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FOR RELEASE: THURSDAY A.M. 
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APOLLO 13 THIRD LUNAR LANDING MISS ION 

Apollo 13, the third u.s. manned lunar landing mission, 

will be launchep April 11 rrom Kennedy Space Center, Fla., to 

explore a hilly upland region o f  the Moon and bring back rocks 

perhaps five billion years old. 

The Apollo 13 lunar module will stay on the Moon more 

than 33 hours and the landing crew will leave the spacecraft 

twice to emplace scientific experiments on the lunar surface 

and to continue geological investigations. The Apollo 13 
landing site is in the Fra Mauro uplands; the two National 

Aeronautics and Space Administration p�evious landings were in 

mare or "sea" areas, Apollo 11 in the Sea ot Tranquility and 

Apollo 12 in the Ocean of Storms. 

Apollo 13 crewmen are commander James A. Lovell, Jr.; 

command module pilot Thomas K. Mattingly III, and lunar module 

pilot Fred W. Haise, Jr. Lovell is a u.s. Navy captain, 

Mattingly a Navy lieutenant commander, and Haise a civilian. 

-more- 3/26/70 
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Launch vehicle is a Saturn v. 

Apollo 13 ob j ectives are: 

* Perform selenological inspection, surve y and 

samp ling of mat erials in a preselected region of t he 

Fra Mauro formati on. 

* Deploy and act ivate an Apollo Lunar Surface 

Expe ri ment Package (ALSEP) • 

* Develop man's capab i li ty to work in the lunar 

envir onme nt . 

• Ob tain photographs of candi date exp loration sites • 

Current ly 11 television transmissions in color are 

scheduled: one in Earth orb it an hour and a half after 

launch , three on the outward voyage to the Moon ; one or the 

landi ng site from about nine mi l e s  up; two from the lunar 

surface whi le the as tronauts work outside the sp acecraft ; 

one at the command service module/lunar module docking operati on; 

one of the Moon from lunar orb i t ; and two on the return trip . 

The Apollo 13 landing site is i n  the hilly uplands to 

the north o f  the crater Fra Mauro. Lunar coordinates for the 

landing si te are 3.6 de grees south lati tude by 17.5 de grees 

west longitude, ab out 95.6 nau t i c al miles east of the Apo llo 

12 landing point at Surveyor III crater . 

-more -
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Experiments emplaced at the Fra Mauro site as part of 

the ALSEP III wi l l  gath er and relay long-te rm s cienti fi c 

data to Earth for at least a year on the Moon's phy3i cal and 

envi ronmental p rope rties . Five experiments are contained in 

the ALSE P :  a lunar pas s ive sei smometer will meas ure and re lay 

meteoroid impacts and moonquake s ;  a heat flow expe riment wi l l  

meas ure the heat flux from the lunar interior to the surface 

an d conducti vity of th e surface mate ri als to a depth of ab out 

10 feet; a ch arge d particle l unar environment experiment will 

me as ure proton s and electrons to dete rmine the effect of th e 

solar wind on the lunar environment; a co ld cathode gauge 

experiment wil l me as ure density and temperature variati ons in 

th e l unar atmosphere ; and a dus t dete ctor experiment . 

The empty th ird stage of th e Saturn V launch veh i c le 

l'rill be targete d to strike the Moon before the l unar landing 

and its impact will be re corde d by th e seismometer left by 

the Apollo 12 astronauts las t November . The spent lunar module 

as cent stage , as in Apollo 12, will be  dire cted to impact the 

Ivtoon after rende zvous and fin al LM separati on to provide a 

signal to both seismometers . 

-more-
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Candidate future Apollo landing sites -- Censorinus, 

Davy Rille , and Descartes -- will be photographed with a 

large-�ormat lunar topographic camera carried for the first 

time on Apollo 13. The lunar topographic camera will make high­

resolution 4.5 inch square black-and-white photos in overlapping 

sequence for mosaics or in single frames. The c amera mounts in 

the command module crew acce ss hatch window when in use. After 

lunar orb it rendezvous with the lunar module and LM jettison 

the command module will make a plane-change maneuver to drive 

the orbital track over Descartes and Davy Rille for topographic 

photography. 

The Apollo 13 flight p rofile in general follows those 

flown by Apollos 11 and 12 with one major exception: lunar orbit 

i nsertion burn no . 2 has been combined with descent orbit 

insertion and the docked spacecraft will be placed into a 7x57 

nautical ndle lunar orb i t by use of the service propulsion 

system. Lunar module descent propellant is conserved by 

combini ng these maneuvers to provide 15 seconds of additional 

hover time during the landing. 

Lunar surface touchdown is scheduled to take place at 

9:55 p.m. EST April 15, and two periods of extravehicular 

activity are planned at 2:13a.m. EST April 16 and 9:58p.m. 

EST April 16. The LM ascent stage will lift off at 7:22 a . m . 

April 17 to rejoin the orbiting command module after more than 

33 hours on the lunar surface. 

-more -
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Apollo 13 will leave lunar orbit at 1:42 p.m. EST April 

18 �or return to Earth. Splashdown in the mid-Pacific just 

south or the Equator will be at 3 : 17 p.m. EST April 21 .  

After the spacecra�t has landed, the crew will put on 

clean coveralls and filter masks passed in to them through 

the hatch by a swimmer, and then transfer by helicopter to a 

Mobile Quarantine Facility (MQF) on the USS Iwo Jima. The 

MQF and crew will be offloaded in Hawaii and placed aboard a 

C-1 41 aircraft for the flight back to the Lunar Receiving 

Laboratory at the Manned Spacecraft Center in Houston. The 

crew will remain in quarantine up to 21 days from completion 

of the second EVA. 

The crew o� Apollo 13 selected the call signs Odyssey for 

the command/service module and Aquarius for the lunar module. 

When all three crewmen are aboard the command module, the call 

sign will be "Apollo 13." As in the two previous lunar landing 

missions, an American flag will be emplaced on the lunar sur£ace. 

A plaque bearing the date of the Apollo 1 3  landing and the crew 

signatures is attached to the LM. 

Apollo 13 backup crewmen are USN commander John W. Young, 

commander; civilian John L. Swigert, Jr., command module pilot; 

and USAF Major Charles M. Duke, Jr., lunar module pilot. 

-more-
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APOLLO 13 COUNTDOWN 

Precount activities £or the Apollo 13 launch begin about 
T-4 days, when the space vehicle will be prepared for the 
start of the ofricial countdown. During precount, final 
space vehicle ordnance installation and electrical connections 
will be accomplished. Spacecraft gaseous oxygen and gaseous 
helium systems will be serviced� spacecraft batteries will be 
installed, and LM and CSM mechanical buildup will be completed. 
The CSM £uel cells will be activated and CSM cryogenics (liquid 
oxygen - liquid hydrogen) will be loaded and pressurized. 

The countdown £or Apollo 13 will begin at T-28 hours and 
will continue to T-9 hours, at which time a built-in hold is 
planned prior to the start of launch vehicle propellant loading. 

Following are some o£ the major operations in the 
final count: 

T-28 hours 

T-27 hours, 30 minutes 

T-22 hours, 30 minutes 

T-19 hours, 30 minutes 

T-16 hours 

T-15 hours 

T-11 hours, 30 minutes 

T-10 hours, 15 minutes 

Official countdown starts 
LM stowage and cabin closeout 
(T-31:30 to T-18:00) 

Install and connect LV flight 
batteries (to T-23 hours) 

Topoff of LM super critical helium 
(to T-20 hours, 30 minutes) 

LM SHe thermal shield installation 
(to T-15 hours, 30 minutes) CSM 
crew stowage (T-19 to T-12 hours, 
30 minutes) 

LV range safety checks (to T-15 
hours) 

Installation of ALSEP FCA to 
T-14 hours, u5 minutes) 

Connect LV safe and arm devices 
(to 10 hours, 45 minutes) CSM pre­
ingress operations (to T-8 hours 
45 minutes) 

Start MSS move to parksite 

-more-



T-9 hours 

T- 8 hours, 05  minute s 

T-4 hours, 17 minute s 

T-4 hours, 02 minutes 

T-3 hours, 32 minutes 

T-3 hours, 30 minute s 

T-3 hours, 07 minutes 

-11-

Bui lt-in hold for 9 hours and 1 3  
minute s .  At end o f  hold, pad i s  
cleare d for LV propellant loading 

Launch vehi cle prope llant loading -
Thre e stage s ( LOX in fi rst stage, 
LOX and LH2 in se cond and third 
stage s ) .  Conti nue s thru T- 3 
hours 3 8  minute s 

Flight crew ale rted 

Medical examinati on 

Breakfast 

One -ho ur hol d 

Depart Manned Spacecraft Ope rations 
Building for LC -39 vi� crew trans fer 
van. 

T-2 h ours, 5 5  minutes Arrive at LC-39 

T-2 hours, 40 minute s Start flight crew ingress 

T-2 hours Mis s ion Contro l Cente r - Houston/ 
space craft comman d  ch ecks 

T-1 hour, 5 5  minute s Ab ort advisory system che cks 

T-1 hour, 51 minute s Sp ace Veh i c le Eme rgency Dete ction 
Sy stem ( EDS ) test 

T-4 3  minutes Retract Apollo access arm to stand­
by po siti on ( 1 2 de gre e s ) 

T-4 2 minutes Arm l aunch es cape system 

T-40 minute s Final laun ch vehi cle range safety 
che cks (to 35  minute s )  

T- 30 minutes Launch vehicle power tran s fer te st 
LM switch over to internal powe r 

T-20 minute s to T-10 minutes Shutdown LM operati onal 
ins trumentation 

T-15 minute s Space craft to internal power 

-more-



•r-6 minutes 

T-5 minutes, 30 seconds 

T-5 minutes 

T-3 minutes, 7 seconds 

T-50 seconds 

T-8. 9 seconds 

T-2 seconds 

T-0 

- 12 -

Space vehicle final status checks 

Arm destruct system 

Apollo access arm fully retracted 

Firing command (automatic 
sequence) 

Launch vehicle transfer to internal 
PO\'Ter 

Ignition sequence start 

All engines running 

Liftoff 

Note: Some changes in the above countdown are possible as a 
result or experience gained in the countdown demonstration test 
which occurs about 10 days before launch. 

Lightning Precautions 

During tha Apollo 12 mission the space vehicle was 
subjected to two distinct electrical discharge events. 
However, no serious damage occurred and the mj.ssion pro­
ceeded to a successful conclusion. Intensive investigation 
led to the conclusion that no hardware changes \'/ere necessary 
to protect the space vehicle from similar events. For Apollo 
13 the mission rules have been revised to reduce the pro­
bability that the space vehicle \'lill be launched into cloud 
formations that contain conditions conducive to initiating 
similar electrical discharges although flight into all 
clouds is not precluded. 

-more-
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May Launch Opportunities 

The three opportunities estab lished for May -- in case 
t he launch is postponed from April ll -- provide, in effect, 
the flexibility of a choice of two l aunch attempts . The 
optimum May l aunch window occurs on May 10. The three day 
window pe�ts a choice of attempting a launch 24 hours 
earlier than the optimum window and if necessary a further 
choice of a 24 hour or 48 hour recycle. It also permits a 
choice of making the first launch at tempt on the optimum 
day with a 24-hour recycle capability. The May 9 window ( T-24 
hrs) requires an additional 24 hours in lunar orbit before 
initiating powered descent to arrive at the landing site at 
the same time and hence have the same Sun angle for landing 
as on May 10 . Should the May 9 window launch attempt be 
scrubb ed, a decision will be made at that time, b ased on the 
reason for the scrub, status o f  spacecraft cryogenics and 
weather predictions � whether to recycle for May 10 (T-O hrs )  
o r  May 11 (T+24 hrs) . If launched on May 11, the flight 
plan will be similar for the May 10 mission but the Sun 
elevation angle at lunar landing will be 18.5° instead or 
7.8°. 

-more-
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LAUNCH, MISSION TRAJE CTORY AND MANEUVER DESCRI PTION 

The in£orrnati on presented here is  based on an on-time 
Apri l 11 laun ch and is  subje ct to change be fore or during 
the mi ss ion to meet changing conditions . 

Launch 

A Saturn V launch vehi cle wil l  l i ft the Apollo 13 space­
craft from Launch Comple x  39A, NASA-Kennedy Space Center, Fla . 
The azi muth may vary from 72 to 9 6  de grees, depending on the 
time of l aunch . The az imut h change s with launch time to 
permit a fue l-opt imum inje ction from Earth parking orb i t  to 
a fre e-return circ umlunar traj e c tory .  

April 1 1  launch pl ans cal l for liftoff at 2 : 1 3  p.m . EST 
on an azimuth of 72 de grees. The vehi cle wil l  reach an al ti tude 
of 36 nauti cal ndle s before firs t stage c utoff 51 nm downrange . 
During the 2 minutes 4 4  se conds of  powere d fli ght, the first 
stage wi l l  increase vehi cle velocity to 7,775 fe et per s e cond� 
Fir s t  stage thrus t will  re ach a maximum o f  8,9 9 5,10 8 pounds 
b e fore cente r engine cutoff. A fte r engine shut down and 
s eparat ion from the se cond stage, the boos ter will fa ll into 
the Atlanti c  Ocean ab out 364 nm downrange from the launch site 
( 30 degre es North lati tude and 74 degre es Wes t  longi tude ) 
ab out 9 minutes 4 seconds after l i ftoff . 

The se cond stage ( S-I I) \'li l l  carry the space vehi cle to 
an altitude o f  102 nm and a dis tance of 89 2 nm downrange . At 
engine shut down, the vehi cle will  be moving at a ve locity of 
21,508 fps . The four oute r J-2 engi nes will b urn 6 minut es 
3 2  s e conds duri ng the powered phas e, but the center engine 
wi l l  be cut off q minutes 47 seconds after S-II ignit ion . 

At outb oard engine cuto ff, the S-I I will  separate and, 
fo l lowing a ballis tic traj ec tory , pl unge into the Atlantic  
ab out 2, 4 50 nm dO\tJnrange from the Ke nnedy Space Cente r ( 31  
degrees North lati tude and 33.4 degr·ees \vest longit ude ) s ome 
20 minute s 41 se conds after lifto ff. 

The s ingle engine o f  the Saturn V thi rd s tage ( S-IVB )  
wil l  ignite ab out 3 se conds after tt�e S-II s tage separates . 
The engine will fi re fo r 143 se conds to insert the space 
vehicle into a ci rcular Earth parking orbi t of 103 nm begin­
ing about 1, 4 6 8  nm downrange. Veloci ty at Earth orbital 
insertion will b e  2 4 ,243 fps at 11 minutes 5 5  se cond ground 
elaps ed time ( GET) . In clinati on will be 3 3  degrees to the 
equator . 

*NOTE : Mul tiply nauti cal miles by 1.1508 to ob tain statute 
mile s ;  multiply fe et pe r se cond by 0.6 81 8 to ob tain 
statute mi les pe r hour. 

-more-
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The crew will have a backup to launch vehicle guidance 
during powered flight. If the Saturn instrument unit inertial 
platform fails·, the crew can switch guidance to the command 
m odule systems for first-stage powered f light automatic 
control. Second and third stage backup guidance is through 
manual takeover in which spacecraft commander hand controller 
inputs are fed through t he command module computer to the Saturn 
instrument unit. 

-more-



Launch Events 

Time Altitude Velocity Range 
Hrs. �1in. Sec . Event Feet Ft/Sec * Naut. Mi. 

00 00 00 First Motion 198 0 0 

00 01 23 Maximum Dynamic Pressure 42,139 1, 600 3 

00 02 15 S-IC Center Engine Cutoff 139,856 5, 120 24 

00 02 44 S-IC Outboard Engines Cutoff 218,_277 7,775 51 

00 02 45 S-IC/S-II Separation 220, 576 7,804 52 

00 02 46 S-II Ignition 225,368 7,788 54 

00 03 14 S-II Aft Interstage Jettison 300,222 8, 173 88 

00 03 20 LET Jettison 313, 619 8, 276 95 I ...... 
43 588,840 17,650 603 

-..J 
00 07 S-II Center Engine Cutoff I 

00 09 18 S-II Outboard Engines Cutoff 615,508 21,503 892 

00 09 19 S-II/S-IVB Separation 615, 789 21, 517 895 

00 09 22 S-IVB Ignition 616,616 21,518 906 
00 11 45 S-IVB First Cutoff 627,996 24,239 1,429 

00 11 55 Parking Orbit Insertion 628,014 24, 243 1,468 

* Not including velocity due to Earth's rotation, about 1,350 feet-per-secon d. 



Events 

Earth orbit insertion 

Translunar injection 
(S-IVB Engine ignition) 

CSM separation, docking 

Ejection from SLA 

s-IVB evasive maneuver 

Midcourse correction 1 

Midcourse correction 2 
(Hybrid transfer) 

Midcourse correction 3 

Midcourse correction 4 

Lunar orbit insertion 

S-IVB impact 

Apollo 13 Mission Events 

GET Vel. Change 
Hrs. :Min. Date/EST Feet/Sec. 

00:11 11 2:24 p.m. 25,593 

02:35 11 4:48 p.m. 10,437 

03:06 11 5:19 p.m. --

04:00 11 6:14 p.m. 1 

04:19 11 6:32 p.m. 9.4 

TLI+9 hrs 12 1:54 a.m. *O 

30:41 12 8:54 p.m. 15 

LOI-22 hrs. 13 9:38 p.m. *O 

LOI- 5 hrs. 14 2:38 p.m. *O 

77:25 14 7:38 p.m. -2.815 

77:46 14 7:59 p.m. --

Purpose & Resultant Orbit 

Insertion into 103 nm cir-
cular Earth parking orbit. 

Injection into free-return 
translunar trajectory with 
210 nm pericynthion. 

Hard-mating of CSM and LM 

Separates CSM-U� from 
S-IVB-SLA. 

Provides separation prior 
to S-IVB propellant dump I 
and thruster maneuver to �...J 

(X) 
cause lunar impact. I 

*These midcourse correc-
tions have a nominal velo-
city change of 0 fps, but 
will be calculated in real 
time to correct TLI dis-
persions. MCC-2 is an SPS 
maneuver (15 fps) to lower 
pericynthion to 59 nm; 
trajectory then becomes 
non-free return. 

Inserts Apollo 13 into 
57xl68 nm elliptical lunar 
orbit. 

Seismic event. 



GET Vel. Change 
Events Hrs. :Min. Date/EST Feet/Sec. Purpose & Resultant Orbit 

Descent orbit insertion 81:45 14 11:58 p.m. -213 SPS burn places CSM/LM 
into 7x57 nm lunar orbit. 

CSM-LM undocking 99:16 15 5:29 p.m. - - Establishes equiperiod 
orbit for 2.5 nm separation 
at PDI maneuver. 

CSM circularization 100:35 15 6:48 p.m. 70 Inserts CSM into 52x62 nm 
orbit. 

LM powered descent 103:31 15 9:44 p.m. -6635 Three-phase maneuver to 
initiation (PDI) brake LM out of transfer 

orbit, vertical descent 
and touchdown on lunar 
surface. I 

........ 

LM touchdown on lunar 103:42 15 9:55p.m. lunar exploration, deploy 
\.0 

I 
surface. ALSEP lunar surface geo-

logical sample collection, 
photography. 

Depressurization for 108:00 16 2:13 a.m. 
first lunar surface EVA. 

CDR steps to surface 108:16 16 2:29 a.m. 

CDR collects contingency 108:21 16 2:34 a.m. 
samples 

LMP steps to surface 108:27 16 2:40 a.m. 

CDR unstows and erects 108:32 16 2:45 a.m. 
S-band antenna 

LMP mounts TV camera on 108:34 16 2:47 a.m. 
tri pod 



GET Vel. Change 
Events Hrs.:Min. Date/EST Feet/Sec. Purpose & Resultant Orbit 

IJ>tP reenters LM to switch 
to S-Band antenna 108:43 16 2:56 a.m. 

LMP returns to lunar 
surface 108:57 16 3:10 a.m. 

CDR deploys U.S. flag 109:04 16 3:17 a.m. 

CDR and LMP begin un-
stowing and deployment 
of ALSEP 109:30 16 3:43 a.m. 

CDR and LMP return to LM 
collecting samples enroute 111:10 16 5:23 a.m. 

CDR and LMP arrive back I 
at LM, stow gear and 

1\) 
0 

samples 111:20 16 5:33 a.m. I 

LMP deploys solar wind 
composition experiment 111:34 16 5:47 a.m. 

LMP reenters LM 111:43 16 5:56 a.m. 

CDR reenters LM 111:58 16 6:11 a.m. 

LM hatch closed, repress 111:59 16 6:12 a.m. 

CSM plane change 113:43 16 7:56 a.m. 

Depress for EVA-2 127:45 16 9:58 p.m. 

CDR steps to surface 127:58 16 10:11 p.m. 

LMP steps to surface 128:07 16 10:20 p.m. 



GET 
Event Hrs. : fl11n. 

Begin field geology travers, 
collect core tube and gas 
analysis samples, dig soil 
mechanics trench, magnetic 
sample collection. 128:18 

Complete geology traverse 131:04 

Return to LJ�i area, retrieve 

solar wind experiment, st0\'1 
gear and samples. 131:05 

LMP enters LM 131:28 

CDR transfers samples, 
LMP assists 131:35 

CDR enters LM, close hatch 131:41 

Repress cabin 131:44 

LM ascent 137:09 

Insertion into lunar 
orbit. 137:16 

LM RCS concentric sequence 
initiation (CSI) burn 138:19 

LM RCS constant delta 
height (CDH) burn 139:04 

Vel. Change 
Date/EST Feet/Sec. 

16 10:31 p.m. 

17 1:17 a.m. 

17 1:18 a.m. 

17 1:41 a.m. 

17 1:48 a.m. 

17 1:54 a.m. 

17 1:57 a.m. 

17 7:22 a.m. 6,044 

17 7:29 a.m. 

17 8:32 a.m. 50 

17 9:17 a.m. 

Purpose & Resultant Orbit 

Boosts stage into 9x45 nm 
lunar orbit for rendez-
vous with CSM. 

Raises LM perilune to 44 
nm, adjusts orbital shape 
for rendezvous sequence. 

Radially downward burn ad-
justs LM orbit to constant 
15 run below CSM. 

I 
f\.) 
..... 
I 



GET Vel. Change 
Event Hrs. :run. Date/EST Feet/Sec. Purpose & Resultant Orbit 

LM RCS terminal phase 139:46 17 9:59 a.m. 24.7 LM thrusts along line of 
sight toward CS£'.1, mid-
course and braking maneuver� 
as necessary. 

Rendezvous (TPF) 140:27 17 10:40 a.m. Completes rendezvous se-
quence. 

Docking 140:45 17 10:58 a.m. Commander and LM pilot 
transfer back to CSM. 

LM jettison, separation Preven�s recontact of CSM 
(SM RCS) 143:04 17 1:17 p.m. with LM ascent stage dur-

ing remainder of lunar 
orbit. 

LM ascent stage deorbit ' 
1\) 

(RCS) 144:32 17 2:45 p.m. -186 Seismometer records imoact 
1\) 
I 

event. 

LM ascent stage impact 145:00 17 3:13 p.m. Impac� at about 5,508 fps, 
at -4 angle 35 nm from 
Apollo 13 ALSEP. 

Plane change for photos 154:13 18 12:26 a.m. Descartes and Davy-Rille 
photography. 

Transearth injection 
3,147 (TEI) SPS 167:29 18 1:42 p.m. Inject CSM into trans-

earth trajectory. 



GET Vel. Change 
Event Hrs. :Min. Date/EST Feet/Sec. Purpose & Resultant Orbit 

Midcourse correction 5 182:31 19 4:44 a.m. 0 Transearth midcourse cor-
rections will be computed 
in real time for entry 
corridor control and re-
covery area weather 
avoidance. 

Midcourse correction 6 EI-22 hrs 20 5:03 o.m. 0 

Midcourse correction 7 EI- 3 hrs 21 12:03 p.m. 0 

CM/SM separation 240:34 21 2:47 p.m. -- Command module oriented 
for entry. 

I 
1\) 

Entry interface(400, 000 w 
feet) 240:50 21 3:03 p.m. Command Module enters i -... 

Earth's sensible atmos-
phere at 36, 129 fps. 

Splashdown 241:04 21 3:17 p.m. -- Landing 1,250 nm down-
range from entry 1. 5° 0 
South latitude by 157.5 
vlest longitude. 
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Earth Parking Orbit (EPO) 

Apollo 13 will remain in Earth parking orbit for one and 
one-half revolutions. The final "go" for the TLI burn will be 
given to the crew through the Carnarvon, Australia, Manned 
Space Flight Network station. 

Translunar Injection (TLI) 

Midway through the second revolution in Earth parking or­
bit, the S-IVB third-stage engine will restart at 2:35 GET over 
the mid-Pacific Ocean near the equator and burn for almost six 
minutes to inject Apollo 13 toward the Moon. The velocity will 
increase from 25,593 fps to 36,030 fps at TLI cutoff to a free 
return circumlunar trajectory from which midcourse corrections 
could be made with the SM RCS thrusters. 

Transposition2 Docking, and Ejection (TD&E) 

After the TLI burn, the Apollo 13 crew will separate the 
command/service module from the spacecraft module adapter (SLA), 
thrust out away from the S-IVB, turn around and move back in 
for docking with the lunar module. Docking should take place 
at about three hours and 21 minutes GET. After the crew con­
firms all docking latches solidly engaged, they will connect 
the CSM-to-LM umbilicals and pressurize the LM with oxygen from 
the command module surge tank. At about 4:00 GET, the space­
craft will be ejected from the spacecraft LM adapter by spring 
devices at the four LM landing gear "knee" attach points. The 
ejection springs will imoart about one fps velocity to the 
spacecraft. A 9.4 fps S-IVB attitude thruster evasive maneuver 
in plane at 4:19 GET will separate the spacecraft to a safe dis­
tance from the S-IVB. 

Saturn Third Stage Lunar Impact 

Through a series of pre-set and ground-commanded operations, 
the S-IVB stage/instrument unit will be directed to hit the r�oon 
within a target area 375 nautical miles in diameter, centered 
just east of Lansberg D Crater (3 degrees South latitude; 30 
degrees West longitude), approximately 124 miles west of the 
Apollo 12 landing site. 

The planned impact will provide a seismic event for the 
passive seismometer experiment placed on the lunar surface by 
the Apollo 12 astronauts in November 1969. 

The residual propellants in the S-IVB will be used to at­
tempt the lunar impact. Part of the remaining liquid oxygen 
(LOX) will be dumped through the engine for 48 seconds to slow 
the vehicle into a lunar impact trajectory. The liquid hydrogen 
tank's continuous venting system will vent for five minutes. 

-more-



S-IVB/IU TRAJECTORY •• ' •.. 

·
· 

•• • 

·' 

...
.. ·· ..... 

-25-

EARTH 

S-IVB LUNAR IMPACT 

-more-



-26-

A mid-course correction will be made with the stage's 
auxiliary propulsion system (APS) ullage motors. A second 
APS burn will be used if necessary, at about 9 hours GET, to 
further adjust the impact point. Burn time and attitude will 
be determined from onboard systems and tracking data provided 
to ground controllers by the Manned Space Flight Network. 

The LOX dump by itself would provide a lunar impact; the 
mid-course correction burns will olace the S-IVB/IU within the 
desire d targe t area for impact about 20 minutes after the com­
mand/service module enters lunar orbit. 

The schedule of events concerning the lunar impact is: 

Time 
Hrs:Min 

02 42 

04 19 

04 21 

04 36 

04 41 

04 41 

04 42 

06 00 

08 59 

09 04 

77 46 

Translunar Coast 

Event 

Translunar injection (TLI) -­

maneuver completion 

Begin S-IVB evasive maneuver (APS 
engines) 

End evasive maneuver 

LH2 tank continuous vent on 

Begin LOX dump 

LH2 tank continuous vent off 

End LOX dump 

Beg in first APS burn 

Begin final APS burn (if required) 

APS ullage engines off 

Lunar impact of S-IVB/IU 

Up to four midcourse correction burns are planned during 
the spacecraft's translunar coast, depending upon the accuracy 
of the trajectory resulting from the TLI maneuver. If required, 
the midcourse correction burns are planned at TLI+9 hours, TLI+ 
30 hours, 41 minutes, lunar orbit insert ion (LOI) -22 hours and 
LOI-5 hours. The MCC-2 is a 15 fps SPS hybrid transfer maneuver 
which lowers pericynthion from 210 nm to 59 nm and places Apollo 
13 on a non-free-return trajectory. 

-more-
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Return to the free-return trajectory is always within 
the capability of the spacecraft service propulsion or des­
cent propulsion systems. 

During coast periods between midcourse corrections, the 
spacecraft will be in the passive thermal control (PTC) or 
"barbecue" mode in which the spacecraft will rotate slowly 
about its roll axis to stabilize spacecraft thermal response 
to the continuous solar expo�ure. 

Lunar Orbit Insert·ion (LOI) 

The lunar orbit insertion burn will be made at 77:25 GET 
at an altitude of about 85 nm above the Moon. The LOI burn 
will have a nominal retrograde velocity change of 2815 fps and 
will insert A pollo 13 into a 57xl68 nm elliptical lunar orbit. 

Descent Orbit Insertion (DOI) 

A 213 fps SPS retrograde burn at 81:45 GET will place the 
CSM /LM into a 7 x57 nm lunar orbit from which the LM will begin 
the later powered descent to landing. In Apollos 11 and 12, 
DOI was a separate maneuver using the LM descent engine. The 
Apollo 13 DOI maneuver in effect is a combination LOI-2 and DOI 
and produces two benefits: conser�es LM descent propellant 
that would have been used for DOl and makes this propellant 
available for additional hover time near the surface, and allows 
11 lunar revolutions of spacecraft tracking in the descent orbit 
to enhance position/velocity (state vector) data for updating 
the LM guidance computer during the descent and landing phase. 

Lunar Module Separation 

The lunar module will be manned and checked out for an­
docking and subsequent landing on the lunar surface north of 
the crater, Fra Mauro. Undocking during the 12th revolution 
will take place at 99:16 GET. A radially downward service 
module RCS burn of 1 fps will place the CSM on an equiperiod 
orbit with a maximum separation of 2.5 nm .  

CSM Circularization 

During the 12th revolution, a 70 fps pos1grade SPS burn 
at 100:35 GET will place the CSM into 52x62 nm lunar orbit, 
which because of perturbations of the lunar gravitational po­
tential, should become nearly circular at the time of rendez­
vous with the LM. 

-more-
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Po"1er Descent Initiat ion ( PDI ) . Lunar Landing 

During t he 14th revolution a three-phase powered descent 
(PD) maneuver begins at pericynthion at 103 : 31 GET using the 
LM descent engine to brake the vehicle out of the descent orb it. 
The guidance-controlled PD maneuver starts about 260 nm pri or 
to touchdown , and is in retrograde at ti tude to reduce velocity 
to essentially zero at the time vert ical descent begins. Space­
craft at t i t ude will be wind ows un from o owered descent init ia­
tion to the end of t he braking phase so

.
that the LM landing 

radar data can be integra ted cont inua l ly by the LM guidance 
computer and bet ter communicat ions can be maintained . The 
braking phase ends at about 7 , 400 feet above the surface and 
the spacecraft is rotated more t oward an upright windows- forward 
att itude t o  permit a view of the landing site. The start of the 
approach phase is called high gate, and the start of t he landing 
phase at about 500 feet is called low gate. 

Both the approach ( visi bilit y )  phase and landing phase 
allow pilot takeover from guidance control as well as visual 
evaluation of t he landing site. The final vert ical descent t o  
touchdown begins a t  about 100 feet when all forward ve locity is 
nul led out . Vert i c a l desc ent rat e will be 3 fps . The crew may 
elect to take over manual control at approximately 500 feet. 
The crew will be able to return t o  automatic landing cont ro l 
after a period of manned maneuvering if desirable . Touchdown 
vlill take place at 103 : 4 2 GET . 

Lunar Surface Explorat i on 

During t he 33 1/2 hours Apollo 13 commander James Lovell 
and lunar module pilot Fred Haise are on the surface, they will 
leave the lunar module t\•T ice for four-hour EVAs. These are ex­
tendable to five hours in real t ime if the physi cal cond it ions 
of the astronauts and amount of remaining consumables perm it. 

In add it ion to gathering more data on the lunar environ­
ment and bri nging back geological samples from a third lunar 
landing site, Lovell and Haise will deploy a series of experi­
ments which will relay back to Earth l ong-term scientific 
measuremen ts of the Moon ' s  phys ical and envj.ronmental propert ies . 

The experiments series, called t he Apollo Lunar Surface 
Experi ment Package (ALSEP) , will be l e ft on the surface and 
could transmit scientific and engineering data to t he Manned 
Space Flight Network for at least a year . 

The ALSEP for Apollo 13 , stowed in the LM descent stage 
scientific equipment bay, comprises components for t he five 
ALSEP experiments -- passive seismic, heat flow , charged par­
ticle lunar environment, cold cat hode gauge, and lunar dust 
detector . 

-more-
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These experiments are aimed toward determining the 
structure and state of the lunar interior , the composit i on 
and structure of t he lunar surface and processes which modify 
t he surface , and evolutionary sequence leading to the Moon ' s  
present charact eristic3. The Passive Seismic Experiment will 
become the second point in a lunar seism ic net begun wit h  t he 
first ALSEP at t he Surveyor III landing site or Apollo 12. 
Those two seismometers must cont inue to operate unti l the next 
seismometer i s  emplaced t o  complete the three-stat ion set . The 
heat flow experiment includes drilling two 10-foot holes with 
the lunar surface drill. 

While on the surface , t he crew ' s  operat ing radius will be 
limited by t he range provided by the oxygen purge system {OPS ) , 
the reserve �ac kup for each man ' s  portable life support system 
(PLSS) backpack . The 1)PS supplies 4 5  minutes ofemergency 
breathing oxygen and suit pressure . 

Among ot her tasks assigned to Lovell and Haise for the 
two EVA peric·ds are : 

*Collect a cont ingency sample of about t wo pounds of 
lunar mat er i al . 

* Gather about 95 pounds or represent ative lunar surface 
material , including co�e samples , indiv idua l rock samples and 
fine-grained fragments from t he Fra �1auro hilly uplands site . 
The crew will phot ograph t horoughly t he areas from which sam­
ples are t nk�n . 

*Make obsP.rvationi, and gat her data on the mechanical 
propert ies and terrain charac terist ics of the lunar surface 
and conduct ing other lunar field geological surveys , includi ng 
digging a two-foot deep trench for a soil mechanics invest igat ion. 

* Photograph with �he lunar stereo closeup camera small 
geological features that would be destroyed in any attempts to 
gather them for return to Earth . 

*Deploy and retrieve a windowshade-like solar wind compo­
sit ion experiment similar to the ones used in Apollos 11 and 12. 

Early in the :firs1; EVA , Lovell and liaise will set up t he 
erectable S-Band an';enna near the LM for relayi ng voice , TV ,  
and LM telemetry to MSFN stations. After t he antenna i s  de­
ployed , Haise ldll c lit.lb back int o  the LM t o  switch from t he 
LM steerable S-Band antenna t o  t!"le erectable antenna while 
Lovell makes final adj ustments to t he antenna ' s  alignment . 
Haise wil l  then rej oin Lovell on t he lunar surface to set up 
a United States flag and cont inue with h"VA tasks. 

-more-
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Red stripes around t h e  elbows and knee s  o r  Lovel l ' s  
pr� s sure suit will permit crew recognit i on during EVA t e le­
vis i on transmi ss i ons and on phot ographs . 

Ascent , Lunar Orb it Rendezvous 

Following the 3 3-hour lunar stay the LM asc ent st age w i l l  
lift orr the lunar surface t o  b egin the rendezvou s  sequence 
with the orbiting CSM . Ignition of the LM asc ent engine w i l l  
b e  a t  137 : 09 for a seven minute eight second burn at taining a 
t otal velocity of 6 , 0 4 4  fps . Powered asc ent i s  in two phases :  
vert ical ascent for terrain c learance and the orb ital inser­
t ion phas e . Pitchover along the desired launch azimuth begi ns 
as the vert ical ascent rate reaches 50 fps about 10 s e c onds 
aft er l i ftoff at about 272 feet in altitude . Ins ert ion into a 
9x 4 4  nm lunar orb it will take place about 166 nm wes t  of the 
landing s ite . 

Following LM insert ion into lunar orbit , the LM crew will 
c ompute onboard the maj or maneuvers for rendezvous with the C SM 
which is  about 267 nm ahead of and 5 1  miles above the LM at thi s  
point . A l l  maneuvers in t he s equenc es wi ll be made with the Lt-1 
RCS thrusters . The premis sion rendezvous s equence maneuvers ,  
t ime , and velocities , which likely wi l l  differ s light ly in real 
time , are as follows : 

Concentric sequence init iate ( C SI ) : At first LM apolune 
after insert ion , 138 : 19 GET , 50 fps pos igrade , following some 
20 minutes of LM rendezvou s radar tracking and CSM sextant/VHF 
ranging navigation . CSI \•till b e  targeted to p lace the LM in 
an orbit 15 nm be low the CSM at the t ime of the later constant 
delta height ( CDH) maneuver ( 139 : 0 11 ) . 

The CSI burn may al so initiat e c orrec t i ons for any out -of­
p lane di spersions result ing from insert ion azimuth errors . The 
resulting LM orb it after CSI \oli l l  be 4 5x4 3 .  5 nm and 1'11 11 have a 
cat chup rat e t o  the CSM of about 120 feet per sec ond . 

Terminal phase initiat ion (TPI ) :  Thi s  maneuver occurs at 
1 3 9 : 4 6 and adds 2 4 . 7 fps along t he line of sight t oward the 
CSM when the elevati on angle to the CSM reaches 26 . 6  degree s .  
The LM orbit becomes 6 l x 4 4  nm and the catchup rate to the CSM 
decreases t o  a c los ing rate of 1 3 3  fps . 

Midc ourse correc t ion maneuvers will be made if needed , fol­
lowed b y  four braking maneuvers . Docking nominal ly will t ake 
place at 1 4 0 : 25 GET to end the three and one-half hour rendez­
vous s equence . 

The LM as cent stage wi l l  be j et t i soned at 14 3 : 0 4 GET and 
a CSM RCS 1 . 0  fps maneuver will provide s eparat ion . 

-more-
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Ascent Stage Deorbit 

Pri or to transferring to the command modu le , the LM crew 
wi l l  set up the LM guidanc e system to maintain the asc ent stage 
in an inertial attitude . At ab out 1 4 � : 32 GET th� LM RCS thrus­
ters will  ignite on ground command for 186 fps retr ograde burn 
targeted for ascent stage impact at 145 : 0 0 about 35 mi les from 
th e land ing s ite . The burn wi ll have a small out-o f-plane north 
component so that· the ground trac k wi ll inc lud e the origina l 
landing site . The asc ent stage wi l l  impact at about 5508  fps 
at an angle of four degrees r elative to the local horizontal . 
The asc ent stage deorbit serves to remove debri s  from lunar or­
bit . Impacting an obj ect with a known ve loc ity and mass near 
the land ing s ite will provide experimenters with an event for 
cal ibrating read outs from the ALSEP sei smometer left b ehind . 

A plane change maneuver at 1 5 � : 1 3 GET will  place the CSM 
on an orbital track pa s sing directly over the crater Descarte s  
and Davy Rille eight revolutions later for photographs from 
orbit . The maneuver will be a 8 2 5  fps/SPS burn out of p lane 
for a plane change of 8 . 8  degrees, and wi ll re sult in an orb it 
inc lination of 11 . 4  degree s . 

Transearth Injection (TEI ) 
The nominal trans earth inj ection burn wi l l  be at 167 : 2 9 

GET following 9 0  hour s in lunar orbit . TEI will take p lace on 
the lunar farside, wi l l  b e  a 3 , 14 7  fps posigrade SPS burn of 
two minutes 1 5  second s duration and will produce an entry 
ve loc ity of  3 6 , 129 fps after a 7 2  hours transearth flight time . 

Trans earth Coast 

Three entry corridor-contro l  trans earth midc ourse correc­
tion burns wi ll be made i f  needed : MCC-5 at TEI+l5 hours, 
MCC-6 at entry interfac e ( E I )  -22 hours and MCC-7 at EI -3 hrs . 

Entry, Land ing 

Apollo 13  wi l l  enc ounter the Earth ' s  atmosphere ( 4 00 , 000 
feet ) at 2 4 0 : 50 GET at a veloc ity of 36 , 1 2 9  fp s and will land 
approximate ly 1 , 250 nm downrange from the entry-inter fac e point 
us ing the spacecraft ' s  lifting characteristic s to reach the 
land ing point . Sp lashdown wi ll be at 2 4 1 : 0 4 at 1 . 5  degree s  
South latitude b y  157 . 5  degrees West longitude .  

-more-
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Rec overy Operati ons 

Launch abort landing areas extend downrange 3 , 40 0  nautical 
miles from Kennedy Space Center , fanwise 5 0  nm miles above and 
be low the limits of the variab le launch azimuth ( 7 2-9 6 degree s )  
in the At lant ic Ocean . On stat ion in the launch abor t area w i l l  
be the de stroyer USS New . 

The land ing plat form-he licopter ( LPH ) Iwo Jima , Apollo 13  
prime rec overy ship , wi ll be stat ioned near the Pac i fi c  Oc ean 
end-of-mi s s i on aimi ng point prior entry . 

Splashdown for a full-durat i on lunar land i ng mi s s ion 
launc hed on t ime April 11 wi ll b e  at one degree 34 mi nut es  
South by 157 degrees 3 0  minut es West ab out 180 naut i c al mi les 
South of Chri stmas Is land , at 2 � 1 : 0 4 GET ( 3 : 17 p . m .  EST ) April 
2 1 . 

In add i t i on to  the primary rec overy ve s s e l  located on the 
mid-Pac ific rec overy line and the surface vessel  in the launch 
abort area , eight HC -130 aircraft will  be on standby at five 
staging ba ses around the Earth : Guam ; Hawaii ; A zore s ;  
Ascen sion Is land ; and Florida . 

Apo llo 13 rec overy operat ions wi ll be  d irect ed from the 
Rec overy Operat ions Control Room in the Mission Control C enter , 
support ed by the At lant ic Rec overy Control Cent er , Norfo lk , Va . ,  
and the Pacific  Re covery Control Center , Kunia , Hawai i .  

After sp lashdown , the Apol lo 13 crew will  don c lean cover­
alls and filter mas ks passed to t hem through the spacecraft 
hat ch by a rec overy sw immer . The crew wi l l  be carried by heli­
copter to the Iwo Jima where they wi ll enter a Mob i le Quaran­
tine Fac i l ity ( MQF )  ab out 90 mi nutes after landing . 

-more-
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APOLLO 13 ONBOARD TELEVISION 

Apt)llo 13 will carry �wo c olor and on e black-and-white 
te levis ion cameras . One co lor camera will be used for 
command module cabin interior s and out-the-window Earth/ 
Moon telecustn , and the other c o lor camera will be stowed 
1n the LM des cent s tage from where it will view the as tronaut 
initiate egres s  to the lunar surface and later will be de­
ployed on a tripod to transmit a real-time pic ture of the two 
periods of lw1ar surface EVA . The b lac k-and-\'rhite camera 
wil l be carried in the LM cabin. It wi ll on ly be used as a 
backup to the lunar surface color camera. 

The t'tro color TV cameras are es sentia lly identical , 
except for addit:.onal thermal protecti on on the lunar surface 
camera. Built by Wes tinghouse E lectric C orp . , Aerospace 
Divis ion , Ba ltimore , Md. ,  the co lor cameras output a standard 
525-line , 30 fr�1e-per-second signal in color by use of a 
rotating color wheel system. 

The color TV cameras weigh 12 pounds a�d are fitted with 
zoom lenses for uideangle or c loseup fields of view. The 
CM camera is fitted with a three-inch moni tot� for framing and 
focusing. The lunar s urface color camera has 100 feet of cable 
available .  

The backup black-and-white lunar surface TV camera ; also 
bui lt by Westinghouse , is of the same type used in the firs t 
manned :_unf.r landing in Apol lo 1 1 . It weigh s 7. 25 pounds and 
draws 6 . 5 \'Tatts of 24-32 volts DC power. Scan rate i s  10 
frames -per- -second at 325 lines-per- frame . Th£: camera body i s  
10 . 6  inches long , 6. 5 inches wide and· 3. 4 in ches deep, and 1 s  
fitted wi th bayonet-mount wideangle an d  lunar day lenses. 

During t he i;wo lunar s ur face EVA period s , Apollo 1 3  
commander Lovell will b e  recogni zable by r�d s tripe s aroun d 
the el�ows and knees of his pres sure suit . 

The fol lowing is a preliminary p lan for TV transmi s sions 
based upon a 2 : 1 ]  p. m . EST April 11 laun ch . 

-more-



D AY DATE CST GET 

Saturday Apr . 11 2 : 4 8 pm 0 1 : 35 

Sat urday Apr . 1 1  4 : 2 8 pm 0 3 ; 15 

Sunday Ap r .  12 7 : 2 8  pm 30 : 15 

Monday Apr . 1 3  11 : 1 3 pm 5 8 : 0 0  
We dne s day Apr . 15 1 : 0 3  pm 9 5 : 50  

I Apr . 16 108 : 1 0 '.rhurs da)' l :  2 3  am ;:1 0 
..., 
(I) Thursday Apr .  16 9 : 0 3 pm 1 2 7 : 50 
I 

F r iday Apr . 1 7  9 : 36 am 1 4 0 : 2 3 

Saturday Apr .  1 8  1 1 : 2 3  am 166 : 1 0 

Saturday Apr .  1 8  1 : 1 3 pm 1 6 8 : 0 0 

Monday Apr .  2 0  6 : 5 8 pm 2 2 1 : 4 5  

• Re c orded on ly 

• •  Ten tative 

APOLLO 13 TV SCHEDULE 

DURATION 

'i Hin . 
1 Hr.  8 Min . 

30 Min . 

30 Min . 

15 Min . 

3 Hrs . 52 M in . 

6 Hrs . 35 Min . 

12 Min . 

4 0  M i n . 

2 5  fiUn . 

1 5  Min . 

ACTIVITY/SUBJECT 

Earth 

Transposit ion & Docking 

Space craft Interi or 
( MCC-2 ) 

Int erior & IVT t o  LM 

Fra Mauro Landing Site 

Lunar Surface ( EVA-1 ) 

Lunar Sur face ( EVA-2 ) 

Docking 

Lunar S urface 

Lunar Surface ( Po s t  TE I ) 
Earth & Spa c e craft 

In terior 

VEH STA 

CSM KSC * *  

CSM GDS 

CSM GDS 

CSM GDS 

CSM MAD 

I 
LM GDS/HSK .1:;---..1 I 
L.M GDS 

C SM NAD 

· cs M  MAD* 

CSM MAD * 

CS!>l GDS 
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APOLLO 1 3  S C IENCE 

Lunar Orb i t al Phot ograEEY 

S c i ence e xperiment s  and p h o t o graphi c  tasks w i ll be 
c onduc ted from the CSM during the Ap ollo 13 mi s s ion . Duri ng 
the tran s l unar phase o f  the mi s s i on ,  photography w�.11 b e  
taken o f the E arth as wel l as various operati onal ph o t o graphy . 

During l un ar orbi t , vari ous lunar s ur fa c e  fe ature s 
inc luding c andi date l andin g s i t e s  Cen s ori�us ,  De s c art e s  and 
Davy Ri lle and the Ap o l lo 1 1  and 12 landiLg s ites w i l l  be 
phot ographe d with the Lunar Topo grap hi c Camera . In addi t i on , 

fi ve as tronomi c al ph enomena will be p h o t o g r �phe d : 

1 )  Phot ographs w i l l  be t aken o f  the s �l ar c orona us ing 
the Moon as an o c c u l t i n g  e dge to b l ock out the s o l ar 
di s k . 

2 )  Pho to graphy w i l l  be t aken o f  the zodi acal l i gh t  whi c h 
i s  be lieve d  to originate from re fle c t e d  s un l i ght in 
the as t eroid b e l t . E arth ob se rvat ion o f  zodi acal 
li ght i s  in c on c lus ive due t o  atmo sphe ri c  d i s t o rt i o n . 

3 )  Ph oto graphy will b e  taken of lunar l i mb brightening , 
which appe ars as brigh t  rim l i ght ab ove the horiz on 
following lunar s uns e t .  

4 )  Photographs w i l l  be taken o f  the Come t J . C .  Benne t t , 
196 9 1  wh i c h  s hould b e  vi s ib le from l un ar orb i t  during 
the Apo l lo 13 mis s ion . 

5 )  Ph ot ograp hs wi l l  b e taken of the re gi on o f  G e gens che in 
wh i ch i s  a faint l i gh t  s o urc e c ove rin g a 2 0 °  fi e l d of 
v i ew ab out the Earth-Sun line on the opp o s ite s i de o f  
the Earth from the Sun ( an t i - s o l ar axi s ) . One o f  the 
the o r i e s  for the G e gens che in s o urce i s  the e xistence 
of trapp e d  parti cle s of mat t e r  at the Mo ul ton p o i n t  
wh ich p roduc e b righ t ne s s  due to re fle cte d s unl i ght . 
The Moul t on po in t is a the ore ti cal po int loc at e d  
9 4 0 � 000 s t at ute m i le s from t h e  Ear th along the ant i ­
s o l ar axi s a t  wh ich the s um o f  a l l  gravi t ati onal force s 
i s  z e ro . From the van tage p o i n t  of l unar orb i t , t h e  
Moul t on p o int re gion may be phot ographe d from app ro x i ­
mately 15 ° o ff the Earth /S un line . The se p h o t ographs 
sho uld s h ow if Ge gens che in re s ul t s  from the Moul t on 
p oi n t  the ory or from z o di a cal l i ght or a s i mi l ar s o urce . 

- mo re -



Photographi c  s tudie s wil l  be  made on Apollo 1 3  o f  the 
ice parti cle flow following a water dump and of th e gase ous 
cloud whi ch s urro unds a manned spac e craft in a vacuum and 
re sults from l iqui d  dumps , outgas s i ng ,  e t c . 

In addi tion to  the photographi c s tudie s , an e xperiment 
will be conducted with the CSM VHF communi cations l ink . 
During this e xperiment ,  the VHF s i gnal will  be  re fle cted from 
the lunar s urface and re ceived b y  a 150-foot antenna on Earth . 
By analysis of the wave length o f  the re ce ive d  s i gnal , ce rtain 
l unar subs urface characteri s ti c s  may be dis ce rnib le such as 
the depth of the lunar re goli th layer . This e xpe riment i s  
cal le d VHF B i s tati c  Radar . 

Charge d Particle Lunar Environment Expe riment ( CPLEE) 

The s cientifi c  ob j e ct i ve of the Charged Parti cle Lunar 
Environment E xperiment is to me as ure the parti c le ene rgies of 
protons and e le ctrons that reach the lunar surface from the 
S un . Inc reased knowledge on the energy di s tribution o f  the se 
particle s  will he lp us unde rstand how they perturb the Earth­
Moon sy stem . At some point electrons and protons in the 
magnet ospheric tai l of the Earth are ac ce lerated and plunge 
into the terre s trial atmosphere causing the spe c tacular 
auroras and the Van Allen radi ation . When the Moon is in 
interpl ane tary space the CPLEE me asure s proton and e le c trons 
from solar flare s whi ch results in magne t i c  s torms in the 
Earth ' s  atmosphe re . Simi l ar instruments have been flown on 
Jave lin rocke ts and on sate l l i te s . The lunar surface , howeve r ,  
al lows dat a to  be gathered over a long period o f  t ime and from 
a re latively s t ab le p lat form in space . 

To s t udy the se phenomena ,  the CPLEE measures the ene rgy 
of protons and e l e c trons simultaneous ly from 50 e le c tron 
volts to 5 0 , 00 0  electron vol ts ( 50Ke v ) . The s olar radi ation 
phenomena meas ured are as fol lows : 

a .  Solar wind e le ctrons and protons 50ev-5 Ke v . 

b .  Thermalize d  so lar wind protons and e le ctrons 
5 0ev-1 0Kev . 

c .  Magne tospheric tail part i c le s  50ev t o  5 0Kev . 

d .  Low energy solar cosmi c ray s  4 0ev-5 0Kev . 

-more-
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C P L E E  P HY S I CA L  A N A LY Z E R  

PHYSICAL ANALYZER 

ELECTRONICS 

C H A RG E D-PA RTI C L E  
L U N A R  E N V I RO N M E N T  

EX P E R I M E N T  S U BSYSTEM 
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This experiment is distinct from the ALSEP Solar Wind 
Spe ctrometer ( SWS ) flown on Ap ol lo 12 wh ich me asures 
dire ction as wel l  as ene rgy levels . The SWS me as ure s ele c­
trons from 10 . 5ev to 1 , 400ev and protons from 75ev to 
lO , OOOev . 

The dete ctor package contains two spe ctrometers providine 
data on the dire ction of the inc oming flux . 

Each spe ctrome te r has six particle dete c t ors : five C­
shaped channeltron photon-multipliers and one funnel tron , a 
he li cal shaped photon multiplier . Parti cles o f  a given charge 
and different energies on en tering the spectrometer are sub j e c t  
to varying vo ltages and defle cted toward th e five channel t ron s  
whi le particles o f  the oppos ite charge a re  defle cted toward 
the funne ltron . Thus ele ctrons and protons are meas ured 
simultaneously in s i x  di fferent energy leve ls . The voltage s 
are change d over six steps ; +35V , +350 vo lts and +35 00V . In 
this way e le c trons and protons are-measured from 50ev to 70Kev 
in a peri od or le ss than 20 se conds . 

The channeltron is a glas s capillary tube having an ins ide 
di ameter of ab out one millimeter and a length of 10 centime ters . 
The helical funne ltron has an opening of Bmm . When a vo lt age 
is applied be tween the ends of the tube , an ele ctri c fie ld i s  
e s tab lishe d down its length . Charged par ticles entering the 
tube are amplified by a factor of 10 8 . 

The spe ctrome te rs have two ranges of sens itivity and can 

meas ure fluxe s be tween 10
4 

and 10 10 particles/cm2-sec-s teradian .  

The charged particle lunar environment e xperiment ( CPLEE ) 
and data analys is are the respons ib i lity of Dr . Bri an  O ' Brien , 
University of Sydney ( Aus tralia )  and Dr . David Re as one r ,  Rice 
Univers ity , with Dr . O ' Brien ass uming the role of Principal 
In vestigator . 

Lunar Atmosphere Detector ( LAD ) 

Al th ough the Moon is commonly des cribed as a plane tary 
body wi th no atmosphere , the exi s tence of some atmosphere cannot 
be doub ted . Two s ource s of this atmosphere are pre di c te d :  
in ternal , i . e . , degassing from the inte rior of the Moon e ither 
by cons tant diffus ion through its surface or intermit tent 
re lease from active vents ; e xternal i . e . , solar wi·nd and 
vaporizat ion durin g me teorite impacts . Tele scopic ob servations 
from polarized s cattered light indi cate that the atmospheric 
pressure could not exceed one mil lionth of a torr (a t orr is 
defined as l/760 of the st andard atmosphere ) .  

-more-
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O R I F I C E C OVER � 
O R I F I C E 

C AT H O D E  

L U N A R  ATMOS P H E R I C  D ET E CTO R 

(COLD CATHODE I O N  GAUGE INSTRUMENT} 
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Measurements will be of the greatest significance i f  
it turns out through later orbital sensors that they are o f  
internal origin . The Earth ' s  atmosphere an d  oce ans have 
been released from the Earth ' s  interi or by de gass ing . Th e  
mos t  certain source , however , is the s olar wind whose i oni zed 
parti c les become neutrali zed tn the l��ar atmo sphere and 
then are released as neutral gas e s . Neon i s  the predominan t 
gas e xpe cted . Lighter gase s such as hydrogen and helium e scape 
and heavier ones stati s tically should be present in small 
quanti tie s .  Neutral particles are ioni zed in the lunar atmos­
phere , further reducing the numbers pre sent ; others will e s cape 
as the temperature rises ( and c oncen trate near the surface 
when it falls ) .  

The LAD utili ze s  a cold cathode ioni zation gauge to 
measure the dens ity o f  neutral particle s  at the lunar surface 
and the variations in dens ity as s oci ation with lunar phase 
or s olar activi ty . The i oni zation gauge i s  basi cally a crossed 
electro-magneti c field devi ce . E le ctrons in the gauge are 
acce lerate d by the combined magne tic and e le c tri c fields pro­
ducing a c ollision are colle c ted by the cathode where they 
form a flow of pos i tive ions . The pos itive ions current i s  
found to be proportional to the density o f  the gas mole cule s 
entering the gauge . In addition , the gauge temperature is 
re ad over the range of -9 0° to 125°C with � 5 ° C  accuracy . 

From the dens ity and temperature data the pres sure of the 
ambient lunar atmosphere can then be calculated . Chemi cal 
compos ition of the atmosphere however is not dire ctly meas ure d 
but the gauge has b een cal ibrate d for each gas it is e xpec te d  
to encounter on the lunar surface and some estimates can be 
made of the chem!cal composition . Any one of seven di fferent 
dynamic ranges may be selected permi tting de te ction of ne ut ral 

partic le s  from 10-6 Torr (highest p re s s ure p redic te d )  to l0
-12 

Torr ( maximum capab il i ty of gauge ) .  For pre s sure gre ater than 

l0-10Torr accuracies of � 30 % wl l l  be obtaine d ;  for pre s sures 

les s  then lo
-10Torr ac curacie s � 5 0 %  wi ll be ob t ained . The 

e xperiment ,  therefore , wi ll reduce the pre s en t  un certainty from 
a magnitude to a factor . 

The Lunar Atmosphe re Dete ctor ( LAD) and data are the 
responsibility of Francis Johnson , Univers i ty of Te xas ( Dallas ) 
and Dallas Evans , Manned Space crart Cente r ,  with Dr . Johns on 
serving as Principal Inventigator . 

-more-
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Lunar Heat Flow Experiment ( HFE )  

Th e  s cientifi c obj e ctive of the Heat Flow e xperiment 
is to meas ure the steady-state heat flow from the lunar 
interior . Two predi cted sources of heat are : 1 )  ori ginal 
he at at the time of the Moon ' s  formation and 2 )  radioactivity . 
Scientis ts believe that heat could have been generated by the 
infalling of material and its subs equent compaction as the 
Moon was formed . More ove r ,  vary ing amounts of the radi oactive 
elements uranium, thorium and potassium were found present 
in the Apollo 11 and 12 lunar s amp le s which i f  pre sent at 
depth , would supply signifi cant amounts of heat . No simple 
way has been devised for re lating the contrib uti on or each or 
these s ources to the pres en t rate of heat loss . In addi tion 
to temperature , the experiment is  capable of me asuring the 
the rmal conductivity of the lunar rock material . 

The comb ine d meas urement of temperature and thermal 
conductivity give s the ne t heat flux from the lunar interior 
through the lunar surface . Similar meas urement s on Earth 
have contrib ute d basic information to our understanding of 
vol canoes , earthquake s and mountain building processes . In 
conj unction with the se ismi c  and magneti c data ob tained on 
other lunar experiments the values de ri ved from the heat flow 
me asurements wi ll help s cientists to build more e xact models 
of the Moon and thereby give us a be tter unders tanding of its 
origin and his tory .  

The He at Flow experiment cons ists of ins trument probes ,  
e le ctronics and emplace ment tool and the lunar surface drill .  
Each or two p robes is c onne cted by a cab�e to an e le ctroni cs 
box which re sts on the lunar surface . The ele ctronics , wh ich 
provide control , moni toring and data process ing for the 
e xperiment ,  i s  conne cted to the ALSEP central s tation . 

Each probe consi sts of two iden tical 20-inch ( 5 0  em) long 
sec tions each of whi ch c ont ains a "gradient, sensor 
bridge , a "ring" sensor bridge and two heaters . Each bridge 
c onsists of four platinum re sistors mounte d in a thin-walled 
fibe rglas s cylindri cal shel l .  Adj acent areas of the bridge 
are located in sensors at oppos ite ends or the 20-inch fiber­
glas s probe she ath . Gradient bridge s cons equently meas ure the 
temperature di fference betwe en two sensor locations . 

-more-
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APOLLO LUNAR SURFACE DRILL 
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In thermal conductivi ty meas ure ments at very low values 
a heater surrounding the gradient sensor is ene rgi zed with 
0 . 0 0 2  wat t� and the gradient sensor values monitored . The 
rise in temperature of the gradient sens or is a function of 
the thermal conductivi ty of the s urrounding lunar material . 
For higher range o f  val ue s, the heater is ene rgi zed at 0 . 5  
wat ts of heat and monitored by a ring sensor . The rate o f  
temperature rise , monitored by the ring sensor is  a fun ction 
of the thermal conductivity of the surrounding l unar mate rial . 
The ring sensor , approximately four inches from the heate r ,  is 
also a plat inum re sis tor . A total of eight thermal conduc­
tivity meas urements can be made . The the rmal conductivi ty 
mode of the experiment will be imp le mente d  about twenty days 
( 5 0 0  hours ) afte� depl oyment . This  is to allow suffi cient 
time for the perturbing effe c ts. of drilling and emp l acing the 
prob e in the b orehole to de cay ; i . e . ,  for the probe and casings 
to come to equi librium with the l unar subsurface . 

A 30-foot ( 10 me ter) cab le conne cts e ach probe to the 
elec tronics box . In the upper s i x  feet of the borehole the 
cab le contains four evenly space d thermocoup les : at the t op 
of the probe ; at 2 6 "  ( 6 5 em) , 4 5 "  ( 1 15 em) , and 66 " ( 16 5  em) . 
The thermocopules wil l  measure temperature trans ient s pro­
pagating downward from the lunar surface . The re ference j unc tion 
temperature for each thermoc oup le is  locate d in the elec tronics 
box . In fact , the fe asibi lity of making a heat flow me asure ­
ment depends to a large de gre e on the low thermal conduc tivity 
of the lunar surface layer , the regoli th . Measurement of lunar 
s urface temp erature vari ations b y  Earth-based teles copes as 
we ll as the Surveyor and Apollo mi ss ions show a remarkab ly 
rapid rate o f  cooling.  The wide fluc tuations in temperature 
of the lunar surface ( from -2 50°F to +25 0 ° ) are expected to 
infl uence only the upper six fee t  and not the b ottom 3 feet 
of the borehole . 

The as tronauts will use the Apollo Lunar Surface Drill 
( ALSD) to make a lined boreh ole in the l unar surface for the 
probes . The drilling energy wil l  be provide d b y  a b attery­
powered rotary percuss ive power head . The dri ll rod consists 
of fibe rgl as s tubular se ctions re in forced with boron fi laments 
( e ach ab out 20 inches or 50 em long) . A c losed dri ll bi t ,  
p laced on the firs t dril l  rod , is  cap ab le of pene trating the 
varie ty of rock inc luding three fe e t  of ve s i cUlar b asalt 
( 4 0  per cent porosity ) .  As l unar s urface pene trati on pro­
gres ses, additional dri l l  rod se c tions will be conne cte d  to the 
dri l l  s tring.  The dril l  string is le ft in place to serve 
as a hole r-as ing. 

-more -



-5 8-

An emplacement tool i s  use d by the as tronaut to insert 
the probe to ful l depth . Alignment springs pos ition the 
prob e within the casing and ass ure a we ll-de fin ed radi ative 
thermal c�upling between the prob e and the b orehole . 
Radi ation s hields on the hole pre vent dire c t  sun ligh t  from 
reaching the b ottom of the hole . 

The as tronaut wi ll dri ll a third hole near the HFE 
and ob tain cores of lunar mate rial for sub sequent analy sis  of 
the rmal prope rtie s .  

He at fl ow e xpe rimen t ,  de s ign and data analys i s  are the 
respons ibi li ty of Dr . Marcus Langse th or the Lamon t-Doherty 
Geological Ob servatory ; Dr . Sydne y Clark , Jr . , Yale Unive rs i ty , 
and Dr . M .  G .  Simmons , MIT;  with Dr . Langs eth as sumin g the 
role of Princip al Inves tigator . 

Passive Sei s mi c  E xperiment ( PSE ) 

The ALSEP Pas s ive Seismic Experiment ( PSE ) wi ll me asure 
seismi c activity or the Moon and ob tain in formation on the 
physi cal properties or the lunar crus t and inte ri or . The 
PSE wi ll de te ct surface t i lt produce d by tidal deformations , 
mo onquakes and me teorite impacts . 

The pas s ive seismometer des i gn and subs equent e xp� rirnent 
analysis are the responsib i l i ty of Dr . Gary Latham of the Lamon t­
Doherty Geol ogic al Ob servatory . 

A simi lar pas s ive seismi c  e xperiment was deployed as part 
or the Apollo 12 ALSEP s tation at Surveyor crater las t 
November and has transmitted Ear thward lunar s urface seismic 
activities since that time . The Apo l lo 12 and 1 3  se i smome te rs 
di ffer from the sei smome ter left at Tranqui l i ty Base in July 
1969 by the Apollo 1 1  crew in tha t they are con tinuously 
powe re d by a SNAP-2 7 radio is otope ele c tric generator ,  while 
the Apo llo 11  seismome te r was powered by s olar energy and could 
output data only during the lunar day at i t s  location . 

Afte r Love l l  and Haise as cend from the lunar surface and 
rende zvous with the corrmand modu le in lunar o rbi t ,  the l unar 
module ascent s tage wi l l  be jetti sone d and l ate r ground­
commanded to impact on the lunar surface ab out � 2  statute 
mi les from the Apo l lo 13 l anding s ite at Fra Mauro . Impact 
of an ob j e c t  of known mas s and ve locity wi ll as s i s t  in cali­
brating the Apollo 13 seismomete r  re adouts as we ll  as providin g 
c omparative re adin gs between the Apollo 12 and 1 3  sei smome ters 
forming the first two s tat ions of a lunar surface sei smic net­
work . 

-more -
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There are three maj or physi cal components of the PSE : 

* 

* 

The sensor assemb ly consists  of three , long-period 
seismome ters wi th orthogon ally-ori ente d ,  capaci­
tance type seismic sensors , measuring along two 
hori zon tal axe s and one ve rtical axi s . This is 
mounted on a gimb al plat form as semb ly . There i s  
one short period seismome ter whi ch has magne t-type 
se nsors . It i s  located dire c t ly on the base o f  the 
sensor assembly . 

The leveling s tool allows manual leve ling of the sen­
sor asse mb ly by the astronaut to within +5° , and 
final le veling to wi thi n 3 arc seconds by control 
mo tors . 

The thermal shroud cove rs and helps stab i lize the 
temperature of the sensor assembly . Also , two radio­
iso tope heaters wi ll pro t e ct the ins trument from 
the extreme cold of the lunar nigh t .  

Solar Wind Compos ition Experiment ( SWCE ) 

The s c ientific ob j e ctive o f  the s olar wind composition 
e xperiment is to de termine the e lemen tal and isotopi c  com­
pos ition of  the nob le gases in the solar wind . ( Thi s  is 
not an ALSEP experimen t ) . 

The s olar wind compos ition dete ctor experiment des ign 
and subsequen t data analysis are t he re sp onsib i l i ty of 
J .  Geiss and P .  Ebe rhardt , Unive rs i ty ·  of Be rn ( Swi tzerl and ) 
and P .  Signer , Swiss Federal Ins ti tute of Te chnolo gy , w ith 
Pro fes sor Ge i s s  as sumin g the re spons ib i li ty of Principal 
Inve s tigator . 

As in Ap ollo 11 and 12 the SWC de tector wi ll  be deployed 
on the Moon and brought b ack to Earth by  the as tronaut s .  
The dete ctor ,  howeve r ,  wi ll be e xposed to the solar wind flux 
for 20 hours ins tead of two hours as in Apo l l o  11 and 18 hours 
42 minutes on Apollo 12 . 

The solar wind c omposition de te c tor cons i s ts of an al uminum 
foil  four square fee t  in are a and about 0 . 5  mil s  thi ck rimmed 
by Te flon for resis tance to tear during dep loyment . A s taff 
and yard arrangement wi l l  be used to deploy the foil and to 
maintain the foi l  approxi mate ly perpendic ular to the solar 
wind flux . Solar wind particles will pene trate into the 
foi l  while cosmi c  ray s wi l l  pas s right through . The solar wind 
parti c les w i l l  be firmly trapped at a dep th of severa l  hundred 
atomic layers . After expos ure on the l unar surface , the foi l 
is ree led and re turned to Ear th . 

-more-
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Dus t De te c t or 

The ALSEP Dus t  Dete c t or i s  an engineering measurement 
de signed to de te c t  the pre sence of dus t or debri s that may 
impinge on the ALSEP or ac c umulate during i t s  operating 
li fe . 

The meas urement apparatus cons ists o f  three c alibrated 
solar cells , one p oin ting in eas t ,  wes t and ve rt i cal to face 
the e lipt i c  p ath of the Sun . The de te ctor i s  locate d on the 
central s t at i on . 

Dus t ac c umulation on the s ur face of the three solar c e l ls 
will reduce the s ol ar i l l umination de te cted b y  the ce ll s . 
The temperature o f  e ach cell will be me asured and compared 
with predi cted val ues . 

SOLAR CELLS 

DUST DETECTOR 

-mo re -
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Field Geology Inve stigat ions 

The sc ient ific obj ectives of the Apollo Field Geo logy 
Investigati ons are to determine the composition of the Moon 
and the processes which shape i t s  surfaces . Thi s informat ion 
will help to determine the history or the Moon and its rela­
tionship to  the Earth . Apol lo 11 visited the Sea of Tran­
qu ility (Mare Tranquillitatis ) and Apollo 1 2  stud ied the Oc ean 
of St orms ( Oceanus Proc e llarum ) .  The result s or these studies 
shou ld help establish the nature or Mare-type areas . Apollo 13 
w i l l  invest igate a hilly upland area . 

Geology inves tigat ion of the Moon actually began with the 
t e lescope . Systemat ic geology mapping b egan 10 years ago with 
a t eam of sc ientists at t he U . S .  Geological Survey . Ranger , 
Surveyor , and especially Lunar Orbiter dat a enormously in creas ed 
the detail and accuracy of the se studies . The Apollo 11 and 12 
invest igat ions repre sent another enormous advanc ement in pro­
vid ing new evidence on the Moon ' s  great age , its  curious chemi ­
stry , the surpris ingly high dens ity of the lunar surface 
materi al . 

On Apollo 13 , almost the ent ire second EVA wil l  b e  devoted 
to the Fie ld Geology Invest igations and the collect ion of docu­
mental samples . The samp le locat ions wi ll be carefully photo­
graphed before and after sampling . The astronaut s wi l l  care­
ful ly describe the sett ing from which the samp le is colle c t ed . 
In addit ion to spec i fi c tasks , the astronauts will be free to  
photograph and sample phenomena which they j udge t o  be unusual , 
signi ficant , and intere st ing . Th e astronauts are prov ided with 
a pac kage or detailed photo maps which they will use for plan­
ning travers es . Phot ographs will be taken from the LM window . 
Each feature or fami ly or features will be de�cribed , re lat ing 
to features on the photo maps . Areas and features where photo­
graphs should be t aken and repres entative samples collected wi ll  
be marked on the map s . The crew and the ir ground support per­
sonnel will c onsider real-time deviat ion from the nominal p lan 
based upon an on-the-spot analys i s  of the ac tual si tuat ion . A 
trench will be dug for soil mechani c s  i nvest igat ions . 

The Earth-bas ed geologist s wi ll  be avai lab le to  advise the 
astronauts in real-t ime and wi ll work with the data returned , 
the phot os , the samples or rock and the astronauts '  ob servat ions 
to reconstruc t here on Earth the astronauts traverse on the Moon . 

Each astronaut wi ll carry a Lunar Surfa ce Camera ( a  mod i­
fied 70 mm e lectric Hasse lblad ) .  The cam�ra has a 60  mm lens 
and a Reseau p lat e . Lens aperture s  range from 5/5 . 6  to f/4 5 .  
Its focus range is from three feet to infinity . A removab le 
polari zing fil ter is att ac hed to  t he lena of one of the cameras 
and can be rot ated in 4 5-de gre e increment s for light polarizing 
studies . 

-more -
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A gnomon , used for me tric c ontrol o f  near field ( less 
than 10 feet ) stereos copic photography , will provide angu lar 
orient at ion relat ive to the local vert ical . Informat ion on 
the distances to obj ects and on the pitch , roll , and azimuth 
of t he camera ' s  optic  axi s are thereby inc luded in each photo­
graph . The gnomon is  a weighted tube suspended vertically on 
a tripod supported giJnbal . The t ube e xtends one foot above 
the gimbal and is paint ed wi th a eray s cale in bands one c enti­
meter wide . Photogramme tric tec hniques will be used t o  pro­
duce thre e-dimens ional models and maps of the lunar surface 
from the angular and distance relati onship be tween specific 
obj e c t s  rec orded on t he film . 

The 16 mm Data Acquis it ion C amer a will pr ovide t imes : s e­
quence coverage from within the LM . It can be operat ed in 
several aut omat ic modes ,  ranging from one frame /second to 2 �  
frames/se cond . Shutter speeds , which are independent o f  the 
frame rates , range from 1/1000 se cond to 1/6 0 second . Time 
exposures are also pos s ible . While a vari ety of lenses is 
provided , the 18 mm lens wi ll be used to record most of the 
geologi cal act ivit ies in the one fra�e/second mode . A simi lar 
batt ery powered 16 mm camera wi ll be carri ed in EVA . 

The Lunar Surfac e C los e-up Camera wi l l  be used to obt ain 
very high re solut ion close-up st ere oscopic phot ographs of the 
lunar surfac e to prov ide fine sc ale information on lunar soil 
and rock texture s .  Up t o  100 stereo pairs can be exposed on 
the pre loaded roll of 35 �� color film . The handle grip en­
ab les the astronaut to operate the camera from a standing posi­
tion . The film drive and e lectronic flash are battery-operated . 
The camera photographs a 3 ''x3 q  area of the lunar surface . 

Ge ological sampl ing equipment inc ludes tongs , sc oop , ham­
mer , and core tube s . A 2� -inch extension hand le i s  provided 
for several of the tools to aid the astronaut in us ing them 
without kn�e ling . 

Samp le re t urn cont ainers ( SRC ) have been provided for re­
turn of up to �0 pounds each or lunar mat erial for Eart h-based 
analys is . The SRC ' s  are ident ical to the ones used on the 
Apollo 11 and 12  mi ssions . They are machined from aluminum . 
forgings and are designed t o  maint ain an int ernal vac uum during 
the out bound and return flights . The SRC ' s  wi ll be filled with 
repre sentat ive samp le s of lunar surface mater ial , colle cted and 
s dparately bagged by the astronaut s on the ir traverse and docu­
mented by verbal des cript ions and photography . Subsurface 
samples wi ll be obtai ned by us ing drive tubes 16 inches long 
and one inch in diameter . A few grams of mat erial wi ll be 
pre served ur.der lunar va cuum conditions in a spec ial environ­
ment al samp le container . 

-more-
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Th i s  container will be opened for analy s i s  under vacuum 
cond itions equivalent t o  that at the lunar surfac e .  Spe c i al 
containers are provided for a magneti c sample and a gas analys i s  
sample . 

SNAP-27 

SNAP-27 is one of a seri e s  of radioisotope thermoe lectric 
generators , or at omic batterie s ,  deve loped by the u . s .  At omi c 
Energy Commi s s ion under i t s  SNAP program . The SNAP ( Systems 
for Nuc lear Auxiliary Power ) Program i s  directed at development 
of generators and reactors for use in spac e , on l and , and in 
the sea . 

SNAP-27 was first used in the Apollo 12 mi s s i on to provide 
e lectric ity for the firs t Apollo Lunar Surface Exp eriments 
Package ( ALSEP ) . A duplicate of t he Apollo 12 SNAP-27 wi ll 
power the Apollo 13 ALSEP . 

The basic SNAP-27 unit i s  des igned to produce at least 63 
e lectrical watts or power . It i s  a cylindrical generator 
fuel ed with the radioisot ope p lut onium 238 . It is about 18 
inches high and 16 inche s in diameter , inc luding the heat radia­
ting fins . The generator , making maximum use or the lightwe ight 
materia l beryl lium , weighs about 28 pounds unfue led . 

The fuel capsule , made of a superal loy material , i s  16 . 5  
inches long and 2 . 5  inches in diameter . It we ighs about 1 5 . 5  
pound s , of which 8 . 36 pounds repre sent fuel . The p lutonium 
238 fue l  is ful ly oxidi z ed and is chemically and biologic ally 
inert . 

The rugged fuel capsule i s  c ontained wi thin a graph ite 
fue l  cask from launch through lunar landing . The c ask is de­
signed to provide reentry heating protect ion and added conta in­
ment for the fue l c ap sule in the unlikely event of an ab orted 
miss ion . The cyli�drical cask wi th hemi spherical ends inc ludes 
a primary graphite heat shield , a sec ondary beryllium thermal 
shie ld , and a fue l  c apsule support structure made or t i tanium 
and Inc onel mat eria ls . The cask is 23 inche s long and e ight 
inches i n  diameter and weighs about 2 4 . 5  pounds . With the fue l  
capsule installed , i t  we igh s about 40 pounds . I t  i s  mounted on 
the lunar modu le descent st age by a t itanium support structure . 

Once the lunar module is on the Moon , the lunar modu le 
pi lot wi ll remove the fuel capsule from the cask and insert it 
into the SNAP- 27 generat or which will have been placed on the 
lunar surfa ce near the module . 

-more-
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The spontaneous radioactive decay of t he p lutonium 238 
within the fue l  capsule generat e s  heat i n  the generator . 
An as semb ly of 4 4 2 lead t e l luride thermoelectric e lements con­
vert s thi s  heat -- 14 80 thermal wat t s  -- dire c t ly into e l e c ­
trical energy -- a t  leas t 6 3 watt s .  Th ere are n o  moving parts . 

Plut onium 23 8 is an exce llent i s ot ope for use i n  space 
nuc lear generat ors . At the end or almos t  90 years , p lut onium 
238 wi l l  s t i l l  supp ly half of it s original heat . In t he decay 
pro ces s ,  p lut onium 238 emit s mai nly the nuc le i  of helium ( alpha 
radiation ) , a very mild t ype of radiat i on with a short emi s s i on 
range . 

Before the use of t he SNAP-27 system in the Ap ollo program 
was authori zed ,  a th orough review was conducted t o  as sure the 
health and safety of per sonne l i nvolved i n  t he mi ss ion and the 
general pub li c . Extensive safety analyses and t e s t s  were c on­
ducted whi ch demonstrat ed that the fue l would b e  s afe ly c on­
tai ned under almost a l l  .credible a c c ident condit ions . 

C ontractors for SNAP-27 

General Electric Co . , Mis s i le and Space Division , Phi la­
delphia , Pa . ,  designed , developed , and fabri cat ed the SNAP-27 
generat or for the ALSEP . 

The 3M Co . ,  St . Paul , Minn . , fabricat ed the thermoelectric 
element s and assemb led the SNAP-2 7 generator . 

Solar Divi sion of Internat i onal Harve ster , San Diego , 
Calif . ,  fabri cat ed the generator ' s  beryl lium structure . 

Hit c o , Gardena , Cal if . ,  fabricated t he graphite struc ture 
for the SNAP-27 Graphite LM Fue l  Cask . 

Sand ia Corp . ,  a sub sid iary of We stern Electric , operat or 
of AEC ' s  Sandia Lab oratory , Albuquerque , N . M . , provided t e ch­
nical d irect ion for t�e SNAP-27 program . 

Savannah River Laboratory , Aike n , S . C . ,  operated by the 
DuPont Co . for the AEC , prepared the raw plutoni�m fuel . 

Mound Laboratory , Miamisburg , Ohio , operated by Monsant o 
Res earch Corp . , for the AEC , fabric ated the raw fue l into the 
final fue l form and encapsulat ed the fue l .  

-more-
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PHOTOGRAPHIC EQUIPMENT 

Still and motion pi cture s will be made of most 
spacecraft maneuvers and crew lunar surface activities , 
and mapping photos from orbital altitude to aid in plan-
ning future landing mi ssions . During lunar surface activities , 
emphasis wi ll be on photographic documentat ion of lunar 
surface features and lunar material s ample collect ion . 

Camera equipment stowed in the Apollo 13 command 
module consists of two 70mm Has selb lad ele ctric cameras , 
a 16mm mot ion pi cture camera , and the Hy con lunar topographi c  
camera (LTC ) . 

The LTC , to be flown on Apollos 13 , 14  and 15 , is 
stowed beneath the commander ' s  couch . In us e ,  the camera 
mount s in -the crew access hatch window . 

The LTC with 18-inch fo cal length f/� . 0  lens provide s 
re s o lut ion or obj e ct s as small as 15 -25 feet from a 60-nm 
altitude and as �mall as 3 to 5 feet from the 8-n� . pericynthion . 
Film format is 4 . 5-inch square frames on 100 root long rolle 1 
with a frame rate variab le from 4 to 75 frantes a minute .  
Shutter speeds are 1/50 , 1/10 0 , and l/200 s e cond . Spacecraft 
forward motion during exposure s i s  compensated for by a servo­
controlled rocking mount . The film is held flat in the focal 
plane by a vacuum platen connected to the auxili ary dump valve . 

The camera weighs 6 5  pounds without film, is 2 8  inches 
long , 10 . 5  inches wide , and 12 . 2 5 inches high . It is a mod­
ification of an aerial re connais s ance camera . 

Future lunar landing sites and targe ts of s cientific 
intere st will be photographed with the lunar topographi c  
camera in overlapping s equence of s ingle frame modes . A 
candidate landing site northwest of the crater Cens orinus 
will be photographed from the 8-mile peri cynthion during the 
period between de s cent orbit inse rt ion and CSM/LM separat ion . 
Addi tional topographic photos of the Cens orinus s ite and 
sites near Davy �i lle and Des cart es will be made later in the 
mi ssion from the 60-nm circular orbit . The camera again will 
be unstowed and mounted for 20 minut es of photography o f  the 
lunar disc at 5 minute interval s starting at 2 hours after 
trans earth inj e ction . 

-more-
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CamerA.s stowP.d i n  1:he lunar module arc two 70mm 
Has s elblad dat� cam�r�a fitted with 6Dmm Zeiss  Metri c lenses , 
a 16mm motion picture cArnera fitted w1.th a lOmm lens , and a 
Kodak closP.up atcreo camera for hi�h re solution photos on the 
lunar surface . The LM Has selb lads have crew chest mounts that 
leave both hands free . 

One ot the command module Has selblad ele ctri c camera s 
i s  normally fitted with an 80mm f/2 . 8  Zeiss Planar l ens ,  but 
bayonet mount 250mm and 5 0 0mm lenses may be substituted for 
special tasks . 

The se cond Has selb lad camera is fitted with an Bomm 
lens and a Res eau plate which allows greater dimens ional 
control on photographs or the lunar surface . The 50 0mm lens 
will be used only as a backup to the lunar topograph i c  came ra . 

The 80mm lens has a focussing range from 3 feet to 
infinity and has a fi eld of view or 38  degrees ve�ti cal and 
hori zontal on the square-format fi lm frame . Accessories for 
the command module Hasselb lads include a spotmeter , inter­
valomete r ,  remot� control cable . and film magazines .  Hassel­
b lad shut ter spe·eds range from time e xposure and one se cond to 
one 1/500 s e cond . 

The Maurer l6mm mo ti on pict ure came�� in the command 
module has l�nses of 5 ,  18 , and 75mm avai lAble . The c amera 
weighs 2 . 8  pounds with a 130-foot fi lm magaz ine att a ched . 
Ac ces sories include a right-angle mirror , a power cable , and 
a se stant adapter whi ch allows the camera to use the navigat ion 
sextant optical sys tem . The LM mo tion pic ture camera wi ll be 
mounted in the right-hand window to rec ord descent and landing 
and the two EVA periods and later will be taken to the surfac e .  

The 35 mm stereo closeup camera stowe d in the LM �1ESA 
shoots 24rnm square stereo pairs with an image s cale of one­
half actual s ize . The camera is fixed fo cus and is equipped 
with a stand-off hood to pos ition the camera at the proper fo cus 
distance . A long handle permits an EVA crewman to posit ion the 
camera without stooping for surface obj e ct photography . Detai l 
as small as 4 0  microns can be re corded . The cam�ra allo\lts 
photography of signifi cant surface structure which would remain 
intact only in the lunar environment , such as fine powdery 
deposits ,  cracks or holes , and adhes ion of particles . A b at­
tery-powered electronic flash provides illumination � and film 
capac ity i s  a minimum of 100 stereo pairs . 
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LUNAR DES CRIPTION 

Terrain - Mountainous and crater-pi tted , the mountains 
ris ing as high as 29 thousand fee t  and the craters ranging 
from a few inche s t o  1 80 mi le s in diameter . The craters 
are thought to be formed primari ly by the impact of 
me teorites . The s urface i s  covered wi th a layer of fine­
grained material resembling s i l t  or san d ,  as well as small 
rocks and boulders . 

Environment - No ai r ,  no wind , and no moi st ure . The 
tempe rature range s from 2 4 3  de grees F .  in the two-week lunar 
day to 2 79 degrees be low zero i� the two-week lunar night . 
Gravity i s  one-sixth that of Earth . Micromete oroids pelt 
the Moon s ince there i s  no atmosphere to burn them up . 
Radiation mi ght pre sent a problem during p e ri ods of unusual 
s olar activi ty . 

Far Side - The far or hidden s i de o f  the Moon no l onger 
i s  a c omp le te mys tery . I t  was first photographed by a 
Rus s i an  craft and since then has been photographed many 
time s , . p arti cularly from NASA ' s  Lunar Orb iter and Apollo 
space craft . 

Origin - There i s  s till no agreement among s cienti s t s  
on the origin of the Moon . The three theories :  (1)  the 
Moon once was p art of Earth and split off into its own 
orbit , ( 2 )  i t  evolved as a separate b ody at the same time as 
Earth , and ( 3 ) it formed elsewhe re in space and wandere d 
until i t  was c aptured by Earth ' s  gravi tational field .  

Diameter 

Circumference 

Distance from Earth 

Surface temperature 

Surface gravi ty 

Mas s 

Volume 

Lunar day and night 

Mean velocity in orbit 

Escape ve locity 

Month ( p e ri od o f  
rotation around Earth ) 

Physical Facts 

2 , 160 miles ( about 1/4 that of Earth ) 

6 , 790 miles ( about l/4 that o f  Earth ) 

2 3 8 , 85 7  mi les ( mean ;  221 , 4 63 minimum 
t o  252 , 71 0  maximum) 

+2 4 3°F ( Sun at zeni th ) -279 °F ( night ) 

l/6 that of Earth 

1/lOOth that o r  Earth 

l/50th that of Earth 

14 Earth days each 

2 , 2 87 mi le s-per-hour 

1 . 4 8 mi le s -per-se cond 

2 7  days , 7 hours , 4 3  minutes 
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Land ing Site 

The landing site selected for Apo llo 13 is located 
at 3° 4 0 ' 7 "S ,  17° 27 ' 3 "W , about 30 miles north of the 
Fra Mauro crater .  The s i te is in a hilly , upland region . 
Thi s  wi ll be the first Apollo landing to other than a lunar 
mare , the flat dark areas or the Moon once thought to be lunar 
seas . Thi s hi lly region has been designated as the Fra Mauro 
formation , a widespread geological unit covering large port ions 
of the lunar surface around �are Imbrium ( Sea or Rains ) .  The 
Fra Mauro formation is interpreted by lunar geologis t s to be 
an ej ecta blanket of mat erial thrown out by the event which 
created the circular Mare Imbrium basin . 

The interpret ation or the Fra Mauro formation as ej ecta 
from Mare Imbrium gives rise to the expe ctation that surface 
material originated from deep within the Moon , perhaps frorr. a 
hundred miles b elow the Moon ' s  surface . I f  the interpretation 
proves corre ct , it will also be possible to date the Mare Imbrium 
event , believed to be a maj or impact , perhaps the in-fall or a 
smaller Moon , which was swept up in the primordial ,  accretionary 
evolution or the Moon . Based on this theory , rocks from the 
Fra Mauro formation should predate the rocks returned from 
either Apollo 11 ( 4 . 6  billion years ) or Apollo 12 ( 3 . 5  billion 
years ) and be close to the original age or the Moon . 

-more-
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APOLLO 13 FLAGS, LUNAR MODULE PLAQUE 

The United States flag to be erected on the lunar 
s urface measures 30 by 48 inches and will b e deployed on 
a two-p iece aluminum tube eight feet long . The folding 
horizontal bar which keeps the flag s tanding out from the 
starr on the airless Moon has been improved over the mech­
anisms used on Apollo 11 and 12 . 

The flag � made of nylon � will b e  stowed in the lunar 
module des cent s t age modularized equipment stowage as sembly 
(MESA ) instead or in a thermal-protective tube on the LM front 
leg , as in Apollo 11 and 1 2 . 

Also carried on the mission and returned t o  Earth will 
be 25 United States and 50 individual s t ate flags , each � by 
6 inches .  

A 7 by 9 inch s t ainles s  steel plaque , s imilar to those 
flown on Apollos 11 and 12 ,  will b e  fixed t o  the LM front 
leg . The p laque has on it the words "Apollo 1 3 "  with "Aquarius " 
beneat h �  the dat e , and the s ignatures or the three crewmen . 

-more-
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SATURN V LAUNCH VEHICLE 

The Saturn V launch vehic le ( SA-50 8 )  assigned t o  the 
Apollo 13 mis sion was deve loped at the Marshall Space Flight 
Center� Huntsvi lle � Ala . The vehi c le i s  almost identical 
to those used in the missions of Apo llo 8 through 12 . 

First Stage 

The first stage ( S-IC )  of the Saturn V is b uilt by the 
Boeing Company at NASA ' s  M1choud Assemb ly Facility � New 
Orle ans � La . The stage ' s  five F-1 engines deve lop a total 
or about 7 . 6  million pounds of thrust at launch . Maj or com­
ponents of the stage are the forward skirt , oxidi zer tank� 
intertank structure , fuel tank , and thrust structure . Pro­
pellant to the five engines normally flows at a rate of 
29 � 36 4 . 5  pounds ( 3 � 1400 gallons ) e ach se cond. One engine is 
r1.gidly mounted on the stage ' s centerline ; the other four 
engines are mounted on a ring at 90°  angles around the center 
e�gine . These four outer engines are gimbale d  t o  control the 
vehicle ' s  attitude during flight . 

Se cond Stage 

The se cond stage ( S-II )  is b uilt by the Space Divi s i on of 
the North Ameri can Ro ckwell Corporation at Seal Beach � Calif .  
Five J-2 engines deve lop a total of about 1 . 16 million pounds 
of thrus t during flight . Maj or s tructural c omponents are the 
forward skirt , liquid hydrogen and liquid oxygen tanks 
( separate d  by an insulated common b ulkhead) , a thrust structure , 
and an interstage se ction that c onnects the firs t and se cond 
stages . The five engines are mounted and use d  in the s ame way 
as the first s tage ' s  F-1 engines : four outer engines can be 
gimbaled; the center one is rigi d .  

Third Stage 

The third stage ( S-IVB ) is built by the McDonnell Douglas 
Astronautics Company at Huntington Be ach , Cali f .  Maj or com­
ponents are the aft inters tage and skirt , thrus t struc ture � 
two propellant tanks with a common bulkhead , a forward skirt , 
and a single J-2 engine . The gimbaled engine has a maximum 
thrust of 230 , 000 pounds , and can b e  shut orr and re started .  

-more-
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FIRST STAG E ( S ·IC ) 

Diamete r · · · · ·  3 3  feet 
Height - - · - - - 1 3 8  feet 
Weight - - - - - - ; ,  030, 141 lb s .  fueled 

288, 000 lbs .  dry 
Engine s - - - - - Five F- 1 
Propellants - - Liquid oxygen ( 3 , 306,�94 lbs. ; 

348, 343 gals . ) RP - 1  (ke:rosene) 
(2,435 ,647 1bs . ; 215 , 330 gals. ) 

Thr ust - - - - - - 7,584 , 593 1b s . at lifto£! 

SECOND STAGE (5 -I!) 

Dian"ete r - - - - - 33 feet 
Height -- - - - - 8 1 . 5 feet 
Weight - - - - - 1 , 073,944 lbs. fueled 

78 ,050 lbs . dry 
Engines - - - - Five J -2 
Propellants - - Liquid oxygen (836 ,120 lbs. ; 

88 ,215 gals . ) liquid hydrogen 
(159,774 lbs . :  212,3�0 gals. ) 

Thrust - ----- 924 , 207 to 1 , 161, 315 1bs. 
Interstages· -- 11,465 
TH IRD STAGE (5 -IVB) 

Dia meter- - - - 2 1 . 7 fe et 
Height - - - - - - 58 . 3  feet 
We ight - - - - - - 259 ,896 lbs.  fueled 

24 ,864 lb s. dry 
Engine - - - - - - One J -2 
Prope llants - - Liquid oxygen ( 191, 532 lbs. ; 

20, 228 gals . ) Liquid hydrogen 
(43,500 lbs . , 64 , 145 gals. ) 

Thrust - - - - - - 199 ,790 lb s. 
Inte r stage - - - 8 , 100 lbs. 

INSTR U MENT UNIT 

Dia meter - - - - -2 1 .  7 feet 
Height - - - - - - 3 fe et 
W eight - -- - - - · 4 ,482 lbs.  

NOT E :  We ights and measure s given above a r e  fo r the nomina l vehicle configur a •  
tion for Apollo 1 2 .  The f igur e s  may vary s lightly due to change s before launch 
to meet changing conditions . Weights of dry stage s and prope llants do not equal 
tota l we ight because frost and mis cellaneous s maller item s  are not included in 
chart. 

-more-
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In strument Un i t  

The in s t rument unit ( IU) , b ui l t  by the Internat ional 
Bus ine ss Machines Corp . , at Hun tsvi lle , Ala . , contains 
navi gation , guidance and control eq uipment to s teer the 
launch vehi c le into i t s  Ear th orb it and in t o  trans lunar 
t raj e ctory . The s i x  maj or s y s t e ms are s truct ural , the rmal 
contro l ,  guidance and control , me as uring and te leme t ry ,  
radio fre quen cy , and e le c tric . 

The ins trument uni t  provide s a path-adap tive guidance 
s cheme where in a programme d traj e c tory i s  used during firs t 
s tage boos t with guidance beginning during s e c ond s tage b urn . 
This s cheme pre ven ts mo ve ments t h at could cause the veh i c le 
to bre ak up wh i le attempting t o  compens ate for winds or j e t  
s t re ams in the atmosphere . 

The ins trumen t unl t ' s  inertial platform ( heart o f  the 
n avi gati on , guidance and control sy s tem) provide s space -fi xed 
re ference c oordin ate s and measures acceleration along thre e 
mutually perpendic ular axe s of a coordin ate s y s t e m .  I f  the 
p lat form fai ls during boos t ,  systems in the Apollo space c raft 
are programme d t o  pro vide guidan ce for the l aunch veh i c le . 
After se c ond s t age igni t i on , the space craft c ommande r c ould 
manually steer the vehi cle in the even t or l os s  of the l aunch 
veh i c le inerti al plat form . 

Propulsion 

The Saturn V has 3 7  prop uls i ve uni t s , l'ri th thrus t rat ings 
ranging from 70 poQ�ds to more than 1 . 5 mi l l i on pounds . The 
l arge main engine s  b urn l iq�td pr ope ll an ts ; the smaller uni t s  
use s olid o r  hypergoli c prope llan ts . 

The five F-1 engine s on the firs t s t age b urn a c omb ination 
o f  RP-1 ( kerosene ) as fue l  and l i qui d oxygen as oxidize r .  Each 
engine devel ops approximately 1 , 516 , 9 1 8  pounds of thrus t at 
liftoff , b ui lding to ab out 1 , 799 , 022 pounds be fore cutoff .  
The five -engine clus ter gives the fir s t  s t age a thrus t ran ge 
of from 7 , 5 84 , 5 9 3  pounds at li f toff to 8 , 99 5 , 10 8  pounds j us t  
be fore center engine c ut off . Th e  F-1 engine wei ghs almo s t  
1 0  tons , i s  more than 1 8  feet long and has a noz zle e xi t  
diame ter o f  nearly 1 4  fe e t . 'I'he engine cons umeR almo s t  three 
tons of prope llant every se cond . 

The fir s t  s tage al so has e igh t s olid-fuel re t rorocke ts 
that fire to separate the first  and s e c ond s t age s . Each re tro­
rocke t produc es a thrus t of 87 , 9 0 0  p ounds for 0 . 6  s e c onds . 

-more-
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The second and thi rd stages are powe red by J-2 engines 
that burn liqui d  hydrogen ( fue l )  and l iquid o xygen ( oxidi ze r ) . 
J-2 engine thrus t varie s  from 1 8 4 , 84 1  to 2 32 , 26 3  pounds 
during flight . The 3 , 500-pound J-2 engine i s  cons ide re d  
more e ffi cient than the F-1 engine b e cause th e J-2 burn s h igh­
energy liquid hydrogen . F-1 and J-2 engines are b ui l t  by 
the Rocke tdyne Divi s i on of the North Ameri can Rockwe l l  Corp . 

The second s tage als o  h a� four 21 , 000-pound- thrus t s olid 
fue l ul lage rockets  that se ttle l iquid prope l l an t  in the 
bottom o f  the main t anks and help at tain a "c lean "  separation 
from the firs t s tage . Four re trorocke ts , l ocated in the S-1VB ' s  
aft inte rs tage ( wh i ch never separate s from the S-1 1 ) , separate 
the S-!1 from the S-IVB . There are two j e tti s onable ullage 
rocke ts for propellant s e t tling b e fore engine ignition . Eigh t  
s maller engines i n  the two auxi l i ary propulsion system modu les 
on the S -IVB s tage provide three - axis atti tude control . 

-more -
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COMMAND AND SERVICE MODULE STRUCTURE, SYSTEMS 

The Apollo space craft for the Apollo 13 mission is comprised 
of Command Module 109 , Service Module 109 � Lunar Module 7� a 
spacecraft-lunar module adapter (SLA) and a launch escape system .  
The SLA houses the lunar module and s erves a s  a matin g s tructure 
between the Saturn V instrument unit and the SM. 

Launch Escape System (LES) -- Would propel command module to 
s afety 1n an aborted launch . It h as three solid-propell ant 
ro cket motors : a 14 7 � 000 pound-thrus t l aunch escape sys tem 
motor , a 2 , 400-pound-thrus t pit ch control motor �  and a 31 , 5 0 0  
pound-thrus t tower j e tti son motor . Two canard vanes deploy 
to· turn the command module aerodynamically to an attitude with 
the heat-shie ld forward . The system is 3 3  feet tall and 4 teet ,  
in diame ter at the base , and weigh s  8 , 9 4 5  pounds . 

Command Module ( CM) Structure -- The command module is  a 
pressure· ve ssel encas e d  In heat shields , cone-shaped � weighin g  
12 , 365 pounds at launch . 

The command module consists o r  a forward compartment whi ch 
contains two reaction control engine s and component s o r  the Earth 
landing sys tem ; the crew compartment or inner pre s s ure vessel 
cont aining crew ac c omodations � controls and displays , and many 
or the space craft systems ; and the aft compartment hous ing ten 
re action control engine s , propellant tankage � helium tanks � w ate r 
tanks , and the CSM umbil ical cable . The crew compartment contains 
210 cubic feet or hab itab le volume . 

Heat-shields around the three compartments are made of 
b razed s tainle s s  s t e e l  honeycomb with an outer layer of phenoli c 
epoxy res in as an ablat ive material . 

CSM an� LM are equipped with the probe-and-drogue 
docking hardware . The prob e as sembly is a powered foldin g 
coupling and impact attentuating device mounted in the CM 
tunnel that mates with a coni cal drogue mounted in the LM 
docking tunnel . After the 1 2  automati c docking latches are 
cheeked rollowing a do cking maneuve r ,  both the prob e and 
drogue are removed to allow crew transfe r between the CSM and 
LM. 

Service Module ( SM) Structure -- At launch , the service module 
for the Apollo 13 mis sion will we igh 51 � 10 5  pounds. Aluminum 

honey comb panels one in ch th i ck form the outer skin , and 
mil led aluminum radial beams s eparate the interior into six 
sections around a central cylinder containing two hel ium spheres , 
four secti ons containing service propul s i on system fue l-oxi dize r 
tankage , another containing fuel cells , cryo genic oxygen and 
hydrogen , and one sect or es sent i ally empty . 

-more-
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Spacecraft-LM Adapter ( S LA) S t ruct ure -- The spacecraft LM 
adapter i s  a trun cated cone 28 feet long t apering from 260  inches 
d i ameter at the b ase to 154 in ches at the forward end at the 
servi ce mo dule mat i n g  line . The SLA i'le i gh s  � , 000 pounds and 
houses the LM durin g l aunch and Earth orb i t al fl igh t . 

CSM Sys tems 

Gui dan ce, Naviga t i on and Contro l  Sys tem ( GNCS ) -- Measures 
and cont ro l s  s pace craft pos i t ion � att itude , and vel o c i t y , 
cal cul ates t rajec tory , con t rol s s pa cecraft p ropul s ion s y s tem 
thrust vec tor , an d display s  abort d at a . The gui dan ce s y s tem 
c ons i s t s  o f  th ree sub sys tems : In e r t ial , made up o f  an ine rti al 
me as urement un i t  and as soci ated pm-1er and dat a  component s ; 
comp uter wh i ch pro cesses informat i on to or from o the r componen t s ; 
and op ti cs cons i s ti ng o f  s c anning te les cope and s extan t  for 
ce lest i al an d/or l andmark s i gh ting for s p a cecraft n avi gat i on . 
VHF ran ging devi ce serves as a b a ckup to the LM rende zvous radar . 

Stab i l i zation an d  Cont rol Sys tems ( S CS ) -- Con trol s spaqe­
c raft rot ation , trans lation , and t h rus t ve ctor and provi des 
d i s p l ay s  for crew-in i t i ated mane uvers ; ba cks up t he gu i dance sy s t;em 
for con trol fun ct i ons . It has three s ub s y stems ; att i t ude 
re ference � at titude con trol , an d thrus t ve c tor cont rol . 

Se rvi ce Propu l s ion Sys tem ( S PS ) -- Provi des th rus t for l arge 
s p acec raft ve l oci ty c han ge s through a gimb al -moun ted 2 0 , 5 00-pound­
t h rus t hypergol i c  engine . us in g a n i t rogen tetro x i de o x i di zer and 
a 50-50 mi xture of un symmet ri c al dimethyl hydraz ine and hyd razine 
fuel . This sy stem is in the serv i ce module . Th e  s y s tem respon d s  
to automati c  fi ring commands from the gui d an ce and navigat i on 
sys tem or to manual commands from the crew . The e ngi ne thrus t 
level i s  no t throt tle ab le . The s t ab i l i zat i on and con t rol 
s y s tem gimb als the engine to dire c t  the thrus t ve cto r th rough the 
s p a ce craft center of gravity . 

Tele commun i c a t i ons Sys tem -- Provi de s voi ce , te levi s i on , 
teleme t ry , and command d at a  an d t racking and ranging b e tween 
the sp acecraft and Earth , bet\'leen th e command module and the 
lunar module and be tween the sp ace crart and a s t ronaut s  duri ng 
EVA. It also provides i nt e rcommuni c a t i on s  between ast ronaut s .  

The h i gh-gain s teerab le S-Band an tenn a co ns is ts o f  four , 31-
i n ch-di ameter parab o l i c  di shes mounted o n  a fol din g b oom a t  t he 
aft end o f  the servi ce module . S i gnal s from the groun d s ta t i ons 
can be t racke d either automat i c a l l y  or manually w it h  t he antenna ' s  
gimb al l in g  s y s tem . No rmal S-Band voi ce and upli nk/downlink 
c ommun i c ati ons w i l l  be h andled by the omni an d  high - gain antennas . 

-more -
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Sequential Sys tem -- Interraces with oth e r  s p acec raft s y s t ems 
and s ub s y s tems to i n i tiate time cri ti cal fun ct i ons during launch , 
dock ing maneuve rs , s ub -orb i t al ab orts , and ent ry port i ons o f  a 
mi ss ion . The s y ste m  als o con trols routine s pace craft sequen c in g  
s uch as s ervi ce module separation and deployment o f  t he E� rth 
l andi ng sy s tem . 

Eme rgen cy Det e c ti on Sys tem ( EDS ) - - Det e c ts and d i s pl ay s  t o  
the cre\>r l aunch veh i c le emergen cy cond i t i ons , such as e x ce s s i ve 
p i t ch or rol l  rates or two eng:tn e s  out , and aut omat i cally or 
manually sh uts down th e b oos t e r  and activat e s  the l aun ch e s cape 
sy s tem;  fun c ti ons un ti l the s pace c raft is in orb it .  

Earth Landi ng Sys tem ( ELS ) -- Inc l udes the drogue and main 
parachute s y s tem as well as pos t -landing re covery aids . In a 
normal entry des cent , the command module forward heat shield 
i s  j e t t i s oned at 24 , 000 fee t , permi tting mortar deployment o f  
two ree red 16 . 5- foo t  diamet er drogue parachutes for o rienti ng 
and de celerating the s pace craft . After dis ree f and drogue re leas e , 
three mortar depl oyed pi lot chut e s  pull out the three mai n 83. 3-
foo t  diame t e r  parachutes \'l ith two- s tage ree fing to p �o vi de g radual 
infl ation in three s teps . Two main parachutes ou t o f  th ree can 
p rovide a s are l andin g .  

�eaction Con trol Sys tem ( RCS ) - - Th e  SM RCS h as four iden t i c al 
RCS "quads " mounted aroun d the SM 9 0  degrees apart . Each quad 
has rour 100 pound- thrus t engines , two fuel a� d two oxi dizer tanks 
end a helium press uri zation sphe re . Att i t ude control and small 
ve lo c i ty mane uvers are made wi th the SM RCS . 

The CM RCS cons i s ts o r  two independent s i x-en gine s ub s y s tems 
o f  s i x 9 3  pound-thrust engines e a ch used for space craft atti tude 
cont�ol during entry . Prope l l ants for b oth CM and SM RCS are 
monorne thyl hydrazine fue l and n i t ro gen te troxide oxi di ze r  l'l ith 
h e l i um pre s s uri zat i on . These propel l an ts b urn spon t aneously 
when comb ined ( without an ign i te r ) .  

E le ct ri cal Powe r Sy s tem ( EPS ) -- Provi de s e l e c t'ri cal ene rgy 
s ources , PO\'le r generat ion and control , power convers ion , 
cond i t i oning , and d i s tribution to the snacecraft . The 
primary s ource or ele ctri c al power is the fue l cells mounted i n  
the SM . The fuel cell als o furnishes drinking wate r to the 
as tronauts as a by -produ c t . 

-more -



-83-

Three s i l ve r-zinc oxide s to rage batteri e s  s upply power to 
th e CM durin g en try and aft e r  landin g ,  provide power for se quence 
contro l l e rs , and s uppl ement the fue l  c e l l s  duri n g  periods o f  
peak powe r demand . A b attery ch arge r ass ure s a ful l  charge p ri o r 
to entry . 

Two other s i l ver-z in c oxide b at te rie s s upply powe r for 
e xplos i ve devi ce s for CM/SM sep arat ion , parachut e  deployme n t  
and separat ion , third-s� age separation , l aun ch es cape 
tow er s eparation , and othe r pyro te chn i c  us e s . 

En vironmental Control Sys tem ( ECS ) -- Cont rols s pace c raft 
atmosphere , pre s s ure , and tempe rat ure and manage s wate r .  In 
addi tion to re gu l ating cab in and s u i t  gas pre s s ure , temperature 
and humi di ty , the sys tem removes c arb on dioxide , odors and 
parti cles and vent i l ates the cab i n a fter l andin g .  I t  col l e c ts 
an d s tores fue l cell potable wate r for cre w  us e ,  s upp l i e s  water 
to the gly col evapo rat ors for coo l in g ,  and dumps surpl us \ot ate r 
overb oard through the waste H 0 dump no z z le . Prope r ope rat ing 
tempe rat ure of elec tronics an� e l e c tri cal equipme nt is main tained 
by this sy s tem through the use of the cab in heat ex ch ange rs , the 
sp ace radi ators , and the gly col e vaporators . 

Re covery Ai ds -- Recovery aids include the upri ghting 
s y s t e m ,  swimme r inte rph one conne c t i ons , s e a  dye ma rke r ,  fl ash­
ing b e acon , VHF re cove ry be acon , and VHF t rans ceive r .  The up­
ri gh ting sys tem cons i s ts of three compre s s o r-infl ated bags to 
up ri ght the spacecraft i f  i t  should l and in the w ate r apex 
down ( s t able II pos i t i on ) . 

Caut i on and Warning Sys tem -- Moni tors sp ace craft s ys tems 
for out-of-to ler ance condi ti ons and al erts crew by vi sual and 
aud ible alarms . 

Controls and Di spl ays -- Pro vi de s t atus reado uts and 
cont ro l fun cti ons of s p ace craft s y s te ms in the command and 
servi ce module s . A l l  controls are des igned to b e  ope rated by 
crewmen in p re s s uri zed suits . Dis p l ays are grouped b y  s y s tem 
and loc ated according to the fre quency o f  use and crew res pon sib i l i ty .  
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LUNAR MODULE STRUCTURES, WEIGHT 

The lunar module is a two-s tage vehi c le de signed for 
s pace operations near and on the Moon . The lunar module s t ands 
2 2  fe et 11 inches high and is 31 fe et wi de ( d iagon al ly across 
landing ge ar ) . The as cent and de s cent st age s  of  the LM ope rate as 
a unit until st aging,  when the as cent s t age funct ions as a 
single spacecraft for rende zvous and do cki n g  with the Civt . 

As cent St age 

Three main sections make up the ascent st age : the cre \•1 
comp artment , mi dse c tion , and aft equi pme nt bay . Only the crew 
comp artment and mi dsection are pres surized ( 4 . 8  ps ig) . The 
cab in vo lume is 2 35 cubic feet ( 6 . 7  cub i c  met e rs ) .  The st age 
meas ure s 12 fee t  4 inches high by 14 fe et 1 inch in diame ter . 
The ascent s t age has s i x sub s t ructural are as : crew compartment , 
mids e ction , aft equipment bay ,  thrus t chamb e r  assemb ly c lus te r  
supports , antenna supports. and thermal and mi crome teoroid shield . 

The cylindri cal crew compartmen t i s  92 inches ( 2 . 3 5 m) in 
diameter and 4 2  inches ( 1 . 0 7 m )  dee p .  Two fl ight stat ions are 
equippe d with control and di splay pane l s , armre s t s , body re s t rain t s , 
landing aids , two front windo�s , an overhe ad do cking window , and 
an ali gnment op ti cal tele scope in the cente r betwe en the two 
fli gh t stati ons . The habitable volume is 160 cub i c  fee t . 

A tunnel rin g atop the as ce nt s t age me shes w ith t he 
command module docking latch as semb lies . During docking ,  the 
CM docking ring an d lat ches are aligned by the LM dro gue and 
the CSM . p robe . 

The docking tunnel e xtends downward i nto the mi ds ect ion 
16 inches ( 4 0  em) . The tunnel is 32 inches ( 81 Gm ) in 
diameter an d is used for crew tran s fe r  b etween the CSM and LM . 
Th e uppe r hatch on the inb oard end of th e do cking tunnel opens 
inward and cannot be opened without equalizing pres sure on b oth 
h at ch surfaces . 

A the rmal and mi crome te oroid shi eld o f  mul tiple layers 
o f  Mylar and a s ingle thi ckne s s  of thin al uminum skin encas e s  
the enti re as cent stage structure . 
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Des cent St age 

Th e  de s cent st age center compartment hous es the de s cent 
engine , and des ce�t p ropellant tanks are housed in the four 
square b ays around the engine . Quadrant II ( Seq b ay )  cont ains 
ALSEP , and Radi oi sotope The rmoele c tri c Gene rator ( RTG ) extern ally . 
Quadrant IV contains the MESA . The des cent st age me asure s  10 
fee t  1 inches hi gh by  14 fee t  1 in ch in di amete r and is en cased 
in the Mylar and aluminum al loy thermal and mi crome te oroid sh ield . 

The LM egre s s  platform ,  or "po rch " ,  is mo unte d on the forward 
outrigge r j us t  below the fo rward ha t ch . A l adde r e xtends down the 
forward landing gear s t rut from the porch fo r crew lunar s urface 
operations . 

The landing gear s truts  are explos ively e xtended and provide 
lunar surface l anding impact att enuation . The main s t ruts are 
fi lled with c rushable aluminum honey comb for ab sorb ing 
compre s s ion loads . Foo tp ads 3 7  in ches ( 0 . 9 5 m ) in diameter at 
the end o f  each landing ge ar provide vehicle support on the 
lunar surface . 

Each pad ( e xcept forward pad ) is fit ted with a 6 8  inch 
long lunar surface sens ing p robe whi ch s i gnals the crew to shut 
down the de s cent engine upon contact with the lunar s urface . 

LM-7 flown on the Apo llo 13 mi ss io n has a launch weight of 
3 3 , 4 76  pounds . The weight b reakdown is as follows : 

As cent stage , dry 4 , 6 6 8  lb s .  Include s wate r 
an d oxy gen ; no 

Des cent s tage , dry 4 , 650  lb s .  crew 

RCS prope ll ant s ( loaded)  5 9 0  lb s .  

DPS prope llants ( loaded ) 1 8 , 339  lbs . 

APS p�opellants ( loaded )  5,229 lbs . 

3 3 , 4 76 lb s . 

Lunar Modul e S�s tems 

Elect ri c al Powe r Sys tem -- The LM DC e le ctrical _ sys tem cons i sts 
of six si lve r  zin c pri mary batteries  -- four in the des cent s tage 
and two in the as cent s tage . Twenty-eight -volt DC power is 
dist ributed to all LM sys tems . AC power ( 11 7 v  400 Hz ) is supplied 
by two inve rters . 
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Environmental Control Sys tem -- Cons is t s  of the atmosphe re 
re vit ali zation se ction ,  oxygen supply and cabin pres sure cont rol 
section � water management , heat transport s e c t ion , and out l e t s  
for oxygen and water rese rvi c ing o f  the portable l i fe s upport 
sys tem (PLSS ) . 

Components of the atmosphere revi tali zation secti on are the 
suit c i rcui t as semb ly whi ch co ols and ventil ates the pressure 
garment s , reduces carb on dioxide leve ls , removes odors , noxious 
gases and exce s s i ve moi s ture ; the c ab in recirculation as semb ly 
whi ch vent ilate s  and controls cab in atmosphe re temperatures ; an d  
the steam flex duct whi ch vents to space s t e am  from t h e  sui t 
ci rcuit water evapo rator . 

The o xygen supply and cab in pressure s e c t ion supplies gaseous 
oxy gen to  the atmosphere revi t al i zation s e c tion for maintaining 
s ui t  and cab in pres sure . The de s cent s tage o xygen s upply provides 
des cent flight phase and lunar stay oxy gen needs , and the as cent 
s tage oxygen s upply provides oxygen needs for the ascent and 
rend� z vous fli ght phas e . 

Water for drinking �  cool ing, fi re fightin g ,  food p reparation , 
and refil l in g  the PLSS coolin g  wat e r  s e rvi cing t ank is s uppl ied b y  
the water management section . The wate r i s  cont ain ed i n  three 
nitrogen-pre s s uri zed b l adder-type t anks � one o f  367-pound capaci ty 
in  the de s cent s t age and two o f  4 7 . 5-pound capacity in the as cen t  
s t age . 

The heat transport section h as primary and se condary wate r­
glycol s olution coolan t loops . The primary coolant loop circulates 
water-glycol for temperature cont rol o f  cab in and suit circuit 
oxygen and for the rmal control of batteries and ele ctroni c compon­
ent s  mounted on cold . plates and rail s . If the primary loop be come s  
inoperat i ve ,  the se condary loop circul ates co olant th rough the 
rai l s  and cold plates on ly . Suit c i rcuit cool in g  durin g s e condary 
coolant loop ope ration i s  provide d by the suit loop water b o i le r .  
Was te heat from b oth loops i s  ven te d  ove rboard b y  wate r e vaporat ion 
or s ublimators . 

Communi cat ions Sys tem -- Two S-band t ransmit ter-re ceive rs ,  
two VHF t ransmi tter-re ce ivers , a s ignal processing assemb ly , 
and as sociat ed spacecraft antenna make up the LM communi cat i ons 
system .  The system transmits and receives vo ice and tracking and 
ranging data , and transmit s  te leme try data on about 270 measure­
ment s and TV signals to the ground . Voice communi cations 
betwe en the LM and ground s t at i ons i s  by S-band , and between the 
LM and CSM vo ice i s  on VHF . 
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Although no real-t ime commands can be  sent to  the LM , 
the digital uplink processes guidance officer commands , such 
as s tate vector updat e s , transmitted from Miss ion Control 
Cente r  to  the LM guidance compute r . 

The data storage electronic s  as semb ly ( DSEA ) i s  a 
four- channe l vo i ce re corder with t iming signals , with a 
10-hour recording capacity , whi ch wi ll be brought back into 
the CSM for return to  Earth . DSEA re cordings cannot be 
" dumped" to ground stations . 

LM antennas are one 26 -inch-diameter parabolic S-band 
steerable antenna , two S-band infli ght antennas , two VHF in­
flight antennas , EVA antenna , and an erectable S-band antenna 
( opt ional ) for lunar surface . 

Gui dance , Navigat ion1 and Contro l  Sys tem -- Comprised 
of s i x  sections : primary guidan ce and rravigati on se ct ion ( PGNS ) , 
abort guidance section ( AGS ) ,  radar s e ction , control electron­
i cs section ( CES ) , and orbit rate display Earth and lunar 
(ORDEAL ) .  

* The PGNS is  an aided inertial guidance sys tem updated 
by the alignment optical teles cope , an inertial measurement 
unit , and the rende zvous and landing radars . The sys tem pro­
vides inert ial re fe rence dat a for comput at i ons , p roduces in­
ertial alignment referen ce by feeding opt ical s ight ing dat a into 
the LM guidance comput er , display s  pos i t ion and ve loc i ty dat a ,  
computes LM-CSM rendezvous data from radar input s ,  controls 
att i tude and thrus t to maintain desired LM traj ectory , and 
controls de s cent engine throttl ing and gimb al ing . 

The LM-7 primary gui dance computer has the Luminary l C  
Sortware program , whi ch i s  an improved version over that i n  
LM-6 . 

* The AGS is  an independent b ackup sys tem for the PGNS , 
h aving its  own inertial sensors and computer . 

* The radar s ect ion is made up o f  the rende zvous radar 
whi ch provides CSM range and range rate , and line-o f-s ight 
angles for maneuver computat i on to the LM gui dance computer ; 
and the landing radar whi ch provides altitude and ve locity 
data to the LM guidance comput er during lunar landing . The 
rende zvous radar has an operating range from 80 feet to 400 
nauti cal mi les . The ranging tone trans fer ass emb ly , ut ili zing 
VIW ele ctroni cs , is  a pass i ve responder t o  the CSM VHF rangi ng 
devi ce and is a backup to the rendezvous radar . 
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* The CES controls LM atti tude and t rans l ation ab out al l 
axe s . It also controls by PGNS command the automat i c  operation 
o f  th e as cent and des cent engine and the reac tion control thrus ters . 
Manual att i tude cont rol l e r  and thrus t-t rans lation con trolle r 
commands are als o  h andle d  by th e CES . 

*ORDEAL , displayed on the flight dire ctor attitude indicator , 
i s  the comout ed l o cal verti cal in the p it ch axis during c ircular 
Earth o r  lunar orb its . 

Re action Control Sys tem -- The LM has four RCS en gine clus te rs 
of four 1 0 0 -pound (45 . 4  kg) thrust engines e ach , whi c h  use he lium­
p re s suri zed hyper gol i c  prope llants . The oxidizer is ni trogen 
te troxide , fue l is Ae ro zine 50 ( 5 0 /5 0  b lend o f  hydrazine and 
uns ymmetri cal dime thy l hydrazine ) .  Inte rconnect valve s  p ermi t the 
RCS sy s tem to draw from as cent engine prope l l an t  tanks . 

The RC S provi de s small stab i l izing impuls e s  during as cent and 
de s cent burns , control s LM atti tude during mane uve rs , and p roduces 
thrus t for s eparation , and for ascent/de s c ent e ngine tank ul lage . 
The sys tem may be operate d in e ithe r the pul s e  or steady-s tate mode s . 

De s c en t Propuls ion Sys tem -- Maxi mum rate d thrus t of the des cent engine is 9 ,87 0 pounds ( 4 , 3 80 . 9  kg ) and is throttleable 
b e tween 1 ,050 pounds ( 4 7 6 . 7  kg) and 6 , 300 pound� ( 2 , 86 0 . 2  k g ) . 
The engine can b e  gimb ale d  s i x  de gre e s  in any dire ct ion in res ponse 
to att i t ude commands and to compens at e  for center of gravity o ffs et s . 
Propel l an ts are hel ium-pre s s uri ze d Aero zine 50 and nit rogen 
t e t roxide . 

As cent Propulsion Sys tem - - The 3 , 500 -pound ( 1 , 5 89 kg ) 
th rus t as cent en gine i s  not gimba led an d  performs at ful l thrus t .  
Th e engine remai ns dormant un ti l afte r the as cent s t age is se parat ed 
from the des cent s t age . Propel l ants are the s ame as are burned 
by the RCS engi nes and the de scent engine . 

Caut ion and ·warn ing, Contro l s  and Di spl ays - - The s e  two sys tems 
have t h e  s ame fun ction aboard the l unar module as th ey do ab oard the 
command module ( Se e  CSM sys tems s e c t ion . )  

Tracking and Dock ing Lights - - A flashing tracking l i gh t  ( once 
per s e cond , 2� mil lis e conds durat ion ) on the fron t face of the 
l unar module is an ai d for contingen cy CSM-active rendezvous LM 
res cue . Vis ib i l i ty range s from 4 0 0  naut i c al mi les through the CSM 
sextant to 1 30 miles with the nake d eye . Five do ckin g l i gh ts 
anal agous t o  airc raft runn ing lights are mo unt e d  on the LM for 
CSM-active ren de zvous : two forward yel low l i gh ts , aft wh ite l i ght , 
port re d light and s t arb oard gre en l i gh t . Al l do cking l i ghts have 
about a 1 , 0 0 0 - foot vi s ib i lity . 
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APOLLO 1 3  CREW AND CREW EQUIPMENT 

Life Support Equipment - Space Sui ts 

Apollo 13 crewmen wi ll wear two . vers i ons of the Ap ol lo 
space sui t :  an intravehicular pre ss ure garment as sembly 
worn by the command module p ilo t and the e xtravehi cular 
pre ssure garment as sembly worn by the commander and the lun ar 
module pilot . Both versions are basi cally iden ti cal except 
that the e xtravehi cul ar version h as an integral thermal / 
me te oroid garment ove r  the b as i c  sui t . 

From the skin out , the b asi c pre s s ure garme nt cons i s ts 
of a nome x comfort layer ,  a neoprene -c oated nylon pre s s ure 
bladder and a ny lon res traint l aye r .  The outer layers o f  the 
intravehi cul ar s ui t  are , from the ins ide out , nomex and two 
layers of Te fl on-coate d Be ta cloth . The e xtravehi cular inte­
gral thermal/mete oro i d  cover con s i sts of a liner o f  two layers 
of ne oprene- coated ny l on ,  seven layers o f  Beta/Kapton spacer 
l aminate , and an o uter l ayer of Te flon- coate d Be ta fabri c .  

The e xtravehicular s uit , t ogether with a liquid cooling 
garment ,  port able l i fe s upport system ( PLSS ) ,  o xygen purge 
sy ste m ,  lunar extravehi cular vi sor as semb ly and other component s 
make up the e xtravehicular mob i li ty unit ( EMU ) . The EMU pro­
vides an e xtravehi c ul ar crewman with l i fe support for a four­
hour mi s sion o ut s i de the lunar module without repleni shing 
e xpendab le s . EMU t otal we ight is 1 8 3  p ounds . The intra­
vehi cul ar suit we ighs 35 . 6  pounds . 

Liguid cool ing garment--A kn itted ny lon-spandex garmen t 
with a netwo rk of plastic tubing through wh i c h  coo ling wate r 
from the PLSS i s  circulate d . I t  is worn next to the skin and 
replac e s  the cons tant wear-garment during EVA only . 

Portab le l i fe supeort sys tem--A b ackp ack supplying o xygen 
at 3 . 9  p s i  and cooling water to the liquid cooling garment . 
Return o xygen is cleansed o r  solid and gas contaminants by a 
l i thium hydroxide caniste r .  The PLSS include s commun i c ations 
and te le metry e q uipment , di sp lay s  and control s ,  and a main 
power supply .  The PLSS i s  c overed by a the rmal insulation 
j acket . ( Two s t owed in LM) . 

Oxygen purge sys tem--Mounteq atop th e PLSS , the oxygen 
purge sys tem provides a con tingen cy 4 5-minute supp ly o r  
gaseous oxygen i n  two two-pound bo ttle s pre s suri ze d  to 5 , 880 
p s i a .  The sy s tem may al so be worn separate ly on the r.ront o f  
the p re s s ure garment as semb l y  t orso . I t  se rve s a s  a mo unt for 
the VHF antenna for the PLS S . ( Two stowed in LM) . 
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BAC KPACK S UPPORT STRAPS 
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Lunar extravehic ular visor ass emb ly--A poly c arb onate 
she l l  and two vi sors wi th thermal control and op ti cal 
coatings on them .  The EVA vi sor is attached ove r the 
pre s s ure he lme t to provide i mpac t ,  mi crome te oroi d ,  the rmal 
and ul travi ole t-infrare d light prote c tion t o  the EVA c rew­
men . Sin ce Ap ollo 12 , a s un shade has b een added to the outer 
porti on of the LEVVA in the mi ddle portion of the helme t  rim . 

E xtravehi cluar gloves--Bui l t  of an outer s he l l  of 
Chrome l-R fabric and thermal insul ation to provi de pro te c ti on 
when handling e xtremely hot an d  cold ob j e cts . The fi nge r 
tips are made of s i l i cone rubber t o  provide more sen s i tivi ty . 

A one-piece cons t ant -wear garment , s imi lar to "long 
j ohns , "  is worn as an undergarment for the space s ui t  in intra­
vehicular operations and for the infl i gh t  coveral ls . The 
garment i s  porous-knit c o tton wi th a wai s t - to-ne ck zipper for 
donning . Biome di cal harne s s  attach point� are provi ded . 

During pe riods out of the sp ace sui ts , crewmen wear two­
piece Teflon fab ric infl i ght c ove ral ls for warmth and for 
pocke t s towage of personal i tems . 

Communications carriers ( "Snoppy Hats " )  with re dundant 
mi crophones and e arphone s are worn wi th the pre s s ure helme t ; 
a ligh twei gh t  heads e t  i s  worn with t he inflight cove rall s .  

Another modi fi cation s ince Apollo 12 h as been the addi tion 
of eigh t-ounce drinking water bags ( "Gunga Dins " )  attached t o  
the ins ide ne ck rings o f  the EVA suits . The crewmen can take 
a s ip of water from the 6 X 8 inch bag through a 1/8-in ch­
di ameter tube within reach of h i s  mouth . The b ags are fi lled 
from the lunar module po tab le wate r dispens e r .  

-more-
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WATER BAG 
APOLLO 13  S PACESUIT WATER BAG FOR USE DURING EVA . 
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Apollo Lunar Hand Tools 

Spec ial Envi ronmental Container - The spe cial environ­
ment al sample is col le c te d  in a care ful ly selecte d  are a and 
se ale d in a spe c i al container wh ich wi l l  re tain a high vacuum . 
The container i s  opened in the Lunar Re ce iving Laboratory \'lhere 
i t  will provi de s cientists the opportun i ty to s t udy l unar 
mate ri al in i t s  original environment . 

Extens i on handle - Th i s  tool is of aluminum alloy tub ing 
with a malle ab le s t ainle ss s teel cap de s i gned to  be used as an 
anvi l surface . The handle i s  de s i gne d to be use d  as an e xtens i on 
for seve ral other tools and to p e rmi t their use wi thout re ­
quiring the as tronaut t o  kneel or bend do\'m . The handle i s  
approxi mate ly 24  inches long an d  1 inch in diame te r .  The 
handle contains the female half o f  a qui ck disconne ct fi t ting 
de signe d to re s is t  compress ion , tens ion , tor· s i on ,  or a c or::bina­
tion of the se loads . 

Three core tubes - The se tubes are de s i gned to be dri ven 
or augered into loose grave l ,  s andy mate rial , or into s o ft rock 
such as fe ather rock or pumi ce . They are about 15 inches in 
length and one inch in di ame ter and are made of aluminum 
tub ing . Each tube i s  supplied w i th a remove ab le non-se rrated 
cutting edge and a s crew-on cap incorporating a me tal-to-me tal 
crush seal wh ich repl ace s the cut ting edge . The upper end of  
e ach tube i s  sealed and de signe d to  b e  use d w i th the extens i on 
handle or as an anvi l .  In corporate d into e ach tub e  is a spring 
device to  re tain loose materials in the tube . 

Scoops ( large and smal l )  - These tools are des i gned fo r 
use as a trowe l and as a chisel . The s coop is fabri cate d 
primari ly of aluminum with a hardened-s tee l  cut ting e dge 
rive te d  on and a nine-inch handle . A malleab le s tainle s s  s teel 
anvil i s  on the end of the handle . The angle be tween the 
scoop pan and the handle allows a compromi se for the dual us e . 
The s coop is used either by itse l f  o r  wi th the e xtens ion 
handle . The large s c oop h as a seive which pe rmi ts  part i c le s 
s maller than 1/2 em to  p as s  thro ugh . 

Sampling hammer - This tool serves three function s , as a 
sampling hamme r ,  as a pi ck or mattock , and as a hammer to 
dri ve the core tubes or s coop . The he ad has a s mall hamme r face 
on one end , a broad hori zonta-l b l ade on the othe r ,  and large 
hammering flats on the s ide s . The handle is 1 4  inches long and 
i s  made . o f forme d tub ul a� aluminum . The hamme r has on its 
lower end a quick-dis conne ct to allow at tachment to the e xten­
s ion handle for use as a hoe . The head weight has been in­
cre ased to  p rovide more imp act force . 

-more -
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BRUSH I SCR I B ER I HAND LENS 

CORE TUBE 
., AND CAP 

GEO LOG I C  SAMPL I N G  TOOLS 

-more-
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Tongs - Th e tongs are des i gne d to allow the as t ronaut to 
re t rieve small s ample s from the lunar s urfa ce whi le in a 
s t anding pos i t ion . Th e  tine s are o f  s uch angle s , le ngth , and 
number to allow s amp l e s  o f  from 3/8 up to 2-1/2 -ln ch d i ame ter 
to be p i cke d up . Th i s  tool is 24 inches in overall len gth . 

Brush/Scribe r/Hand Len s - A compos i t e tool 

( 1 ) 
( 2 )  

( 3 ) 

Brush - To clean s amples p rior to �ele c t i on 
Scriber - To s c ratch s amples fo r s e l e ct ion and t o  
mark for ident i fi c at ion 
Hand lens - Magn i fying gl as s to fac i l i tate s ample 
s e l e c t ion 

Spri ng S ca le - To weigh two rock b o xes an d other b ag s  
c ontaining l un ar mate rial s amp le s , to maintain w e i gh t  b udge t  
for re turn to Earth . 

Ins trument s taff - Th e  s t aff hold the Has selblad came ra . 
The s t aff b re aks down into s e c t i ons . The upper s� ction te les co p e s  
t o  al low gene ration o f  a ve rt i c al s t ereo s c opic b ase o f  on e foo t 
fo r photo graphy . Pos i t i ve stop s are provided at the extreme o f  
trave l . A shaped h and grip aids i n  aimin g an d  carry i ng . The 
b ott om se cti'on is avai l able in se ve ral length s t o  s ui t  th e s t a ff 
to as tronauts of vary ing s i ze s . The devi ce i s  fab ri c ated fro m 
tubul ar aluminum . · 

Gnomon - Th i s  tool cons i s ts o f  a we i ghted s taff s uspended 
on a two- ring gimba l  and supported by a tripod . The s t aff 
ex tends 1 2  in che s ab ove the gimb a l  and is painte d w ith a gray 
s c ale . The gnomon i s  us ed as a pho�ograph i c  re fe ren ce to 
indi cate l o cal ve rti cal , s un an gle , and s cale . The gn omon has a 
re quired accuracy of ver ti c al i nd i c at i on o f  20 minu te s o f  arc . 
r�agne t i c  d_amp ing is incorporated to reduce o s c i l l ations . 

Col or Ch art - Th e  color ch art is painted with thre e  primary 
colors and a gray s c ale . It is us ed as a c a l ibrat i on for lunar 
pho to graphy . The s c ale i s  mo unted on the tool carrie r but may 
e as i ly b e  re move d and re turned to Earth for re fe rence . The color 
chart is 6 inches in s i ze . 

-mo re -



-9 8 -

Tool Carrier - Th e  c arrier is t h e  s towage con t aine r  for 
the tools during the lunar fligh t . After the l anding the 
carrier serve s as support for th e astronaut when he kneels 
do� ,  as a support for the samp le b ags and s amp l e s , and as 
a tripod base for the ins trument s tarr. The carrie r  folds 
flat for stowage . For fie ld us e it opens into a tri angular 
con fi guration . The carrier is c ons tructed of forme d she e t 
me t al and approximate s  a trus s s truc ture . Si x-in ch legs 
e x tend from the c arrier t o  e levate the carrying handle suffi ­
cien tly to be e asily graspe d by the as tronaut . 

Fie l d  Sampl e Bags - Approximately 80 b ags four inches by 
fi �e in che s are included in the Apo llo lunar hand t ools for 
the packaging of s ample s .  These bags are fab ri cated from 
Te flon FEP . 

Col lect ion Bag - This i s  a large b a g  ( �  X 8 inches ) 
attached to the as tronaut ' s  s ide of the tool c arrier .  Field 
sample bags are s towed in this b ag after they h ave b een fi lled . 
I t  can also b e  us ed for. general st orage o r  to hold i tems 
temporarily . (Two in e ach SRC ) . 

Trenching Tool - A tren chin g t ool with a pivoting s c oop 
has been provided for digging the two-foot de e p  soil me chani cs 
inve s ti gation trench . The two-p iece handle is five fe e t  long . 
The s c oop is e i gh t  inches l ong and five inche s wide and pivo ts 
from in� line with the handle to 90 °--s imilar t o  the tren chin g 
tool c arrie d on in fantry backp acks . The trenching tool is 
stowed in the MESA rather than in the tool carri er . 

Lunar Surface Dri ll - The 2 9 . 4 -pound Apol l o  Lunar Surfa ce 
Dri l l  (ALS O) i s  stowed in the ALSEP s ubpackage No . 2 and will 
be used .tor boring two ten-foot deep 1 . 2 5-inch diame ter hole s 
for ALSEP h e at flow e xp erimen t p rob e s ,  and one app ro ximately 
eight-foo t-de ep , one-inch-di ame ter core s ample . Th e s i lver­
zinc battery-powe re d rot ary percus s ive dri ll h as a clutch t o  
limi t  torque t o  2 0  too t-pounds . A treadle as sembly se rve s as 
a dri lling p l at form and as a c ore s tem lock during the dril l  
s tring de coup l in g  ope ration as the s trin g i s  w i thdrawn from 
the lunar soil . Bore s tems for the he at fl ow e xperiment holes 
are of b oron/fiberglas , and the c ore s amp l e  core s tems are 
t i t anium .  Cutting b i ts are t ungs ten carb ide . 
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Apol l o  1 3  Crew Menu 

More than 70 items compri se the food selection l i s t  of 
free ze-dried rehydratab le , we t-pack and spoon-bowl foods . 
Balanced meals for five days have been packed in man/day 
overwraps . Items similar to those in the dai ly menus have 
been p acke d in a snack pantry . The snack pantry permi ts the 
crew to locate e asily a food item in a smorgasbord mode with­
out having to "rob " a re gular meal somewhere down deep in a 
st orage box .  

Wate r  for drinking and rehydrat ing food i s  ob tained from 
two sources in the command module --a dispenser for drinking 
water and a wate r spigot at the food preparation stat ion sup­
p lying water• at about 155 or 55° F .  The potab le water di s ­
penser squirts water continuous ly as long a s  t h e  tri gger i s  
held down , an d  the food preparati on spigot di spenses water 
in one-oun ce increments . 

A cont inuous-feed hand water dispenser similar to the 
one in the command module is us ed ab oard the lunar module 
for cold-water rehydrat ion of food packe ts stowed aboard the 
LM . 

Afte r water has been inje cted into a food b ag, i t  is  
kne aded for about three minutes . The bag ne ck i s  then cut 
off and the food squeezed into the crewman ' s  mouth . Afte r 
a meal , germi cide p i l ls at tache d to the outs ide o f  the food 
b ags are placed in the b ags to preven t fe rmentation and gas 
formation . The bags are then rolled and stowed in was te 
disposal compartment s .  

The day-by-day , me al-by-meal Ap ollo 1 3 Me nu for Com­
mander Love l l  is on the following page as a typi cal five­
day menu for e ach crewman . 

-more-



TY P I CAL CREW MENU I S  TH AT OF AP O L L O  1 3  COMMAND E R  L O VELL : 

� Day 1 * , 5 * * ,  9 

A .  P e a c h e s  RS B 
C a n a di an B a c on & 

Appl e s a u ce RS B 
B a con S q u a r e s  ( 8 ) IMB 
Co c o a  R 
O r ange D r i n k  R 

B .  S a l mo n S a l a d RSB 
B e e f  & G r a vy WP 
J e l l i e d  Candy I MB 
G 't' a p e  Dr i n k  R 

C .  P ea S o up R S B  
Chi cken & R ! c e  R S B  
D a t e Fr ui t c a k e  ( 4 )  DB 
P . A . - G . F .  D r i n k  R 

TOTA'L CAL O RI E S  2 1 0 6 

D B  • D r y  B � t e 

Day 2 ,  6 2  1 0  

P e a r s  I MB 
B a con S q u a r e s  ( 8 )  IMB 
S c r a mb l e d  E ggs RSB 
G r ap e f r ui t D r ink R 
C o f f e e  ( b )  R 

Fr ank f ur te rs W P  
C r anb e r r y - O r an g e 
C h o c o l a t e  P u d d i n g  
O r an g e -G . P .  D r i nk 

R S .B  
RS B 
R 

S h r i mp C o c k t a i l  R S B  
P o r k & S c a l l o p e d  

'P o t a t o e s  RSB 
A p r i co ts 1MB 
O r an g e  D r tn k  R 

2 0 7 3  

IMB • I n t e � me d i a te Mo i s t u r �  B i te 
R = Rehy d r a t ab l a 
RSo • Re.hy d r a t ab l e  S p o on B o w l  
WP • We t P a ck 

Day 3 ,  7 ,  1 1  

P e a ch e s  . 1MB 
C an a d i an B a c on & 

Ap p l e s a u c e  RS B 
S u g a r  C o a t e d 

C o r n  F l ak e s  R S B  
C o c o a  R 
C r a p e  D r ink R 

C r e am o f  Ch i ck e n  
S o up RS B 

B r e a d  S l i c e 
* * *  S an dw i ch S p r e a d  

W P  
Ch o co l a t e B a r  1MB 
P . A . -C . F . D r ink R 

Ch i c ken S t ew RS B 
T ur k e y  & G r avy WP 
B u t t e r s c o t c h 

P u dd i n g  R S B 
G r ap e f r ui t D r ink R 

2 1 8 �  

* D ay l c o n s i s t s  o f  M e al B a n d  C o n l y ; e x t r a me al c o n s i s t d  o f : 
· �  D ay 3 con s i s ts o f  M e a l  A o n l y 

� � � B r e ad : Ch e e s 2 ,  Ry e , Wh i t e 
S a n dw i c h S p r e a ds : Ch i cken , Ham , Tun a S a l a d , 

C h e d d a r  Ch e e s e  S p r e a d , 
P e an u t  B u t t e r ,  Je l ly . 

D ay 4 ,  8 
A p r i c o t s  I MB 
B a con S q u a r e s  ( 8 )  1 MB 
S c r a mb l e d  E g g s  RS B 
O r an g e - G . F .  D r i n k  a 
Co f f e e ( B )  R 

Ch i c ken & R i c e  S o u p  RS B 
Me a t b a l l s  w i t h  S a u c e WP 
C a rame l C an d y  IMB 
O r an ge Dr i n k  R 

T u n cl  S a l a d  R S B  
B e e f  S t ew RS B 
B �n �n a  P u d d i n g RS B 
G 't' a!) e  P un ch R 

204 3 

H s �  � C� e e s e  S an dw i c h ( f r o z e n )  
C !l r amel � a n d y  
O r ange-G . F . D r in k  

I ..... 0 
0 
I 
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Pe rs onal Hygiene 

Crew personal hygiene equipment ab oard Apo l l o  1 3  
inc l udes body c leanline s s  i tems , the was t e man agement sys tem 
and one medical kit . 

Packaged with the food are a toothbrush an d  a two-ounce 
tub e  of toothp aste for e ach crewman . Each man-me al p ack age 
cont ains a 3 . 5-by-4- inch wet-wipe c le ans ing towe l .  Addi t i on­
a lly , thre e p a ckage s of 12-by-12-inch dry towe ls are s t owed 
b ene ath the c ommand module p i lo t ' s  couch . Each package con­
tains seven towe ls . A l s o  s t owed unde r the command module 
p i l ot ' s  co uch are seven t i s s ue dispensers containing 53 thre e ­
p l y  t i s s ue s  e ach . 

Solid b ody was tes are colle c t e d  in p l as t i c  de fe cation 
b ags whi ch contain a ge rmi cide t o  prevent b acteria and gas 
formation . The b ags are sealed a fte r us e and s t owe d in empty 
food containers for pos t-flight analys i s . 

Urine col lection de vi ce s are provi ded for use wh i l e  
we aring e i the r the pre s s ure sui t or the infligh t  cove ral l s . 
The urine i s  dumped ove rboard through the space craft urine dump 
valve in the CM and s tore d in the LM . 

Medi cal Kit 

The 5 XS X8-inch me di cal ac ces s ory k i t  i s  s t owe d in a com­
partment on th e space craft right s i de wall b e s i de the l unar 
mo dule p i l o t couch . The medi cal kit c ontains three mo ti on 
s i ckness inj e c tors , three pain suppre s s i on inj e c t ors , one two­
ounce bottle fi rst aid oin tment , two one -ounce b o tt le s  eye 
drops , three nas al spray s , two compre s s  b andages , 12 adhesive 
b andages , one oral the rmome te r ,  and four spare crew b i omed i c a l  
h arne s se s . P i l l s in the medi cal kit are 60 an tibioti c ,  12 
naus e a ,  12 s timulant , 18 pain ki l l e r ,  60 de con ge s t ant , 2 4  
diarrhea ,  7 2  aspirin and 2 1  s leep ing . Addi ti onal ly ,  a s�a l l  
medi c al k i t  c on t aining four st imulan t ,  e ight diarrhea ,  two 
s leeping and four pain kil ler p i l ls , 12 asp irin , one bottle 
eye drops , two compre s s  b andage s , 8 de conge s tant p i l l s , one 
pain inj e c t or ,  one b o.ttl e nasal spray is s t owed in the lunar 
module fligh t  data fi le comp artme n t . 

-more -
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Sur·vi val Gear 

The s urvival ki t is s t owed in two ruck sacks in the 
right-hand forward equipment bay above the l�ar module 
pilot . 

Contents of rucksack No . 1 are : two combination sur­
vival light s , one de s alter kit , three pair sunglasse s ,  one 
radi o be acon , one spare radio b e acon battert and spacecraft 
c onnector c ab le , one knife in she ath , three water containers , 
and two containers of Sun lot ton , two uti lity knives , three 
s urvival blanke ts and one utility ne ttin g .  

Rucksack No . 2 :  one three-man li fe raft with C02 
inflater , one sea anchor , two s e a  dye markers , thre e  s un ­
bonne ts , one mo oring lanyard , three manline s an d  two attach 
bracke ts . 

·The s urvival ki t is des i gned t o  provi de a � 8-hour po st­
knding (wate r  or land ) s urvival capab i l i ty for three crewmen 
be tween � 0 °  North and South lat i tudes . 

Biomedi c al Inflight Monitoring 

The Apollo 1 3  crew b i omedi cal teleme try data received 
by the Manned Space Flight Network will be relaye d for in­
s tantaneous di splay at Mission Control Center whe re heart 
rate and b reathing rate data will be displayed on the fli ght 
surgeon ' s  cons ole . Heart rate and respiration rate average , 
range and deviati on are computed and displayed on digital TV 
s creens . 

In addi tion , the instantane ous heart rate , real-time and 
delayed EKG and respiration are re corded on s t rip charts for 
e ach man . 

Biomedi cal teleme try wil l  be s imultaneous from all crew­
men while in the CSM , but sele c tab le by a manual onb oard 
swit ch in the LM . 

Biomedi c al data ob served by the flight s urgeon and his 
team in the Li fe Support Sys tems Staff Support Room will be 
correlated with space craft and s pace suit environmen tal data 
display s . 

Blood pre s s ure s are no longer tel emetered as they were in 
the Mercury and Gemini programs . Oral temperatures ,  howe ve r ,  
c an  b e  measure d onboard for diagnos t i c  purposes and voi ced 
down by the crew in case o f  infl i ght illnes s .  

-more-
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Energy expended by the crewmen during EVA will be 
de termined indirec tly using a metaboli c computation pro­
grSlq based on three separate me asurements :  

1 )  Heart r ate portion -- Heart rate will be de te rmined 
from telemetered EKG and converted to oxygen con­
sumption (litre/min ) and heat production (BTU/hour ) 
based on pre-flight calibration curves . These curves 
are de termined trom e xer cise respons e tests utilizing 
a bicycle ergometer. 

2 )  Oxygen usage portion -- Oxygen usage will be determined 
rrom the teleme tere d  meas urement of PLSS oxygen s upply 
pressure . Suit leak determined pre-flight is taken 
into ac count. Heat production will be calcu l ated from 
oxygen usage . 

3 ) Liquid cooled garment temperature portion -- The 
amount o f  heat taken up by the liquid cooled garment 
will be de termined from telemetered measurements of 
the LCG water temperature inle t and change in/out. 
This meas urement ( the amount or heat taken up by the 
water ) plus an allowance made for sens ible and latent 
heat loss , radiant heat load, and possible heat storage 
will provide an indi cation or heat produc tion by the 
crewman . 

-more-
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Training 

, The crewmen of Apollo 13 have spent more than fi ve hours 
or formal crew training for e ach hour o r  the lunar-launchin2 
mis sion ' s  ten-day duration . More than 1 , 0 00 hours ot 
training were in Ap ollo 13 crew training syllabus over and 
ab ove the normal preparations for the mi ssion--te chni cal 
brie�ings and reviews ,  pilot mee tings and st udy . 

The Apollo 13 crewmen also took part in prelaun ch 
tes ting at Kennedy Space Center, such as alti tude chambe r  
tests an d  the countdown demonstration t e s t s  ( CDDT) which 
provided the crew with thorough operati onal knowledge or 
the complex vehi cle . 

Hi ghligh ts o�  spe ciali zed Apollo 1 3  crew training topics 
are : 

I De tailed series of brie fings on sp ace craft systems , 
ope ration and modi fi cations . 

• Saturn launch vehi cle briefings on countdown , range 
safe ty ,  flight dynami cs , failure modes and abort condi ti ons . 
The launch vehicle briefings were update d periodi cally . 

• Apol lo Guidance and Navi gati on system briefings at the 
Mass achusetts  Institute of Te chnol ogy Ins trumen tat ion Laboratory . 

• Brie fings and cont inuous training on mission photo­
graphic ob j e ctives and use of c amera equipment . 

I Extens ive pilo t parti cip ation in reviews of all fli ght 
proce dure s �or normal as wel l  as emergency situations . 

• Stowage reviews and prac tice in training se ssions in 
the sp ace craft , mo ckups and command module simulators allowe d 
the crewmen to evaluate space craft stowage of crew-ass ociated 
equipment . 

• More than 400  hours of training per man in command 
module and lunar module simulat ors at MS C and KS C, inc luding 
cl osed-l oop simulations wi th flight control le rs . in the Mis sion 
Control Cente r.  Othe r Apollo simulators at various locations 
we re us ed extensively for spe cialized crew training . 
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• Lunar surface briefings and some 20 suited 1-g walk­
throughs of lunar surface EVA operations c overing lunar 
geo logy and mic rob iol�gy and depl oyment of experiments in 
the Apollo Lunar Surface Experiment Package ( ALSEP ) .  Train­
ing in lunar surface EVA inc lude d practice sess ions wi th lunar 
surface sample gathering tools and re turn containers . c ameras , 
the erectab le S-b and antenna and the modular equip ment stowage 
assemb ly (MESA ) house d in the LM descent stage . 

• Profi ciency fl ights in the lunar landing trainin g 
vehicle ( LLTV) for the commande r .  

* Zero-g and one -sixth g aircraft flights us in g command 
module and lunar modul e mockup s for EVA and pressure suit 
doffing/donning prac tice and training . 

· 

* Underwater zero-g training in the MS C Water Immersion 
Facility using spacecraft mockups to  further familiari ze 
crew with all aspects o f  CSM-LM docking tunn el intravehi cular 
transfer and EVA in pressuri zed s uit s . 

t Water egress training conducted in indoor tanks as 
we ll as in the G ulf of Me xi co ,  inc lude d upright ing from the 
Stable I I  p osi tion ( ape x down ) t o  the St able I position ( apex 
up) ,  egress onto rafts donnin g Biologi cal Isolation Garments 
( BIGs ) , de contamination procedure s and he licopter pi ckup . 

* Launch pad e gress trainin g from mo ckups and from the 
actual space craft on the launch pad for pos sible emergencies 
such as fire , contaminants and power failures . 

' The training covered use o f  Apollo space craft fire 
suppre ssion e quipment in the co ckpi t .  

• Planetari um reviews at Morehe ad Planet arium , Chape l 
Hill , N . C . , and at Griffi th Plane tarium� Lo s Ange le s , Cal i f . , 
o f  the celes tial sphere with spe cial emphas i s  on the 37 
navigational st ars used by the Apol lo guidance comp ute r .  

-more -
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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  S P A C E  A D M I N I S T R A T I O N  

W A S H I N G T O N ,  D .  C .  2 0 5 4 4  

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

NAME : James Arthur Lovell � J r .  ( C aptain . USN) 
NASA Astronaut 

BIRTHPLACE AND DATE : Born March 25 , 1 9 2 8 ,  in Cleve land , Ohi o .  
His mothe� , Mrs . Blanche Lovel l ,  res ide s �t Edgewater 
Beach , Florida . 

PHYSICAL DESCRIPTION : Blond hat r ;  b lue eyes ; he ight : 5 fe et 
1 1  inches ; wei ght ; 1 7 0  pounds . 

EDUCATION : Graduated from Juneau High School , Milwaukee , 
Wis consin ; attended the Unive rs ity of Wi s cons i n  ror 
2 ye ars , then received a Bachelor nf Sr.ien ce degree 
from the United States Naval Academy in 195 2 ;  presented 
an Honorary Do ctorate from Illinois  Wes leyan Uni versity 
in 19 69 .  

MARITAL STATUS : Married to the former Marilyn Gerlach or 
Mi lwaukee , Wi s cons in . He r p arents , Mr . and Mrs . Carl 
Gerlach , are residents of Milwauke� . 

CHILDREN : Barb ara L . , O ctober 1 3 ,  19 5 3 i .Jame s A . , February 
1 5 , 1 9 5 5 ; Sus an  K . , July 1 4 , 19 5 " ;  Jeffrey C . , 
January 1 4 , 19 6 6 . 

RECREATIONAL INTERESTS : His hobb ie s are gol f ,  nwimming , 
handb all , and tennis . 

ORGANI ZATIONS : Member o f  the Soc i ety o f  Exp e rimental Tes t  
Pilots and the Explorers Club . 

SPECIAL HONORS : Awarded the NASA Distinguished Service Medal , 
two NASA Ex cept ional Servi ce Medal s , the Navy Astronaut 
Wings , the Navy Distingui shed Servi ce Medal , and two 
Navy Dis tinguishe d Flying Crosse s ; re cipient or the 
1 96 7 FAI De Laval and Gol d Space Medals ( Athens , Gree ce ) ,  
the Ameri can Academy of Achievement Golden Plate Award , 
the City of New York Gold Medal in 19 69 ,  the City of 
Hous ton Medal· for Valor i n  19 6 9 ,  the Nati onal Geographi c 
·soci e ty ' s  Hubbard Medal in 19 6 9 ,  the Nati onal Academy 
o r  Te levi s i on Arts and Sc i ences Specla.l Trus tees Award 
in 19 69 ,  and the Inst itute of Navl gal;ion Award in 1 9 6 9. 
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Co -re cipient of  the Ameri can Astronauti cal Society Fligh t  
Achievement Awards i n  1 96 6  and 1 96 8 ,  the Harmon Inter­
national Trophy in 1966  and 1 9 6 7 , the Robert H .  Goddard 
Memorial Trophy in 1 9 6 9 , the H .  H .  Arnold Trophy for 
19 6 9 , the General Thomas D .  Whi te USAF Space Trophy ror 
1 9 6 8 , the Robert J .  Collier Trophy for 19 6 8 ,  and the 
1969 Henry G .  Bennet t  Di s tinguished Service Award . 

EXPERIENCE : Lovell , a Navy Captain , rece ive d  fl i gh t  t raining 
rollowing graduat i on from Annapolis in  1 9 52 . 

He has had n umerous naval aviator as signments including 
a 4 -y ear tour as a test  p ilot at the Naval Air Tes t  
Center , P atuxent Ri ver , Maryland . Wh i le there h e  s e rved 
as program manage r for the F4H weapon �y s tem e valuati on . 
A graduate o f  the Avi at i on Safe ty School o f  the Unive r­
s i ty of Southern California ,  he als o  s e rve d as a fli ght 
ins tructor a n d  safe ty engineer with Fighter Squadron 
1 0 1  at the Naval Air Stat i on , Oceana , Vi rgini a .  

He has logged rnore than lJ , lJ 0 7  hours .flying time --more than 
3 , 000 hours i n  J e t  aircraft . 

CURRENT ASSIGNMENT : Captain Lovell was sele cted as an as tronaut 
by NASA in Septemb er 1 9 6 2 . He has s ince s e rve d as back­
up p i lo t  for the Gemini 4 fli ght and backup command p ilot 
for the Gemini 9 fligh t . 

On December ll ,  1 9 6 5 , he and Command p i l ot Fxoank Borman were 
launched into space on the hi s tory -making Gemini 7 mi s s ion . 
The fli ght lasted 3 30 hours and 35 minute s ,  during wh ich 
the fo llowing sp ace firs ts were accomplished : longes t  
manned space fli ght ; firs t rende zvous of two manned 
maneuverab le spacecraft , as Gemini 7 was j o ine d in orb i t  
b y  Gemini 6 ;  and longe s t  .multi -manned space .fli ght . It 
was als o  on this flight that num�rous te chni cal and 
medi cal experiments were completed s ucce s s fully . 

The Gemin i 1 2  mi s s ion , with Love ll and p i lo t  Edwin Aldrin , 
began on November 11 , 1 9 6 6 . Th i s  4 -day , 59-re volution 
fli gh t  b rought the Gemini Program t o  a succ�s s ful clos e . 
Maj or accompli shements of the 9 4 -hour 35-minute fli ght 
in c lude d a third-revolution rende zvous wl th the  previous ly 
�aunched Agena ( us ing for the first t ime b ackup onboard 
computations due t o  radar fai l ure ) ;  a te thered s t at ion­
keeping e x�rc1se , ;  re trieval o.f a mi crome teori te e xpe ri - . 
ment package from the spacecraft exterior ; an e valuat ion 
of the �se o r  body res traints spe cial ly des i gne d for 
comple t ing work tasks outs ide o r  the spacecraft ; and 
comple tion of numerous photograph ic e xperiments , high­
li ghts or which are the fi rs t p t c tures taken from �pace 
of  an e clipse of  the sun . 
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Gemini 1 2  ended with retro rire at the b e ginning o f  the 
60 th revolution , rollowed by the se cond conse cutive 
rully automat i c  controlled reentry o f  a spgce craft , 
and a landing in the Atlanti c within 2 1/2 miles of 
the US S WASP . 

As a result of his parti cipation in the Gemini 7 and 12 
flight s ,  Love ll l ogged 425 hours and 10  minute s  in space . 
Aldrin e stab lished a new EVA rec ord by completing 5 1/2 
hours outside the space craft during two standup EVAs and 
one umb i l i cal EVA . 

Lovell serve d as command module p i lot for the e p i c  si x­
day j oUrney of Ap oll o  8--man ' s  maiden voy age to the moon 
--Decemb e r  2 1 -27 , 19 6 8 . Apollo 8 was the firs t manned 
space craft to be l i fte d into near-earth orbit by a 
7 1/2-mi l lion pound th rus t Saturn V l aunch vehicle , 
and all e vents in the fl ight plan oc curred as s cheduled 
with unb e lievab le acc uracy . 

A "go " for the tran s l unar inj e c t ion burn was given midway 
through the s econd near-earth orbit , and the re s tart o f  
the S-IVB third s t age t o  e ffe c t  this mane uver in creased 
the space craft ' s  ve locity to p lace it on an intercept 
cours e with the moon . Lovell and fe llow c rew members , 
Frank Borman ( spacecraft commander )  and Wi l l i am A .  
Ande rs ( lunar mo dule pilot ) , p i loted their space craft 
some 2 2 3 , 000 mi les to be come the firs t humans to l e ave 
the earth ' s  in fluen ce ; and up on reaching the moon on 
De cembe� 2 4 , they pe rforme d the firs t criti cal maneuve r  
t o  p lace Apollo 8 into a 6 0  b y  16 8 naut ical mil e s  lunar 
orb i t . 

Two revolutions late r ,  the c rew executed a se cond maneuve r 
using the spac ecraft ' s  20 , 500-pound thrus t servi ce module 
propuls ion system to achieve a c ircul ar lunar o rb i t  of 
60 nauti c al mi les . During their ten revolut ions of the 
mo on , the crew condu cted live televi s i on tran smi ss ion s  of 
the lunar surface and performed s uch t asks as l an dmark 
and Apollo landing s ite track i n g ,  ver tical s tere o  ph oto­
graphy and stereo navigation photography , and se xtant 
navi gation using lunar landmarks and s tars . At the end 
of the tenth lunar orb i t , they execute d a t ran s e arth 
inj e ct i on burn whi ch placed Apollo 8 on a proper 
t raj e c t ory for the re turn to earth . 
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Th e  final l e g  o f  the trip required only 5 8  hours , as 
compared to the 69 hours used to trave l to the mo on , 
and Apol l o  8 c ame t o  a succe s s ful conc lusion on De c­
emb e r  27 , 19 6 8 . Sp l ashdown oc curred at an es t i mat e d  
5 , 0 0 0  yeards from th e USS YORKTOWN , fo l l owing th e 
suc ce s s ful nego t i at i on o f  a cri t i cal 2 8-mi l e  h i gh 
re entry corridor at speeds clos e t o  2 5 , 0 0 0  mi l e s  per 
hour . 

Capt ain Love l l  has since s erved as the b ackup spacec raft 
commander for the Apollo 11 lunar l anding mi s s ion . He 
has completed three sp ace flights and holds the U . S .  
Ast ronaut re cord for time in s pace w i th a total o f  
5 72 hours and 1 0  minutes . 

SPEC IAL ASSIGNMENT : In addition to h i s  regular dut i e s  as an 
as tronaut , Cap tain Love l l  continue s to serve as Sp e c ia l 
C onsultant to the Pre s i den t ' s  C oun c i l  on Phys i cal 
Fi tne s s  and Sport s - -an as s i gnment he has held s ince 
June 1 9 6 7 . 

CURRENT SALARY : $ 1 , 7 17 . 2 8 per month . 
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N AT I O N A L  A E R O N A U T I C S  A N D  S P A C E  A D M I N I S T R AT I O N  
W A S H I N G T O N ,  D.  C .  2 0 5 4 4  

B I O G R A P H I C A L  DATA 

NAME : Thomas Kenneth Mattingly II (Lieutenant Commander ,  USN ) 
NASA As tronaut 

BIRTHPLACE AND DATE : Born in Ch icago , Ili . , March 17 , 19 3 6 . 
His parents , Mr . and Mrs . Thomas K .  Matt ingly , now 
res ide in Hialeah , F�a .  

PHYS ICAL DESCRI PTION : Brown hai r ;  blue eyes ; height : 5 feet 
10 inches ; we ight : 14 0 pounds . 

EDUCATION : Attended Florida element ary and secondary 
s chools and is a graduat e of Miami Edison High S chool , 
Miami , Fla . ; rece ived a Bache lor of Sc ience degree in 
Aeronaut i cal Engineering from Auburn University in 
1958 . 

MARITAL STATUS : Single 

RECREATIONAL INTERESTS : Enj oys water s kiing and playing 
handball and tennis . 

ORGANIZATIONS : Member of the Ameri can Ins titute of Aero­
naut ics and As tronautics and the U . S .  Naval Institute . 

EXPERIENCE : Prior to reporting for duty at the Manned 
Spacecraft Center , he was a student at the Air Force 
Aerospace Research Pi lot School . 

He began his Naval career as an Ens ign in 1958 and 
received his wings in 196 0 .  He was then as s igned to 
VA-35 and flew A1H aircra.rt aboard the USS SARATOGA 
from 1960 to 196 3 . In July 19 63 , he served in VAH-11 
deployed aboard the USS FRANKLIN D .  ROOSEVELT where 
he flew the A3B aircraft for two years . 

He has logged 3 , 700 hours o f  flight time--1 , 9 46  hours 
in j et aircraft . 

CURRENT ASSIGNMENT : Lt Commande r Mattingly is one of the 19 
as tronaut s sele cted by NASA in April 1966 . He served 
as a member of the astronaut support crews for the 
Apollo 8 and 11 mis sions . 

CURRENT SALARY : $1 , 29 3 . 33 per month . 
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N AT I O N A L  A E R O N A U T I C S  A N D  S P A C E  A D M I N I S T R AT I O N  
W A S H I N G T O N ,  D .  C .  2 0 5 4 4  

B I O G R A P H I C A L  DATA 

NAME : Fre d Wal lace Haise , J r . ( Mr . ) 
NASA Astronaut 

BIRTHPLACE AND DATE : Born in Biloxi , Mi ss . ,  on Nov . 14 , 19 33 ; 
his mother , Mrs . Fred W .  Rai s e , Sr . ,  re sides in Biloxi . 

PHYSI CAL DES CRIPTION : Brown hai r ;  brown eyes ; height : 5 feet 
9 1/2 inches ; we ight : 150 pounds . 

EDUCATION : Graduated from Bi loxi High School , Biloxi , Miss . ;  
attended Perkinston Junior College ( As soc iation of Art s ) ;  
received a Bache lor of Science de gree with honors in 
Aeronaut i cal Engineering from the Uni versity of Oklahoma 
in 1959 . 

MARITAL STATUS : Married to the former Mary Gri ffin Grant of  
Bi l oxi , Miss . Her parent s ,  Mr . and Mrs . William J .  
Grant , Jr . ,  re side in Biloxi . 

CHILDREN : Mary M . , January 25 , 1956 ; Frederick T . , May 13 , 19 5 8 ;  
St ephen W . , J une 30 , 1961 . 

ORGANIZATIONS : Member or the Soc iety of Experiment al Te st 
Pilots , Tau Be ta Pi , Sigma Gamma Tau , and Phi Theta 
Kappa .  

SPECIAL HONORS : Recipient of the A .  B .  Hon ts Trophy as the 
outstanding graduat e of c lass 64A from the Ae rospace 
Res earch Pi lot Schoo l in  1964 ; awarded the Ame rican 
Defens e Ribbon and the So c iety o f  Experimental Te st 
Pilots Ray E .  Tenhoff Award for 1966 . 

EXPERIENCE : Haise was a res earch pi lot at the NASA Flight 
Research Center at Edwards , Calif . ,  before coming to 
Houston and the Manned Spacecraft Center ; and from 
Sept ember 19 59 to March 19 6 3 , he was a res earch p i lot 
at the NASA Lewis Research Center in C leveland , Ohio . 
During this time , he authored the fol lowing papers which 
have been publi shed : a NASA TND , ent i tled 1 1An Evaluat ion 
of the Flying Qualities of Seven General-Aviat ion Air­
craft ; 11 NASA 'l'N D 3380 , "Use of Aircraft for Zero Gravi ty 
Envi ronment , May 1966 ; 11 SAE Bus ine s s  Aircraft Conference 
Paper , ent it led "An Evaluat ion of General-Avi at ion Air­
craft Flying Qual1t ie s , 11 March 30-Apri l 1 ,  1966 ; and a 
paper delivered at the tenth sympos ium of the Soci ety of  
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Experimental Te st Pi lots , entitled "A Quantitative/ 
Qualitat ive Handling Qualit ies Evaluation of Seven 
General-Aviation Aircraft , "  19 66 . 

He was the Aerospace Res earch Pilots School ' s  out­
standing graduate of Clas s 64A and served with the 
u . s .  Air Force from O ctober 1 9 6 1  to August 1 9 6 2  as a 
t actical fighter pilot and as Chi e f  o f  the 1 6 4 t h  
Standardization-Evaluation Flight of t h e  164th Tactical 
Fighter Squadron at Mansfield , Ohio . From March 1957 
to September 1959 , he was a fight er-int erceptor pi lot 
with the 1 85th Fighter Interceptor Squadron in the Okla­
homa �ir National Guard . 

He also s erved as a tactics and al l weather flight 
instructor in the U . S .  Navy Advanced Training Command 
at NAAS Kingsville , Texas , and was as signed as a U . S .  
Marine Corps fighter pi lot to VMF-5 33 and 114 at MCAS 
Cherry Point , N . C . , from March 1 9 5 4  t o  September 19 56 . 

His military career began in October 19 52 as a Naval 
Aviation Cadet at the Naval Air Station in Pensacola , 
Fla . 

He has ac cumulated 5 , 80 0  hours flying time , including 
3 , 000 hours in j ets . 

CURRENT ASSIGNMENT : Mr . Haise i s  one of the 19 ast ronauts 
selected by NASA in April 1966 . He served as backup 
lunar module pilot for the Apollo 8 and 11 miss ions . 

CURRENT SALARY : $1 , 6 9 8 . 00 per month . 
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LAUNCH COMPLEX 39 

Launch Complex 39 facilities at the K ennedy Space 
Center were planned and built specifically for the Apollo 
S aturn V, the space vehic le b eing used in the United States 
manned lunar exploration program. 

Complex 39 int roduced the mobile concept of launch 
operations in which the spac e vehic le is thoroughly checked 
out in an enclosed b uilding �efore it is moved to the launch 
pad for final preparations . Thi s affords greater protec tion 
from the elements and permits a high launch rate since pad 
time is minimal . 

Saturn V stages are shipped t o  the Kennedy Spac e 
Center by oc ean -going ves sels and s pecially designed ai r­
craft . Apollo spacecraft modules are trans ported by ai r 
and firs t t aken to the Manned Spacecraft Operations Building 
in the Industrial Area south of Complex 39 for preliminary 
checkout , alti tude chamber testing, and assembly. 

Apollo 12 is the sixth Saturn V/Apollo space vehicle 
to b e  launched from Complex 39 ' s  Pad A, one of two oc tagonal 
launch pads which are 3, 000 feet ac ross. The maj or components 
of Complex 39 1nclude: 

1 .  The Vehicle Assemb ly Bui lding, heart of the complex, 
is where the 363-foot- t all space vehi cle is assemb led and 
t ested. It contains 129.5 mi llion cub i c  feet of space, covers 
eight acres , is 716 feet long and 518 feet wi de . Its high 
bay area, 52 5 feet high, contains four assembly and checkout 
bay s  and its low b ay area - 210 feet high , 4 4 2  feet wi de and 
274 feet long - contains eight stage-preparation and check­
out c ells . There are 14 1 lifting devi ces i n  the b uildi ng, 
ranging from one-ton hoists to two 2 50-ton high lift b ridge 
c ranes . 

2 .  The Launch Control Center, a four-story s t ruc ture 
adj acent and to the south of the Vehicle Assembly Building 
is a radic al departure from the dome-shaped, "hardened" 
blockhouse at older lau nch sites . The Launch Cont rol Ce nter 
is the electronic " b rain" of Complex 39 and was used for 
checkout and test operations whi le Apollo 12 was being as ­
semble d  inside the Vehicle Assembly Building high b ay. Three 
of the four firing rooms contain identic al sets of control 
and moni toring equipment so th at launch of one vehic l e  and 
checkout of others may continue simultaneously. Each firing 
room is as sociated with a ground computer facility to provide 
data links with the launch vehicle on its mobile l auncher at 
the pad or inside the Vehicle Assembly Building . 
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3 .  The Mobile Laun cher , 4 4 5  feet t all and weighing 
12 mi llion pounds , is a transportable launch base and um­
b i li c al tower .fo r  the space vehi cle . 

4 .  The Transporters , used t o  move mobi le launchers 
into the Vehi cle As semb ly Building and then - with their 
space vehic les - to the laun ch pad , weigh six million pounds 
and are among the largest  tretcked vehicles known . The Trans­
porters - there are two - are 131 feet long and 114  feet wide . 
Powered by e le ctric mot�rs driven by two 2 , 7 50-horsepower 
diesel engines , the vehicles mo ve on four doub le-tracked 
crawlers , e ach 10 feet  high and 40 fe�t long . Maximum speed 
i s  ab out �nc-mi le-per-hour loaderl ann two miles-per-hour 
unloaded . The three and one-half mile t rip to Pad A with a 
mobile l�1ncher and space vehicle take s approximately s even 
hours . Apollo 12 rollout to  the pad o ccurred on December 
15 , 1969 • 

. 5 .  The Crawlerway i s  the roadway for the transporter 
and is 1 3 1 feet wide divided by a median strip . This is the 
approximate width of an eight-lane turnpike and the roadbed 
i s  des igned to  accommodate a combined weight of more than 18  
mi lli on pounds . 

6 .  The Mobi le Servi ce Structure is a 4 02-foot-t all , 9 . 8 
million pound tower used to s ervi c e  the Apol lo space vehicle 
at the pad . Moved into p lace ab out the Saturn V/Apollo space 
vehicle and its mobile launcher by a transporter , it contains 
five work plat forms and provide s 36 0-degree p lat form ac cess to  
the vehicle be ing prepared for l aunch . It  i s  removed to a 
parking area about 1 1  hours before launch . 

1 .  A Water Deluge Sys tem will provide about a mil lion 
gal lons of indust rial water for coo ling and fire prevention 
during the laun ch of Apollo 13 . The water is used to  cool 
the mobile launcher , the flame t rench and the flame de flector 
above which the mob ile launcher i s  posit ioned . 

8 .  �he Flame Deflector i s  an " A " -shape d , 1 . 3  million 
pound structure moved into the flame trench beneath the launcher 
prior t o  launch . It i s  covered wi th a re frac tory material 
de signed to  withstand the launch environment . The rlarne trench 
i t s el f  is 58 reet  wide and appro ximately si x feet above mean 
s�a level at the b as e . 
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9 . The Pad Areas - A and B - are octagonal in shape 
and have center hards tands const ructed o f  heavi ly reinforced 
concrete .  The top of Pad A s t an ds about 4 8  feet above s e a  
leve l . Saturn V propellants - l iquid oxygen , liquid hydrogen 
and RP-1 , the latter a high grade kerosene - are stored i n  
large t anks spaced near the pad p erimet er and carried b y  pipe­
lines from the tanks to the pad , up the mobile launcher and into 
the launch veh i c le propellant tanks . Also located in the p ad 
area are pneumat i c , high press ure gas , e lectri c al , and industrial 
wat er support facilities . Pad B ,  used for the launch of Apo l l o  
10 ,  i s  located 8 , 7 00 fe et north o f  Pad A .  

-more-
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MISS ION CONTROL CENTER 

The Mis sion Contro l Center at the Manned Space craft 
C enter , Houston ,  is the focal point for Apo llo flight control 
act ivit ies . The center receives tracking and te lemetry dat a  
from the Manned Space Flight Network whi ch i n  turn i s  p ro­
cessed by the MCC Real-Time Computer Comp lex for display to 
flight cont rollers in the Mission Operations Control Room 
(MO CR ) and adj acent s t arr support rooms . 

Cons ole posit ions in the two identi cal MOCRs in 
Mi s s i on Contro l Cent er fall int o thre e basic operat ions 
group s : miss ion command and control , syst ems op erati ons , 
and fli ght dynami c s . 

Pos itions in the command and control group are : 

• Mis s i on Dire ctor -- res pons ible for overall miss ion 
conduct . 

• Flight Operations Director -- repre s ents MSC management . 

• Flight Dire ctor -- respons ib le for operational de cis ions 
and actions in the MOCR . 

• Assistant Flight Dire ctor 
and acts in his ab sen ce . 

• Flight Activities Offi cer 
flight plan . 

as s i s t s  flight dire ctor 

deve lops and coordinates 

• Dep artment o f  De fen se Representative -- coordinat e s  
and dire cts DOD mi s sion suppo rt . 
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* Network Controller -- re sponsib le to FD for Manned 
Sp ace Flight Network status and troubleshooting ; MCC equip­
ment operation . 

* Surgeon -- monitors crew medical condi tion an d informs 
FD of any medical situation affecting mission . 

• Space craft Communicator ( Capcom) -- serves as voice 
contact wi th flight. ��ew . 

• Experiment s Offi cer -- coordinates operation and 
control of onboard flight exper iments . 

• Pub li c  Affairs Officer -- reports mission progre ss 
to public through commentary and relay of live air-to-ground 
transmissions . 

Systems Operat ions Group : 

• Environment al, Electri cal and Instrumentation 
Engineer { EECOM) -- monitors and troubleshoots command/s ervi ce 
module environmental , electrical, and sequenti al systems . 

• Guidance, Navigation and Contro l Engineer (GNC) -­
monitors and troubleshoots CSM guidance, navigation , control, 
and propulsion systems . 

• LM Environmental and Electrical Engineer (TELCOM) - ­

LM counterpart to EECOM . 

• LM Guidance , Navigation and Control Engineer ( Contro l )-­
LM counterpart to GNC .  

• Booster Systems Engineer ( BSE) { three posit ions) -­
responsible for moni toring launch vehi cle cerforrnance and for 
se nding funct ion commands . 

• Communi cations Systems Engineer ( CSE) ( cal l s ign !NCO) 
and Operati ons and Procedures Offi ce r ( O &P) -- share respon­
sib i lity for monitoring and troub l eshooting spacecraft and 
lunar surface communication systems and for coordin ating MCC 
procedures with other NASA centers and the ne twork . 

Flight Dynamics Group : 

• Flight Dynami cs Officer ( FIDO) -- monitors powered 
flight eventn and plann spacecraft maneuv ers . 

• Retro fi re Offi cer ( Retro ) -- responsi ble for p l an n l Mg 
deorb it maneuvers in Earth orb it and entry calculat i on s  on 
lunar return traj ectories . 
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* Guidance Officer (Guido ) -- respons ible for monitoring 
and updating CSM and LM guidance sy stems and for monitoring 
systems performance during powered flight . 

Each MOCR operations group has a staff support room 
on the same floor in which detailed monitoring and analysis 
i s  conducted . Other supp orting MCC areas include the space­
flight Meteorologi cal Room , the Space Environment ( radiation ) 
Cons ole , Spacecraft Planning and Analys i s  (SPAN ) Room for 
detailed space craft performance analy sis , Recovery Operations 
Control Room and the Apollo Lunar Surface Experiment Package 
Support Room . 

Located on the first floor of the MCC are the communic a­
tions , command , and teleme try sy stem· (CCATS ) for processing 
incoming dat a from the tracking network , and the real-time 
computer complex (RTCC ) which convert s flight data into dis­
plays us eable to MOCR flight controllers . 
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MANNED SPACE FLIGHT NETWORK 

The worldwide Manned Space Flight Ne twork ( MSFN ) 
provide s reliab le ,  continuous , and instantane o us com­
munic ations with the as tronau l;s , launch vehi cle , and 
spacecraft rrom l i ftoff to splashdown . Following the 
flight , the ne twork will continue in s upport o r  the 
link be tween Earth and the Apollo e xperiments le ft on the 
lunar s urface by the Apollo crew . 

The MSFN i s  maintaine d and operated by the NASA 
Goddard Space Flight Cente r ,  Greenb el t , Md . , under the 
di re ction o f  NASA ' s  Office o f  Tracking and Data Acquis i t i on .  
In the MSFN Operations Center { MSFNOC) at Goddard , the 
Ne twork Dire c tor and h is team o f  Operations Managers , with the 
as s i � tance or a Ne twork S upport Team , keep the entire comple x 
tuned for the mis s ion s upport . Shoul d H oust on ' s  miss ion con ­
trol cen ter b e  serious ly impaire d for an e xtended time , the 
G oddard Center be comes an emergency mi s s ion cont rol cen te r . 

The MSFN employs 1 2  ground tracking s tations equipped 
with 3 0- and 85-foot antennas , an ins trumente d tracking ship , 
and four ins trumented aircraft . For Apol l o  1 3 ,  the ne twork 
wil l  be augmented by the 2 10-foot antenna syste ms  at G olds tone , 
Cal i f .  and at Parkes , Aus tralia ,  ( Aus tralian Commonwealth 
S cientifi c  and Indus trial Rese arch Organ i zation ) .  

NASA Commun i c ations Network ( NASCOM) . The tracking 
network is linked toge ther by the NASA C ommunlcat ions Network . 
Al l information flows to and from MCC Hous ton and the Apol l o  
spacecraft ove r th i s  communi cations sy ste m .  

The NASCOM cons ists or almo s t  three mil l i on c ircuit 
miles o f  dive rsely routed communi cations channe l s . I t  uses 
s ate llites , s ubmarine cab les , land line s , mi crowave s y s tems , 
and high frequency radio faci l i ties for acce s s  links . 

NAS COM con trol center i s  located at Goddard . Re gi onal 
communication swit ching centers are in London , Madri d ,  Can­
berra , Aus tral i a ;  Honolulu and Guam . 
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Thre e Intelsat communi cat ions satellites will be used 
for Apo llo 1 3 .  One satelli te o ver the Atlant i c  wi l l  link 
Goddard with stations at Madrid , Canary Is lands , As cens ion 
and the Vanguard tracking ship . Another At lanti c satellite 
will provide a direct link between Madrid and Goddard for 
TV s ignals re ceived from the spacecraft . The third 
satell i te over the mi d-Paci fi c  will link Carnarvon , Canb erra , 
and Hawaii with Goddard thro ugh a ground s tation at Brews te r 
Flats , Wash . 

At Goddard , NASCOM switching computers s imultaneous ly 
send the voi ce signals direct ly to the Houston flight c ontrollers 
and the tracking and t elemetry data to computer process ing 
complexes at Hous ton and Goddard . The Goddard Real Time Com­
puting Comp lex veri fi e s  performance of the t racking network and 
uses the co llected tracking dat a to drive disp lays in the 
Goddard Operations Contro l Center . 

Establi shing t he Link -- The Merritt Is land tracking 
station monitors pre launch te s t ,  the terminal count down , and 
the first minut es o f  launch . 

An Apollo instrumentat ion ship ( USNS VANGUARD ) fills 
the gap s beyond the range of land tracking s tat ions . For 
Apollo 13 this ship will be  stat ioned in the Atlant ic to 
cover the insertion into Earth o rbit . Apollo ins trumented 
aircraft provide communi cat ions support to the land tracking 
stat ions during trans lunar inj ec tion and reentry and cover 
a selected abort area in the event of "no-go '' decision after 
insertion into Earth orbit . 

Lunar Bound - Approximately one hour aft er the space­
craft has been inj ected into its t rans lunar traj e ctory ( some 
10 , 0 00 miles from the Earth ) ,  three prime tracking s tations 
spaced nearly equidi stant around the Earth wi l l  take over 
tracking and communicating with Apollo . 

Each of the prime s tations , located at Golds tone , 
Madri d and Canberra , has a dual sy stem for use when tracking 
the co��and mo dule in lunar orb i t  and the lunar modul e in 
separate flight paths or at re s t  on the Moon . These s t ati ons 
are equipped wi th as-root an tenn as . 

The Re turn Trip -- To make an ac curate reentry , data 
from the tracking stations are fed in to the MCC compute rs 
to de ve lop ne ces sary informati on for the Apo l l o  13  crew . 

-more-
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Appropri at e  MSFN s t ati ons , including the ai rcraft in the 
Paci fi c , provide s upport during the reentry . 

Through the j ourney to the Moon and re turn , tele vis ion 
wi l l  be re ceive d  from the space craft at the thre e prime 
s t ation s . In addi tion , a 210-foo t  an tenna at Gol ds tone ( an  
antenna o f  NAS A ' s  De ep Space Ne twork ) wil l  augme nt the 
te levi s ion c overage whi le Apo l lo 1 3  is ne ar and on the Moon . 
For b lack and whi te TV ,  s can conve rters at the s tat ions per­
mit immedi a t e  trans mi s s i on o f  commercial qual i ty TV vi a NAS COM 
to H ous ton , where i t  wi ll be re le ased to u . s .  TV ne twork s . 

Black and wh i te TV can be released s i multane ous ly in 
Europ e and the Far Eas t through the MSFN s t ati ons in Spain 
and Aus tralia . 

For color TV , the s ignal will be converted to comme rci al 
quali ty at the MS C Hous ton . A b lack and wh ite version o f  the 
c olor si gnal can b e  re leas e d  l oc ally s imul taneously th rough 
the stat i ons in Sp ain and Aus tral i a .  

Ne twork Computers 

At frac tion-of-a- s e c ond inte rvals , the network ' s  digi tal 
data proce s � ing sys te ms , with NAS A ' s  Manned Space craft Cen t e r  
as the focal point , " t alk "  to e a c h  other or t o  the space craft . 
High-speed computers at the remo te s i te s  ( tracking ship in­
c lude d )  relay commands or "up-l ink " data on s uch matters as 
control of cabin pre s s ure , orb i t al gui dance commands , or "go­
no-go " indi cations t o  perform ce rtain fun ct ions . 

When in formati on originates from Hous ton , the c omp ute rs 
re fer t o  the ir pre-p rogrammed info rmat i on for validi ty b e fore 
transmd t ti�g the require d  data to the space craft . 

Such " up-link" in format i on i s  c ommun i c ated at a rate of 
about 1 , 2 0 0  b i ts-per-s e cond . Communicati on o f  sp ace craft data 
b e twe en remote ground s i tes and the Mi s s ion Control Center ,  
vi a high-speed communications links , occurs at twi ce the rate . 
Hous ton re ads information from the se ground s i tes at 8 , 8 00 
b i t s -per-second . 

The c omputer sys tems perform many other functions , in cludin g :  

Assurin g the quali ty o f  the transmi s s i on lines by con­
tinually te s ting data paths . 

Verifying ac curacy o f  the mes s ages . 

Con s t an t ly updating the fligh t  s tatus . 

-more-
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For "down-link " data , sensors built into the spacecraft 
continually s ample cabin temperature , pres sure, and phys i c al 
information on the as tronauts such as heartb eat and respira­
tion . These dat a  are transmitted to the ground stations at 
5 1 . 2  kilobits ( 12 , 80 0  decimal digits )  per second . 

At MCC the computers : 

Detect and s e lect changes or deviati ons , compare with 
their stored programs , and indi c ate the prob lem areas or 

pertinent data to the flight controllers ; 

Provide displays to mi ss ion personnel ; 

A s s embl e  output data i n  proper formats ; 

Log dat a on magnet i c tape £o r  th e flight 
controllers . 

The Apollo Ship Vanguard 

The USNS Vanguard wi ll perform tracking , t e lemetry , 
and communication functions tor the launch phas e and Earth 
orbit in s ertion . Vanguard will be stat io ned about 1 , 0 00 mi les 
s outheast of Bermuda ( 2 8  degrees N . , 49 degrees W . ) .  

Apollo Range Instrumentation Aircraft ( ARIA) 

During the Apollo 1 3  TLI maneuver , two ARIA will re cord 
t eleme try dat a from Apo l lo and re lay voi c e  communication 
between the as tronauts and the Mi ssion Control Center at 
Houston . The ARIA wi l l  be located between Australia and 
Hawaii . 

For reentry , two ARIA will be deployed to the l anding 
area t o  relay communications between Apollo and Mission Con­
trol at Houston and provide position informat ion on the space­
craft after the b lackout phas e of reent ry has passed . 

The to tal ARIA fleet for Apoll.o mi s s ions consists o f  
four EC-l 35A ( Boeing 707 ) j et s  with 7-foot paraboli c ant ennas 
installed in the nose section . 

-more-
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CONTAMINATION CONTROL PRO GRAM 

In 1966 an Interagency Comm.ittee on Back Con taminat ion 
( I CBC ) was es tab lishe d to as si s t  NASA in deve l oping a pro­
gram to prevent cont aminat ion of the Earth from lun ar mat­
e rials following manned l��ar e xplorat ion and to re vi ew and 
approve plans and procedure s  to pre vent b ack contamination . 
Committee membership inc lude s representat i ves from Pub lic  
He alth Servi ce , Department of Agri culture , Department o f  the 
Interi or ,  NASA , and the National Ac ademy of Sciences . 

The Apollo Back Contamination Program can be divided 
into thre e phases . The firs t ph ase cove rs procedure s wh ich 
are followe d by the c rew while in fli ght t o  redu ce an d ,  i f  
possib le ,  eliminate the re turn of lunar surface contami nat ions 
in  the command module . 

The se cond phase include s re cove ry , isolation , and 
t ransport o f  the crew , space craft , and lunar s amples to the 
Manned Space craft Center .  The third phase encompas ses 
quarantine op erati ons and prelimin ary samp le analysis  in the 
Lunar Re ceiving Laboratory . 

A primary s tep in preventing b ack contamination is 
carefUl attention to space craft cleanliness fol l owing lunar 
s urface operations . This in cludes use of special cleaning 
equipment , stowage provi s ions for lunar-exposed equipmen t ,  
and crew pro ce dures for proper "houseke eping . "  

Prior to reentering the LM after lunar surface e xplora­
t ion , the crewmen b rush lunar s urface dust or di rt from th e 
space sui t  us ing spe cial b rushe s .  They will s c rape the i r  
overb oots o n  the LM footpad and wh ile as cending the LM ladder , 
dis lodge any clinging parti cles by a ki cking action . 

A fte r entering and pressuri zing the LM cab in ,  the crew 
do ff their portab le l i fe s upport sy stem,  oxy gen purge sys tem , 
lunar boots , EVA gl oves , e t c . 

Following LM rende zvous and do cking wi th the CM , the CM 
tunnel will be pressuri zed and che cks made to ins ure that an 
adequate pre s s uri zed seal has b een made . During the pe riod , 
some o f  the equipment may be va cuume d .  

-more -
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Th e  l una r  mod ul e cabin atmos phere will b e  circul ate d 
th rough the environmental c ontrol sy s tem sui t circui t  l ithium 
hydroxide ( LiOH ) c an is ter to fi l t e r  part i c l e s  from the atmos phe re . 
A minimum of fi ve hours we i gh tl e s s  operat i on and fi l tering w i l l  
es s entially e l imin at e t h e  ori ginal airborne part i cl e s . 

The CM pilot w i l l trans fer l un ar s urface equipment s t ow age 
b ags into the LM on e at a t i me . The equipment trans fe rre d wil l 
be b agge d b e fore b e ing trans ferre d .  The only equi pme nt wh i ch 
w i l l  not b e  b agged at thi s time are the crewmen ' s  sp ace s uit s 
and fligh t l o gs . 

Command Mo dule Ope rat i ons - Th rough th e use of ope rat ional 
and housekeeping proce dure s  the command module cab in wi l l  b e  
purge d of lunar s urface and/o r other p ar t i cu l at e  c ont amin ation 
prior to Earth re entry . The s e  procedure s s t art while the LM 
i s  docked with th e CM and continue through re entry i nt o  the 
Earth ' s  atmosph e re . 

During s ub s equent l unar orb i t al fl ight and the tran s e arth 
phase , the command module atmosph e re will b e  con tinually 
fi l te red through the envi ronmental control � y stem li thi um 
hy droxide c ani s te r .  This wi l l  re move es sentially al l airb o rne 
dus t p art i cles . A fter ab ou t 9 6  h ours operation e s sen t i al ly 
none of th e ori ginal con taminates will remain . 

Lunar Mi s s ion Re covery Ope rations 

Following l andin g an d the att achmen t of the flo tation 
coll ar to the command modul e ,  a swimme r  will open the space­
c ra ft hatch , pas s in three clean fligh t  cove rall s and th re e  
fi l t e r  mas ks and c l o s e  the hatch . 

Crew re t ri eval will b e  ac complished by h e l i copter to 
th e c arri e r  and s ubse q uent crew t rans fe r  to the Mob ile 
Quarantine Fac i l i ty . The space craft w i l l  be re t rie ve d by the 
aircraft c arrie r and isolate d .  

-more -
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LUNAR RE CEIVING LABORATORY ( LRL )  

The final phas e o f  the b a ck cont aminat i on pro gram is 
comple ted in the MS C Lunar Re ce iving L ab o rat o ry . The crew 
and space craft are quarantine d for a minimum of 2 1  day s afte r 
complet i on of lunar EVA operat i ons and are releas e d  bas ed upon 
the completion o f pre s crib e d  t e s t requi rements and res ult s . 

The lunar s ample will b e  quarant i n e d  for a period o f  5 0  t o  80 
day s depe ndi ng upon re sults of e xtens ive b i o l ogi cal t e s t s . 

Th e  LRL s e rves four b as i c  purp os es : 

Quarantine o f  crew and spac e c raft , the cont ainment 
o f  lunar and lunar-exp os e d  mat eri al s , and qu aran tine t e s t in g  
to s e ar ch for advers e e ffe c t s  o f  lunar ma teri al upon terre s tri al 
l i fe . 

The pre se rvat i on and pro t e c t i on o f  the lunar s ampl e s .  

The performance of time criti c al inve s tigat i ons . 

The p reliminary examinat ion of ret urned s amp les to 
as s i s t  in an int e lli gent di s t ributi on of s ampl e s to prin c ipal 
inve s ti gators . 

The LRL h as the only vacuum s y s tem in th e w orld w i th 
s pace glove s operated b y  a man le ading di re ct l y  int o a vacuum 
ch amb e r  at pre s s ures of ab out 10 b ill ionth of an atmos phe re . 

It h as a l ow level count ing faci l i ty , the b ackground count i s  
an orde r  o f  magni tude b e tter than other known c o un t e rs . 
Additionally , it is a faci lity th at can handl e a l arge variety 
of b iol ogi c al spe c imens ins i de C l as s  III b i ol ogi c al c ab in e t s  
de s i gne d t o  contain extreme ly haz ardous pathogeni c ma te rial . 

The LRL covers 8 3 ,000 s quare fe et o f  fl oor s pa ce an d 
in c ludes a Crew Re ception Area ( C RA ) , Vac uum L ab orat o ry , 
Samp le Lab orat ori e s  ( Phy s i c al and Bio-S cience ) an d  an 
admdnis trative and support are a . Spe ci al b ui lding s y s tems 
are employ e d  t o  maintain ai r flow int o  s ample h andl ing �eas 
and the CRA , t o  s te ri l i z e  liqui d was te ,  and t o  incinerat e 
c ontaminate d air from th e primary containme n t  sy s tems . 

The bi omedi cal lab oratori e s  provide fo r quarantine tes t s  
to de termine the e ffe c t o f  lunar s amp l e s  on te rre s t ri al l i fe . 
The s e  te s ts are de s igned t o  p rovi de dat a upon wh i ch t o  b as e  
the de cis ion t o  re l e as e  lunar materi al from quarantine . 

-more -
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Among the tests : 

a .  Lunar mate rial wil l  b e  applied to 12 di ffe rent 
cul ture medi a and main taine d un de r  s e ve ral envi ronmental 
condi tions . The me dia will be observe d for b acterial or 
�ungal growth . De tailed inven tori e s  of the mi crob i al flora 
of the s p ace craft and crew have been maintained so that any 
living material found in the s ample t e s ting can be compared 
agains t this l is t  of potential contaminants taken to the Moon 
by the crew or space craft . 

b .  Six types or human and animal t i s s ue culture cell 
lines will b e  maintaine d in the lab oratory and toge th e r  w i th 
embryonate d eggs are exposed to the lunar material . Bas e d  on 
cellular and/or other changes , the pre s en ce o f  vi ral mate rial 
c an  b e  e s tab lishe d so th at s p e ci al te s t s  c an  b e  conduc t e d  to 
i dent i fy and isolate the type of virus pr es ent . 

c .  Th irty -three spe ci es o f  p lants and seedlings will 
be expos ed to lunar mat e ri al . Seed ge rminat ion , growth or 
plant cells or the health of seed lings are then ob s erved , 
and his tological , mi crob iologi c al an d  b iochemi c al techniques 
are used to determine th e caus e o f  any suspected abnormal i ty . 

d .  A number o f  lower animal s  will b e  expos e d  t o  l unar 
materi al , including germ- free mi ce , fi sh , b i rds , oy s ters , 
shrimp , co ckroache s ,  houseflies , planaria , p arame cia and 
e uglena . If abnormali t i e s  are noted , further te st s will be 
c onduct ed to de termine if the condit ion is tran s mi ss ible from 
one group t o  another . 

The crew re ception are a provides b i ologic al containment 
ror the fl i ght crew and 12 s upport pers onne l .  Th e  nominal 
o ccup an cy i s  ab out 14 day s  but the facility is de s i gne d  and 
e quippe d to op erate for considerab ly longe r .  

Steri l i zation an d  Rel e as e  o f  t h e  Space craft 

Pos t fli gh t  te sting and inspe ction of." the space cra ft i s  
presently l i mi ted t o  inve s t i gai ton o f  anomalies whi ch happened 
during the fli ght . Generally , th i s  entails some spe c i fi c  
tes ting o f  the space craft and removal o r  certain components or 
systems for further analy s i s . Th e  timing o r  pos t flight testing 
i s  important s o  that corre ctive action may b e  taken for s ub ­
sequent flights . 

-more -
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The s chedule calls for the spacecraft to be returned 
to port where a team will deactivate pyrotechnics , and flush 
and drain flui d sys tems ( except water) . This operation will 
be confine d to the exterior or the space craft . The spac ecraft 
will then b e  flown to the LRL and place d in a special room for 
storage , s terilization , and pos tflight checkout . 

-more-
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LUNAR RECEIVING LABORATORY TENTATIVE SCHEDULE 

Aoril 2 0  Activate s e c ondary b arrier; s upport people enter 
Crew Re cep tion Area and Central St atus Station 
manne d ;  LRL on mi s s ion stat us . 

Aoril 21 Command module landing, re covery . 

Aoril 22 Fir s t  sample re t urn con tainer ( SRC)  arrives . 

APril 2 3 First SRC opened in vacuum l ab ,  se cond SRC arrive s ; 
fi lm, tapes , LM t ape re corde r be gin de cont amin ation ; 
s e cond SR C opened in Bi oprep lab . 

April 24 Fir s t  sample to Radiation Counting Laborat ory . 

Apri l 2 6  Core tube moves from vacuum l ab t o  Ph y s i cal­
Chemi cal Lab . 

April 26 MQF arrives ; cont ingen cy sample goes to Phy s i c al ­
Chemi c al Lab ; ro ck de s c ript ion b e g�n in vacuum l ab . 

April 27 Biosample rocks move from vacuum l ab to Biop rep 
· Lab ; core tub e  prepared for b i osample . 

Apri l 28 Space craft arri ves . 

Apri l  29 Biosampl e  compounded , thin-se ction ch ips s te ri l i ze d  
out t o  Thin-Se ction Lab ,  remaining samples from 
B i oprep Lab c anned . 

May 1 

May 3 

May 8 

May 26 

May 2 8  

Thin-se ct ion preparati on comple te , biosample prep 
comple te , trans fe r  to Phys i cal-Chemi c al Lab 
comple te , Bioprep Lab c leanup complete . 

Biological protocols , Phy s i cal-Chemi cal Lab rock 
de s cript i on b e gin . 

Crew released from CRA 

Ro ck des cript i on compl e te , P re l i�Jnary Examin ation 
Te am data from Radiation Counting Lab and Gas 
Analysis Lab c omplete . 

PET data wri te-up and s ample c at a log preparation 
begin . 

-more-



May 30 

June 1 
June 2 

June 6 

June 8 
June '10 

June · l� 
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Data summary for Lunar Sample Analy sis Planning 
Team ( LSAPT ) complete . 

LSAPT arrives . 

LSAPT briefed on PET data , s ample packaging begins . 

Sample di stribution p lan complete , first batch 
monopo le samples canned . 

Monopole experiment begins . 

Initial release of Apo llo 1 3  samples; s pace craft rel e ase . 

Space craft equipment re leased 

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

Sample s  

The firs t Apollo 1 3  s ample re turn container ( SRC ) will be 
fl own by heli copter ·from th e de ck o f  the USS Iwo Jima to 
Ch ris tmas Island , from whe re it  will be flown by C-1 30 airc raft 
to Hawaii . The SRC , hal f the mi s s ion onb oard fi lm and any 
me di cal s amples ready at the ti me or hel i copter departure from 
the Iwo Jima , will be trans fe r��d t o  an ARIA ( Apollo Range 
Ins trumented Aircraft ) at Hawai i for the fli �� t  t o  El lington 
AFB , six mi les north o f  the Manned Spacecraft Cente r ,  with an 
es timated time o f  arri val at 11 : 30 a . m .  EST Ap ri l 2 2 . 

The second SRC and remainde r o f  onboard fi lm and med ic al 
samples will fol low a similar s equence of fl ights the foll ow ing 
day and wil l  arri ve at Ell ington AFB at an e s timated time of 1 
am EST April 2 3 . The SRCs will b e  move d by auto from Ellington 
AFB to the Lunar Re ceiving Laborat ory . 

Space craft 

The space craft should be ab oard the Iwo �1ma ab out two 
hours after crew re covery . The ship wi ll arrive in Hawaii 
at 2 pm EST April 25 and th e spac e craft will b e  offlo ade d and 
t rans ferred after deact1vi ation t o  an aircraft for the fl ight 
to Ellington AFB , arriving Apri l 2 8 . The space craft will be 
trucked to the Lunar Re cei ving Laboratory where it wil l  en ter 
quaranti ne . 

Crew 
............ 

The fligh t  crew is expected to enter the Mobile  Quarantine 
Faci lity ( MQF ) on the Iwo Jima ab out 90 minute s after splash­
down . Upon arri val at Hawaii , th e MQF wi ll  b e  offloaded and 
p laced ab oard a C-1 4 1  air craft for th e fli ght to Ellington AFB , 
arri ving at 1 am EST April 2 5 . A transporte r truck will move 
the MQF from Ell ington AFB to th e Lunar Re ceiving Laboratory -­
ab ou t a two-hour trip .  

-more -
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APOLLO PROGRAM MANAGEMENT 

�e Apol lo Program is the re spons ibi l i ty or the O rfi ce 
of Manne d Space Fl ight ( OMSF ) , Nat i on al Aeronaut i c s and Space 
Adminis tration , Washington , D .  C .  Dale D .  Myers i s  As s o ciate 
Administrator for Manned Space Flight . 

NASA Manned Sp ace craft Cente r (MSC ) , Houston , is respon s ible 
tor deve lopment or the Apollo s pace craft , fli ght crew t raining , 
and fl ight control . Dr . Robe rt R .  Gi lruth is Cente r Dire ctor . 

NASA Marsh al l Space Flight Cente r (MSFC ) ,  Hunts vi lle , Ala . , 
i s  re spons ible for development o r  the Saturn l aunch ve hicle s . 
Dr . Eb�rhard Ree s  i s  Cent er Director . 

NASA John F .  Kennedy Spa ce Ce nter ( KSC ) , Fl a . , i s  re s ponsible 
ror Apollo/Saturn l aun ch operat i ons . Dr . Kurt H.  Debus is 
Cent e r  Dire cto r .  

The NA�A Offi ce or Tracking and Data A cquisi tion ( OTDA ) 
directs the program of tracki ng and dat a flow on Apollo . 
Gerald M .  Trus zynski is As s oci ate Admini s t rator for Tracking 
and Data Acquisition . 

NASA Goddard Space Fli ght Center ( GSFC ) , Greenbelt , Md . ,  
manage s the Manned Space Flight Network and Communi c at i ons 
Network . Dr . John F. Clark i s  Cent e r  Dire c tor . 

The Department of De fense i s  supp orting NASA in Apollo 1 3  
during l aunch , tracking an d  re cove ry ope rations . The Ai r Force 
Eas tern Te s t  Ran ge is re sponsib l e  tor range activities during 
launcb · and down -range t rackin g .  Re cove ry ope rat ions in clude the 
use o f  re cove ry ship s and Navy and Air Force ai rcraft . 
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Apollo/Saturn O ffi c i als 

NASA Headquarters 

Dr . Ro cco A .  Petrone Apollo Program Dire c tor , OJ'flSF 

Che ster M .  Lee ( Capt . ,  USN , Re t . ) Apollo Mi s s i on Directo r ,  OMSF 

Col . Thomas H .  McMul len (USAF ) Ap ollo As sis tant Mi ss ion 
Direc tor , OMSF 

J ohn D .  Stevenson (Maj . Gen . , Director of Mi ss ion Operat i ons , 
USAF , Ret . ) OMSF 

Maj . Gen . Jame s W .  Humph reys , Jr . Dire ctor of Space Medi cine , OMSF 
( USAF , MC ) 

John K .  Holcomb , ( Capt . ,  U�N ,  Re t . )  Dire ctor of Apo llo 
Operat i ons , OMSF 

Lee R .  Schere r , ( Capt . , USN , Ret . )  Director of Apo llo Lunar 
Explorat ion , OMSF 

James C .  Bave ly Chi ef of Ne twork Operati ons 

Marshall Space Flight Center 

Lee B .  James 

Dr . F .  A .  Speer 

Roy E .  Godfrey 

Mat thew W .  Urlaub 

William F .  LaHatte 

Charle s H .  Meyers 

Frederich Duerr 

Wi l liam D .  Brown 
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Dire c tcr , Program Manageme nt 

Manager , Miss ion Ope rations 
Offi ce 

Manager , Saturn Program Office 

Manager , S-IC Stage , Sat urn 
Program Offi ce 

Manage r ,  S-II St age , Saturn 
Program Offi ce 

Manager ( Ac t ing ) , S- IVB Stage , 
Saturn Program Offi ce 

Manage r ,  Ins trument Uni t ,  
Sat urn Program Offi ce 

Manager,  Engine Program Off lce  



Kennedy Space Center 

Walter J .  Kapryan 

Raymond L .  Clark 

Edward R. Mathews 

Dr . Hans F .  Gruene 

John J .  Williams 

Paul c .  Donnelly 

Isom A .  Rigel l  

Manned Space craft Center 
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Col . Jame s A .  McDivitt , (USAF ) 

Donald K .  Slayton 

Sigurd A .  Sj oberg 

Mi lton L .  Windler 

Gerald Griffin 

G lynn s .  Lunney 

Eugene F .  Kranz 

Dr . Charles A .  Berry 

Goddard Space Flight Center 

Ozro M. Covington 

Wi l l i am  P .  Varson 

H .  Wi lliam Wood 

Te cwyn Roberts 

L. R .  Stelter 

Dire c t or of Launch Operat ions 

Directcr o f  Te chni cal Support 

Apollo Program Manager 

Director, Launch Vehi cle 
Operations 

Dire ctor , Space craft Operat ions 

Launch Operations Manager 

Deputy Director for Engine ering 

Manager ,  Apollo Space craft 
Program 

Dire ctor , Fli ght Crew 
Operations 

Dire ctor , Flight Ope rat ions 

Flight Director 

Flight Dire ctor 

Flight Dire ctor 

Flight Dire c t or 

Dire ctor , Medi cal Re s e arch 
and Operat ions 

Director of Manned F l ight 
Support 

Ch i e f ,  Manne d Flight Planning 
& Analys i s  Division 

Chief , Manned Flight Operat ion� 
Divi s i on 

Ch i e f ,  Manne d Fl ight Engineering 
Divi sion 

Chie f ; NASA Communi cat i ons 
Divis ion . 
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Department or De rense 

Maj . Gen .  David M .  Jones , ( USAF) 

Rear Adm . Wm . S .  Gues t , ( USN ) 

Re ar Adm . Donald C .  Davis , ( USN ) 

Col . Kenne th J .  Mask , ( USAF ) 

Maj . Gen . Allison C .  Brooks , 
( USAF) 

-mo re -

DOD Manager of Manned Space 
Flight Support Ope rations , 
Commande r of USAF Eas tern 
Tes t Ran ge 

Deputy DO D Manage r o f  Manned 
Space Fl igh t  Support Ope ration s , 
Commander Task Force 1 4 0 , 
Atlanti c Re covery Are a 

Commander Task Force 1 30 , 
Pac i fic Recove ry Area 

Dire ctor o f  DOD Manned Space 
Flight Support Offi ce 

Commander Aerospace Re scue and 
Re covery Service 
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Contrac tor 

Major Apollo/Saturn V Con t ra c t o rs 

I te m  

Be l l comm 
Washington , D .  c .  

The Boeing C o . 
Washington , D .  c .  

Gen e ral E l e c t ri c-Apollo Sys tems 
Daytona Be ach , Fla 

North Ame ri can Ro ckWe l l  Corp . 
Space Di v . , Downey , Cali f .  

Grumman Aircraft Enginee rin g 
Corp . , Bethpage , N . Y . 

Mas s achus e t ts Ins t i t ute of 
Te chnol ogy , Cambri dge , Mas s . 

Gene ral Mot ors Corp . , AC 
Ele c troni c s  Di v . , M i lwaukee , Wis . 

TRW Inc . 
Sys te ms  Group 
Re dondo Be a ch , Cali f .  

Avco Corp . , Space Sys tems 
Di v . , Lowe l l , Mas s . 

North Ame ri c an  Rockwe l l  Corp . 
Rocket dyne Di v .  
Canoga Park , Cal i f .  

Th e Boeing C o . 
New Orl e ans , 

North Ame ri c an  RockWe l l  Corp . 
Space Div .  
Se al Be ach , Cal i f . 

McDonne l l  Dougl as As t ronau t i c s  
Co . ,  Huntingt on Beach , Cal i f .  

-

Apollo Sys tems Enginee ring 

Te chni c al Integration and 
Eval uat ion 

Apollo Che cko ut , and Quali t y  and 
Re l i ab i l i ty 

Command an d  Se rvi ce Module s 

Lunar Module 

Gui dance & Navi gation 
( Te chni c al Management ) 

Gui d ance & N&vigation 
( Man u facturin g )  

Traj e c t o ry Analy s i s  
LM De s ce n t  Engine 
LM Ab ort G ui dan c e  System 

Heat Sh i e l d  Ab l at i ve Mat e ri a+ 

J-2 Engine � ,  F-1 Engi ne s  

Fi rs t  S t age ( SIC ) o f  Sat urn V 
Launch Vehi c l e s , Sat u rn V 
Sy s tems Enginee rin g and Inte­
gra t i on , Ground Support Equip­
me nt 

De ve l opment and Produ c t ion o f  
Sat u rn V Se cond Stage ( S -I I )  

De ve lopme n t  an d  Produc t i on o f  
Saturn V Th i rd St age ( S- IVB ) 

-mo re -
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International Bus iness Machines 
Federal Sys tems Div . 
Hu.'ltsville , Ala. 

Bendix Corp . 
Navigation and Control Div. 
Teterboro , N . •  J. 

Federal Ele ctric Corp . 

Bendi x Field Engineering Corp . 

Catalytic -Dow 

Hami lton Standard Divi sion 
United Air craft Corp . 
Winds or Lo cks , Conn . 

ILC Indus tries 
Dover, Del . 

Radio Corp . or Ameri ca 
Van Nuys , Calif.  

Sanders As sociates 
Nashua , N . H .  

Brown Engineering 
Hunts vi lle , Ala .  

Reynol�s , Smith an d  Hill 
Jacksonvil le , Fla . 

Ingalls Iron Works 
Birmingham , Ala .  

Smith/Erns t ( Joint Venture ) 
Tampa, Fl a .  
Washington , D .  c .  

Power Shovel , Inc .  
Mari on , Ohi o  

Hayes International 
Birmingham , Al a.  

Bendi x Aerospace Sys tems 
Ann Arb or ,  Mich . 

Aeroj e t -Gen ·  Corp . 
El Mon·te.. Ca 1 i �.  

-end-

Ins trument Unit 

Gui dance Components for Inst ru­
ment Unit ( Including ST-12 � M  
Stab i lized Plat form) 

Communications and Inst ru­
mentation Support , KSC 

Launch Operations/Complex 
Support , KSC 

Faci l i ties Engineering and 
Modi fi cations , KSC 

Portab le Li fe Support Sy s tem ; 
LM ECS 

Space Suits 

llOA Computer - Sat urn Checkout 

Ope rational Dis pl ay Sys tems 
Saturn 

Dis crete Controls 

Engineering De sign of Mob ile 
Launchers 

Mob i le Laun chers ( ML )  
( Structural Work ) 

�le ctrical Me chani cal Portion 
of MLs 

Transporter 

Mob ile Launche r Service Arms 

Apollo L\mar Surface Expe ri­
ments Package ( ALSEP ) 

Servi ce Propuls ion Sy stem Engine 

NASA·ICSC APtt/70 
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