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







May 5, 1961 — Freedom 7

 Mercury capsule launch
aboard a Redstone rocket

e Astronaut Alan Shepard
* First American in space
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“I believe that this nation should commit itself
to achieving the goal,
before this decade is
out, of landing a man
on the moon and
returning him safely
to the earth.”

- JFK, May 25, 1961
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Skills we would need
1. Working outside

2. Rendezvous and
docking

3. Maneuvering
In space




* Highly mathematical
 Completely non-intuitive
* There’s a reason they call it rocket science

* Just about impossible
without a computer




On the side of the Earth opposite the Moon ...

.. While traveling at 17,500 mph

... With no sensation of speed

... add exactly the right amount of speed (7,500 mph)

.. While pointing toward a precise point in empty space

... S0 that 3 days later you arrive at a point in space

... exactly 70 miles ahead of where the moon will be then.







Apollo — Going to the Moon

Command and
Service Module




* Execute trajectories to get from the Earth to
the Moon

* Continuously update position and attitude

e Control spacecraft’s engines
and thrusters

* Display flight data

* Receive remote updates
from the ground




NASA Real Time Computing Center, 1966






e Head of the MIT Instrumentation Lab

e Believed his team could
build a digital computer
for a moon mission

* Most serious constraint:
weight




Computer would
be digital

Save weight and
power by using

integrated circuits SRERTENNSENRRRN
Simplify by using ww
identical integrat- |

ed circuits ﬁmTﬂTmf -

Work began in ‘--4-3-&&5&&&--.&-.._.
1961 G :
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1964 —

1966 —

1968 —

1970 —

« JFK
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1972 —
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Computer development begins

Apollo 11




* Developed by MIT Instrumentation Lab
 Manufactured by Raytheon
* Development cost: $26.6 million




15-bit word (plus a parity bit)

36k words of read-only memory (ROM)
2k words of read/write memory (RAM)
Weight: 70 pounds
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What Did the AGC Actually Do?




 Hardware the same in both spacecraft

e Different software:

— Command Module: Colossus

— Lunar Module: Luminary

* 1400 person-years
of effort, peak

EXTEND
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RESTART?
RODCOUNT
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ROLDFLBIT
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VERTGUID
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YEST ALL'S WELL
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YESe REINITIALIZE BuUY LEAVE VOGVERT AS
i5.

NO:  CONTINUE WiITH FolieDe
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CADR P40AUTO # OWN BANK TO SET UP RETURN PROPERLY

B*RNB*B* EXTEND
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* How do we talk to this thing?
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INDICATORS
LIGHTS

KEYBOARD

UPLINK
ACTY

NO ATT

KEY REL

OPR ERR

PRIO
DISP

NO DAP

TEMP

GIMBAL

RESTART
TRACKER

ALT

DINIH WA
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Program

Verb and Noun

Registers



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

* Works both ways
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FLIGHT PLAN

O ——
TRRCEING ATTITUDE
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B30 EXTEEMHAT AV

W50 COUL OF PLANE

LOAT AR5 AV

R — e ——

PLENE CHRNGE




“But how do you take a pilot, and
put him in a space ship, and have
him talk to a computer? ... Some-
body came up with the verb-noun
concept ... It was very simple for
us to operate with a series of
two-digit numbers representing
verbs and another series of two-
digit numbers representing
nouns. And it’s so straight-
forward and simple that even ":
pilots could learn how to use it.”

-- Astronaut David Scott
Gemini 8, Apollo 9, Apollo 15






* One attempt, no
second chances!

* Most of the flying is
done by the AGC

* Three phases, each
handled by a
separate computer
program: 63, 64, 66




- BRAKING PHASE

—

P63 PROGRAM STARTED ENGINE IGNITION

Orbit 50,000 feet altitude PDI: POWERED DESCENT INITIATION
50,000 feet altitude
240 miles from landing site
3,777 mph

12 minutes from landing
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- BRAKING PHASE

50,000 feet altitude

3,777 mph APPROACH PHASE

L
» \

7,000 feet altitude
477 mph
2 miles to go

%




* Landing Point Designator

(LPD)
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- BRAKING PHASE

50,000 feet altitude

3,777 mph APPROACH PHASE

7,000 feet altitude
477 mph

LANDING PHASE -

500 feet altitude
90 seconds from landing







* Second lunar landing mission
e November 19, 1969 - Ocean of Storms

 Pete Conrad, Dick Gordon, Al Bean

* First precision
landing
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* Logic built entirely with integrated circuits
* Real-time processing
* Priority multitasking

* Digital fly-by-wire

* Discipline of software
engineering

* Crash and restart







* Director of Software Engineering Division of
MIT’s Instrumentation Lab
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* Still a ways to go ...



* Only asingle
working AGC
exists

e Restored by
YouTuber
CuriousMarc

https://www.curiousmarc.com/space/apollo-guidance-computer



The Apollo Guidance Computer
by Frank O’Brien

AboLLo AN \¢
'GUIDANCE

Digital Apollo COMPUE |
by David Mindell a8
Virtual AGC W sl

http://www.ibiblio.org/apollo

AGC source code ral
https://github.com/chrislgarry/Apollo-11 ApO"'

wwuacw Spacofight
David A. Mindell



Computers to the Moon

Mark Schulman
Central Florida Computer Society

marks@schulmans.com



