The Apollo Guidance Computer

David Scott Astronaut for the Gemini 8, Apollo 9, and Apollo 15 missions.

In 1963 when NASA was con-
ducting the selection of the third
group of astronauts for the U.S.
space program, [ had just received
a graduate degree at MIT and fin-
ished test pilots school. My inter-
ests and the program'’s need for a
user to interact with the design of
the guidance computer at the MIT
Instrumentation Lab was a good fit.
I was part of those discussions
whether to use analog or digital
controls that Eldon described.

The MIT Interface

When I was studying at MIT,
the ability to rendezvous in space
was an issue for debate. It wasn't
clear whether it was possible to de-
velop the mathematics and speed
of computation necessary to bring
two vehicles together at a precise
point in space and time—a critical
issue for the Apollo missions suc-
cessful landing on the moon and

return to Earth. Between 1963 and
1969, with the flight of Apollo 9 this
was accomplished. I stayed in the
spacecraft while Rusty Schweickart
and Jim McDivitt got in the lunar
module and went out about 60
miles away. The computer behaved
flawlessly during our first success-
tul rendezvous in space.

Another assignment for Apollo
9 was to take the first infra-red pho-
tographs of the Earth from space.
To do this, a large rack of four cam-
eras was mounted on the space-
craft. Since they were fixed to the
spacecraft, the vehicle itself had
to track a perfect orbit such that
the cameras were precisely vertical
with respect to the surface that they
were photographing. During simu-
lations it was determined that
manual orbit procedures would
be inaccurate. We were at a loss.
About two weeks before the flight

I called up MIT and asked if they
could program the computer to give
the vehicle a satisfactory orbit rate.
They answered, “"Of course, which
way do you want to go and how
fast?”. In a matter of a couple of
days we had a program and a
simulator that automatically drove
a spacecraft at perfect orbit rate.
We got into flight with very little
chance to practice or verity, but

we put on the cameras and the
results were perfect.

Potential Computer Failure
During the development pro-
cess we ran many simulations of
in-flight computer operations with
particular concern for in-flight fail-
ure. But in the 10 years that I spent
in the program there was never a
real computer failure. Yet, people
often wonder what a computer fail-
ure would have meant on a mis-



sion. It would have depended on
the situation and the manner in
which the computer failed. We
probably would not have expired,
but there were some parts of the
mission in which a computer fail-
ure would have been especially
compromising. Navigation was not
necessarily time critical but the lu-
nar landing was very time critical.
You could have a situation during
a lunar landing in which, if the
computer failed, the engine would
be driven into the ground. Unless
the astronaut could react quickly
enough to stop it, the Lunar Module
could have been flung on its side.
Chances are that the astronaut
could prevent such an event by
switching to manual control of the
vehicle. It must be remembered
that the computer had been de-
signed to be as reliable as pos-
sible and the astronauts had a
great amount of confidence in

the machine.

And Problems of Success

We had a backup called the
entry monitor system, which had
a graphic display based on the
accelerometers in the spacecraft.
With this display the vehicle could
be flown manually using pre-drawn
curves to be followed for attitude,
g-loading, and velocity. It was reas-
suring to know that we were still
able to return to Earth even if the
Apollo Guidance Computer failed.
During reentry there was a scroll
in the entry monitor system and
we could see the computer tracking
the predetermined curves all the
way to the landing site. As our
skills and the computer programs
improved over the years of the
Apollo program, we came down
closer and closer to the carrier.
Finally, by the last Apollo mission
they didn't park the carrier on the
landing point.

Excerpted by Ben Goldberg
from remarks after Eldon Hall'’s
Lecture, June 10, 1982.

The Apollo 3 Crew, (from leit) Dave Scott,
Command Module Pilot; Jim McDivitt, Com-
mander; Rusty Schweickart, Lunar Module
Pilot. Apollo 9 was launched on March 3,
1969. The first separation and rendezvous

of the Lunar and Command Modules was
carried out in Earth Orbit on this flight.

Dr. Charles S. Draper, Chief
Scientist, C.8. Draper Labora-
tory with astronaut David Scott,
at the opening celebration of
the Museum, June 10, 1982.

“Before the missile and Apollo guid-
ance programs, the problem of air-
planes attacking ships at sea was a
difficult one, so I began to do the bal-
listics analysis myself, plotting on a
sheet with a pencil and a slide rule.
This analysis worked well enough so
that ships were able to defend them-
selves against air attacks. When the
time came to develop the Polaris and
Apollo programs, our attitude was
much the same: we couldn’t afford
any failures, so we didn’t have any.”

Dr. Draper at the lecture on
the design of the Apollo Guidance
Computer.




Transcrist of lavid Scott‘s remarks.

If wou look todsy a2t what is avsilsble on the markelt and
comrare it with what we had to work withr wou can see how
times move fast and srosress is asbsolutelw fantastic, I
thought I would relste to wous a2t Eldons susddgestions some of
the thinsgs that we did as userss back in the old dawss and
some of the sroblems and challendses that we hadr and some of
the fun thst we nad.

Y: I got mw start in this business st MIT. I was a3 wouns
#ilot in the zir force and zlwasuws wanted to be e test rilot.
Thew told me that the best waw to do that wss to dget =z
graduate desreer so I looked srounds z2nd had heard sbout
this school in Massschusettse asrrlied for it and was
fortunzte enougsh to be selected, I started me matriculation
under the teesm suided by Doo Draper?ﬁ) remember es3rly on
there was 2 lecture one nighty 3iv§n pw & fellow from
Germany named Werner Von Braun. A Triend of mine and I went
to listen to this and he was tslking sbout rocket shirs. I
was an girrlane driver znd I remember when thew snnounced
the first Mercurw asstronsuts and I thoudght: "monkeus®.
Anvgwasyry we went to this lecture by Werner Von Braun and he
had rictures of these big rocket shirs snd he said that we
were soing to send men to the moon on these things. Sooner
or leter I realized that Werner’s shilosorhw was correct and
e certainly was risht.

One of the ressons that we were azble to do 211 that we



did during the Arollo srosiram was that we had a3 terrific
camﬁuter; After I left MIT ¢ I went out to the test =ilots
school. I épant a2 courle of vears there doing what I thousht
I rezlls wented to do until I rezlized that I dsot rretty
interested whiley I was here in schools in srace as orrosed
to seronautics. About 1963 NASA the selection of the third
grour of astronsuts. I thousht that since I endoded inertizl
guidence amonsg the other thinss that I learned at MIT and I
thought that I7d sive it & crack. I was selected in Octobers
1963, I went to NASA as & cartziny fresh out of test rilots
gsehool and fresh out of HI%R There were & total of 30 of us
grd thew looked around to ;;; who could rerresent the
astronaut office in verious discirlines with some
backsround., O0Ff course I was fortunste enoush to have srent
g courle of wears working with reorle who ultimstelw built
the Arollo Guidsnce system. Dick Bstiten was mw thesis
advisor. The first course I ever had that I_knaw what an
irnertial dguidance suwstem wsss was taught bszwalt whities andd
Iloe Drarer was head of the instrumentstion lab where I did
me thesis. When I was offered the orFrortunite to follow for
the crew’s dSuidance and navigations I reslly Jumred at that.
I started coming back to MIT to momitor that for NASA in
Houstor: relative to the user., Beindg an asstronauts we

nelred in the design configurstion from the users viewroint.
It was euite an educstionsl rrocess becsuse one nas Lo
understend whast Soes on inside to be zble to zssist in the

desidsn outside, I srent many nishts ur o 2 roof in



Cambridge looking at the stars snd working with a2 sextons
telescores and camputeij It 511 looks rretitw simrle and
straightfoward nows but I reflect back on the crudeness in
those early davs and how little we knew about what we wanted
to do. Mang reosle knewr for instance the reorle who had
invented the AGCy but to try to confidgure it and make it as
useful =2¢ it eventuzlle beceme was 3 remarkable schievement.
IjJ}n those dausy 1964-465y there was a3 concert we called
in-flight maintensnce throughout the whole sracecraft. The
ides was that if something failed it could be rerlaced in
flight, Thew even established & course at MIT for & months
to hels tesch reorle how to chande comronents in flisht. H€4
mever did that becasuse it was tousght enoush to learn how to
orerate the first line sustems much less chandge them. Late
in the rrosram we did have some thinss leftover in the earlw
desisgn in the seacecraft itself which reflected in-flisht
mzintenznce. This is because no one ever got around to
changing that, This originsl desidgn was cuite different from
what we wltimatelw ended up uith;]ﬁncther interesting
discussion was on the ture of clock to use. In those daus
everzbode had snalog clocks and watches, Nobodwe reallws heard
of a8 digital clock., A computer naturazlle exerresses its time
digitzlly, It wss euite 2 considerastion on what kind of
clocks to have. I think the influence of the disital
comruter ultimetely showed the advantasesy esrecizlly in the
business of Lraveling in sraces of 2 didital clock. The

initizal aArollo desidgn design hed three analog clocks on the



ranel and ultimatelw ended ur with digital clockss In facts
the whole control center in Houston ended ur with digital
clacka.i&iﬂélsu had some challenges in the carebilite asnd
caracity of the comruter. This is in the desws before asnubodu
flew and the cuestion was how may words wou could Het into

t

Core rorFe memorY Was

L

it and what was the configuration.
something that srecluded chansges close to launch. At first
everzbody said "mw soodnessy we won't be able to chande

the daw before the launch®: In the end eversbodwy said "thank
goodness we change change anwthing the daw before the
launch® N Everwtime one little routine was changeds
evarstﬁinﬁ elee had to he verified., Frobsble one of the best
decisions that was made was to freeze it esrlw and the
srogrammers had to sit down and decide what thew wanted to
do. There were zlso some interesting limitations. We
originslly had 24,000 words and stretched it to 36,000
wordsy snod bhet wss s mador effort. We also had this ranel
that was orersted by the crew and srest debates ocoured
relating to what it snould look likeE&Hnu cio wou tallk to =
computer? When I wernt to school we had 2 lansusHe called
MACy whichy 1 suesss was the predecessor to FORTRAN snd mane
reorle did machine langusse. How do wou tske 3 riloty rut
him 2 srasce shirey and have him tslk to s comruter? That is
rot essw in rezl time, Somebodw came ur with the verb-noun
concerts fbut I'm surerised that it is rnot utilized in other
comruters todsw. It wess verw simele for us to orerste with 3

series of two-digit numbers rerresenting verbs and snother



series of two-digit numbers rerresenting nouns. It was so
simrle and straightfoward that even rilots could learn how
to use it. We had some interesting words. Our initislization
srogram was 00, We sbbreviated the identification the
identification =rogram with & FP. If wou ever had a esroblem
wou went hack to 00r which we ultimatelw cazlled FOO. Soy if
wou ever had 2 sroblem wod went to FOOs and reinitizlized.
We zlso develored the disgitzl asuto-rilot which was the DAF.
Manw of the suuws had trouble touching sll these kews., I
liked ity T thousht it was fun to sget in there and see how
fast wou could Ho. Some suuws could never realles sHet 2 feel
for the kes runching and thew wanted to reduce the number of
kevstrokes reauired to sget information. At one rointy we
tried to desisn s semisutomstic srogramy or 8 minimum
kewstroke srogram. That became known as MINKEY. Some reorle
liked MINKEY and some reorle didn’t. It limited wour
carabilitey but it was much easier to work.fﬁs we went
throudgh the develorment rrocess and sut thg/cnmputer into
orerations we had simulstors in euite 3 few rlaces. It wase
with its comeutationzl caeazbilitwy 2 Jdow to orerate. It was
Just @ tremendous machineg. You could do slot with it snd it
was s0 relisble that we never had & bachkur, We never had s
failure and I think thst is 2 remarvkable zachievement. We had
some gliches here and theres butr to my knowledsey in the 10
wears that I srent with it there wss never & resl comruter
failure, We sracticed zlot of comruter fsilures and

simulated manw failuresy but we never reslls saw mne{/g; I



went through mye career I srent z courle of wears in the
early desidgn snd develorment shasesy and then I went off andg
flew Gemini 8 with Neil Armstrong. We had an interesting
comsutational exercise ourselves. Another comrang hesd 8
comFuter in there znd I remember that we hadr Tor the Tirst
times no reentry srogram. We had to read a3 tare in to
rrogrem it. Neil and I had this little rroblem and had to
come down esrlu. In those daws of Gemini there was 3 sireat
comretition to see who could land closest to the carrier
with & comeutsational carability on bosrd. Thew were setting
cdown to 12 milesy 9 milesy & milesy 3 milesy and it was
really z sreat comretition zmons the crews. Neil and I still
hold the record for landing furthest from the carrier. We
only missed it bw 4,000 milesﬁ)Some reorle saw it wass the
tare. Some reorle saw it wss the rarameters that we loaded
into it. Actuallews it wass some other Prmhlemsfiﬁnmther
carability we hsd in the Arollo comruters moving east Gemind
to my second flighty Arollo 99 wss the digital suto rilot
utlization cerabilities. Arollo ¥ was an Esrvth Ordital
checkout for the entire Arollo configurations 211 of the
argcecrafts 211 the computers. It wass 8 10 daw flight. The
f@:ﬁt % odews were Jasm-racked with orerationzl sctivities. We
cdid such things as the lifeboat with the lunar moduler which
was subsecuently used in Arollo 13, It was 2 demonstration
of having the lunsr moduler which was the landery and the
command @nd service moduler which was the orbital vehicsl

todgether and utilize the endgine on the lander to sctuslly



get back from the moons which Arollo 13 had to do. The
srogram was written srior to Arollo ? and we demonstrated it
in flight, It was an interesting excerise., I was the command
module silote and I was in the sracecraft that kert one
rersons while the other two suws would go down to the moons
although in Arollo ¢ it didn’t so to the moon. As mw
cohortsr Jim Mcllivett and Rustw Schweikery rerformed the
evercise in the lumar module of lighting the enginess [
figured out & little srosram in the command moduless with
the helr of me MIT buddies, to monitor their burn in the
reverse direction. I could then tell with mw comruter how
their burn was going., 0Ff courser I had the rlatform and
sccelerometers and everwthing: and it was Just a3 matter of
reversing 2 courle of signs and I could have dHiven them: had
thew lost their LEM sguidance comruters the cutoff
instructions and everwthing else on board. That’s not & bid
thing but for & user it’s 2 big thing to be able to have the
flexahility to do something like that. Nobodw had ever
slanned that and I found that when I was zlone in the
command module it was nice to have something to d{ﬂ Im this
rarticular flight srnother thing we did was to burn the bidg
engine on the service module which is 8 large rocket endgine
and combinstion. We had Lo sctuslle lisht it and gsuide it
throusgh 2 manually controlled tradectorw chanse. Bw that I
measr bLhat we zctuslly erogsrammed the comruter to sive us the
raraneters in & diserlaw format such that during s reriod of

fived time with bthe engine ons we would steer the vehical D



hand, This wss one of the fun things that I sot to do. I
actuzlly dot to hold the nend controller ands with the
needles on the displzy ranels being driven bw the comruters
fluw the sraceshir in srace with the engine on for three or
four minutesy which is & long time. That is a8 rrettu
execiting thing, All throush & digitsl auto-rilot. One of the
early flu-by-wire, Airrlanes do it 211 the time now. That
was an imrortant demonstration of & new carabilitwe. I
remember when we were having 3 meeting in Houston one time »
and a2ll the reorle from the instrumentstion lab came and
rresented for the first time the ides of a digital
auto-rilot. Everusbodwe ssidy *You can’t build s digitsl
ayto-riloty why don’t wou guws quit wassting time. Go back to
MIT arnd think". But it worked snd now digital suto-silot.
Another thing we develored in those daws was s rondezvous
carsbilite. Wnen I was soins to schools there was 3 cuestion
atout our ability to rondezvous in serace. Was it rossible to
develor the mathemstics to bring two vehicles todgether st =
srecise roint in srace and time. Alot of reorle did zlot of
work. Slowls it evolved that we were zble to do ity and now
onle that bult we were zble to rut it in & comruter in the
SEECE vehiclaJ.In drollo Py we did the first Arocllo
TOMEeRVOoLsS, Ru%{s and Jim dHot in the lunasr module snd
serarated from meself in the command module. Thew went out
zhout &0 wmiles and then came back in 8 rondezvous. Todsugy
after sll the Arollo work snd everwthing: nobode thinks that

is 2 big desl becsuse we've done it so muchy but st that



time it wss vers interesting because thew didn’t have a2 hest
shield., Had thew not returned for the rondezvousy thew would
nave had no way to get home. There zotualle was 3 waw home
bt it wasn’t 2 verw dHood wawe. Thew could come down DUt even
that little exercise wes exciting., We didn’t have everwthing
that we wanted in the Arollo dags. Peorle used to think that
we didsy but we didn’t. For instances the command and service
modulers where I wssy did not have 3 radar. There was no waw
woy could sctuslly messure reange and ransge raste. We used to
think that it wass essentizl for & rondezvous. The lunar
module had the radar. The command module didy howevers: have
the comrutationsl caeabilitw to rerform the rondezvous: but
we belisved that without direct randge information the
comeutation wouldn’t converdge. So Ruste and Jim went outs
and rart of the rondezvous was 3t nighty and lo and beholds
the light on the LEMy which I was surrosed to watch throush
the sexton to monitor thems fziled. Thew went into the dark
gide 2nd that wss the last that I saw of them for sbout 20
minutes. That gets to be rather excitingr esreciallw when
wou zre never reaslls sure that the endgine burned right and
the attitude wes right arnd it burned lonsg enoushs ete. T
remember how exciting it wass when thew came into sunlight
and ¥ had them rvight dead center in the sexton. It was =2
combination of the twoe comeuters in which the comruter in
the lunar module cslculated the burn and reasd out the
residuzlss and Ruste and Jim read out the residuzsls to me

srnd I entered the burn raremeters into mw comruter ang I



told me comeuter to roint the sexton where thew would be
when thew came imto sunlight. ALl that dot done asbsolutelw
Perfeetléix It was 2 rrettw smazing oreration. Another thing
we had on that flight, which reslly wesn’t associsted with
the comruter wase 2 little device we called the diasstimeter:s
the dismeter measuring osticsl devicer throusth which we
woulea look in srecific increments of time., It would messure
the size of the obJdect and we could calculzte randge. The
solfere used that to see how far the rin is. I carried that
on Arollo 9 which slot of reorle used to csll the dissster
vehicle., I would have been able to rut the range in  and
actuzlly get some directly measured information. Alot of
that ultimatelw evolved into an orticasl twre rondezvous., Our
worries in the esrly daus sbout not hasving directly messured
radar disarreared, As 3 matter of facts I then sot to flw
Arollo 15y and we had dome the rondezvous so manw times that
by mye last flightr, wou could zctuslle use a watch and 8 rate
of andgle chanse and riece of rarer and do 8 rondezvous. It
becomes verw straight fowsrd ss long as wou don’t have too
many uncertzinties or & failure of some sort. It took me
pack to the dauws of the esrle sixties when reorle wondered
if we could do ones z2nd twelve wears later we could do it in
the back of an envelore., I thing that was made rossible
because we had @ dood comrutstional carsbilite in between.
All the manuegl technicues resllw evolved from the
comruatationzl cersbility of the comruter. We followed the

comeuter s2nd by doinsg that we learned what the comsuter



already knew in its tradectory snzslwsis in & shusicsl sense.
_Another thing that haerened back in the Arollo 9 davs was an
evenrnt at MIT cslled Hlzsck Fridsw., Everzbode converdged on the
instrumentation lab and started tsking rrograms out of the
comruter bhecsuse there Just wassn’t enoush memorws Thew took
out some rrogsrams thst were zbsolutels not surrosed to be
violated, Buts as it turned out: the Jdudsements weres right
and reorle would work around it snd we’'d fisure oul some
other way to do it. At the time in the svolution of the
wltimate cerabilite of the comrutery sometimes wou Just
don’t think thast wou’re soing to get there. I can remember
times that we thousht that the comsuter won’t works mot
enoush memorss memory cowcle time dsn’t fast enoughs can’t do
this, can’t do thats ete. It seems unbelisvabe that we were
ahle to do z2ll thet we did with that old %tuff{lﬁfter I @ioth
throush with Ar0llo 9 I went on and ﬁvent aoms Lims 8% &
backur crew member for Arollo 12, I then #got into Arollo 135
which was the fourth lunzsr landing in 1971, Bz thst time the
carabilite had reslly matureds seorle u#nderﬁtmmd it anc we
were able to do zlot morve than even conceived of in Lhe
heginning., The lunar landing itself could have been done
automatically and manw times reorle ssk me about that,. Could
it have been accomslished sutomaticallw throush the LEM
guidance comruter? Nobodws ever did it., We =11 felt thalt when
wou get that roint end wou are ding to land on the moons wou
have to have wour hands on the stick. I like comsuters snd T

believe in comrutersy bt it aint soinsg to land me on Lthe



moorn. L°m going to do that., IT csomething dgets screwed ur
thern it is soing to mey it isn’t dHoing to bhe the comruter.
Agotuzallewry mw thinking st the Ltime was that i 3 rroblem oid
oocur it was so time coritical that wou wouldn’t have time Lo
take corrective motions so wou staw zhesd of that sroblem Dw
flwing it manusllz. You are srobsbly fooling wourself
because wou asre still going through the comruter. The stick
that wou move goes bLhrough the comruter Lo fire the
thrustersy which is not toce different from the comsuter
doing that itself. You feel different: thousgh. The Tsot that
the LEM guidance comruter could land the LEM automaticalle
indicated that z tremendous ravload could be sent 1T the
sstronauts were removed. Anuwawe we did our landingey and 3
this sustem evolvedr we ot more argd more carabilits we had
g switch that we eut ins Instesd of trzicsg Lo descencd to the
lunar surface bw some visusl diselsew and coordinstion of =
throttley we put 5 switch in the comsater and evergtime wou
flicked the switch wou el & one Tool ser second chanse.
This was & reslle nice waw to land. Coming down 2t ften wou
go "click clickrolick® and wou are cominsg down st $e89 7
etc: and wou would srobasble heasr on earth the lunse modole
rilot calling oul these descent ratesy sltituder aldtitude
arnd asltitude rates. It sounded like the sfuw who was Tiwins
it was reslly srecise with that throttle. Well: he was. He
nad 2 comruter there doing 1t Tor hdm.

I remember one considerstion that H#ot zlobt atterntion at

MIT and HMouston,. This was how to simelife the command for



the comruter to do the next ster. We develored s bubton
called the rroceed buttons PRO. Everubode ftskes that for
granted nowr but zwou should have seen the iterztions we went
throush to set et this buttony which is one button Lo suash
to have somethinsg harren. Alot if reorle were afraid of
having no confirmation buttorn,: One Just rushes sroceed snd
things harren. We worked throush thats zlthousgh I remember
that evershode in the lunsar module during the lsnding hed to
think verwu carefully sbout which button thew rushed. There
ther threee buttons which wou could sushs and had Lo sush in
seauence. THere wass & rroceed button for the comeuters an
engine shutdown button which turned oft the swaslem: and an
short button which sererated the azscent stsge Trom the
descent stase ancd aborted wou. ALL threse pubttons were in
the same Froximitw. One of them wass & blach hacksPound with
s rrobe in itr snother was bluer zand the other one was red.
BEut thew were =211 the sa2me sizer and wou resllw had to think
ghout that coming down to the landinsg. When wou gob down wou
had to hit the sroceed button to sut the comeruter to slees
for & while. Whenrn the rrobes on the bottom of the lasnding
gear touched the lunsr surfzoce wou received & sisgnsl in the
cockrit telling wmou thst wou were 10 feel From the sround.
You had to shut the ensiine down becsusers on our Tlight in
rarticulary we hed an extended engine opell snod i wou
settled on the lunar surface with the rocket sngineg runnins
wou'd blow the ell out due o the comeression. A3 soon &s

wou received the sisnsl =ou hsd to rress the potton to shot



the engine down. Yoo didn't want to suosh the zhort butbone
nowever: becsuss then woo would never land. Tt was & verw
trickwy situztion. The human fFzotor considerations ocsme into
lavy but 3s 1 look basck on ity T think we rrobably sSot suwsw
with one there beczuse nobods ever hit the wrong butlhons.

In summares the Arollo suidance computer/lunar module
guidance comruter wes a2 terrific swstem. It hed slot of
cagrabilityr slot of wser inruty and T don’t know what Lhe
reorle who actuzlly built the comruters thousht sboot s
usersy but we thought thst it was sretie remarkable that sll
this could be done. One thing that T was terrific was when
was on Arollo 9 sbout two weeks before Tlighits we hsd Lhis
big rack of four camerss that we wanted to roint directle at
the Earth and tske the first real IR =ictures that anebodw
took. There was different film in esch of the four cameras.
You had to roint directle st the Ezrbthe and ss zou wers
going over the Esrth wouw had to track the verticsl verw
rrecisely. In the simulstors we found out that we could do
fazires but not reslly =2s sood a2s bthe srincirle investidgators
wanted, I remember that sbout two weeks Gefore Tlisht we
called wur the folks at MIT and zsked if we could do s little
oro-rate with the comruter driving the sezcecraTt.  Thew
gnaswered "0F coursey which way do wou want bto €0 snd how
fastT"s In & matter of & courle of davs we had 3 srogram and
g simulator that automasticslle drove & seacecrstt st rerfect
arbit rate. We dgot into flidght with verz lititle chance Lo

rractice or verifus but we rut on the cameras and it was



rerfects vou could not manually Fle it that well. It did &

very dood Job detting sictures.

3. What sort of commsnds cowuld =zou issue znd what sort of
functions?
A, The lansuzdse that lengusdge Lhat was develorsed for the

User was & verb-noun lansuagse. Two didgits would he & veris

for instance disrlaw the coordinstes ofs: and two more dismits

would be z rmoun: for examele velocitw. So if wou pushed VERE

PEy NOUN 24 wou would dgel g disslsy of the three comronents

of velocite: You could rosition the seacecrsft 2t zome

orientation:s sttitude. You would Loazad that in by doinsg B

verh thern & mnoune: losd wour coordinstes of zwour rosition and

wou attituder rush FROCEED and it would sutomsticsllw move
the sracecraft to that orientastion. With 2 combination of
verbs and nouns we could displavs manuevers we could turn
the engine on and offs we could navidste and bw the end of
the rrodrame we were using 50 or 60 words. For ezceh Tlight

seorle thought of more things Lo do.

A, Are these srograms basicselly built into the wire rose
memory or were they srogramns using verbs snd nouns.

&, Roth. THe srosrams were sctuslly writbten into the rose

memory but addressing the srosrams snd obtsining dinformation

and commanding the srodgramsy the orsrationsl soestemr was

really the VERB/MOUN swstem.



. What would s computer fzilure have mesnt on 2 mission®

&s It would derend on the situstion znd the marmer in which
the comruter failed » znd the soint a2t which we were in the
mission. Whether or not we would have edsired had the
comeruter failedy rrobeble not. I saw srobebly because some
garts of the mission were very dunsmic snd some Frarts wers
stetic,. There were henign situzstions where 3 comsgter
fazilure wouldn’t hurt wou. Nevigation wss not necessseily
time critical. The lunasr lending was very time coriticsl. You
could have & situstion in 2 lunsrt landing  in whichs 4T the
comrter failed: the engine was driven to bthe stoss, There is
g verticsl rocket ensgine that simbles snd tLiltss and i the
comruter were to drive it full to one directione wou’re
fimished unless wou can cstoh it. You srobeble could have
caught it. Some were some bhreazkouts in the hand controller
that would have enabled wou to cateh it. Then asdasine the
comruter was designed to be relizble with high reliasbilite
rartsy the whole concest was total relishilites You sure had

z2lot of confidence in somebthing like thst sfter 2 while.

1. What would have hasrened i the comsuter had failed
during arollo 137

fs There was s backur swstem. The lumsr module had what thew
call an zbort suidsnce swstem which was s much smaller
comeguter and much less carable. I think it would have
derended on how well thst less caeable bhackur svstem would

have worked. Theoreticalls: thew rrobsbly cowuld have done



the .ob to manuslly linksge with the silot Flwing it. I
think it would have been verg marginsl. Arollo 13 was
marginel 2ll the wew anwuwaw. Thew were hansging on the verw
edge sbout everwy mirute of the waw. I would not like Lo have
tried it anwuwavwy but without zn Arollo suidsnce comeuter I
think it wouldn’t have been s dood think to try. That would
have been what we call 2 double Tsilure. The whole Arollo
Frosram was designed so that no single roint Tzilure could
get wou. Failures in series» derending on what theuy weres
usuzally could be compensated for in one way or another by a
packur sustem. Two mador fzilures like thaet and total loss
of the command and service module and lunar module comruters

srobasbly would have been comeromisins.

The last time that I hit 2 rroceed button was on Augsust 7
1971y Just before reentrw. I had been throush an Arollo
reentry before but not from the moon. When wou come baok
from the moon zou rezllw have to hit the corridor. IT wou
have s basketbzll and 2 baseball 14 feel srart, where the
peseball resresents the Moon snd the basketball rerresents
the Earth and gou tzke & riece of rarer edsipwawss the
thimness of the siece of rarer would be the corridor bhat
wou would have to hit when wou come back. Thet’s onlw
rosition. You have to hit it with the rrorer velocitws too.
You have to have 3 sood comeuters and when wou are
arrroaching the reentre corridor wou are thinking asbout that

beczuse wou only have one chance. We had 2 beschkur swustem



that we called the entre monmitor swstems which was & dHrarhilo
disrlay based on other accelerometers in the srazcecrafit. It
was 8 nice disslay and wou could flw it marnuslly and there
were some sre-drawn ourves bthat wou fle to relstive Lo
attitude:, gs-loading, and velocity. You slusgs bthink asboot
that one beczuse it can get wouw down 1T the Arollo Guidance
comeuter feils, In me suidance and navidgstion role in the
early daws I seent zlot time on that ones too. T remsmber
during the reentry sswing "Wells here it soes'. I pushed the
sroceed button snd it wes rerfect 211 the waw down. There
was 2 scroll in the entry monitor swstem and it trecked Lhe
rredetermined curves 11 the waw in rerfectlw. As & result
we ceme rretitw close Lo the carrier. As & matbter of Taocbs bDu
the end of the arollo daus: thew used Lo not rarvie the

carrier on the landing soint.



