
NATIONAL AERONAUTICS AND SPACE ADMlNlSTRATlnN W i )  ?-dl I,\ 
WnSHlrclGTON, I3 C. on546 TELS- wr l 1-0*?4 

FOR RELEASE1 IMMEDIATE 
Monday, April 14, 1969 

SATURN MISSOW DOCUMENT 
Univeigih. of Alabama Research / nsi;hb 
H1.h~ of %.nu & TDdinoloay Gmup 

PARTICIPANTS - -- - : 

GEORGE H. HAW, Deputy Apollo Program Directat, 
NASA Headquartera 

CO-I, THUMB M c W I X N ,  Aersistant Miaaion Director 

WILLIAM J. O*M)MELL, Asslatant Public Affaf rs Officer ,  
OMSF, NASA 



0-DOWNJSU: Good afternoon. 

Before we begin with our briefLng, 9[ would like 
to  W e  a couple oi announcements. 

F i r s t ,  there will be prlnted transcripts provided 
of the brief ing.  If you are interw~tad fn receiving one of 
these transcripts, please address a government envelope with 
your own address .  You will flnd the envelopes in the lobby. 

The second announcement in that a briefing on the 
NASA portion of President Nfxon's amended f iscal  1970 Budget 
will be he ld  tomorrow, Tuesday, Apri l  15, at 5:00 p e w , ,  
Eastern Standard Time, at the NASA Headquarters Auditorfum, 
sixth floor, FQB 6 ,  400 Maryland Avenue, Southwest, 

To begin t h f s  af terncron?~ acttvlties we w i l l  have 
the Apollo 10 mission briefing by Mr. George Hage, who is 
t h e  Apollo Mi~sion Director, also Deputy Director of the 
Apollo Program. 

With Mr. Wge is Colonel Tom McMullen, Assistant 
Mfs~ion Director. 

George. 

L a d i e s  and gentlemen, we will pmsent the Apullo 10 
mission briefing today in three parts, 1 will etart it out 
with a discussion of the  mission up t o  t h e  point  of  rendez- 
voun, Colonel  McMullen will discuss the details of  the 
rendezvous, And I will take t h e  mission from that  point on 
back to recovery. 

As Many of you know, Apollo 10 is proceeding well 
towards a launch readiness on May 18. The launch t A m e  
planned llle 1lr49 a e m . ,  Eastern Standard T i m ,  

The flight madiness teat W ~ B  successfully com- 
pleted on echedule last Thursday, Apri l  9.  

We have twa majlor remaining l event~  prior to OUF 

launch readiness status, General Phillips' f l i g h t  readi- 
ness review w i l l  be conducted a t  Kennedy on t h e  22nd of 



this month. The final test, as fn previous mbssions, is 
the countdown demonstration test that is scheduled to start 
on the 27th QP t h i s  month, with completion of the first part 
inmlvlng the flawing of all the cryogenfc pmpellaate on 
the 2nd of Map, foBloued by n crew partictpating part of 
the  countdown demonstration test on the 3rd of May. 

With those intrdu~tory c o m m e l a t ~ ,  1 would l fke  
to have the ibmt s l lde ,  please, 

(Sl ide)  

'fha Apollo 10 is camposed of the configuration 
items shown on the left: 

Saturn launch vehicle SA505. 

Command service d a l e  106, 

The spacecraft lunar moduLe adapte~ No, 13. 

And w e  w f l l ,  be using the Colossus 2 and the 
Lumfnasy program .Ln the  guidance computers of the two space- 
craft, respectively. 

This will be the first launch from h u n c h  Complex 
39-B, 

The crew assignments, Colonel Tom Stafford i s  
t h e  Commander, Commander ,John Young is the & m n d  Module 
Pflot, Commander Gene &man IZn the Lunar m u l e  Pilot, 
The backup crews are listed there, 

Hext slide, please. 

' (Slide) 

The srgaan&zatPonal structure of the f i s s i o n  is, 
as on previous mieelbonm, wPtb s~pgor% from Xaunch operations, 
the  launch dfgect ion being under B, A, Petrone and Ms. &n- 
nef ly. 



APOLLO 
AS-505 

LUNAR MISSION DEVELOPMENT 

F Mission 

Launch Vehicle SA-505 Mission Director G. H. Hage 
Command Module CM-106 Launch Dl rector R k  Petmne 
Sewi ce Module SM-106 Flight Director 6.S. Lunney 
Lunar Module LM- 4 Mission Engineer (MA01 G.P. Chandler Jr. 
SJC-LM Adapter S tA-13  
Onboard Programs Colossus 11; Luminary 1 (Rev.69) 
iaunch Complex LC 39 B 

Commander ( C D R )  
Command rdodule Pi lot CCMPE 
Lunar Module Pilot CLMPS 

CREW ASSlGWENTS 

PRIME - BACKUP SUPPORT 

TJ. Stafford L.G. Cooper J.H, Engle 
J.W. Young D, F. Eisele C.M. ~ u k e  
€.A, Cer nan E. D. M i  tckel l  R.E.' Evans 



MISSION OPERATIONS ORGANIZATION 

Dl RECTOR OF LAUNCH DIRECTOR OF FLIGHT 
OPERATIONS: OPERATIONS:  

R g A a  PETRONE -CmCm KRAFT 

LAUNCH OPERATIONS FLIGHT DIRECTORS: 
MANAGER: 

1 G ,  S 4 LUNNEY 
P * C m DONNELLY 

G I 0 1  GRIFFIN 

MmLr WINDLER 
M , P t  FRANK 

RADMm FmEa BAKUTIS 

RADM. P . S ,  M ~ E ~ A N U S  

MbJ m GENt DM JONES 

PR1ME.RECOVERY SHIP: 



The flight operations are under the direction of 
Chris Kraft at Houston, w i t h  these  four f l i g h t  directors 
(f ndicating) under t h e  direction of Glenn Lunney . 

The DOD recovery forces t h i s  t h e  involve Task 
Force 130 and Task Force 140, with  t h e  prime recovery s h i p  
being the USS Princeton, which is w landing pad helicopter, 

Next s l i d e ,  please. 

(Slide) 

Now, the ground rules and guidelines for thies miss ion  
are summarized here, One of the important ones is t o  lay thks 
mianion out as closely in a time l i n e  sense as the G mission 
or t h e  f irs t  lunar landing nfssion No, 11. 

We have five possibfe launch days across the sf ght- 
day period from t h e  18th through the  25th of May, I t  w i l l  be 
targeted to achPeve most favorable lighting an the prime 
Apallo G landing sites 2, 3, 4 and 5 .  

We progr-d the latter two days in t h e  mission 
with some compromise Ln the lighting to give the additional 
flexibility of going an addi t iona l  two days, t h e  24th and 
25th, in the event that some problem prevents us from going 
on our earlier planned date of the 18th. 

There w i l l  be a daylight launch and landing and re- 
covery. 

TLL -- translunar injection -- will be targeted for 
a free return circumlunar with a low po9nt or perigee w i t h  
the moon of 60 nautical miles and with an earth return par5- 
gee of 28 nautdcal miles. 

We w i l l  use a two-stage lunar orbit in jec t ion  as 
we d5d on Ap~llo 8, 60 by 170 miles on the f irst  orbit, 
circularizing after two orbfts to a 60 by 60 situation, 

Next s l i d e ,  please, 

(Sf Pde) 



F CJ1ISSIO# DESIGI 6ROU:ID' RULES AND 6UIDElI:IES 

E N T I R E  MISSION TO FOLLOW THE G MISSEON TIMELINE A S  CLOSELY 
AS POSSIBLE 

5 POSSIBLE LAUNCH DAYS ACROSS 8 DAY PERIOD WITH 1,3.6,7,8 
TYE SPACING 

+ UUNCH WILL BE TARGETED TO ACHIEVE MOST FAVORABLE LIGHTING 
FOR PRIME G SITES 2,3,4, AND 5 

-1 

I 

s THE IWO ADBlTlONAl  .LAUNCH DAYS PAST THE NORMAL G MNDQW 
ARE TARGETED TO THE LAST G $PIE - ACCEPTING HIGH SUN 
ELEVATl ONS A T  SITE 5 

DAYLIGHT UUNCH AND LANDING 

LUNAR PERIGEE 60N. MI. 

EAkTHfiETURN PERIGEE BN. MI. 

+ TWO STAGE LO1 TWO REVS IN 60 8 Y  170 CIRCULARIZE TO 60 BY 60 
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This chart d e p f c t ~  the changes that occur in launch 
time and the launch window as a function of the f i v e  days, 
the 18th through the 25th, in whlch we are prepared to 
launch. The earliest Launch opportunity, ous f previously 
mentioned, is at T1:49 on the 18th, the last opportunity 
being at 4 :40 in the afternoon on the afternoon of the 25th. 

The spread or eime with these  windows is a function 
of the azfmuthal eonstmtnts launching out of Cape Kennedy. 

The landfng sites, as 1 previously indicated, that 
go with each of t h e s e  launch opportunbtfes are shown here, 
alla t h i s  will be the expected lighting angle between the  s u n  
and the local hotfaontal at each of those  landjng sites when 
the spacecraft -- when t h e  -- arrives in its %ow orbit 
pass 50,000 fee t  over the landing site selected for that 
mission, 

A s  you note, on the Past opportunity we ham been 
willing t o  accept a s l ight  degradation or higher l i g h t i n g  
ztngle in order to have the  f l e x i b i l i t y  of going on that day. 

Next s l i d e ,  please.  

{S l ide)  

Thks chart here 1 think in a schematic way d e p i c t s  
the generic elements of t h e  mission. And we have launch 
from ETR going into orbit with the opportunity for an S-IVB 
TLI burn -- I'm havfng a l ittle trouble w i t h  this pointer -- 
right there either on the second or t h i r d  orbit .  

The fundamental dbfferencss that I wanted to high- 
ldght fn showing the key events of the miss3on, aa racked 
up here, are that the niosbon fs s l i g h t l y  more than e i g h t  
days in duration,  assuming launch on the f Arst opportunity 
st 11:49. One other point is that from the time of undocking 
on the fourth day until we bring t h e  spacecraft back together 
is about e i g h t  hours and ten minutes, T h i s  compares with an 
undocked period of about ~ i x  hours on the Apollo 9 mission,  

Next s l i d e ,  please,  



L A U N C H  WINDOW SUMMARY 
PACIF IC INJECTION 

LAUNCH TIME - EASTERN STANDARD IclLS - LUNAR 
LANDING SITE  



PRELIMINARY MUNCH W N D O W  SUMMARY, JULY 16 - JULY 22, 
PACIFIC INJECTION 

9 I1 13 15 17 19 21 

Launch lime - hours ham midnight, e .  s . C. 



MISSION 'SUMMARY MAY 18, 72" 1 . 

lEl 105: 18:26 

TOUCHDOWN 08:00:08 
Y h 



MISSION SUMMARY MAY 18, 72" - 1 
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Now, after the translunar InJection burn, t h e  
spacecraft prepare for transposition and docking, The 
first event that occurs i s  the command module i n i t i a t e s  
t h e  deployment of the spacecraft LM vehicle panels which 
are blown away pyrotechnically, The command module proceeds 
away from the S- f VB, does a 180-degree maneuver, comes back 
in, docks with  the lunar module, and then the two of them 
back away from the S-IVB, 

N e x t  chart, please.  

(Sl ide)  

This l a  then a configuration of the t w o  spacecraft 
in t h e  dock configuration throughout the translunar phase of 
t h e  mission. 

Next slide, plema. 

Now, after t h e  two spacearaft have stuccessfully 
accomplished the transposition and docking and have separated 
an acceptable d i s t a n c e  away from the S- JVB, the S-IVB will 
be passivated and put i n t o  a slingshot maneuver which fn ef- 
fect causes it to traverse a trajectory as shown here, wherein 
t h e  gravity f i e l d  of the moon is uned to force that v e h i c l e  
into a permanent aalar orbit, 

Next ~ l i d e ,  please. 

(Slide) 

The t h e  variation that we antSclpate as a function 
of launch day and the time in the window when we launch, 
t h i s  being t h e  beginning on a particular day and this the 
end ( ind ica t ing ) ,  varies from a minimum of 75.2 hours to 
69,3 hours on the last day of t h e  wf ndow. 

That difference is largely a result of the fac t  
that the moon's orbit around the earth is not circular but 
elliptical, and therefore the distance is a variable depend- 
Lng on the day of t h e  month that we launch. 
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Next s l i d e ,  please, 

( S l i d e )  

One intsreisting chart that 1 thought we would show 
today is a p l o t  of the velocity of the two spacecraft after 
the translunar inject ion burn as it decreames, as we move 
away from the earth, until finally we reach t h e  point where 
the moon's gravitational influence actually starts to speed 
the combfnation back up again prior ta the time that we do 
t h e  l u n a ~  orbit injection burn, 

As you can Bee, that range of speed variea from 
about 25,000 miles per hour at  the time we leave the earth 
to a low of something in t h e  order of something less than 
500 m i l e s  per hour, and then f i n a l l y  back up to something 
like 8,000 miles per hour at time of Injection. 

This mission profile is planned,  as^ was Apollo 8 ,  
with four midcourse corrections going out,  three coming back, 
And I mentioned previously that we w i l l  use t h e  two-step 
in jec t ion  into the final circular orbit around the moon. 

Our expected time of duration in lunar orbit i n  
slightly more than 61 hours. 

Next s l i d e ,  please.  

(S l ide)  

I have already covered the  two-stage lunar orbit 
insertion discussion, Both of the burns involved are fixed 
attitude burns, in that the vehicle is Lined up with a par- 
t i  cular orientation to f nertial space, and then burned until 
the  required velocity As attained, 

After the final midcourse maneuver as the spocecraf t 
is coming in towards the moon, t h e  vehscfe is rotated as shown 
here in a d i r e c t i o n  such that when the insert5on burn is made 
the service propulsion engine causes a retrograde or slowing 
down of t h e  vehicle  to glace it in t h i s  orbit, 

Again on the side away from the earth the circular- 
izing maneuver is made to f i n d  the place to get to t h e  60 
nautical mile orbit. 

Next s l i d e ,  please. 
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(Slide) 

Now, in order to acquaint you a l l  with some of the 
acronyms that we use quite broadly on the program, I have 
listed some of the key ones in the next nffde, Let  me take 
just a moment here to go through them b r i e f l y  t o  g i v e  you 
P chance t o  mad them. 

I think most of you are familiar with MSFM, t h e  
Manned Spaceflight Network. 

L W  .Paeans we have lost'canmnfcation w i t h  t h e  spat+ 
craft because i t  bas gone behind the moon, 

~a is when we acquire it again. 

DPS 'is deercent propulsion system of the lunar module, 

APS Is the a scent  propulsfon system of t h e  lunar 
module, 

DOX In the descent orbit insertion that t h e  lunar 
module makes An Ats move down towards the 50,000-foot alt i tude.  

CSI I s  one of t h e  rendezvous maneuvers called con- 
centrPc aequenca i n i t i a t i o n ,  which Colonel McMullen wi 11 d i s -  
cuss in more deta i l ,  as will he discuss CIIH: or constant 
d i f  Psrential height  maneuvers, 

TPE fs approaching t h e  ffnal phase of t h e  rendezvous, 
the  ~o-called terminal phase i n i t f  ation. 

PC here is used as plane change, since there i~ al- 
ways some small remidual plane charige required to brfng  the 
two spacecraft back together in the same iner t ia l  plane. 

Next slide, please, 

Now, t h i s  chart emphasfees two paints, We have worked 
very bard on the F mission to m a k e  the time line from the time 
the spacecraft go into the first lunar orbit untfl they come 
back out on t h e i r  way home amr close as we can to the lunar 
landing G missfon. And, as you will see, the f irat 30-some 
hours of these  two missions are planned t o  be i d e n t i c a l .  



KEY 

MSFN - MANNED SPACEFLIGHT NETWORK 

LOS -LOSS OF MSFN SIGNAL 

AOS -ACQUlSIT1ON OF MSFN, SIGNAl 

QFS - DESCENT PROPULSE CYM SYSTEM 

APS - ASCENT PROPULS 1 ON SYSTEM 

DOI - DESCENT ORB1 T INSERT1 ON 

CS1 -CONCENTRlC SEQUENCE INITIATION 

CDH - CONSTANT D t FFERENTl AL HEI GHT 

TPI -TERMINAL PHASE INlTIATION 

PC - PLANE CHANGE 
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1 would also point out that we have arranged this 
mission such that the rendezvous for the two miasions are 
as cl08e to  i d e n t i c a l  as we can maha them. 

The ones unique feature in the F mission is that we 
have a p h a ~ i n g  burn earlier and special only tothe F mission 
which earlier in the funnr o r b i t  t i m e  line sets up conditions 
so that r rendezvous can be conducted here rather than here 
(ind2eating) in the time line under the same conditions of 
lighting and other parameters relat ive  t o  that orbital geo- 
m e t r y  exercise. 

In the cars of the G mfsnion, of course, lrpe have 
t h i s  block of time set out for the descent ,  the lunar surface 
a c t i v i t f e s ,  and return back t o  lunar orbit, 

Re haw transposed that w i t h  this block of time on 
the F miesion (indicating) and w i l l  use this 50 provide addi- 
tional photography and landmark txack5ng of certain selected 
key landmarks on t h e  lunar surface, 

One other point. 1 apologize for an error on this 
chart. We should have started our time bar here at Wf-1 
Instead of the  last midcoume maneuver, and then t h a t  pZus 
the fact that w e  left out a little block of time here (fndi- 
eating)-- It turns out that the time in orbft f r o m  LO1 until 
TEI is' actually a little over 61 hours, So there i s  an error 
in that time scale. 

With those  comment^, I would like t o  ask Tom McMullen 
to lead you through t h e  steps in the rendezvous maneuvers, 

HcMULXIEN: Thank you, George. 

Can we go to the next slide, pleme, 

Aa I go through the discussion here, I would like 
t o  emphasize the point that Mr, Hage has already m a d e  -- t h e  
great d e a l  of effort that has gone into making t h e  maneuvers 
at lunar distance during this mission similar t o  those w e  
w i l l  actually be performing on lunar landing miss ion  next time. 



L e t  me explain a l i t t l e  bit t h e  s l i d e  before we 
also get into dfscussing maneuvers themselves, 

You can see we  have t w o  plots of the spacecraft, 
this one down here Bnd t h i s  one up here. The one on the r i g h t -  
hand s i d e  is what you would see if you were standing off  some- 
where in space and looking a r t  the moon w i t h  t h e  two spacecraft 
going around, So you can imagine yourself somewhere out in 
space, say on t h e  earth, with good eyes, and have ability to 
see this amount of detail. 

The scale, of course, is not quite true, in that t h e  
orbits are shown qufte a b i t  higher or larger wi th  respect to 
the size of the moon, 

We have the maon d iv ided  in tb  df i ferent  colors here. 
The ~olid s h m a  when both t h e  spacecraft and t h e  lunar surface 
are in darkness. The next two pke-shaped areas show when the 
spacecraft is illuminated by the sun ?mt the surface atill is 
dark. And, of course, on the upper right-hand s i d e ,  both 
the spacecmf t and the  lunar surf ace are f 1 luminated, 

Over on the lower left hem we have a plot which 
shows the relative motion of the two vehic les  t o  each other, 
and on t h i s  one you can imagine that you are s i t t i n g  an top 
of the  command and service module and watching t h e  LlYl maneuver 
about you, 

Okay. So now I think we are ready t o  go ahead and 
discuss  the f irs t  maneuver, and it is the separation maneuver. 
It 5s qufte similar to the separation maneuver we m a d e  on 
the Apollo 9 missSon just completed, I t  consists of w small 
radial burn by the command and service module usfng the service 
reaction control system, This is two-and-a-half feet per  
second. And it gives the command and service module a small 
increment of downward ve locl ty ,  

Thfa does not change the period of the  command and 
service module, so the lunar module and command and service 
module are still going around the moon and will complete one 
orbit in the same length of t i m e .  However, it does provide 
n maximum of about 1.8 nautical miles between the two and 
a b u t  a half a m i l e  in height.  

bad here w e  see that  although the burn is made by . 

the command and service module, it would appear to the command 
and service module as though the lunar module were goPng up 
and behind it, 
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And after this small burn, the two vehicles  w i l l  
separate, and as the lunar module d r i f t s  up and behind the  
command and service module, certain checks w i f  1 be made to 
be sure w e  want to proceed. 

And if we decide not to proceed, we Just without 
any further burns ccontf nue on around thiL maneuver line here 
u n t i l  the two are back together, and a very emall burn, and 
they would again be back in t h e  same orbit. 

However, if the systems look good, the rendezvous 
appears to be working satisfactorily, at this point then we 
will perform our descent orbit insertion burn. 

Next ~ l i d e ,  please.  

The descent orbit insertion burn is a maneuver that 
is performed by the lunar module descent propulsion system. 
It starts up with the racket engine thrott ldd up to 10 per 
cent for about 15 seconds, and then t h e  throttle i~ advanced 
to 40 per cent for the remainder of the burn, which is about 
another 11 seconds. 

A t  the end of t h i s  burn, the  two vehicles w i l l  be 
in the orbits as s h m  hers with the lunar module descending 
downward closer to the lunar surf ace and the command and 
service module continufng on around t h i s  fairly cf.xcular 
orbit. 

One of the other po5nts I should have mentioned 
is we show on these charts the point at which the Manned 
Spaceflight Network will acquire and lose s i g h t  of the Lunar 
m o d u l e  as it goes behind the  moon. 

Also, on the relative motion plot here now, we see 
the separation burn is thia small d o t t e d  l ine r ight  here to 
a d i f f e r e n t  scale than we saw prerviouslg. And then w e  also 
see the descant orbit -- the  re su l t s  of the descent orbit 
inaertion -- as the lunar module n w  moves down, passes 
directly underneath the command and service module by about 
20 nautical milesw difference, and then proceeds on down 
w h e r e  it reaches a distance of 52 nautical m a l e a  b e h w  the 
command and service module. 
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Qkay. In the course sf the burn It 5s hoped to 
bring the  lunar module down $0 a point t h a t  1s 50,000 feet 
or about e i g h t  nautical m i l e s  above %he landing site, 

Okay, Next chart, please. 

Here we have a picture,  a serPes of pictures, of 
t h e  lunar module as it passes over the lunar surface. And 
proceeding from left t a  right. as we start out, we see t h a t  
the lunar module fa moving with the engine s i d e  facing forward 
and t h e  astronauts looking down towards t h e  lunar surface. And 
about minus 600 seconds they will yaw the vehic le  around so 
they look out of the front of t h e  vehicle facing up. And this 
is t o  permit several t h i n g s ,  one t o  be aimilar to the way it 
is going to be handled on the lunar landing mission, but 
primarily to permit us to init iate a Handing radar checkout. 

As you know, this is one system that we haven't. 
really had a good check on to date on a spacecraft f l f  ght 
test, And this checkout will begin with the vehicle in this 
attitude, and as we get down to the minus 400 seconds or 
pericynthion, or the closest point of passage to t h e  lunar 
surface, the vehicle will pLtch around to where its vertfcal 
axis is 10 degrees inclined from the local vertical, and 
at this time we should be gett ing a lock on from all Pour 
trackem of the landing radar, 

The landing radar tests will continue as the vehicle 
continues and makes another small attitude change here, 
p i t c h  down 10 degrees, so this vertical ax%s is now aligned 
with  the local vertical. 

As they pass on amurtd, they will also pass a po in t  
when3 the astronauts' l i n e  of s i g h t  to the landing site is 
parallel to the rays of the sun as it canes In,  so they will 
have some opportunity to measure the surface washout. 

And then as they pass on over t h e  landing site, 
they will pitch the vehicle over so they will be looking 
vertically down and have s chance to get some good both optit 
cal and photographic tracks of the landing s i te .  
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0 The next maneuver t h j  will be making r3ll 
be the  phasdng b u n  which Mr. Hage  mentioned a moment ago, 

Can we go to the  next cfiart, please? 

(Sl ide)  

As he anent$oned, the pxposecsf the phasing burn 
is t h e  point that w e  initkate the phasing burn-- I'm sorry. 
A l ittle b f t  before w e  would have done $his phasing burn 
we would haw started the pcme~ descent on the lunar landing, 
In this case, however, we just f l y  over the landing site, 
and we get 20 this pobt, and we periarma a phasing burn 
which Is to get usr back i n t o  position-with respect to the 
command and ss-ce module to perfom rendezvous identical 
with what we w i 1 1  be doing on the lunar landing mission, 

So the phasing burn is again performed w i t h  the 
descent propulsion system. 1% is a porslgrsrde maneuver to 
increase velocity, hence Ancrease the aposynthion distance 
specifically with  the po%nt ip mind of increasing the period 
of the orbit so that the id¶ which is now fn front of and 
below the CSM can wind up in a position behind and b l m  t h e  
CSY. 

I 

We see that  the descent propulsion system is again 
t h r o t t l e d  to 10 per cent, this t iae  for about 26 seconds, 
and then the throttle is advanced t o  the  fixed throttle 
which is about 92,5 per cent thrust for the remainder of 
the burn, whicb is about another 15 seconds. 

The agocynthion distance or height I s  194 nautical 
mkles above the lunar surface, Andl then as the vehicle 
coasts back d m ,  St w 2 l l  f i n d  itself behind the command 
and service m o d u l e  at t h i s  point. The lunar module will. 
be staged such that t h e  dsscent's%age wdll be cast off and 
will wind up ~ 5 t h  the ascent stage, and, of course, the 
ascent propulsion system rancovered for our next burn, 

(Slide) 

The next burn is n-vbat similar ta w h a t  we 
w i l l  be doing on the lanay Isadgng mission, H o w e v e r ,  in 
this erase we m e ,  0% course, in orbi t  already, as opposed 
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t o  lifting off the lunar nurface, and we have or problem 
of subtracting out velocity as opposed to we will be 
adding at this point on the lunar landing, 

We will need to subtract off some of t h e  veloclty 
that  we added previously in order t o  have our apolune or 
apocpnthion height of 45 nautical miles. So this is the 
polnt w e  are talking about up here 45 nautical m i l e s  above 
t h e  lunar surface, 

As a brief recap over here on the  relative motion 
plo t ,  you can see the phasing maneuver took place way up, 
and we pass behind as we pass through the . , . distance 
above the CSM and drop behind and again b e l o w ,  so we are 
at t h i e  po int  here where again we are ready to subtract 
out nome veloclty and move ourselves up to a p o i n t  15 nauti- 
cal  miles below the command and service m d u l e  circular orbit. 

T h i s  burn will be perfomned by the ascent propulsion 
system which i s  an unthrottleable engine, 213 foot per second 
~ubtrac t ion  of velocity. 

May we have the next s l i d e ,  please. 

(Slide) 

The next  maneuver is, t h e  concentric sequence i n i t i -  
ation, and, a9 pointed out earlier, it occurs at a helght  
above the lunar surface of 45 nautical m i l e s ,  so w e  are 
now 15 m i l e s  below t h e  command and service module orbit. 
And t h i s  is an addition of velocity so as to raise t h e  
apocynthion from* its 50,000 feet original distance up to 
again 45 nautical m i l e s  so we are now in circular orbit 
below the command and service module. 

Thin is done by the lunar module RCS, and it 1s a 
nmall burn, about 50 feet pes second. 

Okay. The next burn that we w i l l  discuss-- I 
guess I should point out over here on this relative motion 
p l o t  that now t h i s  circular orbit will appear as a straight 
line as we maintaln our 15 nautical mile distance b e l o w  
t h e  CSM. 
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As you all HEamow, there m q  be some requireareat 
for a pl- change, andl the  only time you can change from 
one $1- to another is when you are passing through the  
point along the  l i n e  at which throase two pla- coincide. 
So in order to force that point to occur do= here at our 
comtrtnt differentPa'L height maneuver, we make a s m a l l  
plane change here if required, and nominally it w5ll be 
zero, but, at any rate, %t could be some some value, to force 
the  plane that  the lunar W u l e  is %n to cross the plane of 
the  command and service saodule at tMs point, 

y We can go to the next slAde, 

(Slide) 

W e  will discuss  the constant d i f f eren t ia l  height 
bum, And this is nominally about s i x  feet per second and 
again performed by the lunar module reaction control system. 
And this can provide any plane change %sin required to 
ens- that the final. rendezvous maneuvers are co-planer -- 
that is, the two vehicles are in the same plane -- and also 
for any height adjustment required, 

And again w e  are back over hem on the relative 
arot2on plot w i t h  an expanded scale, and you can see how as 
m press on around the trajectory course, tbe terminal phase 
in i t ia te  point, that we are a constant height below the 
orbit of the. C S M ,  

Okay. Then we can see on thfs s l i d e  and as w e .  
get around to t h i s  point we are about-- Oplr elevation angle 
Pram the  lunar module up to the command and se~vice module 
is about 26 degrees, We will prform a burn essentkally 
along that l i n e  of sight. A n d  tbas will raise the height 
of thg lunar madule's orbit around the  lunar surf- to 60 
m i l e s ,  which will let us coincide d t h  the orbit of the 
command and service module. 

A d ,  of c m e ,  wfng on-board systems, any eorrec- 
tions that  are reqedredl -18 be m a d e  at these  midcaume 
correction poiits as the mndmv01~1 p m s s e s ,  

And then the first 6% the serfgs of three braking 
maneuvers a l m t  sfmultanmusly afll be p e r f o w  at this 
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point for tatal d e l t a  V used during the braking process of 
30 t o  32 feet per second, and again k t  w i l l  be performed 
usAng the lunar module reaction control system, 

So we have the lunar mudule being the active space- 
craft during the rendezvous. 

Of aourse, the purpose of the brak5ng maneuver is 
to  circularize the lunar moduleps orbit in exactly tire same 
orbit m the command and service module, 

And then at  t h i e  point we will go ahead and dock 
the tmo vehicles, this time I believe wing the command and 
service M u l e  aa the active apacecrsrft. 

Okay. Then, at that polnt ,  we will go ahead and 
transfer the crew back from the  lunar module into the command 
and servkce mnsdule, 

Can we go t o  the next chart, please, 

(Slide) 

And here w e  see the LM being  jettisoned after the 
c r e w  has transferred back. And this 90 E i~ about 90 degrees 
east Jongitude on the lunar surface. 

And then aa the  two vehicles come around, the command 
and sewice module will m&e a amall burn to separate the two, 
about two feet pez- second, and it is about 45 degrees off 
from the lunar module. 

As we  pass on around on the zero degmes longitude, 
which is, of course-- The earth 1s direct ly  down this dls- 
tance. The ascent  propulsion nystem will again be lit to 
perform rm APS burn t o  depletion, 

Thin is performed on the abort guidance system, 
All the other maneuverg we have Been have been performed 
on the primary aviation guidance system on the LM, 

On this 6n0, in order t o  get the check on t h e  
actual switchfng. . . We are adding approximately 3,800 feet 
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per second t o  the ascent stage, and P t  will pass on out of 
the lunar sphere of f nf luence and go in to  an orbit about t h e  
sun, no longer entering into our problem. 

That's a b u t  all I have to say on the  a s c e n t  
maneuvers. Mr. Aage will be back to brief you on the  rest 
of the mission, 

MGE: A t  this point Colonel McMullen has brought 
us up through the busy five days that  we had on Apollo 9. 
Subsequent to completing the rendezvous and the  ascent burn 
and the LM ascent stage unmanned, the crew will spend several 
orbits doing landmark s ight ing .  L e t  me descr5be what that  is. 

N e x t  slide, please. 

One of the niost precise ways that we have of loeat- 
ing not only in latitude and longitude but elevation specific 
landmarks such as a l i p  of a crater or a small protuberance 
on the surface of the moon is to view that landmark with the 
optical tracking system aboard the command module and at dfs -  
creta points  along the orbit about every 15 degrees or so 
record into the computer the precise angles that the optical 
system had t o  be set at in order to view that landmark r ight  
in the crons-haim of the telescope. 

With that angular information and the Manned Space- 
f l ight  Network tracking information of what the o r b i t  of 
t h e  command and service module was during that specAf5c pass 
over a landmark, k t  is fairly straightfornard by conventional 
surveying trigonometry to precisely solve  for the altitude 
and the latitude and longitude of t h a t  specjfic landmark. 

As I mentioned, the crew will spend several orbtts 
conducting those kind of exercltses, camplemented by addi- 
t ional  photography. 

Next s l ide ,  please.  

(Slide) 





Now, the transearth injection is very simflar t o  
that that we had on Apallo 8 ,  Our time in orbit is about 
double what we had on A p o Z l o  8. We are targetfng fox the 
same general landing area 165 degrees went longitude, whkch 
is an area west and south of Hawaii. 

We are not attempting t o  control the latitude as 
we did  not on previous flights, 

Our nomnal entry angle is as shown, and I will dis- 
cuss that in a little m o r e  detail, 

We will use whatever residual propulsive capacity 
we have in the aervAce module t o  reduce the return time 
from t h e  moon. 

And all of the transearth knject ion burns and the 
midcourse burns will be done with a fixed attitude of the 
command service module. 

Next slide, please. 

M o w ,  this is the configuration which you are a l l  
familiar with of t h e  vehicle  coming home from the m w n ,  antenna 
deployed as shown, 

I thought I would comment just briefly here on a 
diagram that I think g&ves you a pretty mod representation 
of what happens if you don't have capability of making mid- 
course corrections. 

Each and any one of these propulsion burns wind 
up w i t h  some reb5dual errors t o  that that waa specifically 
planned, If one permits those errors t o  propagate without 
correction, then we f ind that w e  have a diverging cone on 
that trajectory, 50 we set certain mission rules to permit 
that  to grow within acceptable limits, and then w e  make a mid- 
course correction and bring t h e  vehicle back on trajectory 
and track it and watch for evidence of errors i n  t h a t  mid- 
course correction, untf l finally we f i n d  the  vah&cle on an 
acceptable path l ead ing  to t h e  final separation of the 
command module and entering knto the narrow entry corridor. 
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You may remember on ApoLlo 8 the transearth injection 
burn was so precise that w e  could have, ff  we had elected to ,  
essentially let the vehicle come home without any further 
maneuvers, We did d e c i d e  to make a small t r i m  burn nbont half- 
way home. 

Next chart, please, 

Thfs  chart %I-s you some feel for the variatfon 
in total mission time in hours, where 192 here represents 
e i g h t  calendar days, And, as you can see, it is a l i t t l e  
over e%ght calendar days if we launch right at the beginning 
of the first launch window on the 18th. 

The time of t h e  mission can vary f r o m  this limit 
of 187 hours up to this lAm5t whfch is something in excess 
of 197 houra, or, fa other words, a poss ib le  variation of as 
much as ten hours depending on whfch day and which part of 
t h e  launch window w e  get on. 

Next s l i d e ,  pleaae. 

The entry is typical of that that w e  demonstrated 
on Apollo 8 ,  We have capability for a very large reentry 
maneuver footprint, 1,200 to 2,500 nautical miles. We wPll 
nominally target for 1,350, 

T h i s  tends to enhance our abf lity to make a good 
reentry in t h e  event that we have to use one of the  backup 
control modes or guidance mode. 

We wiT1 allow for weather avoidance in the recovery 
area by targeting for a change i n  the vehicle trajectory 
about one day prior to reentry if the weather in t h e  recovery 
area looks l i k e  it is beyond acceptable l i m i t s ,  

Next s l i d e ,  please, 

A l itt le b i t  more about the reentry corridor. l t q s  
nominally six-and-a-half degrees f l i g h t  path angle t o  the  
local horizontal of t h e  atmosphere at the  po in t  that  you 
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f irst  enter into  sens ib le  atmosphere, t h i s  six-and-a-half 
degrees p lus  or mf nus appsoxfmstely one degree at the 
velocities that we ell be returning from the muon, roughly 
36,000 feet per second, 

The limits of that entry corridor I think ham been 
dtscunsed before, but vary br ie f ly  ff we came in too shallow 
we f i n d  a situatbon where the spacecraft would skip back 
out of the atmosphere, and this is an unacceptable colld%tion 
because you would rind up w i t h  the vehicle going i n to  an orbit 
that would exceed the duration of the expendables aboard the 
command module. 

The lower limit %e one where you start to experience 
acceleratfona that are beyond the capability 0% the  machinery 
and the c r e w  if you come $a too steeply, 

There are a couple of other limits that have to do 
with the thermal capability ai t h e  heat shield. T h i s  long 
represents t h e  total heat that the s h i e l d  must dissipate in 
coming down through the atmosphere. This  l i t t l e  one here is 
a heat rate limit. In other w~sdls, there i s  a limit to t h e  
total heat ,  and there is a limit $0 how mch heat you can 
absorb in any given small increment of time. 

Th5s is the plot of the reentry pso%ile showing 
al t i tude  in thousands 0% feet here versus range to go here 
in nautical miles. T h i s  58  nominally c a l l a d  a constant g 
reentry, StastAng at 400,008 feet these l ines (indicatf ng) 
represent approximately 30 seconds -- 30 seconds between 
these lines, 

There are two peaks in this reentry trajectory, 
t h e  peaks in t h e  g load an the spacecraft, one in t h i s  region 
that gets up to about 6,3 pulse g and one a% t h i s  point that 
gets up just s h o r t  of 6 g, 

The vehicle then comes on down and we get drogue and 
main chute deployment with  touchdown of a l i t t l e  over 14 
minutes after &re genetrate the sensible  atmosphere, 
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Next slide, please. 

( S l f d e )  

As I mntioned earlier, the nominal splashdown 
longitude 2s 165 degrees west longitude, just a l 5 t t l e  b i t  
west of Hawaii and south, Further aouth on the 18th. Closer 
to Hawaif on the 20tb, 

And then to make sure we avoided the i s l a n d  group 
here  around Hawaii, we mowed over to 175 degrees west long%- 
tude on t h e  23rd, 24th, and 25th. 

Next s l i d e ,  pleasa.  

I would Like to t a l k  gust briefly about some of 
the Launch abort capability t h a t  w e  have in the system. 
It has been in the mfssfon rules from the beginning of the 
program, We basically have four modes of abort during tho 
launch phase, l i s t e d  I through EV as shown here. 

Their bssfc dif ferences  are: 

Mode I abort uses launch escape tower, 

Mode 11 abort merely allows the command service 
module to use a little RCS thrust t o  get away from the launch 
vehicle and then I t  goes on and coasts, separates, and re- 
enters at a suborbital velocity using the normal chute 
recovery. 

Mode 1x1 a b r t  As the higher velocity one which 
requires that we burn t h e  SPS system in a retrograde way 
to s l o w  the vehicle  down for reentry. 

Finally, Mode IV is an abort mode where we use 
the capwbility of the 5-IfbB as ehown here staging off 
the S-11 earlier in the event we have a problem to carry 
the vehicle an up into o r b i t .  

The capability starts at about a little short of 
six minutes into the launch phase. 
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We also have capability f f  we have problems at 
t h i s  period of time to use the service propulsion system 
in an accsleratltng way t o  carry the  vehicle on up into 
orbf t . 

The conclusion that we have come t o  in that when 
one gets up 5nto these higher velocity portions of the 
launch phase, the  s s f e ~ t  type of abort 5s one into orbit, 
where you can take some t i m e  to sort out the problem and 
then perform the normal reentry, 

Next s l i d e ,  please.  

(slide) 

T h i s  damion, like a l l  previous nf asf on%, has f n- 
valved mt number of alternate misston classes that we are 
prepared to f l y  in the event of difficulty, There are four 
generic oms on this mission. 

% 

Like the 9 mission, we could be l imited  t o  a l o w  
earth orbit m9ssion. 

We might find ourselms with a translunar injec t ion  
burn on the part of t h e  S-ZVB that either leaves us in a 
semi-synchronous earth orbit, which is very high apogee orbft, 
or one that is capable of taking cArcumlunar when we use 
the  surface propulsion engine to put t h e  l i t t l e  bit of extra 
energy required to get us out to the moon. 

If that kind of an anomaly occurred, we may not be 
In ponftion to go into lunar orbft. 

Obv%ously, the ultimate situation I s  lunar orbit 
option. 

The analysis techniques that  are employed in de- 
veloping the rules by which tho  flight directors select which 
option t o  go fnto in the event of trouble are shown on the 
next slide, and this slide is a =presentative example of 
a logic dAagram where we just took this one case where we 
completed t h e  translunar inject ion burn and the  next event 
is the LM extraction, and obviously the two options you have 
there are either, "Yea, we are able to," or ''No." 
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If t h e  answer is '#yesw and we are able to complete 
t h e  lunar module extraction, we follm t h i s  path. 

If "no," w& go down another path whAch has a 
similar structure to it, 

Each on& of t h e s e  paths leads t o  a set of mi~s ioa  
rules that lead to an alternate mission, 

For example, if at the tfrne of TLI we found that 
the bum w a s  short and would result in a maximum altitude 
around the earth of around 13,000 mAlas, we would modify 
that orbit and come down to a CSWUS loaf earth orbital rendez- 
vous mission very similar to what we d i d  on Apollo 9. 

If the  bum was greater than that  required t o  get 
to 13,000 miles apogee, we would go on into t h i s  decision 
block (Lndicating) which looks at the capability of that 
TLf burn and could leave us either with the option to go 
i n t o  a lunar mission or go down into a mission which is a 
very high earth orbital m i s s i o n  that would not permit us to 
modify it back d m  to low orbital mission because of t h e  
limited d e l t a  V propellants aboaml the service module. 

Now, there f~ a whole family of these decis ion 
blocks that  are u s e d ' i n  developing She pyramid of alternate 
missions that fall below t h e s e  three genetic categories, 

Next slide, please. 

(Slide) 

I would like t o  ta lk  just for a moment here about 
the  Apollo 10 TY operational plans, I don't propose to go 
through and read t h i s  chart. 

J u t  before coming down to the  briefing, f w a s  
advised that the latest planning calls for a total of 11 
di f ferent  crew operations involving W ,  They are scattered 
throughout t h e  mission, and most of them are about 15 minutes 
in duration, 

As you ~ 5 1 1  note here* it is our i n t e n t  to fly an 
experiment involving color TV if we can develop it and get 
it prepared t o  f l y  in time to support this mission. 
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I3 we are able t o  -- and my guess is that are have 
about a 50-50 chance of making f t  -- we wuuld do most of 
t h e  p5cture~ with color W rather than black and white, 

Thfe gives you a short rundown on the perids 
during the mission when we would be doing various k inds  of 
television coverage, That list is typical.  There are 
actually now planned, as % said esrlfer, 13 d i f f e r e n t  TV 
periods of a b u t  15 minutest duration. 

Next slide, please. 

En addition to the colbr 1PV, we would be carrying 
t h e  standard complement of Hasselbkad still cameras and t h e  
Mauer 16 mm, movie cameras, bath in the lunar and command 
modules. 

These cameras w i l l  be used in consonance w i t h  the 
photographic flight plan that has been developed wi th  the 
crew to cover these critical phases of the mission. 

Next s l i d e ,  please. 

(Sl ide)  

Now,  in surmpary, 1 believe this one chart gives 
us on earth the best birdseye view of what is going to take 
place as s function of time from launch to insert ion into 
lunar orbit through the various descent and rendezvous 
maneuvers of the two vehic les  until finally t h e  command and 
service module burns out 0% orbit and heads back for hme. 

This is a very close representation of the geometry 
in an angular sense, in that  the moon will be travelling 
about through this kind of an orbit during the period of 
time t h a t  the two spacecraf $ are in the v i c i n i t y  of the 
moon. 

I think tha t  with those (3ommente an the m i s s i o n  
that we plan to f l y ,  k would like to open the seasion to 
questians. But before I do, I would like to paint out that 
I have a m o d e  ahich was prepared by MSCPg Flight Planning 
Division which is an excellent movie an describing the 
geometry of launch windows and why they are the way they 
are, 



1 thfnk it has been shown before poss ib ly  prior 
to the Apollo 8 miss%on, but if there are enough of you 
who are interested in seeing it, X think you might f ind  it 
very good in clarifying some of these constraints that we 
have ta live with in f l y i n g  t h e s e  missions that are a result 
of nature. 

OIDONNE;U: We will take a few questions from here, 
then go to Houston, and then return here. 

QUESTION: 011 the launch phase, have. there been 
any unmanned launches from 39-B, or fs this the first time 
that  pad will be used? 

HAGE: 3 9 4  hros not haAi any previous launches 
off of it. T h i s  w i l l  be the first launch off of that pad, 

The original planning for t h e  Apallo facilities 
at Remedy fncluded two launch pads, and t h e  phil~sophy be- 
hind this is I think a very obvious one, in that we found 
over the years that one Launch pad 5~ the wrong number in 
the event that  the program had the misfortune to be faced 
with a catastrophfc failure on the pad, Then there would 
be a very long delay in bringing one pad back up to an 
activated status. 

I 

So we have alway~ planned to have t w o  pads to sup- 
port the actual lunar landing missfon attempt. 

OtDOM3LL: Over here. 

QUBSTION: I understand there is a reason why this 
lunar module 4 could not land on the  moon even if it -8 

desired to do so. Would you explain that reason, Mr. Mage? 

HE. HA-: The lunar module being flown on this 
f l i g h t ,  LM 4, has s couple of deficiencies in its equipment 
that are partly w result of deciding that we w e r e  going to 
configure LM 5 and subsequent for the landing attempt and 
part ly  because we had planned to f l y  an F mission for some 
months and test the landing radar. 

Now* let me expand on that a little b i t ,  The 
landing radar on 4 has been augmented in such a way that 
w e  will be able t o  verbfy  its operation flying through that  



1- par% of the orbit, about 50,000 feet as Colonel McBdulLen 
mentioned, and get s long track wish a landing radar of about 
880 seconds, Normally, the  Banding radar that would be used 
om a landing d s s i o n  does no$ %Q& up in a sense on the sur- 
face of the moon until the vehicle gets d m  to something 
like 30,000 feet, 

So t h l s  landhg radar has been augaaented to provide 
us w i t h  a good vaiidation of the  landing radar before we 
actually commit to a land&= mission on the G mission, 

One other change, which is one that  w e  have control 
over. We have off-loaded roughly half the propellants in the  
ascent stage of the lunar module in order to m o r e  nearly 
repxaent the inertias and weights of the ascent stage during 
the rendezvous phase of the  mission. 

1 am sure you can understand that the lunar modulo 
ascent stage ks abut half propellant and about half equip- 
ment. And when you take off from the moon the  vehicle  weighs 
approx5mately 10,000 pounds, and by the time you reach orbit 
and are ready to dock, it*s almost down to 5,000 pounds. 
T h i s  is a very large change in weight and inertia, and w e  
have off-loaded this vehicle to more nearly match t h e  dynamic 
conditions of control that the crew wi11 be faced w i t h  during 
the actual rendezvous and docking, 

QmSTION: Several questions. What will the l i g h t -  
ing of the moon be at the time of the  launch? W i l l  it be 
a half-moon? Crescent moon? 

MGE: Let's see if X have got that here ,  The 
first opportunity in duly is an the 16th, and that is for 
the aecond prime ta~get that 1 ahoared on t h a t  chart of the 
map of the moon, The s i n e  elevation at that target w i l l  be 
about 10 degrees f r o m  the horizontal, and that target is 
about 30 degrees around from the  easterlymost limb. If you 
are looking at the moon here it's about 30 degrees around. 
So you would have about a half-crescent, 

BlcMULIXN: Put s l i d e  29 up, k think we could see 
it. SIlde 29 up, please. 

FlAC;$: It will be a new crescent off of a new mood, 
and Et w i l l  be about half-formed, 



RAGE: Here*s the  direction to  the earth. And, 
as you can see, you w i l l  see this If tt le  p l e  as lit by 
the sun, and that in effect will gfve you a new crescent, 
about a half-formed new crescent, halfway between a new 
moon and a half-moon. 

QUESTTON: And the other part of my question was: 
f didn't understand t h e  reason behind the high apolune of 
194 nautical miles, Because you don't h a w  to go that high 
in t h e  actual planned mission. 

McMW-N t That *s correct, But, you see, we are 
starting off--  let'^ see, The period of s body revolving 
about another one is a function of a lot of things, one of 
which is the s i ~ e  of the orb i t ,  the semi-major axis. So 
when we start our descent orbit InsnrtAon, obviously we are 
cutt ing d m  the size of the semi-major axis, A s  a result ,  
we are moving about the central body -- that is, about the 
moon -- faster than we were originally, And the lunar module 
winds up in front of the command and service module. 

Now, this was not the condition we would have far 
rendezvours or for Initiating rendezvous on the lunar landing 
mission. fn fact, we'd start off with the lunar module 
'behind. 

So, obvfou~ly, somehow we have to get  the lunar 
module back behind the comand and service module. And 
usAng the  same mle that we just diecussed, we i n s e r t  it 
into a real larm orbit no the period of i t a  rotation about 
the moon is very large, and, hence, it falls behind the 
.command and service module. I t  winds up r ight  at t h e  sane 
place that  w e  started the  maneuver, but it Just is somewhat 
d i f f e r e n t  relative t o  t h e  command and service module. 

QUESTION: I have trouble remembering the meaning 
or the purpose of the CSI and CDH maneuvers, and one reason 
X do in X donrt understand the meaning of those mrds 
"concentric sequence initiation4' with reference t o  the 
actual maneuver performed, And I was wondering if you could 
take a couple  of minutes t o  explain the relation of the words 
to t h e  maneuver, 

M c M P U N :  Ukay. 1 1  t r y  Could we Rave 
Cbart 36 up, please? 

(Slide) 



The concentric sequence i n i  t iationm- I mesa I 
rea l ly  can't turn the tern around, but the purpose of 
both the concentric sequence AnitAatfon burn and the con- 
s tant  differential height burn is So get us into s circular 
orbtt at a constant hetght below the  command and service 
module orbit, 

So I guems a simple way to say it is to make sure 
we are in the same plane, that we  are in a circular orbit 
behind and below the command and service module, T h e  fact 
that w e  are below means that we are going around faster, 
land hence we w i l l  be catching up, so we want t o  atart off 
from a pornition behind. 

HAGE: Yay I he lp  a little on that? One way to 
think a b u t  that is that the maneuver at this potnt  which 
is labeled "concentric sequence An5 tiation*' does in fact, 
if it is a perfect maneuver, put thAs vehicle in an orbAt 
that i s  circular and concentric within the CSM orbit -- if 
I t  is perfect, 

QUESTION: You are making one orbit concentric 
to  the other orbit? 

Mc-N: Okay. X guess to carry k t  one further, 
the constant dAfferentia1 height is to ensure you maintain 
just that  constant difference in height above t h e  surface 
of the central body. 

QITgSTION: I have a couple of questions, one on 
the  perlcynthion. Can you give us in miles uprange of the 
actual landing sits the point on t h e  moon where the spacce- 
craft w5ll be closest and why it w a s  adjusted that way? 
In other words, what USCON problems you are trying to find, 
photography of more landing sites than just one, that kind 
of th ing .  

McBTTJUN: I can answer the gecond one quite clearly. 
The distance or the point at which w e  arrive at psricynthion 
is detenained by the geometry of the lunar landing mission. 
This is a fa l l ou t  from trying to make t h i ~  m i s s i o n  i d e n t i c a l  
to ' the  lunar landing miss ion ,  and ideally in the lunar landing  
missAon we would at the point of perhcynthion i n i t i a t e  a 
power descen t ,  



That is to say, we would light the descent stage 
and continue to burn ae we slow the vehicle  down and 
control its descent down t o  a landing at the landing site. 

Now, t h e  d i ~ t a n c e  ahead of the landing site I 
think is around 237 miles, something l t k e  t h a t .  

QUESTION: The second question is: You burn your 
ascent propulslan system engine to get rid of the ascent 
stage t o  test the abort guidance system, A t  JPL they made 
a proposal for a transponder fn lunar orbit for about a 
month for Apollo Applications to track it continuously to 
resolve t h i s  WLSCON problem. W a s  there any conaideratfon 
ever given to using the a scent  propulsion or the ascent 
stage -- that is, leaving it in lunar orbit after you have 
done same pro and can maneuvers, retro and posigrade and 
stuff l ike  that? 

IIAGE: 1 can't specifically answer whether or not 
it was considered. f can comment on the fact that the 
battery capacity of the ascent atage is limited, and an 
Apollo 9, as I recall, after we had separated the ascent 
stage and put it in an unmanned mode and made a burn on 
the primary ~ S d a n c e  system, we we= a b l e  to get telemetry 
for something like nine hours, and then the battery went 
dead, 

So in order to do wh8t you suggested here f think 
it would have required modkficatfon of the spacecraft, 

QUIZSTION: I understood you to say that there 
rill be 11 TV aptfons. Could you give  us the TO time line 
again, the 11 polnts? 

IEAGE: I'd be glad to do that. I wonder if 1 
mighe leave it here with Bill and you a13 can take at. ft 
is a tentative list, I mean t h e  times are tentative. 

The crew will exercise some option on precise ly  
when these windows open up, But there are 11 listed here. 

Q?JZSTIOW: The time w i l l  be in GXT? 



HAEE: Y e s ,  ground ellapsed time. 

O'DOHNELL: We will Include thse fn the transcript.  

QURSTION: What is the consideratfon i n  having t h e  
orbit 60 nautical rnilss and going down t o  50,000 feet? 

I realize 60 i~ what you're going to do on the 
lunar landing mission, but why would you d e c i d e  on that on 
the lunar landing mission? 

HAGE: In the  vatrioum tradeoff8 that ham been made 
over the years and fPnally converging on t h e  profile for the 
Apollo landing, one of these tradeoffa involves the amount 
of propulsive energy requimd to  get into an orbit around 
the moon. The hfgher the  orbit, t h e  more energy you must 
take out of t h e  service propulsion tanks to slow the vehicle 
down and get it into orbito 

Sixty m a l e s  turned out to be a good compromise 
for minimum energy with a rew9onab'Se height above the 
surf ace to acconundate guidance and control uncertainties . 

So it 5s one of the tgplcal kinds of engineering 
compromises t h a t  one goes through in mAnimkzing energy and 
yet leaving enough margin for guidance uncertainties.  

QU%ESTION: What about the  50,000 fest now? 

MGE: Well, that also in an energy consideration, 
in t h a t  the lunar module comes d m  from orbit, from the 
60-mile orbit ensentAally with=- It in6t ia tes  the orbit 
t o  come down t o  50,000 feat w i t h  a very abort burn. It takes 
very l i t t l e  energy w t  the tkme 00 separation t o  bring the  
vehicle down t~ 50,000 feet. 

Fifty thousand fest %s an a l t i tude  that was 
selected when considering the need for a radar to lock on 
t o  the lsurface of the moon and give updated information on 
prectsely where the vehicle is relative to the surface oX 
the moon, a compromise w d t h b w  much propellant we have fn 
the descent stage 0% the lunar module, since t h e  whole  
maneuver, as Colonel  McMullen mentioned, f r o m  t h e  time you 
get to 50,000 fest until you land, is a powered burn, and 
so you want to keep that time as short as poss ible ,  



But, on the otlaer hand, you have got to leawe 
yourself enough altitude to make a31 the  nsvhgation fixes 
that are necessary with the radar and with the Inert ia l  
system. 

QUESTZOPI: Knowing at this time the  command module 
will be the active vehicle during docking, is this t h e  re su l t  
o f . t b e  difffculty the lunar module commander had ~ 5 t h  being 
the active part in the docking of Apollo 97 

HA=: 1 would have to say that the decision to use 
the command module for the actual docking is a d i r e c t  result 
of having learned that it is easier to do with the command 
module, and we l e a ~ n e d  it on Apolle 9, although L would fur- 
ther have to say that there fs a strong suspicion in the 
m i n d s  of the crews on the basis of their simulation work 
that  that rill probably turn out to be the preferred mode 
even before 9 w a s  flown. 

QUESTI014: For how long wlll you be at 50,000 feet? 
There I s  a dotted lfne on the diagram, Could you with your 
pointer just continue that and show arbem f t goes from there, 
for how long it would be there? 

M c M I l I J Z M :  Could we put slide 31 back up, please? 

( S l i d e )  

I f  you look at the s l i d e ,  you can notice that the 
radio lines that pass from the  surface o f  the moun up to the 
spacecraft are the-tagged. In other words, they start off  
here at t h e  left at 600 seconds before reaching pericynthion 
and pass on dawn to zero at T O 0  hours and 51 minutes ground 
e lapsed  time, ascend up into the very large orbit, w e  ail1 
come back d m  again to rwghly  50,000 feet, 

UGE: f think t h i s  diagrm kfnd of exemplifies 
*at Tom l a y  have mentioned earlier. T h i s  shows t h e  moon 
as being round, and 3 t  is -- almost. This o r b i t  2s elliptical. 
So the vehicle never in at a constant altitude. It starts 
out at higher than 50,000, comes d m  to 50,000, and then 
g m s  on up. 

But it daesa*t change altitude very fast over t h i s  
s t r i p  of arc, 



QUESTION: A t  this point ,  an that  elliptical 
maneuver, if you have a spacecraft starting off at a fixed 
point on the surface of the moon in motion and if you were 
sitting on the moon and couldn't . . . (Inaudible). . , 
There were a number of options, like waiting for t h e  command 
module to go around again, and a number of other  t h i n g s .  

5 have had it suggested t o  me that if t h e  timing 
of.this burn, or the i n t e n s i t y  of it, fa off by any appre- 
ciable amount t h a t  the business of gett ing t h e  lunar module 
and the command module back together agatn would be enannous- 
ly complicated. Would you comment on that? 

M c W N :  Well, I thfnk we'd m a k e  a real-time 
adjustment t o  the phasing burn, A phaaing burn is designed 
to do just exactly that -- to account for the difference in 
t i m e  of the two spacecraft passing some point. So that if 
we da have a problem gett ing the burn o f f ,  it w f l l  just be 
a matter of changing the amaunt of velocity change and hence 
the size of the  orbit that we use for phasing, and that 
adjusts the time automatically, 

QUESTION: Could you give me the total number of 
orbits the CSM will e e  around the moon, the number of 
orbits 5t will make wZth the LM detached and the t i m e  from 
TLX to LOI? 

HAGE: Y e s .  Ars rt rule of thumb, it is one orbit 
every two hours. That is a fairly accurate rule of thumb. 
I t  will be in orbi t  61-1/2 hours, and roughly 30 orbits. 

Let's see. The second part of your question was -- 
QUESTION: How many of those orbits w&ll be with 

the LM detached? 

IHAGE: With the LM detached? 

QUESTIOW: Yes. 

HAGG: Well, the LM is detached far a l i t t l e  over 
eight hours, so that would be four orbits,  

I QUESTION: Another part was the  length of tkme 
from TLI to LOI. 



3LBGE: TLI to XX)X? TLf occurs at twa  hours and 
34 Pimtes from launch, and TEI occurs at Piwe days, IS hours 
and 26 Ipimtes f m m  launch, 

QUESTXOB: W h a t  about M)I? 

QaESTfOH: Could you repeat thuse ffgnres? 

HhQg: Trmslu~ar injection, t w o  burs and 34 mmfutes 
from launch, Lumar orbit insertion, the ffrst  orbit, the  el- 
liptical orblt, t m  days, four h o w ,  and 49 minutes. A n d  
trrrnseartb injecrtion, f i v e  days, 18 hours and 26 minutes. 

QUiWTIm: mce the lunar nodule is detached and 
Zn its el1iptical orbit, if the ascent engine f a i l s  is there 
any way that the command module can dock with the lunar module? 

HkGE: Y e  frst 8e. just comment on the afssion 
philosophy. It In identical to t b e  philusophy we had on 
A p a l l o  9,  There &a no situation during the separated rendez- 
vous wherein there isn't a backup propulsion made available 
in the event that  the primary mode fa i l s ,  such as usfng t h e  
BCS instead of the ascent propulsion, and on every maneuver 
the  command module s5ll be targeting for a mirror image 
maneuver, and i n  the e v e n t  t h e  I& i g n i t i o n  does not take 
place, the command and service modale will in effect make 
a mirror image maneuver that would bring t h e  twa of them back 
together again. 

Sa no single propulsion system failure would present  
a crew hazard, s ince  t h e r e  is always an alternate option way 
of get t ing  the two vehicles together. 

QUESTION: Could we have that GBT chart up while 
we are talkfng? . 

HA=: Sure. Chart 12, please, 

O m ~ W I :  These charts will a l l  be included in 
the tranacrfpt, incidentally. 

let's switch now to Houston. When we come back, w e  
will get some questions up in the back, 



Does Houston have some questions? 

QUESTION: A s b p l e  question, We d i d  not have 
the benefit of the slides that you had in Washington, Will 
you give us throughout the ent ire  m i s s i o n  t h e  GET time for 
major operations? Would you give us the npeckfic launch 
days and the specific times of the  windows for each day? 
Would you give us the GET times for the TY? 

O'IDBN?4EXlfr: Those all will be Included in the trans- 
crfpts that we w i l l  ge t  out tomorrow. We w i l l  get them down 
to Houston just as soon as we can. 

Do you have any more questions? 

QUESTIOPI: However, t h a t  doesn't he lp  i f  we are 
writing a story tonight ,  

HAGE: B i l l ,  can I suggest that these might be 
sent by telephone d i rec t ly  after the  brief ing? 

0-LL: All right, We ail1 send them down 
by FAX machine. You should be getting them in another hour. 

Okay. Back here now, 

QUESTION: I'm i n t e r e s t e d  in the earliest possible 
launch, As I recall, Mr. Hage gave us 11:49 p . m . ,  E . S . T . ,  
making t h i s  the earliest possible launch, and then later 
he referred to a daylight  launch and recovery, Will you clear 
t h i ~  up for me, please? 

HAW: 1'11 t r y .  11:49 a , m .  Eastern Standard Time 
an the 18th, which results in a daylight launch and a day- 
l i g h t  recovery, 

QUESTIm: Isn't there some confusion f irst  of all, 
George? You keep saying 11 :40 Eastern Standard, and the 
country is on daylight .  You mean 12:49, Eastern Daylight, 
dan*t you? 

HAGB: You" get me on that  one, Jules. I think 
this fs standard time. T think this is computed in standard 
time. It has not been corrected for day l igh t  yet. 

QUESTION: Okay. In there any chance st a11 of , 
t h e  TY camera, black and white or color, being operated from 



t h e  Lhl during any of those low passes? 

AAGE: No, the prooisiom for t h e  TV system 
dontt exist in the lunar module, The activfties that the 
crew will be involved in during that phase of the missfon 
are so demanding that we just didn't make provision for it. 

QUESTION: There is no way of simply bracketing 
the camera on while they are doing t h e i r  landmark s i g h t i n g  
and -- 

MGE: There are no electrical connections for t h e  
camera f n LM-4. 

QUESTION: Could someone summarize the  number of 
burns that will be made while you are in lunar orbit and 
how many of these will take place out of sight of t h e  earth? 

ISAGE: Both of the lunar orbit insert ion burns, 
first the e l l ipt ica l  and then the circular orbit, are behind 
the moon. Colonel McMullen is g d n g  through the ones involved 
in lunar o r b i t .  

McMULLBN: There w i l l  be a total of f i v e  Llld burns 
that are out of s ighteof  Manned Spaceflight Network and a 
total of five that we will be a b l e  to see from earth, so f i v e  
we cannot and f ive  we can. 

QESTION: The last f i v e  lunar module? 

McMULUN: A l l  t en  of those I gave were lunar module 
burns, 

RAGE: Transearth 3njection burn fs also Prom behind 
the moon, the one that brings them out on the way home. 

McMULlZN: If you are keeping book on these, three 
of t h e  burn8 I-ve you were the braking maneuver, so we all 
wind up with numbers adding up to the right number of burns. 

O13X)IWBLL: Let's get one question here and we'll 
switch to Houston, 



QIIBSTION: I wonder if George &b&e could g i v e  us 
a progress report on t h i s  experimental color TV camera that 
Westinghouse is supposed to be working with. 

BAGE: We are quite optimbstfc that we w i l l  Gave 
it available on Apollo 10, 1 think the last validation t e s t  
whfcb will give us the  go/no go w i l l  be during countdown 
demonstration when we can wark it into the  whole s y s t e m ,  
including the ground processing electronics through the 
network to H o u s t o n .  

OtlXWNEIrZ12 Okay. We w i l l  switch to Bouston am. 

Any questions fn Houston? 

(Ho response.) 

A l l  right. Back hare in Washington. A couple more. 

QlJBSTJON; What happens to the . , . (Inaudible)? 
A r e  there any more burns to that to get it out? 

HA=: Xt will remafn in that high elliptical orbit. 

M c M U U E M :  We have no way of commanding the descent  
stage once w e  do tbe staging maneuver aP the lunar module, 

0'IHNN'EI;Z: Okay, Back here, 

QIIESTEON: . . . (Inaudible]. . . Will there be 
any other women's names on the moon as a result  of Apollo 101 

Ma: The procedure by which landmarks on the moon 
are off5cially labeled As -- 

QUESTION: Xtm talking about unofficial labelling. 

HA=: 1 would be surprised if there aren't, but 
I don't know of any specific ones. 

QaxlpSTroHt Im the  cs~se 0% alternate missions, for 
imtance, the  high ell5ptical orbit, 5s it impassible in 
that case to perfam as- k f d  of practice operations? 

BAGE:. Mo, that part 8% the plan-- ft m i g h t  be 
quite restricted in that w e  obv%ously don't want to get t h e  
t w o  vehicles apart in a sense to tort extent where we can't 



get then back together aga%n, but w@ have exercised the  
alternate missions to % a 8  maximum advantage of LM operations. 

QUESTION: Bra ApoHlo 8 without *5e I d  yo12 had a 
gmblem. HQW d o  the raaergfns change now especially w i t h  
mspect to propellants ow the BPS? 

I.IAGE: Well, as you mentioned, the  Apollo 8 margfns 
were very comfortable because of the fact t h a t  w e  didn't 
carry an LM to the moon, The margins on ApoPlo 10 axe also 
equally comfortable on the lunar module because w e  are not 
going to land. 

So in my own view I kind of equate ApoLlo 8 
emamand service module margins and 1LBI-4 module margins as 
equal level. 

Xn case of CSM Awllo 10, we will be operating at 
the same consumable margins that we will be operating 
Apollo 12 st, Those are cwHfnr%able. 1 believe the lowest 
one we have is something fw the order of 10 par cent of the 
total, but I want to check that number. I tw#  in that general 
vltcinity. We have good margins planned into the CSM for 
t h e  landing mission, and we will duplicate those conditkons 
with the Apollo 10 PLight. 

QUXSTIOPI: George, could you dfscuas in a little 
more d e t a i l  the changes that have k e n  made to the landing  
radar? How m c h  will the augmented equipment weigh? A r e  
you confident that 50,000-foot data will be translatable 
to 30,000-foot data? A n d  what kind of test program for the 
uaft is scheduled? 

HA=: Before I get  into the specifics of t h e  changes 
on LM-4, John, just Pet me comment for a minute on t h e  test 
program that is already taking place with the  landing radar 
fly2ng aircraft. 

We have had literally hundmds of equivalent 
mfssion t y p e s  of operation w A t b  the Ul landing radar flying 
the  a5rcraft over the colswglets spec%- of ranges tbat it 
will be expected to operate over, The only t h i n g  that is 
different  is that the radar w a s  working against the  earth 
as a reflector instead of %he moon. 

How, Arm order to f l y  -4 in a way tbat would giwe 
us the must IXBfoma$i~n albom-lt the characteristics of the 



lunar surface that might be d i f f e r e n t  than we anticipate, 
we have added essentially electrical pickoffs from t h e  four 
beam of t h e  radar that are f e d  out on telemetry systems, 
and we w i l l  read the signature that comes back from t h o s e  
four 'beams and use it as a means of correlating with what 
w e  have gotten from our aircraft tests, 

So we think ft is going to be a very meaningful 
test, 

I 

OrDOHNELL: Any more questions? 

Back here. 

QUESTION: You s a i d  that the  phase burn was designed 
to give  similar lighting condftions for the rendezvous, A r e  
there other parameters? 

McWLLEES: PhasSng burn will wind up with e ~ s r e n t i a l l y  
the same lighting conditions s i n c e  it will be occurring in 
essentially the-- It will wind up within positions to give 
us a rendezvous essentially above the same points  on t h e  lunar 
surface, so essentially the phasing burn coupled w i t h  the 
insertion burn-- A t  the  completAon af the insert ion burn w e  
should have conditions that are identical to what we will be 
seeing on t he  lunar landing mission at t h e  completion of the 
launch and insertion into orbit from the lunar surface. 

O'DONNEU: One more, 

QUESTION: You mentioned the possibility of the  
command module going t o  rendezvous wi th  t h e  lunar module. 
Does this in any way compromise your ability to leave the 
lunar, get the command back? 

HAGE : The service propulsion system propellant 
includes capability for that kind of rescue, and the margins 
we have are above and beyond t h a t .  That is designed in 
to the propellant, 

O'DOMNELL: Okay. Thank you very much, George and 
Tom. 

We will now be switching over to Houston. We have 
some gentlemen standing by there. 

{Whereupon, at 3:00 p.m., the  briefing continued 
without transcription,) 

* * *  


