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Talk about the littleknown role of the computer
that got us to the Moon and learn how it
worked.







May 5, 1961 Freedom 7

A Mercury capsule launch
aboard a Redstone rock

A Astronaut Alan Shepard
A First American in space
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aL 0StASOUS UKFIUG UKAaA
to achieving the goal,
before this decade Is
out, of landing a man »
on the moon and
returning him safely ==
02 0KS St N
--JFK, May 25, 1961

9

(=

‘ ‘%0
‘~ O




| e BN L
o e TR I . e ML




Gemini- Preparing to Go to the Moon

1960—
1962: «~— JFK
| Mercury
1964 —
N Mercury
1966 I Gemini
1968 —
1970—




Skills we would need:
1. Working outside the spacecraft
2. Longduration flights

3. Navigating and
maneuvering in
space




Ed White
Gemini 4
June 1965
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LongDuration Flights




A Highly mathematical
A Completely norintuitive
ACKSNBEQa I NBIlFaz2zy 0KSE

Perigee

A Just about
Impossible
without
a computer
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... While traveling at 17,500 mph

X o0dzi 6AGK y2 asSvyvaliirzy 27
X FRR SEFOGfe 0KS NARIKG Y
... While pointing toward a precise point in empty space
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Apollo¢ Going to the Moon

11 Apollo Command and
B\ Service Module (CSM)

\
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Apollo¢ Going to the Moon

Commanc
Module

Service




A Execute trajectories between the Earth and
the Moon

A Keep track of the |
spacecraft position Y . .

and attitude R A

A Control equipment
such as radars,
engines, and thrusters

A Display flight data
A Receive updates

mMm=-iPpX TO~—T
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NASA Real Time omputing Center, 1966






/ KFNXSa {GFN)] a520¢
A Head of the MIT Instrumentation Lab

A Believed his team could
build a digital computer

for a moon mission - A ’

A Most serious constraint:
weight

A Next most serious
constraint. power




1. Computer would be
digital

2. Save weight and
power by using
iIntegrated circuits

| FEREETRERY |
identical integrated ' “iill ”I“ I L ’

3. Simplify by using
CIrcuits miwmf 2R}

B N
Work began in 1961 " ‘
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Computer development begins

Apollo 11




A Developed by MIT Instrumentation Lab
A Manufactured by Raytheon
A Development cost: $26.6 million
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A 15-bit word (plus a parity bit)

A 36k words of reagbnly memory (ROM)
A 2k words of read/write memory (RAM)
A Weight: 70 pounds

A Power usage:
/70 watts peak







What Did the AGC Actually Do?










Hardware the same in both spacecraft

Different software:

I Command Module: Colossus
I Lunar Module: Luminary

1400 personyears
of effort, peak

EXTEND
RANMD

workforce of 350 e

P66NOWT  CS
AD
EXTEND
BZIfF

CA
EXTEND
BIF
TCF

RESTART? CA
MA SK
EXTENMD
BZF

TCF

#iT13
CHAN3L
»

GUILDKET

MODREG
DECHL

RESTART?
RODCOUNT

GUILOKET
S5TARTPGG

FLAGWKD1
ROLFLBIT

STRTPOOA

VERTGUID

IS UN=-ATTETUDE-HIM D DISCREYE PRESENT?

YEST ALL'S WELL

MUes HAS THE ROD SwiTCH BEEN “CLICKED™?

MUe CUNTINUF WITH AUTONATIC LANDINGS
YESe SWITCH INTO YHE HOD MODE.

HAS THERE BEEN A RESTART?

YESe REINITIALIZE BUY LEAVE VOGVERT AS
t5.

NO: CONTINUE wWITH FeliaDe



# kkkkkkkkkkkkhkkhkkhkkkkhkkhkkhkkhkkhkhkhkkkkkx

# GENERAL PURPOSE IGNITION ROUTINES

# kkkkkkkkkkhkkkkkkkkhkkhkkkhkkkkkkkhkkhkkk

BURNBABY) TC PHASCHNG # GROUP 4 RESTARTS HERE
OCT 04024

CAF ZERO # EXTIRPATE JUNK LEFT IN DVTOTAL
TS DVTOTAL
TS DVTOTAL +1

TC  BANKCALL # P40AUTO MUST BE BANKCALLED EVEN FROM ITS
CADR P40AUTO # OWN BANK TO SET UP RETURN PROPERLY

B*RNB*B* EXTEND
DCA TIG # STORE NOMINAL TIG FOR OBLATENESS COMP.

DXCH GOBLTIME # AND FOR P70 OR P71.






How do we talk to this thing?

A Keyboards were big, bulky, and heavy
AaAOS RARY QiU SEAAD
ACt 0 LI yStf RAALI Fé&a
A Displays were

heavy and
power-hungry













UPLINK
ACTY

NO ATT

KEY REL

OPR ERR

PRIO
DISP

NO DAP

TEMP

GIMBAL

RESTART

" UTMmEE
.| IOEEERE

DISPLAYS
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Program
Verb and Noun

Registers



A Verb: Command to do something
A Noun: Piece of data to do it with

A Works both ways
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FLIGHT PLAN
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a. dzi K2g R2Z2 @&2dz
out him In a space ship, and have
nim talk to a computer? ... Some
nody came up with the verhoun
concept ... It was very simple for
us to operate with a series of
two-digit numbers representing
verbs and another series of two

- . . -- Astronaut David Scott
digit numl?ers representing Gemini 8 Aponog APO”O 15
y2dzyao l VR- Al Qa a?z2 J

0“‘\

forward and simple that even
LIAf 20& O2dzZ R S N§






A One attempt, no second chances!
A Most of the flying is done by the AGC
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BRAKING

_ﬁ. PHASE

APPROACH @5
Three phases, each PHASE ! ;\

handled by a separate

computer program LANDING
PHASE




P63 PROGRAM STARTED
Orbit 50,000 feet altitude

- BRAKING PHASE

—

ENGINE IGNITION

PDI: POWERED DESCENT INITIATION
50,000 feet altitude

240 miles from landing site

3,777 mph

12 minutes from landing




Landing Cue Car
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- BRAKING PHASE

50,000 feet altitude

2377 et APPROACH PHASE

é-

LY

7,000 feet altitude
477 mph
2 miles to go




A Landing Point Designator

(LPD)

UPLINK
ACTY

NO ATT

STBY

KEY REL

OPR ERR

PRIO
DISP

MO DAP

TEMP

GIMBAL
LOCK

PROG

RESTART

TRACKER

ALT

VEL
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COMP

ACTY
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do oY
549 45
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- BRAKING PHASE

50,000 feet altitude

e APPROACH PHASI

.. [
&

7,000 feet altitude
477 mph

500 feet altitude
LANDlNG I:)HAS- 90 seconds from landing







A Second lunar landing mission
A November 19, 19690cean of Storms
A Pete Conrad, Dick Gordon Al Bean

A First precision
landing













