . 1  m e t e r  (30-ft .)  cable  connects each probe t o  t h e  
e l ec t ron ic s  box. The cable  contains four  evenly spaced 
thermocouples: a t  the  top of t he  probe; a t  6 6  cm (26 i n . ) ,  
1 1 4  c m  (45 i n . )  and 1 6 8  c m  ( 6 6  i n . ) .  The thermocouples w i l l  
measure temperature t r a n s i e n t s  propagating downward from 
the  lunar  surface.  The reference junct ion temperature f o r  
each thermocouple i s  loca ted  i n  t h e  e l e c t r o n i c s  box. I n  
f a c t ,  t h e  f e a s i b i l i t y  of making a hea t  flow measurement de- 
pends t o  a l a rge  degree on t h e  low thermal conduct ivi ty  of 
the  lunar  sur face  l aye r ,  t h e  r ego l i th .  Measurement of l una r  
surface temperature v a r i a t i o n s  by Earth-based te lescopes as 
well a s  t h e  Surveyor and Apollo missions show a remarkably 
rap id  rate of cooling. The wide f luc tua t ions  i n  tempera- 
t u r e  of t h e  lunar  sur face  are t o  inf luence only t h e  upper 
one meter ( t h ree  €t.) and not  t h e  bottom one meter ( th ree  f t  
of t he  borehole. 

The as t ronauts  w i l l  use  t h e  Apollo luna r  sur face  d r i l l  
(ALSD) t o  make a l ined  borehole i n  the  lunar  sur face  f o r  t he  
probes. The d r i l l i n g  energy w i l l  be provided by a ba t te ry-  
powered ro ta ry  percussive power head. The d r i l l  borestem 
rod cons i s t s  of f i b e r g l a s s  tubular  s ec t ions  re inforced  with 
boron f i laments ,  one sec t ion  137 c m  (54 i n )  long and two 
sec t ions  each 71 c m  (28 i n )  long. A closed d r i l l  b i t ,  
placed on the  f i r s t  d r i l l  rod, i s  capable of pene t ra t ing  the 
v a r i e t y  of rock including 95 cm (3 f t . )  of ves i cu la r  basalt 
(40  percent  po ros i ty ) .  A s  lunar  sur face  pene t ra t ion  pro- 
gresses ,  addi t iona l  d r i l l  rod sec t ions  w i l l  be connected t o  
t h e  d r i l l  s t r i n g .  The d r i l l  s t r i n g  i s  le f t  i n  p lace  t o  serve 
as  a hole  casing 
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An emplacement t o o l  i s  used by the  as t ronaut  t o  in-  
ser t  the  probe t o  f u l l  depth. Alignment spr ings pos i t ion  
the probe within the  casing and assure a well-defined ra -  
d i a t i v e  coupling between the  probe and the  borehole. Ra- 
d i a t i o n  sh ie lds  on the  hole  prevent d i r e c t  sun l igh t  from 
reaching the  bottom of the  hole.  

A s  a p a r t  of t he  f i e l d  geology experiment, the as t ro-  
naut w i l l  d r i l l  a t h i r d  hole near  t he  HFE, using corestem 
d r i l l  s ec t ions  and a cor ing b i t ,  and obta in  cores of lunar  
mater ia l  f o r  subsequent ana lys i s  of thermal p rope r t i e s  and 
composition. Total  ava i l ab le  core length i s  2.5 m (100 i n . ) .  

The hea t  flow experiment, design, and d a t a  ana lys i s  a r e  
the r e spons ib i l i t y  of D r .  Marcus Langseth of t he  Lamont- 
Doherty Geological Observatory. 

Active Seismic Experiment: The ASE w i l l  produce da ta  on the  
physical  s t r u c t u r e  and bear ing s t r eng th  of t he  l u n a r  sur-  
face  by measuring seismic waves. Two types of man-made seis- 
m i c  sources w i l l  be used with t h e  ASE: a crew-actuated 
pyrotechnic "thumper" and a mortar-l ike device from which 
four  rocket  propel led p r o j e c t i l e s  can be launched by com- 
mand from Earth.  Natural ly  produped seismic events w i l l  be 
de tec ted  passively by the  ASE ( the  ASE geophones w i l l  be 
turned on remotely f o r  s h o r t  l i s t e n i n g  pe r iods ) .  The seis- 
m i c  waves a r e  de tec ted  by geophones deployed by the  crew. 
Data on wave penet ra t ion ,  frequency spec t r a ,  and ve loc i ty  
t o  lunar  depths oi5 152 meters (500 ft .) w i l l  be obtained 
and passed t o  the  ALSEP c e n t r a l  s t a t i o n  f o r  t r a n s m i t t a l  t o  
t he  Earth. D r .  Robert Kovach of Stanford University is the  
P r inc ipa l  Inves t iga tor .  

The mortar l i k e  device w i l l  be deployed, a l igned and 
ac t iva t ed  about 15 meters (48 f t . )  nor th  of t he  ALSEP central  
s t a t i o n .  The four  grenade-like p r o j e c t i l e s  w i l l  be launch- 
ed sometime a f t e r  t he  c r e w  r e t u r n s  and a t  a t i m e  s p e c i f i e d  
by the  p r inc ipa l  i nves t iga to r ,  bu t  no sooner than t h e  t h i r d  
lunat ion.  

The crew w i l l  deploy th ree  geophones a t  3.5, 45.7 and 
91 .4  meters (10 ,  150, 300 f t . )  from t h e  ALSEP'central s t a t i o n .  
Enroute back t o  the  c e n t r a l  s t a t i o n ,  t he  crewmagwill f i r e  
19  "thumper" charges a t  4.5 meters (15 f t . )  in te rva ls  along 
the  geophone l i n e .  The thumper serves as a s torage  and 
t r anspor t  rack f o r  t h e  geophones and t h e i r  connecting cable. 
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The two major components of the ASE are: 

1. The thumper-geophone assembly measuring 1.13 m 
(44.5 in.) when deployed and weighing 3.2 kg. (7  lbs.) in- 
cluding three geophones and cable. Each geophone is 12.2 cm 
(4.8 in.) high, 4.1 cm (1.6 in.) in diameter and weighs less 
than 0.4 kg. (1 lb.). 

2. The package projectile launch assembly weighs 6.8 kg. 
(15 lbs.) (including four projectiles) and is 24 crn (9.5 in.) 
high, 10.2 cm (4 in.) wide and 38 cm (15.6 in.) long. The 
mortar-like launching device is made of fiberglass and mag- 
nesium, and contains firing circuitry and a receiver antenna. 
The projectile launch assembly is enclosed in a box and con- 
sists of four fiberglass launch tubes and four projectiles. 
The projectiles vary in length and weight according to the 
propellant and explosive charges. Radio transmitters in 
each projectile furnish start-and-stop flight time data for 
telemetry back to Earth. Thus, with the launch angle known, 
range can be calculated. The geophones provide information 
on seismic wave travel time. Correlation of this time with 
range will establish wave velocity through the lunar surface. 

ALSEP Central Station: The central station serves as a pow- 
er-distribution and data-handling point for experiments car- 
ried on the ALSEP. Central station components are the data 
subsystem, helical antenna, experiment electronics, and pow- 
er conditioning unit. The central station is deployed after 
other experiment instruments are unstowed from the pallet. 

The central station data subsystem receives and decodes 
uplink commands, times and controls experiments, collects 
and transmits scientific and engineering data downlink, and 
controls the electrical power subsystem through the power 
distribution and signal conditioner. 

The modified axial-helix S-band antenna receives and 

antenna is manually aimed with a two-gimbal azimuth/elevation 
aiming mechanism. 

The ALSEP electrical power subsystem draws electrical 
power from a SNAP-27 (Systems for Nuclear Auxiliary Power) 
radioisotope thermoelectric generator. 

ansmits a right-hand circularly-polarized signal. The 
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SNAP-27--Power Source for XSEP 

A SNAP-27 unit, similar to three others deployed on 
the Moon, will provide power for the ALSEP package, SNAP-27 
is one of a series of radioisotope thermoelectric generators, 
or atomic batteries, developed by the Atomic Energy Commission 
under its space SNAP program.- The SNAP (Systems for 
Nuclear Auxiliary Power) program is directed at development 
of generators and reactors for use in space, on land, and 
in the sea. 

SNAP-27 on Apollo 12 marked the first use of a nuclear 
power system on the Moon. The nuclear generators are re- 
quired to provide power fox periods of at least one year. 
Thus far, the SNAP-27 unit on Apollo 12 has operated over two 
years: and the SNAP-27 unit on Apollo 14 has operated a 
little over a year. 

68 watts of electrical power. The SNAP-27 unit is a 
cylindrical generator, fueled with the radioisotope plutonium-238. 
It is about 46 cm (18 inches) high and 41 cm (16 inches) in 
diameter, including the heat radiating fins. Tihe generator, 
making maximum use of the lightweight material beryllium, 
weighs about 12.7 kilograms ( 2 6  pounds) withour fuel. 

The basic SNAP-27 unit is designed to produce at least 

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

The rugged fuel capsule is stowed within a graphite fuel 
cask from launch through lunar landing. The cask is designed 
to provide reentry heating protection and containment for 
the fuel capsule in the event of an aborted mission. The 
cylindrical cask with hemispherical ends includes a primary 
graphite heat shield, a secondary beryllium thermal shield, 
and a fuel capsule support structure. The cask is 58.4 cm 
(23 inches) long and 20 cm (eight inches) in diameter and 
weighs about 11 km (24.5 pounds). With the fuel capsule installed, 
it weighs about 18 krn(40 pounds). It is mounted on the 
lunar module descent stage. 
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Once the  lunar  module i s  on the  Moon, an Apollo 
as t ronaut  w i l l  remove t h e  f u e l  capsule from the  cask and 
i n s e r t  it i n t o  the  SNAP-27 generator which w i l l  have been 
placed on the  lunar  sur face  near  t he  module. 

The spontaneous r ad ioac t ive  decay of t he  plutonium-238 
within the  fueJ capsule generates  h e a t  which i s  converted 
d i r e c t l y  i n t o  e l e c t r i c a l  energy--at least  68  wat ts .  
now on the  luna r  sur face  a r e  producing 7 2  t o  7 4  w a t t s .  
There are no moving p a r t s .  

The  unique p rope r t i e s  of plutonium-238, make it an 
exce l l en t  i so tope  f o r  use i n  space nuclear  generators.  A t  
t he  end of almost 90 years ,  plutonium-238 i s  s t i l l  supplying 
ha l f  of  i t s  o r i g i n a l  hea t .  I n  the  decay process ,  plutonium- 
238 emits mainly the  nuc le i  of  helium (alpha r a d i a t i o n ) ,  
a very m i l d  type of r ad ia t ion  with a s h o r t  emission range. 

fo r  t h e  Apollo program a thorough review was conducted t o  
assure  the  hea l th  and s a f e t y  of personnel involved i n  t h e  
launch and of t h e  general  public.  Extensive s a f e t y  analyses 
and tests were conducted which demonstrated t h a t  the  f u e l  
would be s a f e l y  contained under almost a l l  credible acc ident  
conditions.  

Units 

Before the use of the  SNAP-27 system w a s  authorized 
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Soil Mechanics: 
surface, and subsurface will be investigated through trenching 
at various locations and through use of the self-recording 
penetrometer. 
characteristics and mechanical properties of the lunar surfac 
material. The penetrometer consists of a 76 cm (30-in) pene- 
tration shaft and recording drum. Three interchangeable 
penetration cones 1.3, 3.2 and 6.4 cm2(0,.2, 0.5 and 1.0 i d 2  
cross sections and a 2.5 x 12.7 cm (I x 5-in.) pressure plate 
may be attached to the shaft. 
trometer into the surface and a stylus scribes a force VS. 
depth plot on the recording drum. 
24 force-depth plots. The upper housing containing the 
recording drum is detached at the conclusion of the experi- 
ment for return to Earth and analysis by the principal investi- 
gator. 
Hasselblad and the 1 6 m  data acquisition cameras. 

interaqtions of LRV wheels, LM footpads, and footprints with 
the lunar soil. 

Lunar Portable Magnetometer.(LPM) f The Apollo 16 crew Will 
use the LPM during EVAs 1 and 3 e or measuring variations in 
the lunar magnetic field at several points during the geology 
traverses. Data gathered will be used to determine the loca- 
tion, strength, and dimensions of the magnetic field, as well 
as knowledge of the local selenological structure. 
experiment was also flown on Apollo 14. 

of a flux-gate magnetomqter sensor head mounted on a tripod 
and an electronics data package. The sensor head is connected 
to,the data package by a 15.2-meter (50 ft.) flat cable, and 
after the crewman aligns the sensor head at least 14 meters 
(46 ft.) from the data package, he returns to the LRV and 
relays readouts to Earth by voice. 

The sensor head is sensitive to magnetic interference 
from the crew's portable life support systems, the geology 
tool, and the LRV, hence the need for emplacing and aligning 
the sensor well away from them. 
electroqics package has a range of - +256 gamma. Readings are 
displayed in three digital meters---one for each axis (ortho- 
gonal X, Y and 2 ) .  Rt each traverse location for LPM measure- 
ments, the crew will call out the meter readings on each axis. 

Mechanical properties of the lunar Soil, 

The self-recording penetrometer measures the 

The crewman forces the pene- 

The drum can record up to 

This experiment will be documented with the electric 

Soil behavior characteristics are also determined from 

The LPM 

The LPM will be carried on the LRV aft pallet and consists 

The mercury-cell powered 
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Dimensions of the LPM components are 10.2 x 19 x 12.7 an 
(4 x 7 1/2 x 5 inches) for the data package and 8.6 x 14.4 x 
6.7 cm ( 3 3/8 x 5 11/16.x 2 5/8 inches) for the sensor head. 
The sensor head tripod is 45.7 cm (18 inches) long when re- 
tracted and extends to 78.7 cm (31 inches). The principal 
investigator is Dr. Palmer Dyal, NASA Ames Research Center, 
Mountain View, Calif. 

Far Ultraviolet Camera/Spectroscope: Deep-space concentrations 
of hydrogen in interplanetary, interstellar and intergalactic 
regions will be mapped by this experiment'using an instrument 
which gathers both photographic images and spectroscopic data 
in the far ultraviolet spectrum. 
first such astronomical observation emplaced on the lunar 
surface. 

Earlier spectrographic searches for hydrogen sources 
in space from Earth-orbiting astronbmical satellites were 
impaired by the "masking" effect of the Earth's corona. Tite 
instrument will be pointed toward such targets 88 
nebulae, galaxy clusters and okher galactic objecta, &is-- 
galactic hydrogen, the solar bow cloud and solar OnSa, funmar 
atmosphere and any possible lunar volcanic gases. and 
Earth's atmosphere and corona. Several astrophyeiciets have 
speculated that extremely hot hydrogen exists in intergalactic 
space and that hydrogen clusters may be detected between 
galaxies by an instrument such as the far W camera epectro- 
scope. 

Schmidt camera with a potassium bromide cathode and 3 5 m  film 
magazine and transport. Emplaced on a tripod in the shadow, 
the instrument is provided vith'a battery pack which is placed 
in the Sun at the end of its connecting cable. The spectro- 
scope is fitted with lithiq fluoride and calcium fluoride 
filte s A r  ' hydrogen Lyman-alpha radiation in the 
1216 a (angszvelengt h .  

The experiment will be the 

E l O U d B ,  

The experiment includes a 7 5 m  (3-in) electronographic 

Measurements will range from 
scopic data and from 1050 to 1550 
photographic imagery. 
through differential measurements of the photoimagery. 

00 to 1550 51 for S ectro- 
and 1230 to 1550 ! in 

Hydrogen gas clouds will be detected 

Using the elevation/azimuth adjustments on the instrument 
mount, the crew will align the camera/spectroscbpe toward 
specific targets periodically during the three WAS.  
the end of EVA 3, the camera film cassette will be retrieved 
for return to Earth. 

Near 
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Tripod-Mounted Schmidt Electronographic’W Camera/Spectroscope 
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Experiment principal investigator is Dr. George R. 
Carruthers of the E.O. Hurlburt Center for Space Research, 
Naval Research Laboratory, Washington, D.C. 

Solar Wind Composition E%periment (SWC): The scientific 
objective of the solar wind composition experiment is to 
determine the elemental and isotopic chposition of the noble 
gases in the solar wind. 

As in Apollos 11, 12, 14 and 15, the S K  detector will 
be deployed on the lunar surface and brought back to Earth 
by the crew. The detector will be exposed to the solar wind 
flux for 4 6  hours compared to dl hours on Apollo 15, 21 hours 
on Apollo 14, 18 hours on Apollo 12 and two hours on Apollo 11. 

The solar wind detector consists of an aluminum and plati- 
num foil .37 square meters ( 4 square ft.) in area and about 
0.5 mils thick rimmed by Teflon for resistance to tearing 
during deployment. The platinum foil strips have been added 
to the experiment on Apollo 16 to reduce contamination. 
will allow a more accurate determination of solar windl con- 
stituents. A staff and yard arrangement will be used to 
deploy the foil and to maintain the foil approximately per- 
pendicular to the solar wind flux. Solar wind particles will 
penetrate into the foil, while cosmic rays pass through. The 
particles will be firmly trapped at a depth of several hundred 
atomic layers. After exposure on the luanr surface, the foil 
is rolled up and returned to Earth. Professor Johannes Geiss, 
University of Berne, Switzerland, is principal investigator. 
Professor Geiss is sponsored and funded by the Swiss Committee 
for Space Research. 

This 
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C o s m i c  Ray Detector 

A four-panel de t ec to r  a r ray  i s  mounted on the  lunar  
module descent  s tage  f o r  measuring the  charge, mass and 
energy of cosmic ray and s o l a r  wind p a r t i c l e s  impacting 
the  de t ec to r  a r r ay  on t h e  way t o  t h e  Moon and during the  
s t a y  on the lunar  surface.  
brought back t o  Earth f o r  ana lys i s .  

The de tec to r  a r ray  w i l l  be 

Energy ranges f o r  t he  two types of p a r t i c l e s  t o  be 
measured a r e  from 0.5 t o  1 0  thousand e l ec t ron  volts/nucleon 
and from 0.2  t o  200 mi l l ion  e l ec t ron  volts/nucleon. Addi- 
t i o n a l l y ,  var ious types of g l a s s  de t ec to r s  w i l l  be evaluated 
and lunar  sur face  thermal neutron f lux  w i l l  be measured. 

Cosmic ray and s o l a r  wind p a r t i c l e s  w i l l  impact t h ree  
port ions of t he  de t ec to r  during t rans lunar  coas t ,  and the 
four th  panel w i l l  be uncovered e a r l y  i n  the  f i rs t  luna r  
surface EVA t o  gather  da t a  on lunar  cosmic ray and s o l a r  
wind p a r t i c l e s .  The de t ec to r  w i l l  be folded and bagged 
during the  t h i r d  EVA and returned t o  Earth.  

Detector panel 1 is a sandwich of 3 1  shae t s  of Lexan, 
each 0.025 c m  t h i ck ,  and covered by perforated aluminized 
Teflon. 

Panel 2 is  almost i d e n t i c a l  t o  panel 1, exeept that 
two p l a s t i c  shee t s  are pre- i r rad ia ted  f o r  da t a  ana lys i s  
c a l i b r a t i o n .  

Panel 3 is made up of 40 l a y e r s  of 0.2-cm-thick Kodacel 
cellulose triacetate shee t s ,  ove r l a id  on t h e  upper h a l f  
by 10 five-micron th i ck  Lexan sheets .  Five specimens of 
glass are imbedded i n  t he  pane l ' s  lower portion. 

t h e  shee t s  i n  t h e  lower p a r t  of the  panel may be sh i f t ed .  
A 0.076-cm-thick aluminwh p l a t e ,  t o  which are bonded s m a l l  
fragments of m i c a ,  g l a s s  and n a t u r a l  crystals, covers the 
lower q u a r t e r  of t he  panel. The next  h ighes t  quarter of 
the panel i s  covered by a bonded 2-micron th i ck  fo i l .  A 
lanyard-actuated s l i d e  made of 0.0005-cm t h i c k  aluminum 
f o i l  bonded t o  a platinum base covers the  upper ha l f  of 
panel four. The panel upper ha l f  i s  exposed t o  the  luna r  
environment when the crewman p u l l s  t h e  lanyard during EVA 1. 

Fle ischer ,  Genqal E l e c t r i c  Co., D r .  P. B. Price, Universi ty  
of Cal i forn ia  a t  Berkely, and D r .  R, M. Walker, Washington 
University. 

Panel 4 is  s i m i l a r  i n  makeup to panel 3 ,  except that '  

P r inc ipa l  investigators for t h e  experiment are D r .  R. L. 
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Lunar Geology Investigation 

The fundamental objective of the lunar geology investi- 
gation (experiment is to provide data in the vicinity of the 
landing site for use in the interpretation of the geologic 
history of the Moon. 
the opportunity to correlate carefully collected samples 
with a variety of observational data on at least the 
upper portions of the mare basin filling and the lunar 
highlands, the two major geologic subdivisions of the Moon. 
The nature and origin of the maria and highlands will bear 
directly on the history of lunar differentiation and dif- 
ferentiation processes. From the lunar bedrock, structure, 
land forms and special materials, informatior. will be gained 
about the internal processes of the Moon. The nature and 
origin of the debris layer (regolith) and the land forms 
superimposed on the maria and highland regions are a record 
of lunar history subsequent to their formation. This later 
history predominately refleets the history of the extra- 
lunar environment. Within and on the regolith, there will 
also be materials that will aid in the understanding of 
geologic units elsewhere on the Moon and the broader aspects 
of lunar history. 

experiment come from photographs, verbal data, and returned 
lunar samples. Photographs taken according to specific 
proaedures will supplement and illustrate crew comments, 
record details not discussed by the crew, provide a frame- 
work for debriefing, and record a wealth of lunar surface 
information that cannot be returned or adequately described 
by any other means. 

as much as 90 percent of the total image information may be 
less than 100 feet from the camera, depending on topography 
and how far the camera iz depressed below horizontal. Images 
of distant surface detail are so foreshortened that they are 
difficult to interpret. Therefore, it is important that 
panoramas be taken at intervals during the traverse and at 
the farthest excursion of the traverse. This procedure will 
extend the high resolution photographic coverage to the 
areas examined and discussed by the astronaut, and will 
show the regional context of areas of specific interest 
that have been discussed and photographed in detail. 

Apollo lunar landing missions offer 

The primary data for the lunar geology investigation 

In any Hasselblad picture taken from the lunar surface, 
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The polarizing filters will permit the measurement of 
the degree of polarization and orientation of the plane of 
polarization contained in light reflected from the lunar 
surface. Different lunar materials (i.e., fine-grained 
glass and/or fragments, strongly shocked rocks, slightly 
shocked rocks and shock-lithified fragmental material) 
have different polarimetric functions, in other words, dif- 
ferent polarimetric "signatures.. Comparison of the polari- 
metric function of known material, such as returned samples 
and close-up lunar surface measurements, with materials 
photographed beyond the traverse of the astronaut will 
allow the classification and correlatior. of these materials 
even though their textures are not resolvable. The polari- 
metric properties of lunar materials and rock types are a 
useful tool for correlation and geologic mapping of 
each landing site, and for extrapolation of geologic data 
from site to site across the lunar surface. 

The "in _s_lltu" photometric properties of both fine- 
grained materials and coarse rock fragments will serve as 
a basis for delineating, recognizing, describing, and clas- 
sifying lunar materials. The gnomon, with photometric 
chart attached, will be photographed beside a representa- 
fie-rock and, if practical, beside any rock or fine-grained 
material with unusual features. 

The long focal length (500 mm) lens with the HEM: will 
be used to provide high resolution data. A 5 to 10 centi- 
meter resolution is anticipated at a distance of 1 to 2 km 
(0.6 to 1.2 mi.). The high degree of resolution will make 
it possible to analyze the stratigraphic layering in North 
Ray Crater walls and potential outcrops and exposed bedrock 
in distant areas. 

Small exploratory trenches, several centimeters deep, 
are to be dug to determine-the character of the regolith 
down to these depths. The trenches should be dug in the 
various types of terrain ana in areas where the surface 
characteristics of the regolith are of significant interest 
as determined by the astronaut crew. The main purpose of 
the trenches will be to determine the small scale strati- 
graphy (or lack of) in the upper few inches of the regolith 
in terms of petrological characteristics and particle size. 
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The organic cont ro l  sample, c a r r i e d  i n  each sample 
re turn  case (SRC) w i l l  be analyzed a f t e r  the mission i n  t h e  
Lunar Receiving Laboratory t o  determine the  l e v e l  of conta- 
mination i n  each SRC. This w i l l  then be compared t o  an 
organic cont ro l  sample which w a s  removed from the SRC p r i o r  
t o  the  SRC being shipped t o  KSC f o r  loading onto  the  LM. 

In  order  t o  more f u l l y  sample the major geological  
f ea tu re s  of t h e  Apollo 1 6  landing s i te ,  var ious groupings 
of sampling tasks  are combined and w i l l  be accomplished i n  
concentrated areas. This w i l l  a id  i n  obtaining v e r t i c a l  
a s  w e l l  a s  l a t e r a l  d a t a  t o  be obtained i n  t h e  p r inc ipa l  
geological s e t t i n g s .  Thus, some t rench samples, core tube 
samples and luna r  environmental s o i l  samples w i l l  be col- 
lected i n  assoc ia t ion  with comprehensive samples. In addi- 
t i o n ,  sampling of c r a t e r  r i m s  of widely d i f f e r i n g  sizes i n  
a concentrated a rea  w i l l  g ive a sampling of t he  deeper 
s t r a t i g r a p h i c  d iv i s ions  a t  t h a t  s i te .  
technique a t  successive t r ave r se  s t a t i o n s  w i l l  show the  
cont inui ty  of t h e  main u n i t s  within the Cayley formation. 

Repeating this sampling 

Sampling and photographic techniques used t o  gather  

* Documented samples of lunar  sur face  material which, 

da ta  i n  the Descartes region include: 

p r i o r  t o  gather ing,  are photographed i n  co lor  and s t e r e o  -- 
using the gnomon and photometric c h a r t  for comparison of 
pos i t ion  and co lo r  p rope r t i e s  -- t o  s h o w  t h e  sample’s rela- 
t i o n  to  o ther  sur face  fea tures .  

* Rock and s o i l  samples of Imbrian age rocks from deep 
l aye r s ,  and s o i l  samples from the r e g o l i t h  i n  t h e  immediate 
area where the rocks are gathered. 

* Radial sampling of material on the r i m  of a f r e s h  

* Photopanoramas f o r  bui lding mosaics which w i l l  allow 

* Polar imetr ic  photography f o r  comparison with known 

crater -- material that  should be f r o m  t h e  deepest  strata. 

accurate  con t ro l  for landing si te map cor re la t ion .  

materials. 

for determining the s t r a t ig raphy  i n  multi- layer areas. 
* Double d r i v e  tube samples t o  depths of 60 c m  (23.6 i n . )  
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* Single drive tube samples to depths of 38 cm (15 in.) 
in the comprehensive sample area and in such target of oppor- 
tunity areas as mounds and fillets. 

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

* A small exploratory trench, ranging from 6 to 24 cm 
( 2 . 4  to 9.7 in.) in depth, to determine regolith particle 
size and small-scale stratigraphy. 

* Large equidimensional rocks ranging from 15 to 24 cm 
(6 to 9.4 in.) in diameter for data on the history of solar 
xadiation. Similar sampling of rocks from 6 to 15 an 
(2 .4  to 6 in.) in diameter will also be made. 

fillet volume and-rock size to the length of time the fillet 
has been in place. 

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

* Special surface samples to determine properties of 
the upper 10 - 100 microns of the lunar surface. 

* Fillet sampling which may reveal a relationship between 
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Apollo Lunar tieology Hand Tools 

Sample scale - The scale is used t o  weigh t h e  loaded sample 
re turn  containers ,  sample bags, and o the r  containers  to  
maintain t h e  weight budget f b r  r e t u r n  to  Earth.  The scale 
has graduated markings i n  incr-ments of 5 pounds t o  a 
maximum capacity of 80 pounds. The scale is stowed and 
used i n  t he  lunar module ascent s tage.  

T m  - The tongs are used by t h e  astronaut while i n  a 
s tanding pos i t ion  t o  pick up lunar  samples from pebble 
s i z e  t o  f i s t  s i z e .  The t i n e s  of t h e  tongs are made of 
s t a i n l e s s  steel and t h e  handle of aluminum. The tongs 
are operated by squeezing t h e  T-bar.grips a t  t h e  top  of 
t he  handle t o  open the  t i n e s .  
samples, t he  tongs a r e  used t o  retrieve equipment t h e  
as t ronaut  may inadvertant ly  drop. This  t o o l  is 81 cm (32 
inches) long ove ra l l .  

Lunar rake - The rake is used to c o l l e c t  d i s c r e t e  samples 
of rocks and rock chips ranging from 1.3 cm (one-half inch) 
t o  2.5 cm (one inch) i n  s i z e .  The rake is adjus tab le  f o r  
ease of sample co l l ec t ion  and stowage. The t i n e s ,  formed 
i n  t h e  shape of a scoop, are s t a i n l e s s  steel. A handle, 
approximately 25  cm (10 inches) long, a t t aches  to the ex- 
tension handle f o r  sample c o l l e c t i o n  tasks .  

Adjustable s c o o ~  - The sampling scoop is used to  c o l l e c t  
soil material o r  o the r  lunar samples too s m a l l  for t h e  rake 
or  tongs t o  pick up. The stainless Steel pan of the scoop, 
which is  5 cm (2 inches) by 11 cm (41/2 inches) by 15 cm 
( 6  inches) has a f l a t  bottom flanged on both sides and a 
p a r t i a l  cover on the top  t o  prevent loss of contents .  The 
pan is adjus tab le  f r o m  hor izonta l  t o  55 degrees and 90 
degrees f r o m  the  hor izonta l  fo r  use i n  scooping and 
trenching. The scoop handle i s  compatible w i t h  t h e  extension 
handle. 

Hammer  - This t o o l  serves th ree  functions: as a sampling 
hammer t o  chip o r  break l a r g e  rocks, as a pick, and as a 
h a p e r  t o  d r i v e  the d r i v e  tubes o r  o the r  pieces of lunar 
equipment. 
has a small  hammer face on one end, a broad f l a t  blade on t h e  
o ther ,  and l a rge  hammering f la t s  on t h e  s ides .  The handle, 
made of aluminum, i s  36 c m  (14 inches) long; i t s  lower 
end f i t s  t h e  extension handle when the t o o l  i s  used a s  a hoe. 

I n  addi t ion  t o  picking up 

The head is made of impact r e s i s t a n t  tool steel, 
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Extension handle - The extension handle extends the a s t r o n a u t ' s  
reach t o  permit working access t o  t h e  lunar  sur face  by 
adding 76 c m  (30 inches) of length t o  the  handles of t h e  
scoop, rake,  hammer, d r ive  tubes,  and o the r  pieces  of lunar  
equipment. This t oo l  i s  made of aluminum a l l o y  tubing 
w i t h  a malleable stainless steel  cap designed t o  be used 
a s  an a n v i l  surface.  The lower end has a quick-disconnect 
mount and lock designed t o  resist compression, tension,  
t o r s ion ,  o r  a combination of these Loads. The upper end 
i s  f i t t e d  with a s l i d i n g  "T" handle to f a c i l i t a t e  any 
torqueing operat ion.  

Drive Tubes - These nine tubes a r e  designed t o  be dr iven o r  
augured i n t o  s o i l ,  loose grave l ,  o r  s o f t  rock such a s  pumice. 
Each i s  a hollow thin-walled aluminum tube 4 1  cm (16 inches) 
long and 4 cm (1.75 inch) diameter w i t h  an i n t e g r a l  coring 
b i t .  Each tube can be a t tached  t o  the extension handle 
t o  fac i l i t a te  sampling. A deeper core sample can be 
obtained by jo in ing  tubes i n  s e r i e s  of two o r  th ree .  When 
f i l l e d  wlth sample, a Teflon cap is used t o  s e a l  t h e  open 
end of the  tube,  and a keeper device within the d r i v e  tube 
is  pos i t ioned  aga ins t  t he  top  of t h e  core  sample t o  preserve 
t h e  s t r a t i g r a p h i c  i n t e g r i t y  of t h e  core.  Three Teflon caps 
are packed i n  a cap dispenser  t ha t  i s  approximately a 5.7 cm 
(2 .25  inch) cube. 

Gnomon and Color Patch - T h e  gnomon is  used a s  a photographic 
reference t o  e s t a b l i s h  l o c a l  v e r t i c a l  Sun angle ,  s c a l e ,  
and luna r  color.  This t o o l  cons i s t s  of a weighted s t a f f  
mounted on a t r ipod .  I t  i s  constructed i n  such a way t h a t  
t h e  s t a f f  w i l l  r i g h t  i t s e l f  i n  a v e r t i c a l  pos i t ion  when the  
l egs  of t h e  t r i pod  are on the  luna r  sur face .  The p a r t  of t he  
s t a f f  that  extends above t h e  t r i pod  gimbal is 'painted w i t h  
a gray scale from 5 t o  35 percent  r e f l e c t i v i t y  and a co lor  
scale of blue,  orange, and green. The co lo r  patch,  
s i m i l a r l y  painted i n  gray scale and co lo r  s c a l e ,  mounted on 
one of t h e  t r i pod  l egs  provides a l a r g e r  t a r g e t  f o r  accura te ly  
determining co lors  i n  co lo r  photography. 
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Apollo Lunar Hand Tool C a r r i e r  - This i s  an aluminum framework 
with a handle and l egs  t h a t  unfold t o  provide a steady 
base. 
f i t t i n g s  on t h i s  framework during luna r  sur face  EVAs. The 
framework also provides support  pos i t ions  f o r  t w o  sample 
c o l l e c t i o n  bags and a 20-bag documented sample bag dispenser .  
The hand t o o l  c a r r i e r  mounts on the  Quad I11 LRV p a l l e t  
during launch and s t ays  on t h a t  p a l l e t  when it i s  t r ans fe r r ed  
t o  the  a f t  end of t h e  lunar  roving vehicle .  

The too l s  described above may be stowed i n  s p e c i a l  

- Several d i f f e r e n t  types of bags are furnished 
for  c o l l e c t i n g  luna r  sur face  samples. The Teflon documented 
sample bag (DSB) ,  1 9  by 20 c m  (7-1/2 by 8 inches) i n  s i z e ,  
is prenumbered and packed i n  a 20-bag dispenser  that  can 
be mounted on t h e  hand too l  c a r r i e r  o r  on a bracket  on the  
Hasselblad camera. Documented sample bags ( 1 4 0 )  w i l l  be 
ava i l ab le  during t h e  lunar  sur face  EVAs. 
co l l ec t ion  bag ( S C B ) ,  also of Teflon, has  i n t e r i o r  pockets 
along one s i d e  for  holding d r ive  tubes and e x t e r i o r  pockets 
f o r  the spec ia l  environmental sample conta iner  and f o r  a 
d r ive  tube cap dispenser .  This bag is 1 7  by 23  by 41 c m  
(6 -3 /4  by 9 by 1 6  inches) i n  s i z e  (exclusive of t he  e x t e r i o r  
pockets) and f i t s  i n s i d e  the sample r e t u r n  containers .  
Durjng the  lunar sur face  EVAs t h i s  bag i s  hung on the  hand 
too l  carrier or on t h e  por tab le  l i f e  support  system tool 
carrier. Four SCBs w i l l  be ca r r i ed  on Apollo 16 .  The 
extra sample col lect ion bag (ESCB) i s  i d e n t i c a l  t o  t h e  
SCB except t h a t  t he  i n t e r i o r  and ex ter ior  pockets are 
omitted. During EVAs it is  handled i n  the  same way as an 
SCB. Four ESCB bags w i l l  be ca r r i ed  on t h e  mission. 
A sample r e t u r n  bag, 13 by 33 by 57 cm (5 by 13 by 22.5 inches)  
i n  s i z e ,  rep laces  the  t h i r d  sample r e t u r n  container  and is 
used f o r  the samples co l l ec t ed  on t h e  t h i r d  EVA. I t  hangs 
on the LRV p a l l e t  during t h i s  EVA. 

A s p e c i a l  type of sample bag, t he  padded sample bag, i s  
c a r r i e d  on Apollo 1 6 .  Although genera l ly  similar t o  the  
DSB, it has an inne r  padding of k n i t  Teflon t h a t  forms 
an open-topped box 6 c m  (2-1/2 inches) th ick  and a 
Velcro s t r a p  t o  insure  s a t i s f a c t o r y  closure f o r  return t o  
E a r t h .  Only t w o  of these special purpose bags w i l l  be c a r r i e d  
on the  f l i g h t .  

The sample 
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Sample Return Container - This conta iner  maintains a 
vacuum environment And padded pro tec t ion  f o r  l una r  
samples.  
11.5 by 1 9  inches) i n  s i z e ,  with a knife-edge indium-, 
s i l v e r  s e a l ,  a s t r a p  l a t c h  system f o r  c los ing ,  and a l e v e r  
and pin system t o  support  t h e  conta iner  i n  t h e  LM and 
CM stowage compartments under a l l  v ib ra t ion  and g-force 
condi t ions.  The d r ive  tubes,  s p e c i a l  environmental 
sample conta iner ,  and the  core  sample vacuum container  
as w e l l  a s  some v ther  spec ia l i zed  pieces  of equipment 
a r e  flown outbound and inbound wi th in  the  sample r e t u r n  
containers ,  two of which w i l l  be carried on Apollo 1 6 .  

Special  Environmental Sample Containers - This container  i s  
used t o  p r o t e c t  t h e  vacuum environment of s e l ec t ed  samples 
of lunar  s o i i  o r  rocks t o  be s tud ied  i n  spec i f ic ,exper iments  
upon retiurn t o  Earth.  I t  is  a thin-walled s t a i n l e s s  
.steel can with a kn i f e  edge a t  t h e  top  and three-legged 
press assembly at tached t o  t h e  l i d  t o  e f f e c t  a vacuum-proof 
s e a l  when used on t h e  luna r  surface.  Unt i l  used upon 
co l l ec t ion  of t h e  sample, t he  s e a l  sur faces  are covered 
with Teflon p ro tec to r s  t h a t  a r e  then discarded. 

Core Sample Vacuum Container - The core sample vacuum container  
is a receptac le  f o r  vacuum s torage  and t r anspor t  t o  E a r t h  
of a l una r  su r face  d r ive  tube. The core sample vacuum 
conta iner  is  about t w i c e  as long as t h e  s p e c i a l  environmental 
sample conta iner  and includes an i n s e r t  t o  g r i p  t h e  drive 
tube, providing l a t e r a l  and long i tud ina l  r e s t r a i n t .  

Surface Sampler Tool - The purpose of t he  su r face  sampler 
tool is  t o  capture  and r e t u r n  t o  Earth f o r  ana lys i s  a 
sample from the  very top  of the l una r  surface.  The  sur face  
sampler t o o l  hopefully w i l l  capture  300 t o  500 milligrams of 
mater ia l  only 1 0 0  t o  500 microns deep. Each sampler c o n s i s t s  
of a 1.25-cm (1/2-inch) deep box which a t t aches  t o  t h e  univerSal 
hand too l .  The 11.25-by-12.5-cn (2.5-by-5-inch) boxes each contain 
a p l a t e  which i s  f l o a t i n g  i n  channels i n s ide  the  box. One D l a t e  
is covered with a deep p i l e  ve lve t  c lo th  and the  o t h e r  p l a t e  
w i l l  be covered w i t h  e i t h e r  be t a  c l o t h  o r  a t h i n  l aye r  of qrease.  

The as t ronaut  w i l l  open t h e  spring-loaded door a t  t h e  box 
bottom and gent ly  lower t h e  box u n t i l  t h e  f l o a t i n g  p l a t e  
touches the luna r  sur€ace. The luna r  su r face  p a i n s  w i l l  
be trapped i n  the fabric p i le  o r  grease. The as t ronaut  w i l l  
l i f t  the box, c lose  the l i d ,  and p lace  t h e  box i n  a numbered 
bag f o r  r e t u r n  to  E a r t h .  

I t  i s  an aluminum box 20 by 28  by 4 8  c m  ( 8  by 
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LUNAR ORBITAL SCIENCE 

Service Module Sector 1 houses the Scientific Instru- 
ment Module (SIM) bay. Eight experiments are carried in 
the SIM bay: X-ray fluorescence spectromete??, gamma ray 
spectrometer, alpha-particle spectrometer, panoramic camera, 
76-millimeter (3-inch) mapping camera, laser altimeter 
and a mass spectrometer; a subsatellite carries three inte- 
gral experiments (particle detectors, magnetometer and S-band 
transponder) comprising the eighth SIM bay experiment and 
will be placed into lunar orbit. 

Gamma-Ray Spectrometer: On a 1.6 meter (25-foot) extendable 
boom, the gamma-ray spectrometer measures the chemical 
composition of the lunar surface in conjunction with the 
X-ray and alpha-particle experiments to gain a compositional 
"map" of the lunar surface ground track. It detects natural 
and cosmic rays, induced gamma radioactivity and will operate 
on the Moon's dark and light sides. Additionally, the experi- 
ment will be extended in transearth coast to measure the radia- 
tion flux in Cislunar space and record a spectrum of cosmologi- 
cal gamma-ray flux. The device can measure energy ranges between 
0.1 to 10 million electron volts. The extendable boom is con- 
trollable from the command module cabin. Principal investi- 
gator is Dr. James R. Arnold, University of California at 
San Diego. 

X-Ray Fluorescence Spectrometer: This geochemical experiment 
measures the composition of the lunar surface from orbit, 
and detects X-ray fluorescence caused by solar X-ray inter- 
action with the Moon. It will analyze the sunlit portion of 
the Moon. The experiment will measure the galactic X-ray 
flux during transearth coast. The device shares a compartment 
on the SIM bay lower shelf with the alpha-particle experiment, 
and the protective door may be opened and closed from the 
command module cabin. Principal investigator is Dr. Isidore 
Adler, NASA Goddard Space Flight Center, Greenbelt, Md. 

Alpha-Particle Spectrometer: This spectrometer measures mono- 
energetic alpha particles emitted from the lunar crust and 
fissures as products of radon gas isotopes in the energy range 
of 4 . 7  to 9.3 million electron volts. The sensor is made up of 
an array of 10 silicon surface barrier detectors. The experi- 
ment will consturct a "map" of lunar surface alpha-particle 
emissions along the orbital track and is not constrained by 
solar illumination. It will also measure deep-space alpha- 
particle background emissions in lunar orbit and in transearth 
coast. Protective door operation is controlled from the! cabin. 
Principal investigator is Dr. Paul Forenstein, American Science 
and Engineering, Inc., Cambridge, Mass. 
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SERVICE MODULE EXPERIMENTS 

5-160 GAMMA-RAY SPECTROMETER 
S-161  X-RAY SPECTROMETER 
5-162 ALPHA-PARTICLE SPECTROMETER 
5-164 S-BAND TRANSPONDER (CSM/LM) 
S -165  MASS SPECTROMETER 
S-169 FAR UV SPECTROMETER 
S-170 B I S T A T I C  RADAR 

S-171  I R  SCANNING RADIOMETER 
S - 2 0 9  LUNAR SOUNDER 

SUBSATELLITE: 
S -164  S-BAND TRANSPONDER 
S-173  PARTICLE MEASUREMENT 
5-174 MAGNETOMETER 

SM PHOTOGRAPHIC TASKS: 
24" PANORAMIC CAMERA 
3" MAPPING CAMERA 
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APOLLO 16 
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ALPHPJX-RAY 

PROTECTIVE COVER 
SPECTROMETER A O T E S :  (1) SIM DOOR S H O W N  REMOVED 

(2) PRortcrivE COVERS FOR MAPPING 
CAMERA, LASER ALTIMETER, MAS 
SPECTROMETER, X-RAY/ALPHA 
PARTICLE SPECTROMETERS. A N D  
SUBSATELLITE SHOWN I N  CLOSED 
POSITIONS 

T M M f T E R S  AS WELL AS MAPPING 
CAMERA SHOWN IN RETMCTED 
POSIT1 ONS 

(3) GMMM-RAY AND MASS SPEC- 

Mission SIM Bay Science Equipment Installation 
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Mass Spectrometer: This spectrometer measures the composi- 
tion and distributidn of the ambient lunar atmosphere, identi- 
fies active lunar sources of volatiles, and pinpoints con- 
tamination in the lunar atmosphere. The sunset and sunrise 
terminators are of special interest, since they are predicted 
to be regions of concentration of certain gases. Measure- 
ments over at least five lunar revolutions are desired. The 
mass spectrometer is on a 7.3-meter (24-foot) extendable boom. 
The instrument can identify species from 12 to 28 atomic mass 
units (AMU) with the No. 1 ion counter, and 28-66 AMU with the 
NO. 2 counter. Principal investigator is Dr. John H. Hoffman, 
University of Texas at Dallas. 

Panoramic Camera: 610m (24-inch1 SM orbital photo task: 
The camera gathers mono or stereo high-resolution (2m) photo- 
graphs of the lunar surface from orbit. The camera produces 
an image size of 28 x 334 kilometers (17 x 208 nm) with a 
field of view 1l0 along the track and 108O cross track. The 
rotating lens system can be stowed face-inward to avoid con- 
tamination during effluent dumps and thruster firings. The 
33-kilogram (72-pound) film cassette of 1,650 frames will be 
retrieved by the command module pilot during a transearth 
coast EVA. The camera works in conjunction with the mapping 
camera and the laser altimeter to gain data to construct a' 
comprehensive map of the lunar surface ground track flown 
by this mission ---about 2.97 million square meters (1.16 
million square miles) or 8 percent of the lunar surface. 

Mapping Camera 76mm (3-inch): Combines 20-meter resolution 
terrain mapping photography on five-inch film with 76mm 
(3-inch) focal length lens with stellar camera shooting the 
star field on 35mm film simultaneously at 96O from the surface 
camera optical axis. The stellar photos allow accurate orien- 
tation of mapping photography postflight by comparing simulta- 
neous star field photography with lunar surface phokos of 
the nadir (straight down). Additionally, the stellar camera 
provides pointing vectors fo'r the laser altimeter during dark- 
side passes. The mapping camera metric lens covers a 74' square 
field of view, or 170 x 170 km (92 x 92 nm) from'111.5 km (60 nm) 
in altitude. The stellar camera is fitted with a 76mm (3-inch) 
f/2.8 lens covering a 24O field with cone flats. The 9-kg 
(20-lb) film cassette containing mapping camera film (3,600 
frames) and the stellar camera film will be retrieved during 
the same EVA described in the panorama camera discussion. 
The Apollo Orbital Science Photographic Team is headed by 
Frederick J. Doyle of the U.S. Geological Survey, McLean, Va. 

-more- 
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Laser Altimeter: This altimeter measures spacecraft altitude 
above the lunar surface to within two meters. The instrument 
is boresighted with the mapping camera to provide altitude 
correlation data for the mapping camera as well as the pan- 
oramic camera. When the mapping camera is running, the laser 
altimeter automatically fires a laser pulse to the surface 
corresponding to mid-frame ranging for each frame. 
laser light source is a pulsed ruby laser operating at 6,943 
angstroms, and 200-millijoule pulses of 10 nanoseconds dura- 
tion. The laser has a repetition rate up to 3.75 pulses per 
minute. The laser altimeter working group of the Apollo 
Orbital Science Photographic Team is headed by Dr. William M. 
Kaula of the UCLA Institute of Geophysics and Planetary 
Physics. 

Subsatellite: The subsatellite is ejected into lunar orbit 
from the SIM bay and carries three experiments. 
satellite is housed in a container resembling a rural mailbox 
and when deploye4,is spring-ejected out-of-plane at 1.2 meters 
per second (4 feet per second) with a spin rate of 140 revolu- 
tions per minute. After the satellite booms are deployed, the 
spin rate is stabilized at about 12 rpm. 
77 centimeters (30 inches)long, has a 35.6 cm (14-inch hexa- 
gonal diameter and weighs 40 kg (90 pounds). The folded booms 
deploy to a length of 1.5 m (five feet). Subsatellite electri- 
cal power is supplied by a solar cell array outputting 24 watts 
for dayside operation and a rechargeable silver-cadmium battery 
for nightside passes. 

Experiments carried aboard the subsatellite are: S-band 
transponder for gathering data on the lunar gravitational field, 
especially gravitational anomalies such as the so-called mascons 
particle shadows/boundary layer for gaining knowledge of the 
formation and dynamics of the Earth's magnetosphere, interaction 
of plasmas with the Moon and the physics of solar flares using 
telescope particle detectors and spherical electrostatic particle: 
detectors: and subsatellite magnetometer for gathering physical 
and electricdl property data on the Moon and of plasma inter- 
action with the Moon using a biaxial flux-gate magnetometer 
deployed on one of the three 1.5-m (5-fOOt) folding booms. 
Principal investigators for the subsatellite experiments are: 
particle shadows/boundary layer, Dr. Kinsey A. Anderson, Uni- 
versity of California Berkeley: magnetometer, Dr. Paul J. 
Coleman, UCLA; and S-band transpender, Mr. William Sjogren, 
Jet Propulsion Laboratory. 

The 

The sub- 

The subsatellite is 

-more- 
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Other CSM orbital science experiments and tasks not in 
SIM bay include W photography-Earth and Moon, Gegenschein 
from lunar orbit, CSM/LM S-band transponder (in addition to 
that in the subsatellite), bistatic radar, Apollo window 
meteoroid experiments, microbial response, Skylab contami- 
nation, and visual flash phenomenon. 

W Photography-Earth and Moon: 
t p p h o t o s  of the Earth and Moon 

This experiment is aimed 

for planetary atmosphere studies and investigation of lunar 
surface short wavelength radiation. The photos will be made 
with an electric Hasselblad camera bracket-mounted in the 
right side window of the command module. The window is fitted 
with a special quartz pane that passes a large portion of the 
incident W spectrum. A four-filter pack---three passing W 
electromagnetic radiation and one passing visible electro- 
magnetic radiation---is used with a 105mm lens for black and 
white photography: the visible spectrum filter is used with 
color film. 

Gegenschein €rom Lunar Orbit: This experiment involves long 
exposures with a 35mm camera with 55mm f/1.2 lens on high speed 
black and white film (ASA 6,000). All photos must be made 
while the command module is in total darkness in lunar orbit. 

The Gegenschein is a faint light source covering a 20' 
field of view along the Earth-Sun line on the opposite side 
of the Earth from the Sun (anti-solar axis). One theory on 
the origin of Gegenschein is that particles of matter are 
trapped at the moulton point and reflect sunlight. Moulton 
point is a theoretical point located 15,131,000 km (817,000 nm) 
from the Earth along the anti-solar axis where the sum of all 
gravitational forces is zero. From lunar orbit, the moulton 
point region can be photographed from about 15 degrees off 
the Earth-Sun axis, and the photos should show whether Gegen- 
schein results from the moulton point theory or stems from 
zodiacal light or from some ofher source. The experiment was 
conducted on Apollo 14 and 15. The principal investigator is 
Lawrence Dunkelman of the Goddard Space Flight Center. 

- 
-more- 
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CSM/LM S-Band Transponder: The objective of this exper- 
iment is to detect variations in lunar gravity along the 
lunar surface track. 
minute perturbations of the spacecraft motion and are 
indicative of magnitude and location of mass concentrations 
on the Moon. 
and the Deep Space Network (DSN) will obtain and record 
S-band doppler tracking measurements from the docked 
CSM/LM and the undocked CSM while in lunar orbit; S-band 
doppler tracking measurements of the LM during non-powered 
portions of the lunar descent: and S-band doppler track- 
ing measurements of the LM ascent stage during non-powered 
portions of the descent for lunar impact. The CSM and LM 
S-band transponders will be operated during the experiment 
period. The experiment was conducted on Apollo 14 and 15. 

These anomalies in gravity result in 

The Spaceflight Tracking and Data NetworkcSTDN) 

S-band doppler tracking data have been analyzed from 
the Lunar Orbiter missions and definite gravity variations 
were detected. These results showed the existence of mass 
concentrations (mascons) in the ringed maria. Confirmation 
of these results has been obtained with Apollo tracking 
data. 

With appropriate spacecraft orbital geometry much 
more scientific information can be gathered on the lunar 
gravitational field. The CSM and/or LM in low-altitude or- 
bits can provide new detailed information on local gravity 
anomalies. These data can also be used in conjunction with 
high-altitude data to possibly provide some description on 
the size and shape of the perturbing masses. Correlation 
of these data with photographic and other scientific records 
will give a more complete picture of the lunar environment 
and support future lunar activities. Inclusion of these 
results is pertinent to any theory of the origin of the 
Moon and the study of the lunar subsurface structure. 
There is also the additional benefit of obtaining better 
navigational capabilities for future lunar missions in 
that an improved lunar gravity model will be known. 
William Sjogren, Jet Propulsion Laboratory, Pasadena, 
California is principal investigator. 

-more- 
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Bistatic Radar Experiment (BRE): The downlink bistatic radar 
experiment seeks to measure the electromagnetic properties of 
the lunar surface by monitoring that portion of the space- 
craft telemetry and communications beacons which are reflected 
from the Moon. 

The CSM S-band telemetry beacon (f = 2.2875 gigahertz), 
the VHF voice communications link (f = 259.7 megahertz), and 
the spacecraft omni-directional and high gain antennas are 
used in the experiment. The spacecraft is oriented so that 
the radio beacon is incident on the lunar surface and is 
successively reoriented so that the angle at which the signal. 
intersects the lunar surface is varied. The radio signal 
is reflected from the surface and is monitored on Earth. 
The strength of the reflected signal will vary as the angle 
at which it intersects the surface is varied. 

The electromagnetic properties of the surface can be 
determined by measuring the reflected signal strength as a 
function of angle of incidence on the lunar surface. The 
angle at which the reflected signal strength is a minimum is 
known as the Brewster angle and determines the dielectric 
constant. The reflected signals can also be analyzed for data 
on lunar surface roughness and surface electrical conductivity. 

The S-band signal will primarily provide data on the 
surface. However, the VHF signal is expected to penetrate the 
gardened debris layer (regolith) of the Moon and be reflected 
from the underlying rock'strata. The reflected VHF signal 
will then provide information on the depth of the regolith over 
the Moon. 

The S-band BRE signal will be monitored by the 210-foot 
antenna at the Goldstone, California site and the VHF portion 
of the BRE signal will be monitored by the 150-foot antenna 
at the Stanford Research Institute in California. The experi- 
ment was flown on Apollos 14 and 15. 

Lunar bistatic radar experiments were also performed 
using the telemetry beacons from the unmanned Lunar Orbiter I 
in 1966 and from Explorer 35 in 1967. Taylor Howard, Stanford 
University, is the principal investigator. 

Apollo Window Meteoroid: This is a passive experiment in which 
command module windows are scanned under hiqh maqnification pre- 
and postflight for evidence of meteoroid cratering flux of one- 
trillionth gram or larger. Such particle flux may be a factor 
in degradation of surfaces exposed to space environment. 
Principal investigator is Burton Cour-Palais, NASA Manned 
Spacecraft Center. 

-more- 
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MEDICAL EXPERIMENPS AND TESTS 

Apollo 1 6  w i l l  carry four mdical experiments and tests, two 
of which are passive and require no crew manipulation and two 
in which the crew participates. The W r i m n t s  are: microbial 
response in  spa= environmnt, visual light flash -, 
biostack and bone mineral measur-t. 

Microbial Response i n  Space Environment: A rectangular con- 
tainer with s a w  60 million microbial passengers aboard w i l l  be 
attached to the cannand mdule hatch c - m a  bcam for a 10-minute 
period during the CMP's transearth EVA. 
masure the effects of reduced oxygen pressure, vacum, zer0-g 
and solar ultraviolet irradiation upon five strains of bacteria, 

The W r h t  w i l l  

fungi and viruses. 
are Rhdotorula rubra, bacillus thuringiensis, bacillus subtilis, 
a e r m a s  proteolytica and chaekmium gl&csm. 
bacteria are harmful to man. 

Specific strain3 chosen for the e h t  

None of these 

?he 11.6xl1.6x24.8 an (4.5~4.5~9.75 inch) wntainer--- 
microbial ecology evaluation device (MEED) ---mntainS three 
separate trays, ea& w i t h  280 ch-s for terrperature sensoTs, 
ultraviolet measuring solutions, and the micrcorganisns. About 
methirds of the micmrganism w i l l  be i n  a c k y  s t a t e  w h i l e  the 
remainder w i l l  be i n  water suspension. The MEED w i l l  be opmed 
and pointed b a d  the Sun far the 10-minute test pericd, then 
capped and returned to Earth for analysis. 

Microbial experiments run on Geminis 9 and 12, Biosatellite 2 
and in the Soviet Union's Vostolc spacecraft suggest that perhaps 
zero-g coupled with a reduced partial pressure of oxygen has an 
effect upon grmth and mutation rates of microorganisrrs. 

Fxp=rinwt principal investigatars are: D r .  Paul Volz, 
Eastern Michigan University, Ypsilanti, Mi&.; ET. B i l l  G. Foster, 
Texas A&M University, College Station, Tex.; and Dr. John Spizien, 
S c r i p s  C l i n i c  ard Pesearch Foundation, La Jolla, Calif. 

Visual Light Flash Pkncnwmn: Kysterious specks of li$t 
aenetratina closed evelids ha vebeen recarted bv cr&~nw of every 
&XUO lunir  missioisince p p ~ l l o  11. irsually -Le li& spedc~ - 
and streaks are observed in a darkened oonmand module cabin while 
the crew is in a rest period. Averaging two flashes a minute, the 
phemmma was observrved i n  previous missions in translunar and trans- 
earth mast and in lunar orbit. 

ImI.-e- 
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nYo theories have been p r o p e d  on the origin of the flashes. 
~ n e  theory is that the flashes sten fran visual pha;phenes induced 
by cosmic rays. The other theory is that Cerenkw radiation by 
high-energy a M c  particles either enter the eyeball or ionize 
upon collision w i t h  the retina or cerebral cortex. 

!Be Apollo 16 crew w i l l  run a controlled exprimnt during 
translunar and transearth coast in an effort  to correlate light 
flashes to incident primary cosmic rays. One cr- w i l l  w e a r  
an a l s i o n  plate device on his head called the Apollo light flash 
m i n q  ermlsion detector (w), w h i l e  his cr-tes w e a r  eye 
shields. The ALJ?MED emulsion plates cover the front and sides 
of the w e a r e r ' s  head an3 w i l l  provide data on W, strength, and 
path of high-energy atomic particles penetrating the emulsion plates 
This data w i l l  be correlated w i t h  the crewman's verbal reports 
on flash observations during the tests. 

D r .  R. E. Elens& of the NASA Manned SpacecXaft Center 
Preventive Medicine Division is the principal investigator. 

Biostack: The G=nnan biostack experiment is a passive exper- 
Selected biological ma te r i a l  w i l l  

Heavy ion enexgy masuremnts cannot 

_. iment requrmq rn crew action. 
be expzsed to hiqh-energy heavy ions i n  cosmic radiation and the 
effects analyzed p t f l i q h t .  
be gathered from qmd-based radiation souras. 

these heavy ions may present a hazard for man dminq long space 
f liqhts . 

The q i m e n t  results w i l l  add to the knosledqe of how 

Alternate layers of biological mater ia l s  and radiation track 
detectors are heriretically seald i n  a cylindrical al&m container 
12.5 an i n  dimter by 9.8 cm high (3.4 x 4.8 inches) and weighing 
2.4 kq (5.3 Ex).  
aarmand mdule in  a position to minimize shielding to c d c  
radiation. 

to the principal investiqator, Dr .  Horst Bucker, University of 
Frankfurt, Frankfurt am Main, Federal Republic of Ge?mmy, whose 
participation is funded ard sponsored by the G=rmn Ministry for 
Education and science. Dr. E~dcer wiJJ be assisted in his investi- 
gations by scientists a t  the University of Strasbourg, France, and 
a t  the krospam Medicine Research center in Paris.  %e experiment 
is endorsed by the working Party on Space Biophys ics  of the Council 
of Europe's par1i-m C d t -  on Science and Technology. 

The biostack container w i l l  be munted in  the 

Tkis container has no prganisms harmful to man. 

After COmMnd d u l e  r e c o v q ,  the container w i l l  be returned 

-mre- 
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Bone Mineral Measuren-ent: Mineral changes in  hman bones 
causd by reduced gravity are wasured in  this passive exp=riment. 
X-ray absorption tedmique.s pre- and post-flight willwaswe 
bone miraeral content of the radius, ulna, and 06 calcis (heel) for 
caparisons. 

Principal investigator is Dr. J. M. V c g e l ,  U.S. public Health 
Service Hospital, San Francisco, C a l i f .  
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ENGINEERING/OPERATIONAL TESTS AND DEMONSTRATION 

Four tests aimed at gathering data for improving 
operations in future space flight missions will be flown 
aboard Apollo 16. A n  investigation into external space- 
craft contamination and an evaluation of the Skylab food 
packaging system will provide data useful to next year's 
Skylab series of long-duration missions. Tests of an 
improved gas/water separator for removing hydrogen gas 
bubbles from potable water generated as a fuel cell byproduct 
and evaluation of a new type of fecal collection bag also 
will be conducted. An electrophoresis separation demon- 
stration will also be conducted. 

Skylab Contamination Study: Since John Glenn reported 
seeinq "fireflies" outside the tiny-window of his Mercury 
spacecraft Friendship 7 a decade aso, space crews have noted 
light-scattering particles that hinder visual observations 
as well as photographic tasks. Opinions on the origin of 
the clouds of particles surrounaing spacecraft have ranged 
from ice crystals generated by water vapor dumped from the 
spacecraft to a natural phenomenon of particles inhabiting 
the space environment. 

The phenomenon could be of concern in the Skylab mis- 
sions during operation of the solar astronomy experiments. 
The Apollo 16 tests will attempt to further identify the 
sources of contamination outside the spacecraft. The crew 
will use a combination of photography and visual observa- 
tions to gather the data, which in turn will serve as base- 
lines for predicting contamination in the vicinity of the 
Skylab space station and for devising methods for minimizing 
contaminate levels around the Skylab vehicle. 

Skylab Food Package: Since the Skylab orbital work- 
shop must carry enough food to last nine men for 140 days, 
the methods of packaging the food must be somewhat dif- 
ferent than the methods used in packaging food for the rela- 
tively short Apollo missions. 

Packed in with the Apollo 16 crew's regular fare of 
meals will be several Skylab food items for the crew to 
evaluate. Among the types of packaging to be checked are 
two sizes of snap-top cans containing foods ranging from 
dried peaches and puddings to peanuts, wet-pack spoon-bowl 
foods, postage-stamp size salt dispensers, and plastic- 
bellows drink containers. 

- more - 
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The Apollo 16 crew will take still and motion pictures 
of the food packages in use and make subjective comments 
on ease of handling and preparation of the food. 

the Apollo 16 crew will unstow an improved gas/water 
separator and use it on the food preparation water spigot 
for one meal period. Command modale potable water is a 
byproduct of the fuel cell powerplants and contains hydro- 
gen gas bubbles which cause crew discomfort when ingested. 
Gas/water separators flown previously have had leaks around 
the seals and have not adequately separated gas bubbles 
from the water. 

Improved Gas/Water Separator: During transearth coast 

The improved separator is expected to deliver bubble- 
free drinking and food preparation water. 

Improved Fecal Collection Baq: Defecation bags used 
in previous Apollo missions are virtually identical to 
the- Gemini "biue bags". During previous-missions, the crews 
have experienced some difficulty in attaching the bag to 
the body, in post-defecation sealing, and personal hygiene 
clean-up. The improved fecal collection bag has been re- 
designed for better fit and sealing, 

Electrophoretic Separation Demonstration: The Apollo 16 
astronauts will use the natural weightless environment in 
space flight to again demonstrate an improved process in 
materials purification which may permit separation of 
materials of higher purity than can now be produced on 
Earth. 

The space demonstration is called electroDhoretic 
separation, referring to the movement of electrically charged 
particles under the influence of an electric field. 

Most organic molecules become electrically charged 
when they are placed in a solution and will move through 
such a solution if an electric field is applied. Since 
molecules of different size and shape move at different 
speeds, the faster molecules in a mixture will "outrun" 
the slower ones as they move from one end of 'the solution 
to the other. 

Thus, like particles separate into bands as they drift 
towards the attracting electrode. Separation is accomplished 
by removing the desired bands of particles. 

- more - 
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On Earth the purification or separation process is 
generally performed with filters or other supporting 
devices because materials of any significant size rapidly 
sink or settle in the solution before separation occurs. 
Additionally, light materials remaining are easily mixed 
by convective currents, thus reducing purity. 

The Apollo 14 electrophoretic separation demonstration 
experienced some technical problems which prohibited obtaining 
information on two of the three samples. Resulfs with the 
third sample (a mixture of red and blue dyes) indicated the 
feasibility of obtaining sharper separations in space than 
on Earth. The Apollo 16 demonstration has been modified to 
overcome the problems encountered with the Apollo 14 demon- 
stration and will use polystyrene particles to simulate 
separation of large biological particles. The Apollo 16 
demonstration will allow a more accurate evaluation of the 
separation process. 

If successful, the demonstration could show that one 
of the practical uses for future manned space stations may 
be to economically produce vaccine and medical preparations 
of very high purity. 

- more - 
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LUNAR ROVING VEHICLE 

The lunar  roving vehic le  (LRV) w i l l  t r a n s p o r t  two 
a s t ronau t s  on th ree  explorat ion t r ave r ses  of t he  Moon's 
Descartes region during the  Apollo 1 6  mission. The LRv 
w i l l  a l s o  ca r ry  t o o l s ,  s c i e n t i f i c  and communications 
equipment, and lunar  samples. 

t he  lunar area  t h a t  can be explored by man. I t  i s  the  
f i r s t  manned sur face  t r anspor t a t ion  system designed t o  
operate  on the  Moon, and it represents  a so lu t ion  t o  
challenging new problems without precedent i n  Earth-bound 
vehic le  design and operat ion.  

The LRV must be folded i n t o  a small  package within a 

The four-whe 1, l ightweight  vehic le  g r e a t l y  extends f 

wedge-shaped s torage bay of the  lunar  module descent s t age  
f o r  t r anspor t  t o  t he  Moon. Af te r  landing, the  vehicle 
must be unfolded from i t s  stowed pos i t i on  and deployed 
on the  sur face .  I t  must  then opera te  i n  an almost t o t a l  
vacuum under extremes of sur face  temperatures, low g rav i ty ,  
and on unfamil iar  t e r r a i n .  

The f i r s t  lunar  roving vehic le ,  used on the  Apollo 1 5  
lunar  mission, w a s  driven f o r  t h r e e  hours during i t s  
explorat ion t r ave r ses ,  covering a d is tance  of 27 .8  k i lo-  
m e t e r s  (17.3 s t a t u t e  m i l e s )  a t  an average speed Of  9.2 
kilometers an hour (5 .7  miles an hour) .  

General Description 

The LRV i s  3.1 meters -long (10 .2  f e e t ) ;  has a 1.8- 
meter ( s ix- foot )  t r ead  width; .is 1 . 1 4  meters high ( 4 4 . 8  
i nches ) ;  and has a 2.3-meter wheel base (7.5 f e e t ) .  
Each wheel i s  powered by a small  e l e c t r i c  motor. The 
maximum speed reached on the  Apollo 15 mission was 
about 13 km/hr ( e i g h t  mph). 

Two 36-801'; b a t t e r i e s  provide vehic le  power, and 
e i t h e r  b a t t e r y  can run a l l  systems. The f r o n t  and r e a r  
wheels have sepa ra t e  s t e e r i n g  systems; i f  one f a i l s  i t  
can be disconnected and the  LRV w i l l  opera te  with the  
o the r  system. 

- more - 
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Weighing about 208 kilograms (457 pounds), Earth 
weight when deployed on the Moon, the  LRV can car ry  a 
t o t a l  payload of about 490 kilograms (1 ,080  pounds), 
more than t w i c e  i t s  own weight. The payload includes 
two as t ronauts  and their por tab le  l i f e  support  systems 
(about 363 kilograms; 800 pounds), 4 5 . 4  kilograms ( 1 0 0  
pounds) of communications equipment, 54.5 kilograms (120 
pounds) of s c i e n t i f i c  equipment and photographic gear,  
and 27.2 kilograms (60  pounds) of lunar  samples. 

The LRV i s  designed t o  operate  f o r  a minimum of 78 
hours during t h e  lunar day. I t  can make seve ra l  explora- 
t i on  s o r t i e s  t o  a cumulative d is tance  of 92 kilometers 
(57 m i l e s ) .  The maximum dis tance  the LRV w i l l  be permitted 
t o  range from the lunar  module w i l l  be approximately 9 .7  
kilometers ( s i x  m i l e s ) ,  t he  d is tance  the  crew could s a f e l y  
walk back t o  the  LM i n  t h e  unl ikely event of a t o t a l  LRV 
f a i l u r e .  This walkback d is tance  l imi t a t ion  i s  based upon 
the  qyant i ty  of oxygen ana coolant  ava i l ab le  i n  the as t ro-  
nauts  por tab le  l i f e  support systems. This a rea  Contains 
about 292 square kilometers (113 square m i l e s )  ava i l ab le  
f o r  i nves t iga t ion ,  1 0  t i m e s  the  a rea  t h a t  can be explored 
on foot .  

The  vehic le  can negot ia te  obs tac les  30.5 centimeters 
(one f o o t )  high, and cross  crevasses 70 centimeters wide 
(28 inches) .  The f u l l y  loaded vehic le  can climb and 
descend s lopes as s t eep  a s  25 degrees, and park on s lopes  
up t o  35 degrees. P i tch  and r o l l  s t a b i l i t y  angles a r e  
a t  l e a s t  45  degrees, and the  turn  radius  i s  three  meters 
(10 f e e t ) .  

Both crewmen s i t  so t h e  f r o n t  wheels a r e  v i s i b l e  during 
normal dr iving.  The d r i v e r  uses an on-board dead reckoninu 
navigation system t o  determine d i r ec t ion  and d is tance  
from t h e  luna r  module, and t o t a l  d i s tance  t rave led  a t  any 
po in t  during a t raverse .  

The LRV has f i v e  major systems: mobili ty,  crew 
s t a t i o n ,  navigation, power, and thermal control .  Secondary 
systems include t h e  deployment mechanism, LM attachment 
equipment, and V d  support equipment. 

- more - 



- 109 - 

The aluminum chass i s  i s  divided i n t o  t h r e e  sec t ions  
t h a t  support a l l  equipment and systems. The forward and 
a f t  s ec t ions  f o l d  over t h e  center  one f o r  stowage i n  t h e  LM. 
The forward sec t ion  holds both b a t t e r i e s ,  p a r t  of t he  navi- 
gat ion system, and e l e c t r o n i c s  gear  f o r  t he  t r a c t i o n  dr ive  
and s t e e r i n g  systems. The center  s ec t ion  holds the  crew 
s t a t i o n  with i t s  two seats, con t ro l  and d isp lay  console,  
and hand c o n t r o l l e r .  The f l o o r  of beaded aluminum panels 
can support t he  weight of  both as t ronauts  standing i n  lunar  
gravi ty .  The a f t  s ec t ion  holds t h e  s c i e n t i f i c  payload. 

Auxil iary LRV equipment includes the  lunar  communica- 
t i o n s  r e l a y  u n i t  (LCRU) and i t s  high and low gain antennas 
f o r  direct  communications with Earth,  the  ground commanded 
t e l e v i s i o n  assembly (GCTA) ,  a motion p i c t u r e  camera, 
s c i e n t i f i c  equipment, t o o l s ,  and sample stowage bags. 

Mobility System 

The mobil i ty  system i s  the  major LRV system, containing 
t h e  wheels, t r a c t i o n  dr ive ,  suspension, s t e e r i n g ,  and d r i v e  
con t ro l  e l e c t r o n i c s  subsystems. 

loca ted  on t h e  con t ro l  and d isp lay  console pos t  between 
t h e  crewmen. Using t h e  c o n t r o l l e r ,  t he  as t ronaut  maneuvers 
t h e  LRV forward, reverse ,  l e f t  and r i g h t .  

Each LRV whee l  has a spun aluminum hub and a t i t an ium 
bump s t o p  ( inner  frame) i n s i d e  t h e  t i r e  (outer  frame). 
The t i r e  i s  made of a woven mesh of zinc-coated piano wire 
t o  which t i t an ium t r eads  are r ive t ed  i n  a chevron p a t t e r n  
around t h e  ou te r  circumference. The bump s top  prevents 
excessive i n f l e c t i o n  of t h e  mesh t i r e  during heavy impact. 
Each wheel weighs 5 .4  kilograms ( 1 2  pounds) on Earth and is  
designed t o  be driven a t  least 180 kilometers (112  m i l e s ) .  
The wheels a r e  81.3 cen t ipe t e r s  (32  inches) i n  diameter 
and 22.9 cent imeters  (nine inches) w i d e .  

The  vehic le  i s  driven by a T*shaped hand c o n t r o l l e r  

A t r a c t i o n  d r ive  at tached t o  each wheel has a motor 
harmonic d r ive  gear u n i t ,  and a brake assembly. The harmonic 
d r ive  reduces motor speed a t  an 80-to-1 rate f o r  continuous 
operat ion a t  a l l  speeds without gear s h i f t i n g .  The d r ive  
has an odometer pickup (measuring d i s t ance  t rave led)  t h a t  
sends da t a  t o  t h e  navigat ion system. Each motor develops 
0 . 1 8  k i lowa t t  (l/.l-horsepower) and opeoates from a 36-volt 
input .  

- more - 
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Each wheel has a mechanical brake connected t o  the  hand 
con t ro l l e r .  
t he  d r ive  motors and forces  brake shoes aga ins t  a drum, 
stopping wheel hub ro t a t ion .  F u l l  rear movement of t h e  
c o n t r o l l e r  engages and locks a parking brake. 

l e l  arms mounted on to r s ion  ba r s  and connected t o  each trac- 
t i o n  dr ive .  T i r e  de f l ec t ion  allows a 35.6-centimeter 
(14-inch) ground clearance when t h e  vehic le  i s  f u l l y  loaded, 
and 43.2 centimeters (17 inches) when unloaded. 

Both f r o n t  and r e a r  wheels have independent s t e e r i n g  
systems t h a t  allow a "wall-to-wall" turning rad ius  of 
3.1 meters (122 inches) ,  exact ly  t h e  vehic le  length. I f  
e i t h e r  set  of wheels has a s t e e r i n g  f a i l u r e ,  i t s  s t e e r i n g  
system can be disengaged and t h e  traverse can continue w i t h  
t h e  active s t e e r i n g  assembly. Each wheel can a l s o  be 
manually uncoupled from t h e  t r a c t i o n  d r ive  and brake t o  
allow "f ree  wheeling" about t h e  d r ive  housing. 

speed; rear movement reduces speed. Forward and reverse 
are cont ro l led  by a knob on the  c o n t r o l l e r ' s  v e r t i c a l  s t e m .  
With t h e  knob pushed down, the  c o n t r o l l e r  can only be 
pivoted forward; with it pushed up, t h e  c o n t r o l l e r  can be 
pivoted t o  t h e  r e a r  f o r  reverse .  

Moving the  c o n t r o l l e r  rearward de-energizes 

The chass i s  is  suspended from each wheel by two para l -  

Pushing t h e  hand c o n t r o l l e r  forward increases  €orward 

C r e w  S ta t ion  

The  c r e w  s t a t i o n  consists of t he  con t ro l  and d isp lay  
console, seats, s e a t  b e l t s ,  an anwest, f o o t r e s t s ,  inboard 
and outboard handholds, toeholds,  f l o o r  panels ,  and fenders.  

The con t ro l  and d isp lay  console i s  separa ted  i n t o  two 
main pa r t s :  
plays;  t he  lower port ion contains  monitors and cont ro ls .  
Attached to  t h e  upper l e f t  s i d e  of t he  console is an 
a t t i t u d e  ind ica to r  that shows vehic le  p i t c h  and r o l l .  

ou te r  circumference is a l a rge  d i a l  t h a t  shows vehic le  
heading (d i rec t ion)  with r e spec t  t o  luna r  north.  In s ide  
the  E a l  are th ree  d i g i t a l  i nd ica to r s  t h a t  show bearing and 
range t o  t h e  LM and d is tance  t rave led  by t h e  LRV. I n  t h e  
middle of t h e  consol& upper ha l f  is a Sun compass device t h a t  
is used t o  update the LRV's navigation system. Down the 
l e f t  s i d e  of t h e  console l o w e r  h a l f  are con t ro l  switches f o r  
power d i s t r i b u t i o n ,  d r i v e  and s t ee r ing ,  and monitors f o r  
power and temperature. A warning f l a g  atop t h e  console 

% in !my d r i v e  iioEor. 

The top  port ion hozds navigat ion system d i s -  

A t  t he  console top  l e f t  is a pos i t i on  ind ica tor .  Its 

ps u i f  a , t e m  e a ture  goes above limits i n  e i t h e r  b a t t e r y  
- more - 
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The LRV seats are t u b u l a r  aluminum frames spanned by 
nylon webbing. They are f o l d e d  f l a t  d u r i n g  launch  and 
e r e c t e d  by crewmen a f t e r  deployment. The s e a t  backs sup- 
p o r t  t h e  a s t r o n a u t  p o r t a b l e  l i f e  suppor t  systems.  Nylon 
webbing seat b e l t s ,  custom f i t t e d  t o  each  crewman, snap 
over  t h e  outboard handholds wi th  metal hooks. 

The armrest, l o c a t e d  d i r e c t l y  behind t h e  LRV hand 
c o n t r o l l e r ,  suppor t s  t h e  arm of  the d r i v i n g  crewman. 
The f o o t r e s t s ,  a t t a c h e d  t o  t h e  c e n t e r  f l o o r  s e c t i o n ,  are 
a d j u s t e d  b e f o r e  launch t o  f i t  each  crewman. Inboard hand- 
ho lds  h e l p  crewmen g e t  i n  and o u t  of  t h e  LRV, and have 
r e c e p t a c l e s  f o r  a 1 6  mm camera and t h e  low g a i n  an tenna  
of t h e  LCRU. 

The l i g h t w e i g h t ,  f i b e r g l a s s  f e n d e r s  keep l u n a r  d u s t  
f r o m  be ing  thrown on t h e  a s t r o n a u t s ,  t h e i r  equipment, 
s e n s i t i v e  v e h i c l e  p a r t s ,  and from o b s t r u c t i n g  v i s i o n  w h i l e  
d r i v i n g .  F ron t  and rear f ende r  s e c t i o n s  a r e  r e t r a c t e d  
d u r i n g  f l i g h t  and extended by crewmen a f t e r  LRV deployment 
on t h e  l u n a r  s u r f a c e .  

Navigat ion System 

The n a v i g a t i o n  system is  based on the  p r i n c i p l e  of 
s t a r t i n g  a s o r t i e  from a known p o i n t ,  r eco rd ing  speed ,  
d i r e c t i o n  and d i s t a n c e  t r a v e l e d ,  and p e r i o d i c a l l y  c a l c u l a t i n g  
v e h i c l e  p o s i t i o n .  

The system has  t h r e e  major components: a d i r e c t i o n a l  
gyroscope t o  provide  v e h i c l e  headings;  odometers on each 
whee l ' s  t r a c t i o n  d r i v e  u n i t  t o  g i v e  speed and d i s t a n c e  
d a t a ;  and a s i g n a l  p rocess ing  u n i t  (a  s m a l l ,  s o l i d - s t a t e  
computer) t o  determine heading ,  b e a r i n g ,  range ,  d i s t a n c e  
t r a v e l e d ,  and speed. 

A l l  nav iga t ion  system read ings  a r e  d i s p l a y e d  on t h e  
c o n t r o l  console .  The system i s  reset a t  t h e  beginning  of 
each t r a v e r s e  by p s e s s i n g  a system reset b u t t o n  t h a t  moves 
a l l  d i g i t a l  d i s p l a y s  and i n t e r n a l  r e g i s t e r s  t o  zero.  

The d i r e c t i o n a l  gyroscope is  a l i g n e d  by measuring t h e  
i n c l i n a t i o n  o f  t h e  LRV ( u s i n g  t h e  a t t i t u d e  i n d i c a t o r )  and 
measuring v e h i c l e  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  Sun ( u s i n g  
the  Sun compass).  This  i n fo rma t ion  is  r e l a y e d  t o  ground 
c o n t r o l l e r s  and t h e  gyro  i s  a d j u s t e d  t o  match c a l c u l a t e d  
va lues  r e a d  back to  t h e  crew. 

- more - 
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Each LRV wheel revolut ion generates odometer magnetic 
pulses t h a t  a r e  s e n t  t o  the  console displays.  

Power System 

able  b a t t e r i e s  and equipment t h a t  con t ro l s  and monitors 
e l e c t r i c a l  power. The b a t t e r i e s  a r e  i n  magnesium cases, 
use p l ex ig l a s s  monoblock (common cell  wal ls)  for i n t e r n a l  
construct ion,  and have s i lver -z inc  p l a t e s  i n  potassium 
hydroxide e l e c t r o l y t e .  Each ba t t e ry  has 23 cells and a 
121-ampere-hour capacity.  

The power system cons i s t s  of two 36-volt, non-recharge- 

Both b a t t e r i e s  a r e  used simultaneously with an approx- 
imately equal load during LRV operation. Each b a t t e r y  can 
car ry  the e n t i r e  e l e c t r i c a l  load; i f  one f a i l s ,  i t s  load 
can be switched t o  t h e  o ther .  

The b a t t e r i e s  a r e  ac t iva t ed  when i n s t a l l e d  on the  LRV 
a t  t he  launch pad about f i v e  days before  launch. During 
LRV operation a l l  mobili ty system power is turned o f f  i f  a 
s top  exceeds f i v e  minutes, bu t  navigation system power 
remains on throughout each s o r t i e .  The b a t t e r i e s  normally 
operate  a t  temperatures of 4.4 t o  51.7 degrees C. (40-125 
degrees F.) . 

An aux i l i a ry  connector a t  t he  L R V ' s  forward end suppl ies  
150  wa t t s  of 36-volt power f o r  t h e  luna r  communications 
r e l ay  un i t .  

Thermal Control 

The bas i c  concept of LRV thermal con t ro l  is hea t  
s torage during vehic le  operat ion and r ad ia t ion  cooling when 
it i s  parked between s o r t i e s .  H e a t  i s  s to red  i n  several 
thermal cont ro l  u n i t s  and i n  the  b a t t e r i e s .  Space r a d i a t o r s  
a re  protected from d u s t  during s o r t i e s  by covers t h a t  a r e  
r mual ly  opened a t  the end of each sor t ie ; .when b a t t e r y  
temperatures cool t o  about 7.2 degrees C. (45 degrees F.), 
t h e  covers automatically c lose.  

- more - 
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A mult i - layer  i n su la t ion  b lanket  p ro tec t s  forward 
chass i s  components. Display console ins t ruments  are mounted 
t o  an aluminum p l a t e  i s o l a t e d  by r ad ia t ion  sh ie lds  and f ibe r -  
g l a s s  rnounts. Console ex te rna l  surfaces a r e  coated with 
thermal con t ro l  p a i n t  and the  face  p l a t e  i s  anodized, a s  
a r e  handholds, f o o t r e s t s ,  tubular  seat sec t ions ,  and cen te r  
and a f t  f l o o r  panels.  

Stowage and Deployment 

Space support  equipment holds the  folded LRV i n  the 
lunar  module during t r a n s i t  and deployment a t  t h ree  
attachment poin ts  with t h e  v e h i c l e ' s  a f t  end poin t ing  up. 

a cable at tached t o  t h e  top  ( a f t  end) of t h e  folded LRV 
a s  t he  f i r s t  s t e p  i n  t h e  deployment. This cable  is held 
t a u t  during deployment, u n t i l  a l l  four  LRV wheels a r e  on the 
lunar  surface.  

Deployment is e s s e n t i a l l y  manual. One crewman re l eases  

One of t he  crewmen then ascends the  LM ladder  p a r t  way 
and p u l l s  a D-ring on the side. of the descent s tage.  This 
releases the LRV, and le ts  the  vehic le  swing out  a t  t he  top  
about 12 .7  centimeters ( f i v e  inches) u n t i l  it is stopped 
by two steel  cables.  Descending t h e  ladder ,  the crewman 
walks t o  t h e  L R V ' s  r i g h t  s i d e ,  t akes  t h e  end of a deploy- 
ment tape  from a stowage bag, and p u l l s  t he  tape hand-over- 
hand. This unreels  two support  cables  t h a t  swivel t he  
vehic le  outward from the  top. A s  t h e  a f t  chass i s  i s  
unfolded, t h e  a f t  wheels automatically unfold and deploy, 
and a l l  l a t ches  are engaged. The crewman continues t o  
unwind t h e  tape,  lowering the  L R V ' s  a f t  end t o  the sur face ,  
and the  forward chass i s  and wheels spr ing  open and i n t o  place.  

When the a f t  wheels are on the  sur face ,  the crewman 
removes t h e  support cables  and walks t o  t h e  v e h i c l e ' s  
l e f t  s ide .  There he p u l l s  a second tape t h a t  lowers t h e  
L R V ' s  forward end t o  t h e  su r face  and causes te lescoping 
tubes t o  push the vehic le  away from t h e  LM. The two c r e w -  
men then  deploy t h e  fender extensions,  set up the  con t ro l  
and d isp lay  console,  unfold the  s e a t s ,  and deploy o the r  
equipment. 

One crewman w i l l  board the  LRV and make sure  a l l  
con t ro l s  are working. H e  w i l l  back t h e  vehic le  away s l i g h t l y  
and d r i v e  it t o  the LM quadrant t h a t  holds the a u x i l i a r y  
equipment. The LRV w i l l  be powered down while the crewmen 
load a u x i l i a r y  equipment aboard t h e  vehicle .  

- more - 



LRV DEPLOYMENT SEQUENCE 

LRV S T W E O  I N  QUADRANT 

0 ASTRONAUT REMOVES INSULATION 
BLANKET, OPERATING TAPES 

ASTRONAUT REMOTELY INITIATES 
DEPLOYMENT 

0ASTRONAUT LOWERS LRV 
FROM STORAGE BAY WITH 

RIGHT HAND TAPE 

.AFT CHASSIS UNFOLDS 's 

.REAR WHEELS UNFOLD 

O A F T  CHASSIS LOCKS IN 
POSITION 

0 FORWARD CHASSIS UNFOLDS 1 
0 AMD LOCKS 
a FRONT WHEELS UNFOLD 

ASTRONAUT LOWERS LRV 
T O  SURFACE WITH LEFT 
HbI!n TADF 

0 ASTRONAUT DISCONNECTS 
SPACE SUPPORT EQUIPMENT(SSE) 



A - Vehicle Areas A f t  of Seat5 

B - Areas Under LeTf Seat 

C - Areas Under Right Seat 

D - Console Area Right Side 

E - Cmsole Am, L e f t  Side 

F - Folrard Vehicle Areas 
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LUNAR COMMUNICATIONS RELAY UNIT (LCRU) 

The range from which an Apollo crew can operate  from the  
lunar  module during EVAs while maintaining contac t  with the  
Earth i s  extended over the  lunar horizon by a su i tcase-s ize  
device ca l l ed  the  lunar  communications r e l ay  u n i t  (LCRU). The 
LCRU a c t s  as  a por tab le  re lay  s t a t i o n  f o r  voice,  TV, and tele- 
metry d i r e c t l y  between t h e  crew and Mission Control Center 
ins tead  of through the  lunar  module communications systeni. 
F i r s t  use of t h e  LCRU w a s  on Apollo 15. 

Completely self-contained with i t s  own power supply and 
e rec t ab le  hi-gain S-Band antenna, t he  LCRU may be mounted on 
a rack a t  t h e  f r o n t  of t h e  lunar roving vehic le  (LRV) o r  hand- 
ca r r i ed  by a crewman. I n  addi t ion t o  providing communications 
r e l ay ,  t h e  LCRU receives  ground-command s i g n a l s  f o r  t h e  ground 
commandea t e l e v i s i o n  assembly (GCTA) f o r  remote aiming and 
focusing t h e  lunar sur face  co lor  t e l e v i s i o n  camera. The GCTA 
is described i n  another s ec t ion  of t h i s  press  k i t .  

Between s tops  with t h e  lunar  roving vehic le ,  crew voice 
is beamed Earthward by a wide beam-width h e l i c a l  S-Band antenna. 
A t  each t r ave r se  s top ,  t h e  c r e w  must boresight  t h e  high-gain 
parabol ic  antenna toward Earth before  t e l e v i s i o n  s i g n a l s  can be 
t ransmit ted.  VHF s i g n a l s  from the  crew por tab le  l i f e  support  
system (PLSS) t ransce ivers  are converted t o  S-band by t h e  LCRU 
f o r  r e l ay  t o  the ground, and conversely, f r o m  S-Band t o  VHF on 
the uplink t o  t h e  EVA crewmen. 

The LCRU measures 55.9 x 40.6 x 15.2 c m  ( 2 2  x 16 x 6 inches) 
no t  including antennas, and weighs 25 Earth kg (55 Ear-th pounds) 
(9.2 lunar pounds). A p ro tec t ive  thermal b lanket  around the 
LCRU can be peeled back 50 vary t h e  amount of r ad ia t ion  surface 
which cons i s t s  of 1.26 m (196 square inches) of r ad ia t ing  mirrors  
t o  r e f l e c t  s o l a r  heat. Addit ional ly ,  w a x  packages on top  of t h e  
LCRU enclosure s t a b i l i z e  t h e  LCRU temperature by a melt-freeze 
cycle. The LCRU i n t e r i o r  i s  pressurized t o  7.5 p s i a  d i f f e r e n t i a l  
(one-half atmosphere). 

I n t e r n a l  power i s  provided t o  t h e  LCRU by a 19-cell s i lver-  
z inc  b a t t e r y  w i t h  a potassium hydroxide e l e c t r o l y t e .  The b a t t e r y  
weighs 4.1 kg (nine E a r t h  pounds) (1.5 lunar  pounds) and measures 
11.8 x 23.9 x 11.8 c m  (4 .7  x 9.4 x 4.65 inches) .  The b a t t e r y  is  
ra t ed  a t  400 wa t t  hours, and de l ive r s  29 v o l t s  A t  a 3.1-ampere 
cur ren t  load. The  LCRU may a l s o  be operated from the LRV bat-  
teries. 
t e r y  power during EVA-1 and EVA-2. The LCRU b a t t e r y  w i l l  provide 
the  power during EVA-3. 

The nominal plan is t o  operate  the  LCRU using LRV bat-  
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Three types of antennas a r e  f i t t e d  t o  t h e  LCRU system: 
a low-gain h e l i c a l  antenna f o r  re laying voice and da ta  when 
the  LRV is moving and i n  o the r  instances  when t h e  high-gain 
antenna i s  not  deployed; a .76 m ( three-foot)  diameter para- 
b o l i c  rib-mesh high-gain antenna for re lay ing  a t e l ev i s ion  
s igna l ;  and a VHF omni-antenna f o r  receiving crew voice and 
d a t a  from t h e  PLSS t ransce ivers .  The high-gain antenna has 
an o p t i c a l  s i g h t  which allows t h e  crewman t o  bores ight  on 
Earth f o r  optimum s i g n a l  s t rength .  The Earth subtends one- 
ha l f  degree angle when viewed from the lunar  surface.  

The  LCRU can operate  i n  seve ra l  modes: mobile on the  
LRV, f ixed base such as when t h e  LRV i s  parked, o r  hand- 
ca r r i ed  i n  contingency s i t u a t i o n s  such as  LRV f a i l u r e .  

-more- 
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TELEVISION AND 
GROUND COMMANDED TELEVISION ASSEMBLY 

Two d i f f e r e n t  co lor  t e l e v i s i o n  cameras w i l l  be used 
during the  Apollo 1 6  mission.  One, manufactured by Westing- 
house, w i l l  be used i n  t h e  command module. I t  w i l l  be 
f i t t e d  with a 5 c m  ( 2  i n )  black and white monitor t o  a i d  the  
crew i n  focus and exposure adjustment. 

The o t h e r  camera, manufactured by RCA, i s  f o r  lunar  
sur face  use and w i l l  be operated from three d i f f e r e n t  posit ions-- 
mounted on the  LM MESA, mounted on a t r i pod  and connected t o  
the  LM by a 30 .5  m (100  f t)  cable ,  and i n s t a l l e d  on the  LRV 
with s i g n a l  transmission through the lunar  communication r e l ay  
u n i t  r a t h e r  than through the  LM communications system a s  i n  
the  o the r  two pos i t ions .  

While on the  LRV, t he  camera w i l l  be mounted on t h e  ground 
commanded t e l e v i s i o n  assembly ( G C T A ) .  The camera can  be aimed 
and cont ro l led  by as t ronauts  o r  it can be remotely cont ro l led  
by personnel located i n  the  Mission Control Center. Remote 
command capab i l i t y  includes camera "on" and "of f"  , pan, tilt, 
zoom, ir is  open/closed ( f 2 . 2  t o  f 2 2 )  and peak o r  average 
automatic l i g h t  cont ro l .  

The GCTA is  capable of t i l t i n g  the TV camera upward 
85 degrees,  downward 45 degrees, and panning the  camera 
3 4 0  degrees between mechanical s tops .  Pan and tilt r a t e s  
a r e  th ree  degrees per second. 

The TV l ens  can be zoomed from a foca l  length of 12.5mm 
t o  75mm corresponding t o  a f i e l d  of view from th ree  t o  nine 
degrees. 

A t  t he  end of t he  t h i r d  EVA, the  crew w i l l  park the  LRV 
about 91 .4  m (300 f t)  east  of the LM so t h a t  t he  color  TV camera 
can cover the LM ascent  from Me lunar  surface.  Because of 
a t i m e  delay i n  a s igna l  going the qua r t e r  mi l l ion  m i l e s  o u t  
t o  the Moon, Mission Control must a n t i c i p a t e  ascent  engine 
i g n i t i o n  by about two seconds w i t h  t he  tilt command. 

The GCTA and camera each weigh approximately 5 .9  kg (13 l b ) .  
The ove ra l l  length of t he  camera is  4 6  cm (18.0 i n )  i ts width 
is 1 7  cm (6 .7  i n ) ,  and i t s  he ight  i s  25 cm (10 i n ) .  The GCTA 
and LCRU a r e  b u i l t  bv RCA. 

-more- 



APOLLO 16 TELEVISION EVENTS 

DATE 

APRIL 16  
A P R I L  20 
A P R I L  2 1  
A P R I L  22 
APRIL 23 

APRIL 26 
TBD 

T I M E  
(GET)  

3:05 
102 : 25 
124 : 50 
148 : 25 
171 : 40 
173 : 20 
173 : 44 

241 : 55 

~ 

T I M E  
( E S T )  

1559 
1919 
1744 
1719 
1634 
1814 
1838 
1449 

DURATION 
(HRS:IIIN) 

0:19 
6 :48  
6 : 30 
6:40 
0:!4 
O:O€ 
9:37 
1 : 10 

EVENT 

TD 8 E 

EVA-1 
EVA-2 
EVA-3 
LM L I F T - O F F  

R EPl D E ZVOUS 

DOCKING 

CXP EVA 

TRANSEARTH 
COAST 

I I 
t- 
N 
N 

I 
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PHOTOGRAPHIC EQUIPMENT 

S t i l l  and motion p i c tu re s  w i l l  be made of most space- 
c r a f t  maneuvers and crew lunar  surface a c t i v i t i e s .  During 
lunar  surface operat ions,  emphasis w i l l  be on documenting 
placement of lunar  sur face  experiments, documenting lunar  
samples, and on recording i n  t h e i r  na tu ra l  s t a t e  the lunar  
surface fea tures .  

Command module lunar  o r b i t  photographic tasks  and 
experiments include high-resolution photography t o  support  
fu ture  landing missions, photography of. sur face  f ea tu res  of 
spec ia l  s c i e n t i f i c  i n t e r e s t  and astronomical phenomena 
such a s  s o l a r  corona, Gegenschein, zodiacal l i g h t ,  l i b r a -  
t i on  poin ts ,  and g a l a c t i c  poles. 

Camera equipment stowed i n  t he  Apollo 1 6  command 
module cons i s t s  of one 70mm Hasselblad e l e c t r i c  camera, a 
16mm Maurer motion p i c tu re  camera, and a 35mm Nikon F 
s ingle- lens  r e f l e x  camera. The command module Hasselblad 
e l e c t r i c  camera i s  normally f i t t e d  with an 80mm f/2.8 Zeiss 
Planar l ens ,  b u t  a bayonet-mount 250mm lens can be f i t t e d  
f o r  long-distance Earth/Moon photos. A 105mm f/4.3 Zeiss 
UV Sonnar i s  provided f o r  t he  u l t r a v i o l e t  photography 
experiment. 

The 35mm Nikon F i s  f i t t e d  with a 55mm f/1.2 l e n s  f o r  
the Gegenschein and dim-light photographic experiments. 

The Maurer 16mm motion p i c tu re  camera i n  t he  command 
module has l e n s e s  of 1 0 ,  18  and 7 5 m  f o c a l  length ava i lab le .  
Accessories include a r ight-angle  mirror ,  a power cable  
and a sex tan t  adapter which allows the  camera t o  f i lm  
through the  navigation sex tan t  o p t i c a l  system. 

Cameras stowed i n  the  lunar module a r e  two 70mm Hassel- 
blad da ta  cameras f i t t e d  with 60mm Zeiss Metric lenses ,  an 
e l e c t r i c  Hasselblad with 500mm lens  and two 1 6 m  Maurer 
motion p i c t u r e  cameras with lOmm l enses .  One of t h e  
Hasselblads and one of the  motion p i c tu re  cameras a r e  
stowed i n  the modular equipment stowage assembly (MESA) 
i n  t he  LM descent s tage .  

The LM Hasselblads have crew ches t  mounts t h a t  f i t  
doveta i l  brackets  on the crewman's remote cont ro l  u n i t ,  
thereby leaving both hands f r e e .  One of t he  LM motion 
p i c tu re  cameras w i l l  be mounted i n  t h e  right-hand window 
t o  record descent,  landing, ascent  and rendezvous. The 
16mm camera stowed i n  the MESA w i l l  be ca r r i ed  aboard the  
lunar  roving vehicle  t o  record port ions of the  three  EVAs. 

- more - 
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Descriptions of the 24-inch panoramic camera and the 
3-inch mapping/stellar camera are in the orbital science 
section of this press kit. 

- more - 
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TV AND PHOTOGRAPHIC EQUIPMENT 

CAMEW,, DATA A C Q U I S I T I O N ,  1 6  MM 
LENS - 1 0  MM 

- 18 MM 
- 75 MM 

F I L N  MAGAZINES 

NOMENCLATURE 

1 1 
1 1 
1 
1 

13 

CSM AT h Y  AT 
LAUNCH LAUNCH I 

F I L N  MAGAZINE CONTAINING 5 - I N .  1 
MAPPING A N D  35 MM STELLAR FILM 
(EVA TRANSFER) 

CAMERA, ULTRAVIOLET, LUNAR 1 

FILM MAGAZINE, UV, L S  1 
‘:IIRFACE 

i 

~ ~~ 

TV,  COLOR, ZOOM LENS (MONITOR I WITH CM SYSTEM) 

CUIERA,  35 i.IM NIKON 
I.L!NS - 55 MM 
CASSETTE, 35 MM 

CAlMFRA 16 MM 
D (LUNAR SURFACE) 

1 LENS - - 2 5 0  8 o  MM MM I ; I  
- 105  % W ( 4  BAND-PASS 

? i L M  MAGAZINES 

C&.MEKA, HASSELBLAD 
!.L,CCTRIC DATA (LUNAR SURFACE) 

LENS - 6 0  MM 
FILM MAGAZINES 
K’OLARIZING F I L T E R  

i :/J.1ERAI LUNAR SURFACE ELECTRIC 
LENS - 500 MM 

I 2 I F I L M  MAGAZINES 
(LMTA, +IN MAPPING STELLAR(SIP~) I 1 1  
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ASTRONAUT EQUIPMENT 

Space Suit 

Apollo crewmen wear two versions of the Apollo space 
suit: the command module pilot version (A-7LB-CMP) for 
intravehicular operations in the command module and for 
extravehicular operations during SIM bay film retrieval 
during transearth coast; and the extravehicular version 
(A-7LB-EV) worn by the commander and lunar module pilot for 
lunar surface EVAs. 

The A-7LB-EV suit differs from Apollo suits flown prior 
to Apollo 15 by having a waist joint that allows greater 
mobility while the suit is pressurized--stooping down for setting 
up lunar surface experiments, gathering samples and for 
sitting on the lunar roving vehicle. 

From the inside out, an integrated thermal meteroid suit 
cover layer worn by the commander and lunar module pilot starts 
with rubber-coated nylon and progresses outward with layers 
of nonwoven Dacron, aluminized Mylar film and Beta maruuisette 
for thermal radiation protection and thermal spacers, and 
finally with a layer of nonflammable Teflon-coated Beta 
cloth and an abrasion-resistant layer of Teflon fabric--a 
total of 18 layers. 

Both types of the A-7LB suit have a pressure retention 
portion called a torso limb suit assembly consisting of 
neoprene coated nylon and an outer structural restraint layer. 

The space suit with gloves, and dipped rubber convolutes 
which serve as the pressure layer liquid cooling garment, 
portable life support system (PLSS) , oxygen purge system, lunar 
extravehicular visor assemhlv, and lunar boots make UP the 
extravehicular mobility unit (EMU). The EMIT provides an 
extravehicular crewman with life support for a seven-hour 
mission outside the lunar module without replenishing expendables. 

Lunar extravehicular visor assembly - The assembly consists 
of polycarbonate shell and two visors with thermal control and 
optical coatings on them. The EVA visor is attached over the 
pressure helmet to provide impact, micrometeoroid, thermal 
and ultraviolet-infrared light protection to the EVA crewmen. 

-more- 
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BACKPACK SUPPORT STRAPS 

su 

OXYGEN PURGE SYS I t i v i  

SUNGLASSES I $) 
POCKET 

%\Y 

IPPORT SYSTEM --I 

\ 1 LUNAR EXTRAVEHICULAR VISOR 

/ 
..rr.. 

'.'BACKPACK CONTROL BOX 

OXYGEN PURGE 
SYSTEM ACTUATOR 

PENLIGHT POCKET 

VENTILATION, AND 
L lQUl  D COOL1 NG 

OXYGEN 
PURGE SYSTEM 

UMB I LI  CAL 

LM RESTRAINT R I N  

INTEGRATED THERMAL 
METEOR01 D GARMENT 

UT I L I  TY POCKET 

URINE TRANSFER CONNECTOR, 
B IOMED ICAL I NJECTl ON, 

DOSIMETER ACCESS FLAP AND 
DONNING LANYARD POCKET 
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A f t e r  Apollo 1 2 ,  a sunshade w a s  added t o  t h e  o u t e r  p o r t i o n  of 
t h e  LEVA i n  t h e  middle  p o r t i o n  of t h e  he lmet  r i m .  

E x t r a v e h i c u l a r  g loves  - B u i l t  of an o u t e r  s h e l l  of 
Chromel-R f a b r i c  and thermal  i n s u l a t i o n  t h e  g loves  provide  
p r o t e c t i o n  when hand l ing  extremely h o t  and c o l d  o b j e c t s .  The 
f i n g e r  t i p s  are made of  s i l i c o n e  rubbe r  t o  p rov ide  more s e n s i t i v i t y .  

Constant-wear garment - A one-piece constant-wear  garment,  
s imi l a r  t o  " lonq johns" ,  i s  worn as an underqarment for  t h e  
space  s u i t  i n  i n t ; a v e h i c u l a r  and on CSM EV o p e r a t i o n s ,  and wi th  
t h e  i n f l i g h t  c o v e r a l l s .  The garment i s  porous-kni t  c o t t o n  
wi th  a waist-to neck z i p p e r  for  donning. Biomedical ha rness  
a t t a c h  p o i n t s  are provided.  

Liquid-cool ing garment - The k n i t t e d  nylon-spandex garment 
i n c l u d e s  a network o f  p l a s t i c  t ub ing  throuqh which c o o l i n g  water 
from t h e  PLSS is  c i r c u i a t e d .  I t  i s -worn  n e x t  t o  t h e  s k i n - a n d  
r e p l a c e s  t h e  constant-wear garment d u r i n g  l u n a r  s u r f a c e  EVA. 

oxygen a t  3.7 p s i  and coo l ing  water to t h e  l i q u i d  coo l ing  
garment. Return oxygen i s  c l eansed  of  s o l i d  and gas  contaminants  
by a l i t h i u m  hydroxide and a c t i v a t e d  cha rcoa l  c a n i s t e r .  The 
PLSS i n c l u d e s  communications and t e l e m e t r y  equipment, d i s p l a y s  
and c o n t r o l s ,  and a power supply .  The PLSS i s  covered by a 
t h e r m a l  i n s u l a t i o n  j a c k e t ,  ( t w o  stowed i n  LM). 

Oxygen purge system (OPS) - Mounted a t o p  t h e  PLSS, t h e  
oxygen purge system provides  a cont ingency 30-75 minute supply  
of  gaseous oxygen i n  t w o  b o t t l e s  p r e s s u r i z e d  t o  5 ,880  p s i a ,  
(a  minimum of  30 minutes  i n  t h e  maximum flow rate and 75 minutes  
i n  t h e  low flow r a t e ) .  The system may a lso b e  worn s e p a r a t e l y  
on t h e  f r o n t  o f  t h e  p r e s s u r e  garment assembly t o r s o  f o r  
cont ingency EVA t r a n s f e r  from t h e  LM t o  t h e  CSM o r  behind t h e  
neck f o r  CSM EVA. I t  s e r v e s  as a mount f o r  t h e  VHF antenna  for 
t h e  PLSS, (two stowed i n  LM). 

P o r t a b l e  l i f e  s u p p o r t  system (PLSS) - The backpack s u p p l i e s  

Covera l l s  - During p e r i o d s  o u t  of t h e  space  s u i t s ,  crewmen 
wear two-piece Tef lon  f a b r i c  i n f l i g h t  c o v e r a l l s  f o r  w a r m t h  and 
f o r  pocket  stowage of  p e r s o n a l  i t e m s .  

Communications carriers - "Snoopy h a t s "  w i t h  redundant  
microphones and earphones are worn w i t h  t h e  p r e s s u r e  helmet;  
a l i gh t -we igh t  headse t  i s  worn wi th  t h e  i n f l i g h t  c o v e r a l l s .  

-more- 
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Water Bags - .9 l i t e r  (1 q t . )  d r i n k i n g  water bags are 
a t t a c h e d  t o  t h e  i n s i d e  neck r i n g s  of t h e  EVA s u i t s .  The 
crewman can t a k e  a s i p  of water from t h e  6-by-8-inch bag 
through a 1/8-inch-diameter t ube  w i t h i n  r each  of h i s  mouth. 
The bags a re  f i l l e d  from t h e  l u n a r  module p o t a b l e  water 
d i s p e n s e r .  

Buddy Secondary L i f e  Support  System - A connect ing  hose 
system which permits a crewman wi th  a f a i l e d  PLSS t o  s h a r e  
coo l ing  water ‘ in  t h e  o t h e r  crewman’s PLGS. 
the load cn t h e  oxygen purge  system i n  the e v e n t  O f  a t o t a l  
PLSS failLxe i n  t h a t  t h e  OPS would supply  b r e a t h i n g  and 
p r e s s u r i z i n g  oxygen whi l e  t h e  me tabo l i c  h e a t  would be  removed 
by t h e  sha red  c o o l i n g  water  from t h e  good PLSS. The BSLSS 
w i l l  be  stowed on the LRV. 

The BSLSS l i g h t e n s  

Lunar Boots - T h e  l u n a r  b o o t  is  a . thermal and a b r a s i o n  
p r o t e c t i o n  dev ice  worn over t h e  i n n e r  garment and boo t  assemblies. 
It i s  made up of l a y e r s  of s e v e r a l  d i f t e r e n t .  materials beginning 
w i t h  Tef lon  coa ted  b e t a  c l o t h  f o r  t h e  boo t  l i n e r  t o  Chrome1 
R metal f a b r i c  f o r  t h e  ou ter  s h e l l  assemb1.y. Aluminized 
Mylar ,  Nomex f e l t ,  Dacron, B e t a  c l o t h  and B e t a  m a r q u i s e t t e  
Kapton comprise t h e  o t h e r  l a y e r s .  
of  h igh - s t r eng th  s i l i c o n e  rubber .  

The l u n a r  boo t  sole i s  made 

-more- 
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Personal Hygiene 

C r e w  personal hygiene equipment aboard Apollo 1 6  includes 
body c l ean l ines s  items, t he  waste management system, and one 
medical k i t .  

Packaged with the food a r e  a toothbrush and a two- 
ounce tube of toothpaste  f o r  each crewman. Each man-meal 
package contains a 3.5-by-4-inch wet-wipe cleansing towel. 
Addit ional ly ,  th ree  packages of 12-by-12-inch dry towels a r e  
stowed beneath the  command module p i l o t ' s  couch. Each 
package contains seven towels. Also stowed under t h e  command 
module p i l o t ' s  couch are seven t i s s u e  dispensers containing 
53 three-ply t i s s u e s  each. 

Sol id  body wastes a r e  co l lec ted  i n  p l a s t i c  defecat ion 
bags which contain a germicide t o  prevent b a c t e r i a  and gas 
formation. The bags a r e  sealed a f t e r  use,  i d e n t i f i e d ,  and 
stowed f o r  r e t u r n  t o  Earth f o r  pos t - f l i gh t  ana lys i s .  

Urine co l l ec t ion  devices are provided f o r  use w h i l e  
wearing e i t h e r  t he  pressure s u i t  o r  t he  i n f l i g h t  covera l l s .  
The ur ine  is  dumped overboard through the spacecraf t  u r ine  dump 
valve i n  the  CM and s t o r e d  i n  the LM. On Apollo 1 6  u r i n e  
specimens w i l l  be returned t o  Earth f o r  ana lys i s .  

Survival K i t  

The su rv iva l  k i t  is stowed i n  two rucksacks i n  t h e  r igh t -  
hand forward equipment bay of t h e  CM above the  lunar  module 
p i l o t .  

Contents of rucksack No. 1 are:  two combination su rv iva l  
l i g h t s ,  one d e s a l t e r  k i t ,  t h ree  p a i r s  of sunglasses ,  one 
rad io  beacon, one spare  rad io  beacon b a t t e r y  and spacecraf t  
connector cable ,  one kn i f e  i n  shea th ,  three water containers- 
two containers  of Sun l o t i o n ,  two u t i l i t y  knives,  t h ree  
su rv iva l  blankets  and one u t i l i t y  ne t t i ng .  

Rucksack N o .  2:  one three-man l i f e  r a f t  w i t h  C 0 2  in- 
f l a t e r ,  one sea anchor, two sea dye markers, three sunbonnets, 
one mooring lanyard, three manlines and two a t t a c h  brackets .  

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

-more- 



- 131 - 

MEDICAL KITS 

The command module crew medical suppl ies  are contained 
i n  two k i t s .  Included i n  the  l a rge r  medical accessories  k i t  
are a n t i b i o t i c  ointment, s k i n  cream, eye drops, nose drops, 
spare  biomedical harnesses,  o r a l  thermometer and p i l l s  of the 
following types: 1 8  pain,  1 2  s t imulant ,  1 2  motion s ickness ,  
2 4  diar rhea ,  60  decongestant, 2 1  s leeping,  72 a s p i r i n  and 
60 each of two types of a n t i b i o t i c .  A smaller command module 
aux i l i a ry  drug k i t  contains 80 and 1 2  of t w o  types of p i l l s  
f o r  treatment of card iac  arrythymia and two i n j e c t o r s  f o r  
the same symptom. 

The lunar  module medical k i t  contains eye drops, nose 
drops, a n t i b i o t i c  ointment, bandages and the following p i l l s :  
4 s t i m u l a n t ,  4 pain,  8 decongestant, 8 d ia r rhea ,  1 2  a s p i r i n  
and 6 s leeping.  
of i n j e c t a b l e  drugs f o r  cardiac arrythymia and 2 u n i t s  f o r  
pain suppression. 

A smaller  k i t  i n ' t h e  LM contains 8 and 4 u n i t s  

- more - 
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C r e w  Food System 

The Apollo 16 crew se l ec t ed  menus f o r  the i r  f l i g h t  from 
the  l a r g e s t  va r i e ty  of foods ever ava i l ab le  f o r  a U . S .  
manned mission. However, some menu cons t r a in t s  have been 
imposed by a series of medical requirements. This has 
l imi ted  t o  some degree the  l a t i t u d e  of crew menu select ion.  
F o r , t h e  f i r s t  t i m e  since t h e  f l i g h t  of Gemini 7 i n  December 
1965, 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  d i e t s  a r e  
being prec ise ly  cont ro l led  t o  f a c i l i t a t e  i n t e r p r e t a t i o n  of 
the  most extensive series of medical tests t o  be performed 
on an Apollo mission. 

Menus were designed upon indiv idua l  crew member physio- 
l o g i c a l  requirements i n  the  unique condi t ions o€ weightless- 
ness and one-sixth grav i ty  on the  lunar  surface.  Daily 
menus provide 2750, 2500, and 2650 c a l o r i e s  per day f o r  t he  
Commander, Command Module P i l o t ,  and Lunar Module P i l o t ,  
respect ively.  

Food i t e m s  are assembled i n t o  meal units and i d e n t i f i e d  
as t o  c r e w  member and sequence of consumption. Foods s tored  
i n  a "pantry" sec t ion  may be used a s  s u b s t i t u t i o n s  f o r  
nominal m e a l  i t e m s  so long a s  t h e  n u t r i e n t  in take  f o r  a 
24-hour per iod i s  not  a l t e r e d  s i g n i f i c a n t l y .  

There a r e  various types of food used i n  the menus. 
These include freeze-dried rehydratables i n  spoon-bowl 
packages; thermostabil ized foods ( w e t  packs) i n  f l e x i b l e  
packages and metal easy-open cans; intermediate moisture 
foods; dry b i t e - s i z e  cubes, and beverages. 

Water f o r  dr inking and rehydrating food is obtained 
from two sources i n  the command module -- a por tab le  dispenser  
f o r  dr inking water and a w a t e r  sp igo t  a t  the food preparat ion 
s t a t i o n  which suppl ies  w a t e r  a t  about 145 degrees and 55 degrees 
Fahrenheit. The potable  w a t e r  d ispenser  provides a continuous 
flow of w a t e r  as long a s  t h e  t r i g g e r  i s  held down, and t h e  
food preparat ion sp igot  dispenses water i n  one-ounce increments. 

A continuous flow watier dispenser  s i m i l a r  t o  t he  one i n  
the  command module is used aboard the  lunar  module f o r  cold 
water r econs t i t u t ion  of food stowed aboard the  lunar  module. 
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Water is injected into a food package and the package 
is'kneaded and allowed to sit for several minutes. The 
bag top is then cut open and the food eaten with a spoon. 
After a meal, germicide tablets are placed in each bag to 
prevent fermentation and gas formation. The bags are then 
rolled and stowed in waste disposal areas in the space- 
craft. 

Several prototype food packages which are intended 
for use in Skylab missions in 1973 will be tested by the 
Apollo 16 crew. These include an irnproved beverage package 
design, a salt dispenser, and an improved rehydratable package 
design. Functional aspects of the package and the behavior 
of liquid food during extended periods of weightlessness 
will be observed. 

The in-suit drink device, which was used for water 
previously only on the Apollo 15 mission, will contain a spe- 
cially formulated beverage powder which will be reconstituted 
with water prior to extravehicilar activities on the lunar 
surface. 
electrolytes (especially potassium), and energy during each 
of the 3 scheduled EVAs. As on Apollo 15, the crewmen on 
the lunar surface will have an in-suit food bar to snack 
on. 

thermostabilized ham steak, rehydratable grits, and an 
intermediate moisture cereal bar. 

This beverage will provide the crewman with fluid, 

New foods for the Apollo 16 mission are limited to 

- more - 
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NP 
Scrambled Eggs RSB 
Bacon Squares (8) IMB 
Grits RSB 
Grange Juice R 
Cocoa R 
(+Peaches-Day 13 RSB) 

+ A Peaches 

B Chicken & Rice Soup RSB 
Hamburger & 
White Bread (1) WP 

Pears IMB 
Ins t .  Breakfast R 
Cereal B a r  DB 
C i t r u s  Beverage R 

C C r .  Tonato Soup RSB 
Sgcghetti/Ment SauceRSB 
Peach Ambrosia RSB 
Apricot Cereal 

cubes (4) DB 
Pecms (6) DB 
Cocoa R 

Day 2, 10 

F r u i t  Cocktail 
Sausage Pa t t i e s  
Spiced F ru i t  Cereal 
Orange Juice 
Cocoa 

Corn Chowder 
Turkey & Gravey 
Vanilla Pudding 
White Bread (1) & 

Peanut Butter 
Apple Food Bar (2) 
Orange D r i n k  

DB 

R 
RSB 
WP 
RC 
SBD 

I m 

* " 
* 

= Dry Bite 
= Intermediate Moisture Bite 
=' Rehydrat able 
= Rehydratable Spoon Bowl 
= Wet Pack 
= Rehydratable C a n  
= Skylab Beverage Dispenser 

Meal C only 
M e a l  A only 
Meal B and C only 

Cr.  Potato Soup 
F r a n k m e r s  (4) 

Chocolate Pudding 
Orange-Grapefruit 
Drink 

Day 3, 11 

R Peaches RSB 
R Scrambled Eggs RSB 

RSB Bacon Squares (8) IMB 
R Grits RSB 
R Orange Juice R 

Cocoa R 

RSB Lobster Bisque RSB 
WP b e a d  m e  (2) 
WP l'una Spread WP 

Cherry Food Bar (2) IMB 
WP Graham Cracker- Cubes (6)DB 

I M B  C i t r u s  Beverage 
R 

RSB Romaine Soup 

RSB pln. Fruitcake (4) 

Beef Steak 
WP Chicken & Rice 

Pecans ( 6 )  
R Grape Drink 

3B SKYL4B MEAL 
Turkey & Soup 
Rye Bread 2 
Chicken Spread (1/3) 
Peaches 
Peanuts 
Grange Beverage 

R 

RSB 
WP 

RSB 
DB 
DB 

R 

RC 

WP 
WP 

CAN 
SBD 

Day 4, 8m, 12 

Mixed Fruit' 
Ham Steak 
Cornflakes 
White Bread (l), Jelly-l-t 
Orange Juice 
Cocoa 

\ +tDelete on Day 12) 

Pea Soup 
Meatballs w/Sauce 
Lemon Pudding+ 
Sugar Cookies (4) 
Peaches 
Orange-Grapefruit D r i n k  
(+Pork and S&loped 

Potatoes-Day 8 & 12 

+Frui t  Cocktail-D8J' 12 

Beef & Gravy 
Chicken Stew 
Butterscotch Pudding 
Chocolate B a r  
Gingerbread (4) 
Citrus Beverage 

WP 
WP 

RSB 
WP 

R 
R 
R)  

RSB 
WP 
w 
DB 

IMB 
R 

RSB) 

wp 
RSB 
X B  I 

DB 
DB r 

R ,  



IN MENU (continued) 

B Cream of Tomato Soup RSB A Peaches (39 gins) IMB 

Apple Food Bar (2) IMB C i n n .  Toasted Bread 

Rye Bread ( 2 )  Hsm Steak WP 
Tuna Spread w Scrambled Eggs RSB 

Chocolate B a r  DB Cubes (6) DB 
Orange-Grapefruit Instant Breakfast R 

Beverage R 
Beverage R Orange-Grapefruit 

Lemon Food Bar ( 2 )  IMB 

A Peaches (39 gms) 
Beef Steak 
Bacon Squares ( 8 )  
Spiced F r u i t  Cereal  
Ins tan t  Breakfast  
Orange-Grapef rui t 

Cherry Food Bar ( 2 )  
Beverage 

C Shrimp Cocktail RSB B Pea Soup RSB B Romaine Soup 
Turkey & Gravy WP Salmon Salad RSB Tuia Salad 
Chocolate Pudding RSB Frankfurters (4) WP Meatballs w/Sauce 
Graham Cracker Peach Ambrosirr RSB Chicken &-Rice 

Cocoa R Cereal Bar DB Gingerbread (6 )  
Citrus Beverage R C i t r u s  Beverage R Citrus Beverage 

Cubes (6) DB Pears IMB Butterscotch Pudding 

APOLU) 16 - LMll MENU (Blue Velcro LMP, Charles M. Duke) 

Cocoa R Cocoa R 

IMB A Peaches (39 p a )  m 
WP Ham Steak WE 
B E  Scrambled Eggs RSE 
RSB Cereal Bar DL 
R Apricot Cereal  Cubes (6) D i  

Orange Beverage R 
R Cocoa R 

IMB 

RSB 
RSB 

WP 
RSB 
RSB 

DB 
R 

I 

P 
W 
ul 
I 
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dpom XVI 
PANTRY STOWAGE ITMS 

I BEVERAGES 

Cocoa 
Coffee (B) 
Instant Breakfast 
Grapefruit Drink 
Orange Beverage 
Orange-Grapefruit Beverage 
Orange Juice 
Orange-Pineapple Drink 

6 Salmon Salad 
16 Tuna Salad 
12 Shrimp Cocktail 
6 Romaine Soup 
6 Potato Soup 
6 Pea Soup 

6 Spaghetti w/Meat Sauce 
12 

Chicken Stew 

RREAKFAST ITEMS SANDWICH SPREADS 

Bacon Squares ( 8 )  6 Peanut Butter 
Spiced Fruit Cereal 3 Jelly 
Cornflakes 3 Ham Salad 
Scrambled Eggs 6 
Grits 3 
Peach Ambrosia 3 
Sausage Patties 3 

Catsup* 
Mustard" 

SNACK ITEMS 

Pecans (6) 
Apricots (IMB)(38,5 gm) 
Peaches (IMB) (39 gm) 
Pears (m) (42 gm) 
Apricot Food Bar (1) (26 gm) 
Apple Food Bar (1) (26 gm) 
Lemon Food Bar (1) (26 gm) 
Cherry Food Bar (1) (26 gm) 
Cereal Bar 
Chocolate Bar 
Sugar Cookies ( 4 )  
Graham Crackers (6) 
Cheese Cracker Cubes (4 )  

P/N: l4-0123 
Line Items 17W & 17X 

rn 

3 
3 

9 
6 
8 
6 
9 
9 
9 
9 
6 
3 
3 
3 
3 

ACCESSORIES 

Wet Skin Cleaning Towels 9 
Contingency Feeding System 

3 Food Restrainer Pouches 
3 Beverage Packages 
1 Valve Adapter (pontube) 

Germicidal Tablets 
Index Card 

*Stowage locations TBD 
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APOLLO 1 6  FLAGS, LUNAR MODULE PLAQUE 

The United S t a t e s  f l a g  t o  be erected on the lunar  sur face  
measures 78 by 1 2 5  c m  (30  by 4 8  inches) and w i l l  be deployed on 
a two-piece aluminum tube 2 . 1  meters ( e igh t  f e e t )  long. The nylon 
f l a g  w i l l  be stowed i n  the  lunar module descent s tage  modularized 
equipment stowage assembly. 

Also ca r r i ed  on t h e  mission and returned t o  Earth w i l l  be 
25  United S t a t e s  f l a g s ,  50 ind iv idua l  s ta te  f l a g s ,  f l ags  of 
United S t a t e s  t e r r i t o r i e s ,  f l a g s  of o ther  na t iona l  s t a t e s  which 
a re  general ly  accepted as  independent i n  t h e  world community, 
and f l a g s  of t h e  United Nations and o the r  i n t e r n a t i o n a l  organ- 
i za t ions .  These f l ags  a r e  1 0  by 15  c m  ( four  b y ' s i x  inches) .  

An 1 8  by 23 c m  (seven by nine inch) s t a i n l e s s  steel  plaque, 
s i m i l a r  t o  t h a t  flown on Apollo 15, w i l l  be f ixed t o  the  L M  
f r o n t  leg.  The plaque has on it the  words "ApDllo 16" with 
"Apri l  1972"  and t h e  s igna tures  of t h e  t h r e e  crewmen located 
beneath. 

-more- 
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SATURN V LAUNCH VEHICLE 

The Saturn V launch vehicle (SA-511) assigned to the 
Apollo 16 mission is very similar to the vehicles used for 
the missions of Apollo 8 through Apollo 15. 

First Stage 

The five first stage (S - lC)  F-1 engines develop about 
34 million newtons (1.7 million pounds) of thrust at launch. 
Major stage components are the forward skirt, oxidizer tank, 
intertank structure, fuel tank, and thrust structure. Pro- 
pellant to the five engines normally flows at a rate of about 
13,300 kilograms (29,300 pounds; 3,390 gallons) a second. 
One engine is rigidly mounted on the stage's centerline; 
the outer four engines are mounted on a ring at 90-degree 
angles around the center engine. These outer engines are 
gimbaled to control the vehicle's attitude during flight. 

Second Stage 

The five second stage (S-11)  J-2 engines develop a total 
of about 5.15 million newtons (1.15 million pounds) of thrust 
during flight. Major components are the forward skirt, liquid 
hydrogen and liquid oxygen tanks (separated by an insulated 
common bulkhead), a thrust structure, and an interstage section 
that connects the first and second stages. The engines are 
mounted and used in the same arrangement as the first stage's 
F-1 engines: four outer engines can be gimbaled; the center 
one is fixed. 

Third Stage 

Major components of the third stage (S-IVB) are a single 
J-2 engine, aft interstage and skirt, thrust structure, two 
propellant tanks with a common bulkhead, and forward skirt. 
The gimbaled engine has a maximum thrust of 1.01 million 
newtons (230,000 pounds), and can be restarted in Earth orbit. 

- 1 strument Unit 

The instrument unit (IU) contains navigation, guidance 
and control equipment to steer the Saturn V into Earth orbit and 
translunar trajectory. The six major systems are structural, 
environmental control, guidance and control, measuring and 
telemetry, communications, arid electrical. 

-more- 
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STRUMENT 

INSTRUMENT UNIT (IU) 

Diameter:  6.6 m e t e r s  (21.7 feet) 
Height: 0.9 m e t e r s  (3 feet) 
Weight : 

THIRD STAGE (S-IVB) 

Diameter: 6.6 me te r s  (21.7 feet) 
Height: 18.1 me te r s  (59.3 feet) 
Weight: 

2,040 kilograms (4,500 pounds) 

118,161 kg. fueled (260,500 lbs . )  
11,340 kg. dry  (25,100 lbs.) 

THIRD STAGE 
6 - I V B )  

SECOND STAGE 
(S-l l)  

. 
One J-2 
Liquid Oxygen (77,590 liters; 20, 500 ga l s . )  
Liquid Hydrogen (243,000 liters; 64,100 gals  
920,000 newtons (207,000 lbs.)  

Engine: 
Propellants : 

Thrust : 
Inter stage : 3 ,674kg .  (8,100 lbs.) 

SECOND STAGE (S-II) 

Diameter: 10.1 me te r s  (33 feet) 
Height: 24.8 me te r s  (81.5 feet) 

I ” I II I I Weieht: 2,245,280 ke. fueled(4,950,000 lbs.)  

STAGE 
(S-IC) 

I - I 

130,641 kg. dry  (288,000 ! ’ , s . )  
Engines : Five F-1 
Propellants : Liquid Oxygen (1,300,900 l i t e r s ;  343,700 gals.)  

R P - 1  Kerosene (802,420 l i t e r s ;  212,000 gals.)  
Thrust:  34,356,870 newtons (7,723,726 lbs . )  at lift-off 

FIRST STAGE ( S - I C )  

Diameter: 10.1 m e t e r s  (33 feet) 
Heieht: 42.1 m e t e r s  (138 feet) 

J 

NOTE: Weights and measures given above a r e  for the nominal vehicle configura- 
tion for  Apollo. 
to meet changing conditions. 
total weight because f ros t  and miscellaneous smal le r  i tems a r e  not included in 

The f igu res  may vary slightly due to changes before launch 
Weights of d ry  stages and propellants do not equal 

chart .  
SATURN V LAUNCH VEHICLE 

-more- - 
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The IU's inertial guidance platform provides space-fixed 
reference coordinates and measures acceleration during flight. 
If the platform should fail during boost, systems in the Apollo 
spacecraft are programmed to provide launch vehicle guidance. 
After second stage ignition, the spacecraft commander can 
manually steer the vehicle if its guidance platform is lost. 

Propulsion 

The Saturn V has 31 propulsive units, with thrust ratings 
ranging from 311 newtons (70 pounds) to more than 6.8 million 
newtons (1.53 million pounds). The large main engines burn 
liquid propellants; the smaller units use solid or hypergolic 
(self-igniting) propellants. 

The five F-1 engines give the first stage a thrust range 
of from 34,356,850 newtons (7,723,726 pounds) at liftoff to 
40,576,160 newtons (9,121,883 pounds) at center engine cutoff. 
Each F-1 engine weighs almost nine metric tons (10 short tons), 
is more than 5.5 meters long (18 feet), and has a nozzle exit 
diameter of nearly 4.6 meters (14 feet). Each engine uses 
almost 2.7 metric tons ( 3  short tons) of propellant a second. 

J-2 engine thrust on the second and third stages averages 
960,000 newtons (216,000 pounds) and 911,000 newtons (205,000 
pounds) respectively during flight. The 1,590-kilogram (3,500- 
pound) engine uses high-energy, low-molecular-weight liquid 
hydrogen as propellant. 

The first stage has eight solid-fuel retro-rockets that 
fire to separate the first and second stages. Each rocket 
produces a thrust of 237,000 newtons (75,800 pounds) for 0.54 
seconds. 

Four retrorockets, located in the third stage's aft inter- 
stage, separate the second and third stages. Two jettisonable 
ullage rockets settle propellants before engine ignition. Six 
smaller engines in two auxiliary propulsion system modules on 
the third stage provide three-axis attitude control. 

Significant Vehicle Changes 

Saturn vehicle SA-511 is similar in configuration to the 
Apollo 15 launch vehicle. The first stage (S-1C) has eight retro- 
rocket motors, double the number on the SA-510 vehicle, because 
flight evaluation of the Apollo 15 mission revealed that the 
separation distance between the first and second stages was 
less than predicted. Eight retrorockets will give a greater 
safety margin should one motor fail during separation. 

-more- 
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APOLLO SPACECRAFT 

The Apollo spacecraft consists of the command module, 
service module, lunar module, a spacecraft lunar module 
adapter (SLA), and a launch escape system. The SLA houses 
the lunar module and serves as a mating structure between 
the Saturn V instrument unit and the SM. 

Launch Escape System (LES) -- The function of the LES 
is to propel the command module to safety in an aborted 
launch; it has three solid-propellant rocket motors: a 
658,000-newton (147,OOO-pound)-thrust launch eseape system 
motor, a 10,750-newton (2,400-pound)-thrust pitch control 
motor, and a 141,000 newton [31,50.O-pound)-thrust tower 
jettison motor. Two canard vanes deploy to turn the com- 
mand module aerodynamically to an attitude with the heat- 
shield forward. The system is 10 meters (33 feet) tall 
and 1.2 meters (four feet) in diameter at the base, and 
weighs 4,158 kilograms (9,167 pounds). 

Command Module (CM) -- The command module is a pres- 
sure vessel encased in heat shields, cone-shaped, weighing 
5,843.9 kg (12,874 lb.) at launch. 

The command module consists of a forward compartment 
which contains two reaction control engines and components 
of the Earth landing system; the crew compartment or inner 
pressure vessel containing crew accommodations, controls 
and displays, and many of the spacecraft systems; and 
the aft compartment housing ten reaction control engines, 
propellant tankage, helium tanks, water tanks, and the 
CSM3umbilica13cable. The crew compartment contains 
6 m (210 ft. ) of habitable volume. 

Heat-shields around the three compartments are made 
of brazed stainless steel honeycomb with an outer layer 
of phenolic epoxy resin as an ablative material. 

The CSM and LM are equipped with the probe-and-drogue 
docking hardware. The probe assembly is a powered folding 
coupling and impact attentuating device mounted.in the CM 
tunnel that mates with a conical drogue mounted in the LM 
docking tunnel. After the 12 automatic docking latches 
are checked following a docking maneuver, both the probe 
and drogue are removed to allow crew transfer between the 
CSM and LM. 

- more - 
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Service Module (SM) -- The Apollo 16 service module will 
weiqh 24,514 kq (54,044 lb.) at launch, of which 18,415 kq 
(40i594 lb.) is propellant for the 91,840-newton (20,500- 
pound)-thrust service propulsion engine: (fuel: 50/50 
hydrazine and unsymmetrical dimethyl-hydrazine; oxidizer: 
nitrogen tetroxide). Aluminum honeycomb panels 2.54 centi- 
meters (one inch) thick form the outer skin, and milled 
aluminum radial beams separate the interior into six sec- 
tions around a central cylinder containing service pro- 
pulsion. system (SPS) helium pressurant tanks. The six 
sectors of the service module house the following components: 
Sector I -- oxygen tank 3 and hydrogen tank 3 ,  J-mission 
SIM bay; Sector I1 -- space radiator, +Y RCS package, SPS 
oxidizer storage tank; Sector I11 -- space radiator, 
+Z RCS package, SPS oxidizer storage tank; Sector IV -- 
three fuel cells, two oxygen tanks, two hydrogen tanks, 
auxiliary battery; Sector V -- space radiator, SPS fuel 
sump tank, -Y RCS package; Sector VI -- space radiator, 
SPS fuel storage tank, -Z RCS package. 

Spacecraft-LM adapter (SLA)Structure -- The space- 
craft-LM adapter is a truncated cone 8.5 m (28 ft.) 
long tapering from 6.7 m (21.6 ft.) in diameter at the 
base to 3.9 m (12.8 ft.) at the forward end at the service 
module mating line. The SLA weighs 1,841 kg (4,059 lb.) 
and houses the LM during launch and the translunar injec- 
tion maneuver until CSM separation, transposition, and 
LM extraction. The SLA quarter panels are jettisoned at 
CSM separation. 

- more - 
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Lunar Module (LM) 

The lunar module i s  a two-stage vehic le  designed f o r  
space operat ions near and on the  Moon. The lunar  module 
s tands 7 m (22  f t .  11 i n . )  high and. i s  9.5 m (31 f t . )  wide 
(diagonally across  landing g e a r ) .  The ascent  and descent 
s tages  of the LM operate  as a u n i t  u n t i l  s tag ing ,  when 
t h e  ascent  s t age  funct ions as a s i n g l e  spacecraf t  f o r  
rendezvous and docking with the  CM. 

Ascent Stage -- Three main sec t ions  make up the 
ascent  stage: t he  crew compartment, midsection, and a f t  
equipment bay. Only the  crew compartment and midsection 
a r e  pressurized 337.5 grams per  square centimeter ( 4 . 8  
pounds per square inch gauge). The cabin volume i s  6 . 7  cubic 
meters (235 cubic f e e t ) .  The s tage  measu.res 3 .8  m (1.2 f t .  
4 i n . )  high by 4.3 m ( 1 4  f t .  1 in . )  i n  diameter. The 
ascent  s t age  has s i x  subs t ruc tu ra l  areas:  crew compartment, 
midsection, a f t  equipment bay, t h r u s t  chamber assembly 
c l u s t e r  supports,  antenna supports ,  and thermal and micro- 
meteoroid sh i e ld .  

The c y l i n d r i c a l  crew compartment is  2.35 m ( 7  f t .  1 0  i n . )  
i n  diameter and 1.07 m ;(3 f t .  6 in . )  deep. Two f l i g h t  
s t a t i o n s  a r e  equipped with cont ro l  and display panels,  
armrests, body r e s t r a i n t s ,  landing a ids ,  two f r o n t  windows, 
an overhead docking window, and a n  alignment. o p t i c a l  tele- 
scope i n  t h e  center  between t3e two f l i g h t  s t a t i o n s .  
The hab i t ab le  volume i s  4.5 m (160  f t .  ) .  

A tunnel r i n g  a top  the  ascent  s tage  meshes with the  
command module docking l a t c h  assemblies. During docking, 
t he  CM docking r ing  and l a t ches  a r e  aligned by the LM 
drogue and the  CSM probe. 

The docking tunnel extends downward i n t o  the mid- 
sec t ion  4 0  c m  ( 1 6  i n . ) .  The tunnel i s  8 1  c m  (32 i n . )  i n  
diameter and i s  used f o r  crew t r a n s f e r  between t h e  CSM 
and LM. The upper hatch on the inboard end of the  docki.ng 
tunnel  opens inward and cannot be opened. without equali.zing 
pressure on both hatch sur faces .  

A thermal and micrometedroid s h i e l d  of mu1 t i  p l e  l a y e r s  
~f Mylar and a s i n g l e  thickness of t h i n  a1,wcinum skin  
encases t h e  e n t i r e  ?scent st.agi: nt . rvz i .urc ,  

- more .- 
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LUNAR MODULE 
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Descent  S t a g e  -- The d e s c e n t  s t a g e  c e n t e r  compartment 
houses  t h e  d e s c e n t  eng ine ,  and d e s c e n t  p r o p e l l a n t  t anks  
a r e  housed i n  t h e  f o u r  bays  around t h e  eng ine .  Quadrant  
I1 c o n t a i n s  ALSEP. The r a d i o i s o t o p e  t h e r m o e l e c t r i c  genera-  
t o r  (RTG) is  e x t e r n a l l y  mounted. Quadrant  I V  c o n t a i n s  t h e  
MESA. The d e s c e n t  stage measures 3.2 m ( 1 0  f t .  7 i n . )  
h i g h  by 4.3 m ( 1 4  f t .  1 i n . )  i n  d i ame te r  and i s  encased 
i n  t h e  Mylar and aluminum a l l o y  thermal  and micrometeoroid 
s h i e l d .  The LRV i s  stowed i n  Quadrant  I. 

The LM e g r e s s  p l a t f o r m  o r  "porch" i s  mounted on t h e  
forward o u t r i g g e r  j u s t  below t h e  forward ha tch .  A l a d d c r  
ex tends  down t h e  forward l a n d i n g  g e a r  s t r u t  from t h e  porch 
f o r  crew l u n a r  s u r f a c e  o p e r a t i o n s .  

The l a n d i n g  gea r  s t r u t s  are r e l e a s e d  e x p l o s i v e l y  and 
are extended by s p r i n g s .  They p rov ide  l u n a r  s u r f a c e  l a c d i n g  
impact a t t e c u a t i o n .  T h e  main s t r u t s  are f i l l e d  w i t h  c rush-  
a b l e  aluminum honeycomb f o r  absorb ing  compression l o a d s .  
Footpads 0.95 m ( 3 7  i n . )  i n  d i ame te r  a t  t h e  end of  each  
l a n d i n g  gea r  p rov ide  v e h i c l e  s u p p o r t  on t h e  l u n a r  s u r f a c e .  

Each pad ( excep t  forward pad)  i s  f i t t e d  wi th  a 1 . 7 - m  
(68-in.)  long  l u n a r  s u r f a c e  s e c s i n g  probe which upon con- 
t ac t  w i t h  t h e  l u n a r  s u r f a c e  s i g n a l s  t h e  c r e w  t o  s h u t  down 
t h e  d e s c e n t  engine .  

The Apollo LM has  a launch we igh t  of  1 6 , 4 2 9  kg (36,218 
l b . ) .  The weight  breakdown is  as fo l lows :  

k i lograms pounds 

1. Ascent  s t a g e ,  d ry*  2,134 4 , 7 0 4  
2 .  APS p r o p e l l a n t s  ( loaded)  2,378 5,242 
3. Descent s t a g e ,  d r y  2,759 6 , 0 8 3  
4.  DPS p r o p e l l a n t s  ( loaded)  8,872 19,558 
5. RCS p r o p e l l a n t s  ( loaded)  286 631 

1 6 , 4 2 9  kg 3 6 , 2 1 8  I b s  

* I n c l u d e s  w a t e r  and oxygen; no  c r e w .  

- more - 
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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

WASHINGTON, D. C. 20546 

BIOGRAPHICAL DATA 

NAME: John W. Young (Captain, USN) 
Apollo 16 Mission Commander 
NASA Astronaut 

BIRTHPLACE AND DATE: Born in San Francisco, California, 
on September 24, 1930. His parents, M r .  and Mrs. 
William H. Young, reside in Orlando, Florida. 

PHYSICAL DESCRIPTION: Brown hair; green eyes, height: 
5 feet 9 inches; weight: 165 pounds. 

EDUCATION: Graduated from Orlando High School. Orlando, 
Florida; received a Bachelor of Science degree in 
Aeronautical Engineering from the Georgia Institute 
of Technology in 1952; recipient of an Honorary 
Doctorate of Laws degree from Western State Univer- 
sity College of Law in 1969, and an Honorary Doc- 
torate of Applied Science from Florida Technological 
University in 1970. 

MARITAL STATUS: Maxried to the former Susy Feldman of 
St. Louis, Missouri. 

(by a previous marriage). 

out in the full pressure suit to stay in shape. 

CHILDREN: Sandy, April 30, 1957; John, January 17, 1959 

RECREATIONAL INTERESTS: He plays handball, runs and works 

ORGANIZATIONS: Fellow of the American Astronautical 
Society, Associate Fellow of the Society of 
Experimental Test Pilots, and Member of the 
American Institute of Aeronautics and Astronautics. 

SPECIAL HONORS: Awarded the NASA Distinguished Service 
Medal, two NASA Exceptional Service Medals, the 
MSC Certificate of Commendation (1970), the Navy 
Astronaut Wings, the Navy Distinguished Service 
Medals, and three Navy Distinguished Flying Crosses. 

- more - 
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EXPERIENCE: Upon graduation from Georgia Tech, Young 
entered the U.S. Navy i n  1952; he holds the  rank of 
Captain i n  t h a t  service. 

H e  completed tes t  p i l o t  t r a i n i n g  a t  t h e  U.S. Naval 
T e s t  P i l o t  School i n  1959, and w a s  then assigned 
as a test p i l o t  a t  t he  Naval A i r  T e s t  Center  u n t i l  
1962. T e s t  p ro j ec t s  i n  which he p a r t i c i p a t e d  
include evaluat ions of the F8D "Crusader" and 
F4B "Phantom" f i g h t e r  weapons systems, and i n  
1962, he set world time-to-climb records t o  3,000 
and 25,000 meter a l t i t u d e s  i n  the Phantom. Prior 
t o  h i s  assignment t o  NASA, he w a s  maintenance 
o f f i c e r  of All-Weather-Fighter Squadron 143 a t  
the Naval A i r  S t a t ion ,  M i r a m a r ,  Ca l i forn ia .  H e  
has logged more than 5,900 hours f ly ing  t i m e ,  including 
more than 4 ,900  h O U r S  i n  j e t  a i r c r a f t ,  and completed th ree  
space f l i g h t s  t o t a l i n g  267 hours and 4 2  minutes .  Captain 
Young w a s  s e l ec t ed  a s  an as t ronaut  by NASA i n  September 1962 
H e  served as pi lot  with comand p i l o t  Gus G r i s s o m  
on t h e  f i r s t  manned Gemini f l i g h t  -- a 3-orbi t  
mission,  launched on March 23, 1965, during which 
t h e  crew accomplished the-  f i r s t  manned space- 
craf t  o r b i t a l  t r a j e c t o r y  modifications and l i f t i n g  
reent ry ,  and f l i g h t  t e s t e d  a l l  systems i n  G e m i n i  3. 

A f t e r  this f l i g h t ,  he w a s  backup p i l o t  f o r  Gemini 6 .  

On Ju ly  18, 1966, Young occupied the  command p i l o t  
seat f o r  t he  Gemini 10 miss ion  and, with Michael 
Collins as p i l o t ,  e f f ec t ed  a successfu l  rendezvous 
and docking w i t h  t h e  Agena t a r g e t  vehic le .  The 
l a r g e  Agena main engine w a s  subsequently ign i t ed ,  
p rope l l ing  the docked combination t o  a record 
a l t i t u d e  of approximately 475 m i l e s  above t h e  e a r t h ,  
the f i r s t  manned operat ion of a l a rge  rocket  engine 
i n  space. They l a t e r  performed a Oompletely o p t i c a l  
rendazvous (without radar )  on a second, passive 
Agena which had been placed i n  o r b i t  during the 
Gemini 8 mission. Af te r  the rendezvous, Young f l e w  
formation on the slowly r o t a t i n g  passive Agena 
while Col l ins  performed extra-vehicular  a c t i v i t y  
t o  it and recovered a m i c r o T t e o r i t e  de tec t ion  
experiment, accomplishing an in-space retrieval of 
the d e t e c t o r  which had been o r b i t i n g  the e a r t h  f o r  
t h r e e  months. The f l i g h t  w a s  concluded, a f t e r  3 
days and 4 4  revolu t ions ,  w i t h  a prec ise  splashdown 
i n  the West A t l a n t i c ,  2.6 m i l e s  from the recovery 
s h i p  USS GUADAICANAL. 
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He was then assigned as the backup comrmand module 
pilot for Apollo 7. 

Yoqng was command module pilot for Apollo 10, 
May 18-26, 1969, the comprehensive lunar-orbital 
qualification test of the Apollo lunar module. 
He was accompanied on the 248,000 nautical mile 
lunar mission by Thomas P. Stafford (spacecraft 
commander) and Eugene A. Cernan (lunar module pilot). 
In achieving all mission objectives, Apollo 10 
confirmed the operational performance, stability, 
and reliability of the comnd-service module/lunar 
module configuration during translunar coast, lunar 
orbit insertion, and lunar module separation and 
descent to within 8 nautical miles of the lunar 
surface. The latter maneuvers employed all but the 
final landing phase and facilitated extensive 
evaluations of the lunar module landing radar 
devices and propulsion systems and lunar module 
and command-service module rendezvous radars in 
the subsequent 'lunar rendezvous. In addition to 
discovering unexpectedly that the lunar gravitational 
field targeted the lunar module over 4 miles south 
of the Apollo 11 lunar landing site, Apollo 10 
photographed and accurately located this site for 
the lunar landing. 

Captain Young served. as backup spacecraft commander 
for Apollo 13. 

He was assigned as spacecraft coimnander for the 
Apollo 16 flight March 3, 1971. 

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

WASHINGTON, D. C. 20546 

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

NAME: Thomas K. Mattingly I1 (Lieutenant Commander, USN) 
Apollo 1 6  Command Module P i l o t  
NASA Astronaut 

BIRTHPLACE AND DATE: Born i n  Chicago, I l l i n o i s ,  March 1 7 ,  
1936. H i s  parents ,  M r .  and Mrs. Thomas K. Mattingly, 
now re s ide  i n  Hialeah, Flor ida.  

PHYSICAL DESCRIPTION: Brown ha i r ;  blue eyes; height:  
5 f e e t  1 0  inches;  weight: 1 4 0  pounds. 

EDUCATION: Attended Flor ida  elementary and secondary 
schools and is a graduate of M i a m i  Edison High 
School, M i a m i ,  F lor ida;  received a Bachelor of 
Science degree i n  Aeronautical Engineering from 
Auburn University i n  1958. 

of Hollywood, Cal i forn ia .  

handball  and tennis. 

MARITAL STATUS: Married t o  the  former El izabeth Dailey 

RECREATIONAL INTERESTS: Enjoys w a t e r  sk i ing  and playing 

ORGANIZATIONS: Member of t h e  American I n s t i t u t e  of 
Aeronautics and Astronautics and the U.S. Naval 
I n s t i t u t e .  

SPECIAL HONORS: Presented the  MSC C e r t i f i c a t e  of Commen- 
da t ion  (1970) .  

EXPERIENCE: P r i o r  t o  repor t ing  fo r  duty a t  t he  Manned 
Spacecraf t  Center, he w a s  a s tudent  a t  the  A i r  
Force Aerospace Research P i l o t  School. 

H e  began h i s  Naval career as an Ensign i n  1958 and 
received h i s  wings i n  1960.  H e  w a s  then assigned 
t o  VA-35 and flew A1H a i r c r a f t  aboard the  USS 
SARATOGA from 1 9 6 0  t o  1963. In July 1963, he 
served i n  VAH-11 deployed aboard the  USS FRANKLIN D. 
ROOSEVELT where he f l e w  t he  A3B a i r c r a f t  f o r  two years.  

H e  logged 4,200 hours of f l i g h t  t i m e  -- 2,300 hours 
i n  j e t  aircraft .  

- more . 
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L t .  Commander Mattingly is one of t h e  19 astro- 
nauts s e l ec t ed  by NASA i n  Apri l  1966. H e  served as 
a member of t h e  as t ronaut  support  crews f o r  t he  Apollo 
8 and 9 missions. 

H e  w a s  then designated command module p i l o t  f o r  
Apollo 13 b u t  w a s  removed from f l i g h t  s t a t u s  72 
h o d s  prior to t he  scheduled launch due to exposure 
to t h e  german measles. 
the f l i g h t  of A p o l l o  13, Apr i l  13-17, 1970, by 
backup command module p i l o t  John L. Swigert, Jr. 

H e  was designated t o  serve as command module p i l o t  
f o r  t h e  Apollo 1 6  f l i g h t  March 3, 1971. 

Mattingly w a s  replaced on 

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

WAH(INGTOU, 0. C. 20544 

B IOGRAPHICAL DATA 

NAHE: Charles Moss Duke, Jr. (Lieutenant Colonel, USAF) 
Apollo 15 Lunar Module P i l o t  
NASA Astronaut 

BIRTHPLACE AND DATE: B o r n  i n  Charlot te ,  North Carolina,  
on October 3,  1935. H i s  parents ,  Mr. and Mrs. 
Charles M. Duke, make t h e i r  home i n  Lancaster, 
South Carolina. 

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

EDUCATION: Attended Lancaster High School i n  Lancaster, 
South Carolina,  and w a s  graduated va led ic tor ian  
f r o m  the A d m i r a l  Farragut Academy i n  S t .  Petersburg, 
Florida: received a Bachelor of Science degree i n  
Naval Sciences from the  U.S. Naval Academy in 1957 
and a Master of Science degree i n  Aeronautics and 
Astronautics from the Massachusetts I n s t i t u t e  of 
Technology i n  1964.  

Claiborne of Atlanta ,  Georgia; her  parents  are 
D r .  and Mrs. T. S t e r l i n g  Claiborne of A t l a n t a .  

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

RECREATIONAL INTERESTS : Hobbies include hunting, 
fishing, reading, and playing gol f .  

ORGANIZATIONS: Member of t h e  A i r  Force Association, t he  

MARITAL STATUS: Married t o  the  former Dorothy made  

Soc ie ty  of Experimental T e s t  P i lo t s ,  t h e  R o t a r y  
Club, the American Legion, and the American Fighter  
P i l o t s  Association. 

SPBCIAC HONORS: Awarded the  MSC C e r t i f i c a t e  of Commendation (1970). 

- more - 



- 153 - 

EXPERIENCE: When n o t i f i e d  of h i s  s e l ec t ion  as an a s t ro -  
naut,  Duke was a t  t he  A i r  Force Aerospace Research 
P i l o t  School a s  an i n s t r u c t o r  teaching con t ro l  
systems and f ly ing  i n  the F-104, F-101, and T-33 
a i r c r a f t .  H e  w a s  graduated from the  Aerospace 
Research P i l o t  School i n  September 1965 and stayed 
on the re  as an i n s t r u c t o r .  

H e  i s  an A i r  Force L t .  Colonel and w a s  commissioned 
i n  1957 upon graduation from the  Naval Academy. 
Upon en ter ing  the  A i r  Force, he went t o  Spence 
A i r  Base, Georgia, f o r  primary f l i g h t  t r a i n i n g  
and then t o  Webb A i r  Force B a s e ,  Texas, f o r  bas i c  
f ly ing  t r a in ing ,  where i n  1958 he became a d i s t i n -  
guished graduate. 
graduate a t  Moody A i r  Force Base, Georgia, where 
he completed advanced t r a i n i n g  i n  F-86L a i r c r a f t .  
upon completion of t h i s  t r a i n i n g  he w a s  assigned 
t o  the  526th Fighter  In te rceptor  Squadron a t  Ram- 
s t e i n  A i r  Base, Germany, where he served th ree  
years as a f i g h t e r  i n t e rcep to r  p i l o t .  

H e  has logged 3,000 hours f ly ing  t i m e ,  which 
includes 2,750 hOurs i n  j e t  a i rcraf t .  

L t .  Colonel Duke is  one of t he  1 9  as t ronauts  
se lec ted  by NASA i n  April  1966. H e  served a s  a 
member of t he  as t ronaut  support  qrew f o r  t he  Apollo 1 0  
f l i g h t  and as backup lunar  module p i l o t  f o r  t he  
Apollo 13 f l i g h t .  

He was designated March 3, 1971 t o  serve a s  lunar  
module p i l o t  f o r  t he  Apollo 1 6  mission. 

H e  was again a dis t inguished 

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

WUWIWCTW. D. C. 20544 

BIOORAPWICAL DATA 

WME: Fred Wallace Haise, Jr. (Mr.) 
Apollo 16 Backup Commander 
NASA Astronaut 

BIRTHPLACE AND DATE: Born i n  Bi loxi ,  Mississ ippi ,  on 
November 1 4 ,  1933; h i s  mother, Mrs. Fred W. Haise, Sr . ,  
r e s ides  i n  Biloxi.  

PHYSICAL DESCRIPTION: Brown h a i r ;  brown eyes,  height: 
5 f e e t  9 1 / 2  inches; weight: 155 pounds. 

EDUCATION: Graduated from Biloxi High School, Bi loxi ,  
Mississ ippi ;  at tended Perkinston Junior  College 
(Association of A r t s ) ;  received a Bachelor of 
Science degree with honors i n  Aeronautical Engineering 
from the University of Oklahoma i n  1959, and an 
Honorary Doctorate of Science from Western Michigan 
University i n  1970. 

MARITAL STATUS: Married t o  the former Mary G r i f f i n  Grant 
of Bi loxi ,  Mississ ippi .  H e r  parents ,  Mr. and Mrs. 
W i l l i a m  J. Grant, Jr., r e s ide  i n  Bi loxi .  

May 13., 1958; Stephen W., June 30, 1961; Thomas J., 
Ju ly  6 ,  1970. 

and member of t h e  Society of Experimental T e s t  
P i lo t s ,  Tau Beta P i ,  Sigma Gamma Tau, and Phi 
Theta Kappa. 

SPECIAL HONORS: Awarded t h e  P res iden t i a l  Medal f o r  Freedom 
(1970), t he  NASA Distinguished Service Medal, t he  

AIAA Haley Astronaut ics  Award for 1971, t he  American 
Astronautical Society F l i g h t  Achievement Award f o r  
1970, the Ci ty  of N e w  York Gold Medal i n  1970,  t he  
C i t y  of Houston Medal f o r  Valor i n  1970,  t h e  Jeff 
Davis Award (1970) ,  the Mississ ippi  Distinguished 
C iv i l i an  Service Medal (1970) , t h e  E-.,erican Defense 
Ribbon, t h e  Society of Experimental T e s t  Pi lots  Ray E. 
Tenhoff Award f o r  1966, and t h e  A.B. Honts Trophy a s  
the outstanding graduate of C l a s s  64A f r o m  the Aerospace 
Research P i l o t  School i n  1964. 

CHILD=: Mary M.,  January 2 5 ,  1956; Frederick T., 

ORGANIZATIONS: Fel low of the American Astronaut ical  Society,  

- more - 



-. 155 - 

EXPERIENCE: H a k e  w a s  a research p i l o t  a t  t he  NASA F l i g h t  
Research Center a t  Edwards, Cal i forn ia ,  before 
coming t o  Houston and the  Manned Spacecraf t  Center; 
and from September 1959 t o  March 1963, he w a s  a 
research p i l o t  a t  t h e  NASA Lewis  Research Center i n  
Cleveland, Ohio. During t h i s  t i m e  he authored the  
following papers which have been published: a 
NASA TND, e n t i t l e d  "An Evaluation of t h e  Flying 
Q u a l i t i e s  of Seven General-Aviation A i r c r a f t " ;  
NASA TND 3380, "Use of A i r c r a f t  f o r  Zero Gravity 
Environment, May 1966" ;  SAE Business A i r c r a f t  Con- 
ference Paper, e n t i t l e d  "An Evaluation of General- 
Aviation A i r c r a f t  Flying Q u a l i t i e s ,  March 30 - 
Apri l  1, 1966" ;  and a paper del ivered a t  the Tenth 
Symposium of the Society of Experimental T e s t  
P i l o t s ,  e n t i t l e d  "A Quanti-tative/Qualitative 
Handling Q u a l i t i e s  Evaluation of Seven General- 
Aviation A i r c r a f t ,  1966."  

H e  w a s  the  Aerospace Research P i l o t  School's 
outstanding graduate of C l a s s  64A and served with 
the  U . S .  A i r  Force from October 1 9 6 1  t o  August 1 9 6 2  
a s  a t a c t i c a l  f i g h t e r  p i l o t  and a s  chief of t he  
1 6 4 t h  Standardization-Evaluation F l i g h t  of the 
164th Tac t ica l  Fighter:  Squadron a t  Mansfield, Ohio. 
From March 1957 t o  September 1959, Haise w a s  a 
f i g h t e r  i n t e rcep to r  p i l o t  with t h e  185th Fighter  
In te rceptor  Squadron i n  the  Oklahoma A i r  National 
Guard. 

H e  also served as a t a c t i c s  and a l l  weather f l i g h t  
i n s t r u c t o r  i n  the  U.S. Navy Advanced Training 
Command a t  NAAS Kingsvi l le ,  Texas, and was assigned 
as a U.S. Marine Corps f i g h t e r  p i l o t  t o  VMF-533 
and 1 1 4  a t  MCAS Cherry Point ,  North Carolina,  from 
March 1954 t o  September 1956. 

H i s  m i l i t a r y  career  began i n  October 1952 as a 
Naval Aviation Cadet a t  t he  Naval A i r  S ta t ion  i n  
Pensacola, Flor ida.  

H e  has accumulated 6,700 hours f ly ing  t i m e ,  including 
3,300 hours i n  jets. 
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M r .  Haise i s  one of t he  1 9  as t ronauts  s e l ec t ed  by 
NASA i n  Apr i l  1966.  H e  served as backup lunar 
module p i a o t  f o r  the Apollo 8 and 11 missions. 

H a i s e  w a s  lunar  module p i l o t  f o r  Apollo 13, Apri l  11-17 ,  
1970. Apollo 13  was programmed f o r  ten  davs and 
was committed t o  our  f i r s t  landing i n  t h e  h i l l y ,  
upland Fra Mauro region of the Moon; however, t he  
o r i g i n a l  f l i g h t  plan w a s  modified enroute t o  t h e  
Moon due t o  a f a i l u r e  of t he  service module 
cryogenic oxygen system which occurred a t  approximately 
55 hours i n t o  t h e  f l i g h t .  Haise and fellow crewmen, 
James A. Love11 (spacecraf t  commander)'and John L. 
Swigert .(command module p i l o t ) ,  working c lose ly  
with Houston ground controlXers, converted t h e i r  
lunar module "Aquarius" i n t o  an e f f e c t i v e  l i f e b o a t .  
Their emergency a c t i v a t i o n  and operat ion of lunar 
module systems conserved both electrical power and 
w a t e r  i n  s u f f i c i e n t  supply t o  assure t h e i r  s a fe ty  
and su rv iva l  while i n  space and f o r  t he  r e tu rn  t o  
Earth. 

In completing h i s  first space f l i g h t ,  M r .  Haise 
logged a t o t a l  of 1 4 2  hours and 54 minutes i n  
space. 

H e  w a s  designated as backup spacec ra f t  commander 
f o r  t h e  Apollo 1 6  mission March 3 ,  1971.  

- end -- 

March 1972 
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NATIONAL AERONAUTICS AND SPACE ADMINISTRA710N 

WASHINGTON, D. C. 20% 

BIOGRAPHICAL DATA 

NAME: Stuart Allen Roosa (Lieutenant Colonel, USAF) 
Apollo 16 Backup Command Module Pilot 
NASA Astronaut 

BIRTHPLACE AND DATE: Born August 16, 1933, in Durango, 
Colorado. His parents, Mr. and Mrs. Dewey Roosa, 
now reside in Tucson, Arizona. 

PHYSICAL DESCRIPTION: Red hair; blue eyes, height: 
5 feet 10 inches; weight: 155 pounds. 

EDUCATION: Attended Justice Grade School and Claremore 
High School in Claremore, Oklahoma; studied at 
Oklahoma State University and the University of 
Arizona and was graduated with honors and a 
Bachelor of Science degree in Aeronautical Engineering 
from the University of Colorado; presented an 
Honorary Doctorate of Letters from the University 
of St. Thomas (Houston, Texas) in 1971. 

MARITAL S'IATUS: His wife is the former Joan C. Barrett 
of Tupello, Mississippi; and her mother, Mrs. John T. 
Barrett, resides in Sessums, Mississippi. 

CHILDREN: Christopher A., June 29, 1959; John D., 
January 2, 1961; Stuart A., Jr., March 12, 1962; 
Rosemary D., July 23, 1963. 

RECREATIONAL INTERESTS: His hobbies are hunting, boating, 
and- fishing. 

ORGANIZATIONS: Associate Member of the Society of 
Experimental Test Pilots. 

SPECIAL HONORS: Presented the NASA Distinguished Service 
Medal, the MSC Superior Achievement Award (1970), 
the Air Force Command Pilot Astronaut Wings, the 
Air Force Distinguished Service Medal, the Arnold 
Air Society's John F. Kennedy Award (1971), and 
the City of New York Gold Medal in 1971. 
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EXPERIENCE: Roosa, a It. colonel i n  the  A i r  Force, has been 
on a c t i v e  duty since 1953. P r i o r  t o  jo in ing  NASA, he 
w a s  an experimental test p i l o t  a t  Edwards A i r  Force 
Base, Ca l i f .  -- an assignment he he ld  from September 
1965 t o  May 1 9 6 6 ,  following graduation from t h e  Aero- 
space Research P i l o t s  School. H e  w a s  a maintenance 
f l i g h t  t es t  p i l o t  a t  Olmstead A i r  Force Base, Pennsyl- 
vania,  from Ju ly  1962  t o  August 1 9 6 4 ,  f l y i n g  F-101 
a i r c r a f t .  H e  served a s  Chief of Service Engineering 
(AFLC) a t  Tachikawa A i r  B a s e  f o r  two years  following 
gradaation from the University of Colorado under t h e  
4ir Force I n s t i t u t e  of Technology Program. P r i o r  t o  
t h i s  t ou r  of duty,  he was assigned as a f i g h t e r  p i l o t  
a t  Langley A i r  Force B a s e ,  Vi rg in ia ,  w!iere he f l e w  
t he  F-84F and F-100 a i r c r a f t .  

H e  attencied Gunnery School a t  D e l  R i o  and Luke A i r  
Force Bases and is  a graduate of t h e  Aviation Cadet 
Pr0gr.m a t  W i l l i a m s  A i r  Force B a s e ,  Arizona, where 
he rctceived h i s  f l i g h t  t r a i n i n g  and commission i n  t h e  
A i r  Force. Since 1953, he has acquired 4,600 f l y i n g  
hours -- 4 ,100  hours i n  je t  a i r c r a f t .  

L t .  Colonel Roosa is one of t he  19  as t ronauts  selected 
by NASA i n  Apri l  1966.  H e  w a s  a member of t he  a s t ro -  
nau t  support  c r e w  f o r  t h e  Apollo 9 f l i g h t .  

H e  completed h i s  f i r s t  space f l i g h t  as command module 
p i l o t  on Apollo 1 4 ,  January 31-February 9 ,  1971 .  W i t h  
him on m a n ' s  t h i r d  lunar  landing mission were Alan B. 
Shepard ( spacecraf t  commander) and Edgar D. Mitchel l  
( lunar  module p i l o t ) .  

Maneuvering their lunar  module, "Antares , " t o  a landing 
i n  t h e  h i l l y  upland Fra Mauro region of t h e  moon, Shepax 
and Mitchell  subsequently deployed and ac t iva t ed  various 
s c i e n t i f i c  equipment and experiments and proceeded t o  
c o l l e c t  almost 1 0 0  pounds of lunar samples f o r  r e tu rn  
t o  earth. Throughout*this 33-hour per iod of l una r  sur- 
face ac t iv i t ies ,  Roosa remained i n  lunar o r b i t  aboard 
the command module, "Kittyhawk, " t o  conduct a v a r i e t y  
of assigned photographic and v isua l  observations.  
Apollo 1 4  achievements include: f i r s t  use of Mobile 
Equipment Transporter (MET); l a r g e s t  payload placed i n  
lunar o r b i t ;  longest  d i s tance  t raversed  on t h e  luna r  
sur face ;  l a r g e s t  payload returned from the  lunar  sur- 
face; longest  lunar  su r face  s t a y  t i m e  ( 3 3  hours) ;  
longes t  lunar  sur face  EVA ( 9  hours and 1 7  minu tes ) ;  
f i r s t  use of shortened lunar  o r b i t  rendezvous techniques; 
f i r s t  use of colored TV with new vidicon tube on 
lunar surface;  and f i r s t  extensive o r b i t a l  science 
period conducted during CSM solo operat ions.  
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In completing h i s  f i r s t  space f l i g h t ,  Roosa logged 
a to ta l  of 216 hours and 42 minutes. 

H e  was designated t o  serve as backup command module 
p i l o t  for Apollo 16  on March 3 ,  1971.  

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

WASHINGTON, D. C. 20546 

B l  O G R  A P H l C  A 1  D A T A  

NAME: Edgar Dean Mitchel l  (Captain, USN) 
Apollo 1 6  Backup Lunar Module P i l o t  
NASA Astronaut 

BIRTHPLACE AND DATE: Born i n  Hereford, Texas, on September 1 7 ,  
1930, b u t  considers  Artesia, New Mexico, h i s  hometown. 
H i s  mother, Mrs. J. T. Mitchel l ,  now re s ides  i n  
Tahlequah, Oklahoma. 

PHYSICAL DESCRIPTION: Brown ha i r ;  green eyes; height :  
5 f e e t  11 inches; weight: 180  pounds. 

EDUCATION: Attended primary schools  i n  Roswell, N e w  Mexico, 
and i s  a graduate of  A r t e s i a  High School i n  Artesia,  
N e w  Mexico; received a Bachelor of Science degree 
i n  I n d u s t r i a l  Management from t h e  Carnegie I n s t i t u t e  
of Technology i n  1952, a Bachelor of Science degree 
in  Aeronautical  Engineer.ing from the U.S. Naval 
Postgraduate School i n  1 9 6 1 ,  and a Doctorate of 
Science degree i n  Aeronautics/Astronautics from 
the  Massachusetts I n s t i t u t e  of Technology i n  1964 ;  
presented an Honorary Doctorate of Science from 
New Mexico State Universi ty  .in 1971,  and an Honorary 
Doctorate of Engineering from Carnegie-Mellon Univ- 
e r s i t y  i n  1971. 

MARITAL STATUS: Married t o  the former Louise El izabe th  
Randall of Muskegon, Michigan. H e r  mother, Mrs. 
Winslow Randall, now re s ides  i n  P i t t sburgh ,  Pennsyl- 
vania.  

CHILDREN: Karlyn L.,  August 12, 1953; E l i z a b e t h  R . ,  
March 2 4 ,  1959. 

RECREATIONAL INTERESTS: H e  enjoys handball  and Swimming, 
and h i s  hobbies a r e  scuba diving and soaring. 

ORGANIZATIONS: Member of t h e  American I n s t i t u t e  of Aero- 
n a u t i c s  and Ast ronaut ics ;* the  Society of Experi- 
mental T e s t  P i l o t s ;  Sigma X i ;  and Sigma Gamma Tau. 
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SPECIAL HONORS: Presented t h e  P res iden t i a l  Medal of Freedom 
(1970) ,  t he  NASA Distinguished Service Medal, t h e  
MSC Superior Achievement Award ( 1 9 7 0 ) ,  t he  Navy 
Astronaut Wings, t h e  Navy Distinguished Service 
Medal, t he  Ci ty  of New York Gold Medal (19711,  and 
the  Arnold A i r  Soc ie ty ' s  John F. Kennedy Award (1971) .  

EXPERIENCE,: Captain Mi tche l l ' s  experience includes Navy 
operat ional  f l i g h t ,  test f l i g h t ,  engineering, 
engineering management, and experience as a co l lege  
in s t ruc to r .  Mitchell  came t o  the  Manned Spacecraf t  
Center a f t e r  graduating f i r s t  i n  h i s  class from 
t h e  A i r  Force Aerospace Research P i l o t  School where 
he w a s  both s tudent  and in s t ruc to r .  

H e  entered the Navy i n  1952 and completed h i s  b a s i c  
t r a i n i n g  a t  the  San Diego Rec ru i t  Depot. In  May 1953, 
a f t e r  completing in s t ruc t ion  a t  t h e  Off icers '  Candidate 
School a t  Newport, Rhode Is land ,  he w a s  commissioned 
as an ensign. H e  completed f l i g h t  t r a i n i n g  i n  
Ju ly  1954 a t  Hutchinson, Kansas, and subsequently 
w a s  assigned to Pa t ro l  Squadron 29 deployed t o  
Okinawa. 

From 1957 to  1958, he f l e w  A3 a i r c r a f t  while assigned 
t o  Heavy Attack Squadron Two deployed aboard the 
USS EON H O W  RICHARD and USS TICONDEROGA; and he 
w a s  a research p r o j e c t  p i l o t  with A i r  Development 
Squadron Five u n t i l  1959. H i s  assignment from 
1964  t o  1965 w a s  as Chief, Project Management 
Division of t he  Navy Fie ld  Off ice  f o r  Manned Orbi t ing 
Laboratory. 

H e  has accumulated 4,000 hours f l i g h t  t i m e  -- 
1,900 hours i n  jets. 

Captain Mitchel l  w a s  i n  t h e  group se l ec t ed  f o r  
astronaut t r a in ing  i n  Apr i l  1966.  H e  served as 
a m e m b e r  of the as t ronaut  support  crew for Apollo 9 
and as backup lunar module p i l o t  f o r  Apollo 10. 

H e  completed h i s  f i r s t  space f l i g h t  as lunar module 
p i l o t  on Apollo 1 4 ,  January 31 - February 9 ,  1971. 
W i t h  him on m a n ' s  t h i r d  lunar landing missipn 
were A l a n  B. Shepard ( spacecraf t  commander) and 
S t u a r t  A. Roosa (command module p i l o t ) .  

- m o r e  - 
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Manuevering their lunar  module, "Antares," t o  a 
landing i n  the  h i l l y  upland Fra Mauro region of 
t he  Moon, Shepard and Mitchel l  subsequently deployed 
and ac t iva t ed  var ious s c i e n t i f i c  equipment and 
experiments and co l lec ted  almost 1 0 0  pounds of lunar  
samples f o r  r e tu rn  t o  Earth. Other Apollo 1 4  achieve- 
ments include: f i r s t  use of Mobile Equipment Trans- 
po r t e r  (MET): l a r g e s t  payload placed i n  lunar  o r b i t :  
longest  d i s tance  t raversed on the  luna r  surface: 
l a r g e s t  payload returned from t h e  luna r  surface: 
longest  lunar  surface s t a y  t i m e  (33 hours) :  longest  
lunar  surface EVA ( 9  hours and 1 7  minutes): f irst  
use of shortened lunar  o r b i t  rendezvous techniques; 
f i rs t  use of colored TV with new vidicon tube on 
lunar  surface: and f i r s t  extensive o r b i t a l  science 
period conducted during CSM so lo  operat ions.  

In  completing h i s  f i r s t  space f l i g h t ,  Mitchell  
logged a t o t a l  of 216 hours and 42 minutes. 

H e  was designated a s  backup lunar  module p i l o t  f o r  
Apollo 1 6  on March 3 ,  1971. 

- end - 
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Spacefl ight  Tracking and Data Support Network 

NASA's  worldwide Spacefl ight  Tracking and Data Network 
(STDN) w i l l  provide communication with the Apollo as t ronauts ,  
t h e i r  launch vehicle  and spacecraf t .  It w i l l  a l s o  maintain 
the  communications l i n k  between Earth and the  Apollo experiments 
l e f t  on the l u n a r  surface and track the particles and f i e l d s  
s u b s a t e l l i t e  i n j ec t ed  i n t o  lunar  o r b i t  during Apollo 1 6 .  

The STDN i s  l inked together  by t h e  NASA Communication 
Network (NASCOM) which provides f o r  a l l  information and da ta  
flow. 

In  support of Apollo 1 6 ,  the  STDN w i l l  employ 11 ground 
t racking s t a t i o n s  equipped with 9 .l-meter (30-fOOt) and 
25.9-meter (85-foot) antennas, an instrumented t racking sh ip ,  
and four  instrumented a i r c r a f t .  This por t ion  of t he  STDN w a s  
known formerly as the  Manned Space F l i g h t  Network. For Apollo 1 6 ,  
t he  network w i l l  be augmented by t h e  6 4 - m e t e r  (210-foot) antenna 
system a t  Goldstone, Cal i forn ia  (a  u n i t  of NASA's Deep Space 
Network). 

The STDN i s  maintained and operated by the NASA Goddard 
Space F l igh t  Center, Greenbelt, Md., under the  d i r e c t i o n  of 
NASA's  Off ice  of T r a c k i n ?  and Data Acquisit ion.  Goddard w i l l  
become an emergency control  cen ter  i f  the Pouston Miss ion  
Con t ro l  Center i s  impaired f o r  an extended t i m e .  

NASA Communications Network (NASCOM). The t racking net-  
work is l inked tocrether bv the NASA Communications Network. 
A l l  information fiows t o  &d from MCC Houston and the. Apollo 
spacecraf t  over t h i s  communications system. 

The NASCOM consists of more than 3.2 mill ion c i r c u i t  
kilometers (1.7 mi l l ion  nm) ,. using satel l i tes ,  submarine 
cables ,  land l i n e s ,  microwave systems, and high frequency 
r ad io  f a c i l i t i e s .  NASCOM cont ro l  cen te r  i s  loca ted  a t  
Goddard. Regional communication switching centers are i n  
Madrid; Canberra, Aus t r a l i a :  Honolulu; and Guam. 

I n t e l s a t  communications satell i tes w i l l  be used f o r  
A p o l l o  1 6 .  
with Ascension Is land and the  Vanguard t racking  ship.  Another 
A t l an t i c  s a t e l l i t e  w i l l  provide a d i r e c t  l i n k  between Madrid 
and Goddard f o r  TV s igna l s  received from the spacecraf t .  One 
s a t e l l i t e  posit ioned over the  mid-Pacific w i l l  l i n k  Carnarvon, 

One satel l i te  over t he  A t l a n t i c  w i l l  l i n k  Goddard 

-more- 
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Canberra, Guam and Hawaii with Goddard through t h e  Jamesburg, 
Ca l i fo rn ia  ground s t a t i o n .  
between Spain and Aus t r a l i a  i s  ava i l ab le  through another 
I n t e l s a t  sa te l l i te  posi t ioned over t he  Indian Ocean i f  
required.  

o r b i t a l  f l i g h t  of t h e  Apollo 1 6  are supported by t h e  Apollo 
subnet s t a t i o n  a t  Merritt I s land  Fla . ,  6.4 k m  (3.5 nm) from 
t h e  launch pad. 

During t h e  c r i t i c a l  per iod of launch and i n s e r t i o n  o f  
t he  Apollo 1 6  i n t o  Earth o r b i t ,  the USNS Vanguard provides 
t racking,  telemetry,  and communications funct ions.  This s i n g l e  
sea-going s t a t i o n  of t h e  Apollo subnet w i l l  be s t a t ioned  about 
1610  km (870 nm) southeas t  of Bermuda. 

When the Apollo 1 6  conducts the T L I  maneuver t o  leave 
Earth o r b i t  fo r  t h e  Moon, two Apollo range instrumentation a i r c r a f t  
(ARIA) w i l l  record te lemetry da t a  from Apollo and r e l a y  voice 
communications between t h e  as t ronauts  and t h e  Mission Control 
Center  a t  Houston. These a i r c r a f t  w i l l  be a i rborne between 
Aust ra l ia  and Hawaii. 

Approximately one hour af ter  the  spacecraf t  has been 
i n j e c t e d  i n t o  a t r ans luna r  t r a j e c t o r y ,  t h ree  prime MSFN s t a t i o n s  
w i l l  take over t racking  and communication with Apollo. These 
s t a t i o n s  are equipped w i t h  25.9 m e t e r  (85-foot) antennas. 

and Honeysuckle is  equipped with dual  systems f o r  t racking  
the  command module i n  lunar  o r b i t  and the  lunar  module i n  
separa te  f l i g h t  paths  o r  a t  rest on t h e  Moon. 

w i l l  be deployed t o  the  landing area t o  r e l a y  communications 
between Apollo and Mission Control a t  Houston. These 
a i rcraf t  a l s o  w i l l  provide pos i t i on  information on the  Apollo 
a f te r  t h e  blackout phase o f  r een t ry  has passed. 

been placed aboard the  recovery sh ip  USS Ticonderoga t o  r e l a y  
command c o n t r o l  communications of t h e  recovery fo rces ,  v i a  
NASA's ATS satellite,. Communications w i l l  be relayed from 
the deck mounted terminal t o  the NASA t racking  s t j t i o n s  a t  
Mojave, C a l i f o r n i a  and Rosman, N..C. through Goddard t o  
the  recovery con t ro l  cen ters  loca ted  i n  Hawaii and Houston. 

An a l t e r n a t e  route  of communications 

Mission Operations: Prelaunch tests, l i f t o f f ,  and Earth 

Each of t h e  prime s t a t i o n s ,  loca ted  a t  Goldstone, Madrid, 

For r een t ry ,  two ARIA (Apollo Range Instrumented A i r c r a f t )  

An appl ica t ions  technology satel l i te  (ATS) terminal has 
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Pr io r  t o  recovery, the as t ronauts  aeromedical records 
a re  t ransmit ted v i a  the  ATS s a t e l l i t e  t o  the  recovery sh ip  
f o r  comparison with the  physical da ta  obtained i n  the  post- 
f l i g h t  examination performed aboard the  recovery ship.  

spacecraf t  during the  journey t o  and from the  Moon and on the  
lunar  sur face  w i l l  be received by t h e . t h r e e  prime s t a t i o n s ,  
augmented by the 64-meter  (210-foot) antennas a t  Goldstone 
and Parkes. The co lor  TV s igna l  must be converted a t  t he  
MSC Houston. A black and white version of the color  s i g n a l  
can be released l o c a l l y  from the  s t a t i o n s  i n  Spain and 
Aus t ra l ia .  

Television Transmissions: Television from the Apollo 

Before the  lunar  sur face  TV camera is mounted on the  LRV 
TV s igna l s  o r ig ina t ing  from the Moon w i l l  be t ransmit ted 
t o  the  MSFN s t a t i o n s  via  the luna r  module. While the  camera 
i s  mounted on the  LRV, t he  TV s i g n a l s  w i l l  be t ransmit ted 
d i r e c t l y  t o  t racking  s t a t i o n s  a s  the astronauts  explore the  
Moon. 

Once t h e  LRV has been parked near t he  lunar  module, its 
b a t t e r i e s  w i l l  have about 80 hours of operat ing l i f e .  T h i s  
w i l l  allow ground con t ro l l e r s  t o  pos i t ion  the  camera for 
viewing the  lunar module l i f t o f f ,  pos t  l i f t - o f f  geology, 
and o ther  scenes. 

-more- 
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ENVIRONMENTAL IMPACT OF APOLLO/SATURN V MISSION 

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

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

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

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

NASA and the Department of Defense have made a comprehensive 
study of noise levels and other hazards to be encountered for 
launching vehicles of the Saturn V magnitude. For uncontrolled 
areas the overall sound pressure levels are well below those 
which cause damage or discomfort. 
deleterious effects on wildlife which has actually increased 
in the NASA-protected areas of Merritt Island. 

Saturn launches have had no 
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A source of potential radiation hazard but highly un- 
likely, is the fuel capsule of the radioisotope thermoelectric 
generator supplied by the Atomic Energy Commission which 
provides electric power for Apollo lunar surface experiments. 
The fuel cask is designed to contain the nuclear fuel during 
normal operations and in the event of aborts so that the 
possibility of radiation contEmination is negligible. Extensive 
safety analyses and tests have been conducted which demonstrated 
that the fuel would be safely contained under almost all credi- 
ble accident conditions. 

-more- 
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PROGRAM MANAGEMENT 

The Apollo Program i s  the r e spons ib i l i t y  of t he  Off ice  
of Manned Space F l i g h t  (OMSF), National Aeronautics and 
Space Administration, Washington, D. C.  D a l e  D .  Myers i s  
Associate Adminis t ra tor  for  Manned Space F l igh t .  

NASA Manned Spacecraft  Center (MSC), Houston, is 
responsible  f o r  development of t he  Apollo spacecraf t ,  f l i g h t  
crew t r a i n i n g ,  and f l i g h t  cont ro l .  D r .  Christopher C.  Kraf t ,  Jr. 
i s  Center  Director. 

NASA Marshall Space F l i g h t  Center (MSFC), Huntsvil le,  
Ala., i s  responsible  f o r  development of the  Saturn launch 
vehicles .  D r .  Eberhard F. M. Rees is Center Director .  

NASA John F. Kennedy Space Center (KSC) ,  F la . ,  is 
responsible  f o r  Apollo/Saturn launch operat ions.  D r .  Kurt H.  
Debus i s  Center Director. 

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

manages the  Manned Space F l i g h t  Network and Communications 
Network. D r .  John F. C la rk  is Center Di rec tor .  

NASA Goddard Space F l i g h t  Center (GSFC), Greenbelt, Md., 

The Department of Defense i s  supporting NASA during 
launch, t racking,  and recovery operat ions.  The A i r  Force 
Eastern T e s t  Range is  responsible  f o r  range a c t i v i t i e s  during 
launch and down-range tracking. 
t he  use of recovery ships  and Navy and A i r  Force a i rcraf t .  

Recovery operat ions include 
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Apollo/Saturn O f f i c i a l s  

NASA Headquarters 

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

OMSF . ~ ~ ~ -  
Director  of Apollo Lunar 
Exploration, OMSF 

William T. 0"Bryant 
(Capt . ,  U S N ,  R e t . )  

Kennedy Space Center 

M i l e s  J .  R o s s  
Walter J.  Kapryan 
Raymond L.  Clark 
Robert C.  Hock 
D r .  Robert H .  Gray 

D r .  Hans F. Gruene 

John J. W i l l i a m s  
Paul C. Donnelly 

Isom A. Rige l l  

Manned Spacecraf t  Center 

Sigurd A. Sjoberg 

Brig. General James A. McDivi t t  
(USAF) 
Donald K.  Slayton 
P e t e  Frack 
Ph i l  Shaffer  
Gerald D. Gr i f f in  
Eugene F. Kranz 
Donald Puddy 
Richard S .  Johnston 

iilarshall Space F l igh t  Center 

Ilr. Eberharc? Rees 
D r .  W i l l i a m  R. Lucas 
Richzr? W .  Cook 

J a m e s  T .  Shepherd 

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

Deputy Center Director ,  and 
Acting Director ,  F l i g h t  
Operations 
Manager, Apollo Spacecqaft 
Program 
Director ,  F l i g h t  C r e w  Operations 
F l i g h t  Director  
F l i g h t  Director  
F l i g h t  Director 
F l i g h t  Director  
F l i g h t  Director  
Di rec tor ,  Medical Research 
and Operations (Acting) 

Director  
Deputy Center Di rec tor ,  Technical 
Deputy Center Director ,  
Management 
Direc tor ,  Program Management 
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Herman F. K u r t z  

Richard G. Smith 
u John C.  Rains 

W i l l i a m  F. L a H a t t e  

Frederich Duerr 

W i l l i a m  D. Brown 
James M. Sisson 

1 

Goddard Space F l i g h t  C e n t e r  

O z r o  M. Covington 
W i l l i a m  P. Varson 

H.  W i l l i a m  Wood 

Robert Owen 

L .  R. S t e l t e r  

Department of Defense 

M a j .  Gen. David M. Jones, USAF 

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

Rear Adm. Henry S .  Morgan, Jr., 
USN 
Rear Adm. Roy G. Anderson, USN 

Capt. E. A. Boyd, USN 

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

Manager, Mission Operations 
Off ice  
Manager, Saturn Program Off ice  
Manaser, S - IC  Stage Project,  
Saturn Program Office 
Manager, S-I1 S-IVB Stages 
Project,  Saturn Proqram Office 
Manager, Instrument Unit/GSE 
Project, Saturn Program Office 
Manager, Engine Program Office 
Manager, LRV Project, Sa turn  
Program Off ice  

Director,  Networks 
Chief, Network Computing & 
Analysis Division 
Chief, Network Operations 
Division 
Chief, Network Engineering 
Division 
Chief, NASA Communications 
Division 

WD Manager f o r  Manned Space 
F l i g h t  Support Operations 
Deputy DOD Manager f o r  Manned 
Space F l i g h t  Support Operations, 
and Director, DOD Manned Space 
F l i g h t  Support Off ice  
Commander, Task Force 1 3 0 ,  
P a c i f i c  Recovery Area 
Commander Task Force 1 4 0 ,  
A t l a n t i c  Recovery Area 
Commanding Of f i ce r ,  USS 
Ticonderoga,, CVS-14 
P r i m a r y  Recovery Ship 
Commander Aerospace Rescue 
and Recovery Service 
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Distance: 

Velocity: 

Liquid measure, 
weight : 

Volume: 

Pressure: 

Thrust: 

Temperature: 

- 1 7 2  - 

CONVERSION TABLE 

Multiply 

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

feet/sec 
me ters/sec 
meters/sec 
feet/sec 
f eet/sec 
statute miles/hr 
nautical miles/hr 

km/hr 
(knots ) 

gallons 
liters 
pounds 
kllograms 
metric ton 
short ton 

cubic feet 

pounds/sq. inch 

pounds 
newtons 

Centigrade 

El! 
2.54 
0.3048 
3 . 2 8 1  
3 2 8 1  
0.6214 
1.609 
1.852 
1.1508 
0.8689 
1 7 6 0  

0.3048 
3.281 
2.237 
0.6818 
0.5925 
1.609 
1.852 

0.6214 

3.785 
0.2642 
0.4536 
2.205 
1000 
907.2 

0.02832 

7 0 . 3 1  

4.448 
0.225 

1.8: add 
^ ^  

To Obtain 

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

meters/sec 
feet/sec 
statute mph 
statute miles/hr 
nautical miles/hr 
km/hr 
km/hr 

statute miles/hr 

liters 
gallons 
kilograms 
pounds 
kilograms 
kilograms 

cubic meters 

grams/sq.cm 

newtons 
pounds 

Fahrenheit 
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