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AC ELECTRONICS 
@mmm:mmm Inning 4cm:- 

\\ 
WT AVIGATORS THROUGH TIME AN_D M 

APOLLO 9 
EARTH ORBIT WITH L/M 
AS 504 c/M 104 am 209 L/M 3 G&N 605 
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SPACECRAFT DEVELOPMENT FLIGHT CATEGORIES 
MAJOR STEPS TO ULTIMATE MISSION 

BP 6 - PAD ABORT 
BP 12 - TRANSONIC ABORT 
BP 13 - BOOSTER 
BP 15 - BOOSTER 
BP 22- HI ALTITUDE ABORT WNAR lAND'NG +—mm 
BP 23- HI Q ABORT 
3" 23A' PAD ABORT lUNAR onaIn—comm 3-C- 103 M d 50 002-TUMBLING ABORT. {EMFE’ié‘ER'éfSNwm ( awe ) 
sc 009-SUB-ORBITAL SC 104 LM-3 

‘9 . I I ‘——- M ”  - V  H C (ME: Man-116d) 

I N I E G R A T I O N  IM-l (Unmanned) 
_ _ _ _ — — — — — — — — _ _ — — — — — — — — — — — — — — — — - — _ — — — — — - — — — -  . H ‘ m "  ‘ 3 . . . -  

< 9 3  EARTH ORBITS4—PARAMETER a. sunsncu so 017 .. so 020 
so 101(Manned) 

® SUBORBIT<—-Isr INTEGRATED sc svsrms EXPOSURE SC 011 ‘ 

<~= 
IN“ 

\ \ BOOSTER -S C COMPATIBILITY 

\ ABORT 8. RECOVERY 4—Cksw SAFETY 
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s5 " '  C51 gen 

6" 5”)" 
SATURN V APOSLLO cm 

' LEM ADAPTER “D\ K .- " lES 5 & I 0 \  sup 

INSTRUMENT UNIT . 
MSFC/IBM APOLLO SM 

sun 
S-IVB . 

o o u s u s /  \ f 

5-" M su \ GRUMMAN 

33336 I J 2 ENGINE 
\ ROCKETDYNE 

\ 360FT 

5 1-2 ENGINES 
ROCKETDYNE 

\ 5  F4 ENGINES TOTAL wr 
ROCKETDYNE 7,000,000 lB _ 
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C/M GUIDANCE, NAVIGATION, 
AND CONTROL SYSTEM 41 

OPTICAL 
NAVIGATION 
UNIT 

INERTIAL 

UNIT (IMU) 

COMMAND 
MODULE 
COMPUTE 
(CMC) 

/ 

MEASUREMENT ’ F —  

R 

SIDE VIEW 

THE APOLLO GUIDANCE AND NAVIGATION SYSTEM IS COM- 
POSED OF THREE BASIC SUBSYSTEMS: INERTIAL, OPTICAL 
AND COMPUTER. 
l. The inertial guidance subsystem is composed of inertial 

measurement unit (IMU) and associated equipment. This 
subsystem performs three major functions: (A) Measures 
changes in spacecraft attitude; (B) Measures spacecraft 
velocity due to thrust; and (C) Assists in generating steer- 
ing signals. 

. The optical navigation subsystem is composed of a space 
sextant and a scanning telescope. Sightings on celestial 
bodies and landmarks on the moon and earth are used by 
the computer subsystem to determine the spacecraft's 
position and velocity and to align the inertial reference 
within the IMU. 

.. The command module computer (CMC) provides five major 
functions: (A) Calculates steering signals and engine 
discretes necessary to keep the spacecraft on the required 
trajectory; (B) Positions the stable membet in the IMU to 
a coordinate system defined by precise optical measure- 
ments; (C) Positions the optical unit to celectial objects; 
(D) Conducts limited malfunction isolation of the G&N 
system by monitoring the level and rate of system signals; 
and (E) Supplies pertinent spacecraft condition information 
to the display and control panel. 
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L/M GUIDANCE AND NAVIGATION EQUIPMENT LOCATION AND DESCRIPTION 
SC LGC 

PSA CDU PTA IMU NB AOT RR ANTENNA 

osxv, AND 
omen DISPLAYS 

AND CONTROLS ASCENT 
STAGE 

, . 
y . 

”fly—ASCENT ENGINE 
M 

M 

+ X  A X I S  ” ' \  

DESCENT +Y AXIS 
ENGINE 

+2  AXIS 
LEM AXES 

I'NERTIAL MEASUREMENT UNIT (IMU) and associated equipment performs three maior 
functions: (A) Measures changes in LM attitude, (B) Assists in generating steering 
commands, and (C) Measures LM veIocify changes due to thrust. This unit manufactured 
by AC Electronics. 

ALIGNMENT OPTICAL TELESCOPE (ACT) - Provides star sighting data which is 
manually inserted into the LM Guidance Compuhr for establishing the inertial reference. 
This unit manufactured by Kollsman Instrument Company. 

NAVIGATION BASE (NAV BASE) - Provides an accurate mounting base for the Alignment 
Optical Telescope (ACT) and the Inertial Measurement Unit. This unit manufactured by 
AC Electronics. 

LM GUIDANCE COMPUTER. (LGC) - Performs four moior functions: (A) Calculates 
steering signals and engine discretes necessary to keep the LM on the required traiectory. 
(B) Positions the stable member in the IMU to a coutdinate system defined by precise 
optical measurements, (C) Conducts limited malfunction isoIofion of the PGNCS by 
monitoring 'he level and rate of system signals, and (D) Supplies pertinent LM condition 
information to the display and control panels. This unit manufactured by Raytheon. 

DISPLAY AND KEYBOARD (DSKY) - Provides a two-way communication link between 
the operator and the LGC and the following {unctions may be performed: (A) Loading of 
data into the LGC, (8) Display of dam and system configurafion to the operator. This 
unit manufactured by Raytheon. 

COUPLING DATA UNIT (CDU) - The CDU, an all-elecironic device, is used as on inur- 
fuce element between the following: (A) The inertial subsystem and computer subsystem, 
(B) and the computer subsystem and the controls. This unit functions primarily as on 
analog to digital or digiial to analog converter. This unit manu‘actured by AC. 5 



APOLLO 9 MISSION DESCRIPTION 

1.  MANNED PRIME CREW BACKUP CREW 
J a m e m ' fi  COMMANDER C h m  r. 
David R .  Scott COMMAND MODULE PILOT Richard F.  Gordon, Jr. 
Russell L. Schweickart LUNAR MODULE PILOT Alan L. Bean 

2. SECOND MANNED SATURN V MISSION 

3. COMBINED CSM AND L/M EARTH ORBIT 

4. PLANNED DURATION — 10 DAYS 

5. BOOSTER - SATURN V BOOSTER NO. 504 

6. SPACECRAFT — CSM #104 AND LUNAR MODULE #3 
7. BLOCK II G&N SYSTEM 209 L/M G&N SYSTEM 605 

APOLLO 9 MISSION OBIECTIVES 

lst PERIOD 5th PERIOD 
1. CSM-ACTIVE DOCKING 7. CSM SINGLE CREWMAN RENDEZVOUS 
2. LM EJECTION FROM THE SLA CAPABILITY 
3. CSM AUTOPILOT STABILITY MARGIN (Partial) 8' AGS AV CAPABILITY USING DPS 

ML” 13' EL‘JCZLTLSSSOCKING 3. CSM AUTOPILOT STABILITY MARGIN(Completed) ' 11. PGNCS CONTROLLED APS BURN 3rd PERIOD — —  12. A08 CES ATTITUDE /TRANSLATION 4. DPS BURN DURATION EFFECTS CONTROL 
5~ LM PGNCS DAP PERFORMANCE 13. RENDEZVOUS RADAR TRACKING 

4th PERIOD PERFORMANCE 
6.  EXTRAVEHICULAR ACTIVITY l 4 .  LM ELEVATION RENDEZVOUS 

15. LM ACTIVE [DCKING 
16. APS LONG-DURATION BURN 

L
-

-
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MNVR. DATA 

on 
ACTIVITY DAY 

APOLLO 9 SUMMARY FLIGHT PLAN (D MISSION) 

I l I 
LAJNCH, INSERTION CHECKLISY I I 
I TRANSPOSITION, DOCKIING AND EJECTION 

l FIRST 5- NB RESTART I I  i 
I IMU REALIGN AND ALIGMENT CHECK 
I PREPS FOR BURN I AND BURN 
I SECOND S- iVB RESTART ' ‘ 

IDAYLIGHT STAR CHECK 
SXT ALL! 

I DOFF APGA: 

TUNNEL AND LM mssuvuzmon 
I DON PGAs | 
I CLEAR TUNNEL 
I w? IVT TO LM 
I 0mm, ALIGN IMU 
ICDR IVT ro LM l 
I CLOSE TUNNEL 

MNVR FOR AOT sun oe'tsavmom 
I MNVR son LM menus ANT TE T 
I MSFN RELAY rssr l l 

PLSS COMMUNICATIONS CHECK 
I ASSIST LM IMU course ALIGN 

l 
MNVR TO .5 $95 sum Afmuoé 
IMU ORIENTATION I I 
I I  MU REALIGN AND ALIGNMENT CK ' 
I PREPS FOR sps nu RN 2AND BURN 

l 5510 DEAL AND ORBITAL RATE 

PREPS FOR SPS BURN 4 AND BURN 

A K P I IMU REALIGN 
mTJRTRREACugliJG | ”CH MET" I PREPS FOR DOCKED DPS cum 
I PREPS FOR SPS BURN 3 AND BURN I CLEAR TUNN: SM 

I IMU REALIGNI 'ICDRPIVTTT?O CSM 
I LMK TRACKING.- YAw/ROLL METH LcMo'gé TUNNENL 

‘ IMU REALIGN | ' 'MUR 

I DAIYLIGHT IMU REALIGN 1 oops PGA‘ 

* ‘ | ‘ I‘ I I ? 11 
32-50%? ' sps BURN 2 srs sum 3 595 sum 4 SP5 sum 5 
Nb ULLAGE ””200 75:1&30213=28:oo 54 26. u, 
or 5 0 sec NO ULLAGE NO ULLAGE 4/ia ULLAGE 4/17 ULLAGE 
N 3'6 8 FPS 8T: no.4 sec 8T: vussc 8T. 28. osec U: 41 5 SEC 
(115x151) AV: 849.4 FPS AV: 548. um AV: 299.8 FPS AV: 550.5 FPS 

(113x191) msx 271) (nsx 271) . (133x 133) 
0 4 a 12 16 ‘20 24 28 32 36 49 44 4a 52 56 so 64 as 

' l 2 I 3 l 
3 i 9 12 13 19 21 24 '27 30 fi 36 39 42' 
1 1 l l l I l I I L I l 

N 
I CLEAR TUNNEL 

I PREPES AFOGR SP5 BURN .3 AND BURN 

LM/TUNNEL mssumzmoul I T T 1 I , 
PGAs LM/TUNNEL PRESSURIZATION I l 

I 
I 
I 
X 

I PREPS. FOR DEPRESS 
I CABIN DEPRESS' 

lnsscomm.cnecx ! 
i " 
l 
I ATTITUDE HOLD AT MIN MADBAND I EVA PHOTOGRAPHY I um? EVT csm & BACK TO MIA . :VA Moro. 5: us. CHECK 

I asmss csm % ' 
u INSTALL cm. COUCH ‘ 

I I CLEAR N'NEL . I PREPS. FOR LM m BURN ! 
I con IV 0 CSM I PREPS. son LM MCC warm) I 
I LMP M TO CSM l RENDEZVOUS; PHOTOS or LM I I 
I CLOSE TUNNEL I DOCKING; CORONA 1551 2; CLEAR TUNNEL 
I oorr PGAs LMP AND con IV? to CSM | 

i , - CLOSE HATCH srow EQUIPT.;JETTISON 
: l I DOFF PGAs I 
| I I t  I ‘ 
I I I I l | I I l I 

93:05:45 ' ° ' = 3 0 1 2 1 ; 5 9 : o o  
4 - X JETS 4-x JETS 2/20 ULLAGE 
BT: 10.9SEC 3T: H 8 SEC at 2,4 sec 

I AV: 6.0 FPS AV: 5-0 FPS AV 62.7 FPS 
l ( 1 3 0 x 1 3 )  ( I 3 0 X 1 3 1 )  ( 9 5 X  '29) 

72 76 so 84 88 92 96 100 104 108 112 no 120 123 1:5 
4 [ 5 I 6 

4s 51 54 ' 57 60 63 66 69 72 75 78 a4 
1 i l J l 1 L l 1% . 1  l I 

IMU ORIE 

. I IMU REALIGN AN 

PREPS. FOR UNDOCKING AND UNDOCKING- S-MNID HIGH GAIN ANrErIqNA 1357 . 
LM INSPECTION AND CSM SEP. ms. Foiz LM PHASING sum 

RENDEZVOUS TRACKING 
I IIMU REALIGN ; 
I PREPS. FOR LM INSERTION NlauaN , IB 

BURN 

PREPS. FOR LM cs 
I PREPS. FOR LM CDHU BURN l 

'- MNVR TO ~SPS BURN ATTITUDE 

I IMU UitIENnEIEON ’ 
I | IMU REALIGN 

;— LAN:D\AAR|:< :TRACKING (P22) 
I w'u REALIIGN 

- .  LANWIARK TRACKING (P2 Z) 

I LMP IVT TO LM DON PGA 5 AN 3 CLEAR TUNNEL l w u  o'mm'AfDN‘ INITIAL ENIRY PREPS AND STOWAGE 
I wu ORIENT | I LMP AND con IVT to LM ! SYS'TEMS V'ERIFIC‘A 
I can IVT TO ma 1 I CLOSE TUNNEL; IMU REALIGN IMUIREAuérf I . "0"" 
I CLOSE TUNN IASSIST LM COARSE ALIGN a: CLOCK SYNC I pREps FOR sps QURN AND 3 RN IMU ORIENTATION I 
I srow CENTER coucu I !  RR rams N R $e : ' - i 6| L M, REA . 
I IMU REALIGN : MAINTAIN MIN. 03 ATTIIUDE HOLD] 3 ' 'MU REAUGN, I l “9” 

FIN¢L ENT:RY PR:E:PS I 
SPS DEORBIT BURN U 

IMU 'ORIEN 'rArION 
. m? REALIESN snA uu =2l=39 
l PREPS F0! 595 sum 7 AND mm 

.M I 
l l l H 1 I sps sum 7 DEORBIT 

169:47zoo 238: 10. 00 2/20 ULLAGE 2/20 ULLAGE 
IT: 6.ZSEC ar- 12. 3 sec 
AV: 155.7 FPS 1 av: 313.4 FPS 
(93 x 210) i (29 x 203) 

L 1 . _ _ __ _ 
m 152 mo 168 I76 184 192 zoo 208 216 224 232 240 

7 8 I ‘0 n 
90 9o :02 ms 114 ' 120 2 132 144 ISO 
1 l l l J l l l l 



APOLLO 9 SUMMARY FLIGHT PLAN (D MISSION), 

mmN No. i’ f f a? as F 2' '2: 2,7 r, 3.3 3,6 3° We 1 4.8 5: 3F 3? 56—5. 6, 6.6 31° 73 75 :9 
Acnvnrv DAY I [ 2 I 3 l 4 5 6 

2:! t 4 u 12 16 ‘20 24 28 32 36 4o 44 48 52 56 so 64 .68 72 76 80 a4 88 92 96 100 104 we 112 no 120 I28 
. — *  T v 1 v I I 

DOCKED ops DPS 0 CSI RCS CDH APS m RCS 
3-00 PHASING INSERTION 4JETINTCON 97.06.73 4151 INTCON DEPLETION 

AGE 93:5&03.6 9 “:48 96:22-00 4/4 ULLAGE 97-59:20.6 101:55 
MNVR. “0339‘ cc ’ 2/8ULLAGE 2/9ULLAGE BT 30.5ssc ET: 3. ISEC 31: 17.0 SEC 4/4 ULLAGE 
DATA v- ] 99m ‘ 31; 25,2 ssc or: 2” SEC AV. 37.3 m AV 37 9F 5 AV: 21.3 FPS BT: 360$EC 

A] xbm AV: 35.095 Av: 39.95;: (120x139) (118x120) nvxaz) Av swrps 
( I s  ) m a x  144) l L . _1 I l l  (131x358) 

I '1 l . J J] 

I V I I l [ i H r 
l u w l v  r o w  ILMPIVTTOLM' ILMPILMVTTO 
| ENTRY CHECKS, m, ECS CHtcuzour I INITIAL w ACTIVATION I mun/In. LMOALCJIVATIDN 
I con Ivr T O L L  
I CLOSE TUNNEL I ASSIST CLOSING FUNNEL I ASSIST CLOSING TUNNEL 

GL YCOL, PGA, R: GULATOR CHECK I COMPLETE ACTIVATION son EVA 
DAYLIGHT AOT sun VlSIBltITY CHICK I ASSEMBLE EMU FOR EVA I LM ACTIVATION ANDL H. In IIT 

I COMMUNICATIONS TESTS“. v. . l PLSS COMM CHEC l I 
2 I S-BAND smum ANTENNA TEST; I news. FOR omsss AND omess _, l I MSFN RELAY 7551 i 3 g u DEPLOY LANDING GEAR l 

I I REMOVE AND REPLACE CARTRIDGE 
I IPLSS COMMUNICATIO Nscn ECK 

IPGNCS, AGS, LGC ACTIVATION 
IIMU cons: ’NALIG | |  

RCS PRESS, cow mil, 'GHor FIRE 
.l FINE ALIGN TORQU 
I LR, RR SELF TEST, AGS CALIBRATION 

! I ops Passsumu'nou I I 
l FINE ALIGN TORQUING | 
I UPDATE, ALIGN, CALII. AGS 
I PREPS roa ops. sum AND sum 
I AGS CALIB. AND LR SELF 1:51 
I con IVT TO CSM 1 
I suauwuoa mom 
I Lm‘wr TQ CSM] 

I LMP EVT TO CSM 
I RETRIEVE CSM SAMPLES 
I LMP EVT TO LM 

. l 
IMU FINE ALIGN AND PREPS. FOR UNDOCKING 

l I UNDOCKING AND INSPECTION MANEUVERS 

IMU lCOARISE ALIGN I 

RENDEZVOUS NAVIGATION ‘ 
I 
| 

' RETRIEVE LM SAMPLES I I IMU REALIGN AND COAS CALIBRATION 
I M ?  EVALUATE LIGHTING I PREPS. FOR PHASING AND BURN 

I H-BLAD PHOTOS AND T . V .  I IMU REALIGN I I 
l PREPS. FOR INSERTION AND BURN I mass m: I PREPS. FOR cs:, STAGING AND sum PLSS RECHARGE AND oornNGT I PREPS. FOR c'oH AND BURN 

IREMOVE, REPLACE LIOHC | gums: CLIEANUP & STOWAGE 'II mp5. F!OR IN AND BURN 
I con IVT TO CSM IMCCI AND 2 BRAKING . SUBLIMATOR amour n noz., CSM fiHoro, CORONA 1551 I 
I LMP IVT TO CSM I DOCK., CORONA TEST 2,CLEAR TUNNEL 

con AND LMP IVT TO CSM 
l LM JETTISO 

IAPS sum TO DEPtETION 

l LMP INGRESS LM | i 

; 

ACTIVITY DAY 5 
RELATIVE MOTION (CURVILINEAR, CSM CENTERED) FOR LM ACTIVE RENDEZVOUS 

'6 T T I l r I I 
A ops INSERTION :22?n 
' 95:41:48 , 
I ,2 j’av; 37.9 FPS / 96:22:00 ‘ ; AV: 37.3 m 
N — r ‘ - < - ~  ___.._ 
" x 2 g 8 
I“ 

3 g ~00C8KING SM ncs \\ \ 
U 99:1 ' 
< 3 4 1 I SEPARAIION 
g 93:05:45 
5 t Mme"; 
_. ,. ops PHASING- 
; 1" 9325m03.e 
; my: a; m 
g 34 ~UNDocxlNcl l ' 
. 9‘ (2:39 . I 1 ms :ou 
.f. 3 ac: m 97:06:23 
Z 3 97:59:20.6 Av: 31.9-n 
=' 9 ~ < - s  21.8 rPS 
g l l 
U ,2 W 1  .. 

IO 0 IO 20 30 40 50 60 70 80 93 HI) 
LM AHEAD *1—9 LM BEHIND 

CURVILINEAR HORIZONTAL DISPLACEMENT, X (N MI) 

I l I 
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LAUNCH COUNTDOWN SC 104 i 
.432 430-128 426-124 422 420 413 -m 414 412 -no 408 406-104 402 499 -98 -9e -94 -92 -9o -88 -86 -84 ~82 -ap -73 ~76 1 

» ' masoxsfivmpsl: } E % '1 
:3: TURN ON fEM VERIFICATION l i """"" M a m  . cmnmfl "flHiE CREW . A 1 
~ ----------- m m  M55 +51 . . rm SMGH ‘s‘VE‘a j 
magnum {cam m m m m  " " "  1 
-------- manomsrunmmescusexsl: . csmcm 10mm»- 1 
fi ------ mess; ma yemncmor‘ 52mm momnoonum ‘ 1 --------- Desspoxfmvm ] 
--------- Dscyemur i Ejewnswms unwrcmma flcsmréwmw ] 

muocxsmayma. ; - Hannah 1 
Ejmmsww ------- I W E  ---------------- ---------- um . .5 {NECOINNECT { 

. “NW5 ---------- m ------- . ' , J j 
sm/sesmmnsrl} ------------ ------------------ [[sc 9mm -------- ------ aummw. , ; 

mussemom (m; i 
EJSTBYMON Macaw i 
DCMCQP ] 

rowan pom ‘ ? 
caé: W i 
eafc :, g 



r LAUNCH COUNTDOWN SC 104 
-74 —72 +9 -614 -69 -5§ -52 -4,8 —4|4 —4o -36 -32 -3p —2p -26 -24 -22 -20 -18 ~16 -14 -12 40-9 

i m g ! " " " " "  E IAELHEWL“ I‘iEM' EVE—MAI WAT + S- r. , = _‘ mama . RED 
4f, HEMECH—_—__T—-Byl Low BAT HOT—Kg?" I. g1 :5“!!! ; .._. : 

.PROPLNE plsc f g DSA- IWIZATiGN" $GRV!OG$E DISC . ensue 4[::] £5n V 3‘ 
' ~~~~=~+flePEN M9 ~—-HJEL€EHLACI ' . 3.1 ”games s'un_______ sap SERV u ---GPEN sue 31:] 

was H2$s¢~ HICNDKUHQPBRGE s,w'l+l<[j ------ DRF 51L; 3-; wet—"HIEsusR'v"'PR"lamps“1 - 
; BLEEDE} . > 1 Lr SHE TOPOFF AUX DIWEEIJ 

I. MH}: TANKINGI j : “"1”“! . {If ---------- 
$HE-SERVIEE[__ ‘ i r g 7 7 C‘VEM§S{_ Q 

a-ucuamflg 7 ‘ -» --FT-gs ._ m-M-ARnAARfi 0 
31(594} : I 

svwsfisst- ; 
~: - v-Iaewgmmnfl ________ -- “DEL-TA" r|-~- E-MErvO- v 15v II E » . 

;-<: PB . 139' :CAL SIGHTINGS. ----------- D . : no . c. KAHGNIIOHL PWR ~ m lNIERfAC—E 0: Gary in 1: E 8 

____________________ DH’TA' I 

' ' ~0- 

L _ _ _ ¥  ee 



::ll 21 Orbit Insertion 

Install Optics (Eyepieces) 
Jettison Optics Covers 
P52 IMU Realign REFS 
PIPA Check (Optional) 

SIVB Mlaneuver no T&D A'I'I' 

Configure for Ejection 

SIVB Maneuver to R=0, 

MCC Update State 'Vecuor 

952 IMU Align - PREF 

SPS Burn 1 BT 5 .0  sec 

r & d  
s r e d  IMU orient for Deorbit 

V
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—
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APOLLO 9 MISSION EVENTS SCSfl 

(55.1”. 
07:43 
08:00 
08:52 
08:55 

19:00 
19:55 
20:38 

27:15 

27:45 
27:50 

EVENT 
PIPA Bias Check 
SXT Callb. , P23 
Deorbit 
Pwr. down IMU, CMC (P06) 
& SCS 
Pwr. up IMU, CMC & SCS 
P51 
Update State Vecmr 
PIPA Bias Check 
P30, P40 
P52 
P40 
SXT Star Check 
SPS Burn 2 - 81‘ 110.4 sec 
N 849. 4 FPS 
Update for Landmark 
Tracking 
Update State Vector 
P22 Landmark Tracking 
Update State Vector 
P30, P40 
P52 IMU Align - PREF 
P40 
SXT Star Check 
SPS Burn 3 BT 277.6 sec 
AV 2548. l FPS 
Computer Update - Desired 
Orient for Ldmk. Track 
P52 IMU Align - PREF 
Computer Update - Ldmk. Track 
Update State Vector. 
P22 Ldmk. Tracking 
Update State Vector 
P30. P40 
P52-PREF 
P40 
SXT Star Check 

28:28 

29: 22 

29: 55 

41: 05 
41: 58 

42:15 
42: 33 

43:02 
43: 40 

44:05 
46:29 

47:22 
47:28 
48:05 

48:40 
49:08- 
49: 25 
49:43 

49:50 
50:15 
51:12 
52:53 
53:05 
53:12 
53:30 
53:35 
54:26 

NT J 
SPS Burn4 - BT 28.0 sec 
AV 299. 8 FPS 
P52, REFS 
Update State Vector 
Pwr. down IMU. CMC (P06) 
& SCS 
Pwr. up IMU, CMC, & SCS 
State Vector Update 
Update - LM AOT Observation 
Pad, LM S-BD Steerable Pad 
LMP IVT to LM 
Transfer LM to LM Power, P51 
P52-PREP 
CDR IVT to LM 
a r .  for LMAOT Star 
Observation 
PIPA Bias Check 
Support LM Comm. Checks 
as Required 
LGC/CMC Clock Sync. 
LM IMU Coarse Align 
Update - LM State Vector, 
CSM State Vector 
P52-REFS 
P30, P40 SPS Thrust 
P41 RCS Thrust 
Docked DPS Burn 
ET 367 Sec AV -1699 FPS 
P76 
CDR IV'I‘ to CSM 
LMP IVT to CSM 
Update State Vector 
P30. P40 
P52-PREF 
P40 

~ SXT Star Check 
SPS Burn 5 BT 4 1 . 5  sec 
AV 550.5 FPS 



' G. E. T. 
55:37 ' 
55:57 

67:35 

69:23 
69:35 
69:55 

70:08 
71:05 
71 :53 
76:46 
77:37 
77:45 
78:00 

87:05 

89:05 

EVENT 
Update State Vector 
Pwr. down IMU, CMC (P06) 

S 
Flight Plan Update 
Pwr. up IMU, CMC & SCS 
LMP IVT to LM 
P51 
Update State Vector 81 
Desired Orientation 
CDR IVT to LM 
P52-PREF 
PIPA Bias Check 
CDR IVT to CSM 
LMP IVT to CSM 
Update State Vector 
Pwr. down IMU, CMC (P06) 
& SCS 
Pwr. up IMU, CMC 81 SCS 
P5]. 
Update - CSM State Vector 
LM State Vector, Desired 
Orientation 
LMP IVT to LM 
Transfer LM to LM Power 
CDR IVT to LM 
P52-PREF 
LM/CMC Clock Sync. 
CMC Free Mode 
PIPA Bias Check 
CSM/LM Undocking 
P30, P41 RCS Thrust 
SM RCS SEP Burn BT 10. 9 
sec AV 5. 0 FPS 
P20 Rndz. Nav. 
P52-REFS 
V85, P30, P40 
P76, P20 
P34, V32 

APOLLO 9 MISSION EVENTS (CSM; 

G.  E. T. 
94:55 
95:30 
95:43 
96:03 
96:10 
96:24 
96:40 
96:57 
97:10 
97:20 
97:53 
98:00 
98:27 
98:35 
99:17 
100:00 
100:21 
101:25 
101:30 

103207 
103:15 

117:45 
118:40 
119:25 
119:40 
119:50 
120:07 
121:20 
121:40 
121:59 

123:06 
125:20 

125:55 
139:55 

EVENT 
P52-REFS 
P30, P40 
P76, P20 
V85, V83, P30 
P40-SPS Thrust 
P76, P20 
P17 TPI Search 
P30, P40 
P76, P20 

P47 Thrust Monitor 
Rendezvous 
Docking 
CDR IVT to CSM 
LMP IVT to CSM 
LM jettison 
Post Jettison SEP a r .  
BT 11. 8 sec AV 5.0 FPS 
Update State Vector 
Pwr. down IMU, CMC (P06) 
& SCS 
Pwr.up IMU, CMC 8t SCS 
P51 
PIPA Bias Check 
Update State Vector 
P30, P40 
P52-PREF 
P40-SPS Thrust 
SXT Star Check 
SPS Burn 6 
ET 2. 4 sec AV 62. 7 FPS 
PSZ-Nom 
Update State Vector, Hi-Gain 
Antenna Pointing 
Pwr. down IMU, CMC & SCS 
Pwr.up IMU, CMC 8r. SCS 

236:07 
236:32 
237:18 
237:42 
238:10 

$33553 238:35 238:39 

EVENT 
P51 
Update State Vector, Nom Orient 
PIPA Bias Check 
P52-Nom 
Update—Landmark Tracking 
P22 
Update Landmark Tracking 
P22 
P52-REFS 
P22 
Update State Vector 
Pwr. down IMU, CMC & SCS 
Pwr. up  IMU, CMC & SCS 
P51 
Update State Vector 
PIPA Bias Check 
P30, P40 
P52-PREF 
Load DAP, P40 SPS Thrust 
SXT Star Check 
SPS Burn 7 BT 6. 2 sec 
AV 155. 7 FPS 
Update State Vector 
Pwr.down IMU, CMC, & SCS 
Pwr.up IMU, CMC & SCS 
PIPA Bias Check 
P51 
Update State Vector, Tgt. Load, 
Desired IMU Orient, a r .  Pad, 
Entry Pad 
P52-PREF 
EXT AV P30 
Load DAP, P40 SPS Thrust 
SXT S t a r C  eck 
SPS Deorbith Burn BT 12. 3 sec 
AV 313. 4 FPS 
(fivi/SM0 SKeparatlon 

Chutes Deployed 
SPLASH DOWN 
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G. E. T. 
35:15 
42: 33 

43 :02 
43:50 
43: 57 

44 :07 

46:29 
46:36 
47:15 
47:22 

47:28 
47:42 
48:13 

48:15 
49:05 

49:25 
49:43 

50:15 

51 :05 
51:12 

69:38 
70:48 
73:13 
73:28 
73: 45 

APOLLO 9 MISSION EVENTS gm 

EVENT G. E. T. 
LMP IVT to LM 75:65 
Transfer no LM Power 76:46 
ECS Activation & Checkout 77:28 
CDR IVT to LM 77:38 
Ascent Batt ACT&Checkout 89:14 
Daylight AOT Star Check 89:55 
Visibility 90:30 
Comm. Checks 90:37 
S-Band Steerable An I .  Check 
TV Pass to 46:34 90:43 
Comm Checks 91:08 
PGNCS Turnon & Self-Check 91:10 
LGC Clock Initialization, 
Load Tephem, E-Mem mmp 
IMU Docked, Coarse Align 91:38 
PIPA Bias Check 
Update - LM State Vecnor, 92:39 
Gyro Torqulng Angles 93:20 
IMU Fine Align Torquing 93:23 
Update - Gyro Torquing 93:45 
Angles, Fine Align Torquing 93:50 
P30, P40 DPS Thrust 
Docked DPS Burn ET 367 sec 93:55 
AV-1699 FPS 94:05 
CDR IVT to CSM 94:20 
Initial Power Down 94:30 
Transfer to CSM Power 94:55 
LMP IVT to CSM 95:07 
LMP IVT to LM 95:38 
Transfer to LM Power 95:41 
EVA Preparation 
LMP Egress LM 95:47 
LMP EVT to CM (Ingress CM) 96:00 
LMP EVT to LM (Egress CM 96:16 
lngress LM) 

EVENT 
Tmss to 75:15 
CDR IVT to CSM 
Transfer to CSM Power 
LMP IVT to CSM 
LMP IVT to LM 
CDR IVT to LM 
PGNCS Turn on & Self-Test 
LGC Check Initialization & 

- Tephem Check 
IMU Coarse Align 
E Memory Dumps (2) 
Update LM State 
Vector, CSM State 
Vector, REFS 
IMU Fine Align and PIPA 
Bias Check 
CSM/LM Undocking 
P30 
P52 - REFS Option 
P40 H’S Thrust 
Phasing Burn HT 25. 2 sec 
AV 85.0 FPS 
P20 
P34 
Update P20 
V93, V32 at 4 Marks 
P52 - REFS Option 
P20 
P40-EPS Thrust 
Insertion Burn BT 24. 8 sec 
AV 39. 9 FPS 
P20 
P32 
P41 RCS Thrust 

Q. E. TI EVENT I 
96:22 CSI Staging Burn BT 30.6 sec 

AV 37. 8 FPS 
96:27 P20 
96:40 P33 
97:00 P42 
97:06 APS-CDH Burn BT 3 . 1  sec 

N 3'7. 9 FPS 
97:10 P20 
97:55 P41 
97:59 RCS-TPI Burn BT l7 .  6 sec 

AV 21. 8 FPS 
98:10 P41 RCS Thrust-MCC1 
98:22 P41 RCS Thrust-MCCz 
98:35 Rendezvous 
99:17 Docking 
99:45 Update LM State Vector 
99:53 P30, PIPA Bias Check 
100:00 CDR IVT to CSM 
100:15 P42, Enter P00 
100: 21 LMP IVT to CSM 
101: 25 LM jettison 
101:31 MCC CMD Enter P42 APS Thrust 
101:55 MCC CMD - APS Burn to 

Depletion ET 360. 0 sec 
AV 5247 FPS, Orbit 3258 x 131 



CSM-LM REN_DEZVOUS PERIOD 92:30 hours to 1002.30 hours 
I " CSM Separation Burn (RC5) a/Phasing (DPS) VCSM-LM fl/IB = 10.9 sec .. TB= 25. 2 sec (10.2 sec at 40%) 
I ”"90“ n AV = 5.0 fps 3 AV= as 0 fps 
l : I Ulloge time = 8 sec 
I II 
I 11 II 
I ' MAD 
l 1 GI! cw GE HEM MEI 

DARKNESS 
Y [ I N I T I D A R K I I I I I I I I I I I I I I I I I E S S  l l l l l l l l l l l l l l l l l l l l l l  

92:30 92-40 9250 9300 9310 9320 93:30 93:40 93:50 94:00 94:10 94:20 94:30 94:40 94:50 95:00 95:10 95:20 95:30 

IVT of the two 'I Insertion (DPS) ",CSI (RCS) CDH (APS) u m (RCS) I 
LM crew members " I i /TB = 24.8 sec .1 T3 = 30.6 sec T3 - 3.] sec ' T3 = 17.6 soc : a1~89*‘00"‘ get u m AV= 39.9 fps I; AV: 37.8 fps AV=37.9 fps . Av= 21.8 fps I 

II m- Ullage "me 9 5m . Ullage time =4 sac : g 
m- I I ._ I 

" ' 
cw . N cao - [Ell I HTV RE 

DAR NES c 
W l l l I I L S T I F I I I O O I I I I I I I I I I I  K S  D A Y U H T I I I I I I l l l l l l l l l l l l l l l l l  DARK 

9530 95.40 95.50 96:00 96:01 96-20 96:30 96:40 96:50 97:00 97:10 97:20 97:30 97:40 97:50 98:00 

ll fl ‘ 
TPF I: CSM- LM Docking I Long duration APS burn 98:31o\‘:| : 13: 360.0 sec 
AV- 28.5 fps II II AV = 5246.7 fps 
RCS= 45.7w: I: I Ullage time - 4 sec 
(Theoretical) {I 5 101.55 G.E.T. 

IACN I 
I man 

an HAW 
DARKNESS D-Y IGHT DARKNESS I I I T I I T I I I I I I I I I I I I I I I I  l l l l l l l l l l l '  I I 

9800 98:10 98:20 98:30 98:40 9&50 9%00 9%10 99:20 9Q30 9%40 99:50 10000 100210 100120 10030 
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sacs: 
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“-51.9!” 
" ‘  / Ic_s,17.6uc 

fAV=39JHps 
p 

”E35: £0 {'3 9 1 . I“ 

s \ \  

I (“Uta-nut) 

I—-TF Win-WIN)! :- "mi  |/ 
_Av"s 13.61;», ncsam “NI. Fig.1 

Mun, Mani 
fl 0 10 fl 

[MUM lMlnhlnd 
12 

W motion tunmnear, CSM-anterod) term-active mums a! mission 0. 

/ C17)"6 (PGNCS) 
6:.27 8 $3; 

Curvillnoar horizonhl dlsplacemenh X. n. ml. 

I:Sl (PGIC 
06:22: 00. 0) (TAD 
AW I 37. 8 fps 
IICS. 30.6 a: 
( m o  



SEQUENCE OF EVENTS FOR SPACECRAFT MANEUVERS 

Period G. e. t. of Time to next Bum Ullage Resulting 
of Event initiation event, Propulsion Time Time Total AV Guidance ha/hp, Tracklng 

Activity hr:min:sec hr:min:sec system sec sec Me n .  m1. Stations 

1 Launch 00:00:00. 0 00:11:35. 3 - -  - -  - -  - -  - -  - -  ETR 
Insertion 00:11 :35. 3 02:22:24. 7 - -  - -  - -  - -  - -  - -  ETR, VAN 
S-IVB to separation 02:34:00. 0 00:0 ‘00. 0 APS - -  - -  - -  - -  - -  None 

attitude 
CSM separation 8: 02:43:00.0 01:25:57.0 SM RCS 7 . 0  - -  1 . 0  - -  - -  - -  

ocklng b 
LM ejection 04:08:57. 0 01:52:43. 0 SM RCS 3 . 0  - -  0 .  4 - -  112/109 None 
SPS-1 (docked) 06:01:40. 0 16:10:20. 0 SPS 5.0 0 36. 8 G&N 131/113 HAW 

ext AV 

2 SPS-2 (docked) 22:12:00. 0 03:06:30. 0 SPS 110. 4 0 849. 4 G&N 191/113 BDA 
ext A 

SPS-3 (docked) 25:18:30. 0 03:09:30.0 SPS 277. 6 0 2548. l G&N 271/115 MIL. BDA 
ext AV 

SPS-4 (docked) 28:28:00. 0 11:32:00.0 SPS 28.0 CEO 299. 8 G&N 271/115 TEX 
ext AV 

3 LM systems 40:00:00. 0 09:43:00. 0 - -  - -  - -  - -  - -  - -  
evaluation 
[PS burn (docked) 49:43:00. 0 04:43:16. 0 ITS 364. 0 10 1698. 3 PGNCS - 270/115 MIL, BDA 

ext A 
SPS-5 (docked) 54:26:16.0 17:13:44. 0 SPS 41. 5 20 550. 5 G&N 133/133 GYM 

t AV 4 EVA 71:40:00. 0 21:25:45. 0 -- -- -- -- ex" -- -- 
5 CSM separation 93 :05:45. 0 00:44:18. 6 SM R68 10. 9 - -  5 .  0 - -  131/130 None 

rn 
Phasing 93:50:03. 6 01:51 :44. 4 [25d 25. 2 c7 85.0 AGS - 144/118 MER 

ext AV 
Insertion 95:41:48. 0 00:40:12. 0 11’s ~10% 24. 8 c7 39. 9 PGNCS - 143/141 GYM 

ext AV 
C51 96:22:00. 0 00:44:27. 8 LM RCS 30. 6 0 37. 8 PGNCS - 139/120 TAN 

ext A 
CDH 97:06:27. 8 00:52:52. 8 APS 3.1 4 37.9 PGNCS - 120/118 RED 

ext AV 
1‘?! 97:59:20. 6 02:26:39. 4 LM RCS l7.  6 0 21. 9 PGNCS - 132/119 TAN 

ert 
Agfig?&reura- 100:26:00. 0 21:33:00. 0 APS 360. 0 3 5246. 7 [3&3 - 3237/ 1 29 GYM. TEX, MIL 

6 SPST6 (solo) 121159:00. 0 47:48:00. 0 SPS 2. 4 20 62. 7 G&N 129/95 CRO 
ext AV SPS-7 (solo) “19:47:00.0 68:23:00.0 SPS 6. 2 20 155. 7 G&N 210/93 MIL 

. ext A SPS-8 (deorbxt) 238:10:00. 0 00:15:30. 4 SPS 12. 3 20 313. 4 G&N 208/29 HAW, RED 
ext AV 

“Launch i s  assumed to occur a t  1100 Hts.  EST on February 28, 1969. 
bUllage t ime given i s  for separation from S-IVB with 1 fps.  
c2 jet ullage. 
d10 percent thrust for 15 seconds; 40 percent thrust for 10. 2 seconds. 
6The velocity-to-be-galned residuals will be trimmed by RCS using PGNCS (if necessary). 
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-CH SNUERCE 0! m s  FOR RMTRY 

1'1.- “ Entry Geodetic 
lift-off. tine . 

III-aim": I111 :uc 

hm interface 29:25:30.” 0 

0.05; 23:21:52.” 2:22 

Start [our page 236mm.” 2:25 

23:28:”.35 3:00 

2333331.?! 8:00 

23535:”.31 9:10 

Dro‘ul punctuate «ploy-eat 2383538.” 10:08 

nun parachute upxoyuent 238:36:2Iu.62 10:55 

Touchdown 238:ho:h1.61 15:18 

her: run plus. 

Put entry load factor 

Manc- tor-innit»: 

‘hmm when; an mun-pm. «1.. 

lat nude , 
deg 

33.36 

33.36 

33.35 

33.17 

30-75 

30.62 

30.6h 

30.6h 

30.6h 

longitude , 
do; 

49.70 

48.“ 

48.30 
-Ts.hs 
-s9.u8 
.59.00 

-58.91 

-58.97 

68.91 

Altitude , 
f t  

too 000 
282 538 

260 935 
252 860 

109 79" 

59 sat 
23 km 
10 200 

-9 

Inertinl 
velocity . 

m 

25 798 

25 905 
25 905 

25 788 
6 1M 

‘1 002 
. “ T  

‘23“ 

'30 

Inez-cm. 
‘ night-path 

“5].. 
dc: 

-1.68 

4.16 

4.76 
-1.65 
-T. 33 

'-52.01 
‘-1h.u 
‘-89.9 

‘-69.8 

Range 
to  

target , 
1:. I1 

1572 

1007 

L
-

-
-

-
J
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IX" ”mom WCAW IWOUY 
(XII VHF COMMUNKAfl ON 
W001 

m 1.0” mnoa 

“NINA?! 3“ m l  

MOB! DEPLOY 0 

MAIN 'MACIM 1E “ROY 0 

“WED-00 '4 MI) 

Altitude and range profile for reentry. 



C/M COMPUTER PROGRAMS 

PHASE PROGRAM PROGRAM TITLE 
NUMBER 

PRE-LAUNCH 00 CMC IDLING 
01 PRELAUNCH OR SERVICE-INITIALIZATION 

SERVICE 02 PRELAUNCH OR SERVICE’GYRO COMPASSING 
03 PRELAUNCH 0R SERVICE-OPTICAL VERIFICATION OF 

GYRO COMPASSING 
06 GNCS POWER DOWN 
07 SYSTEMS TEST 

BOWT 11 EARTH ORBIT INSERTION MONITOR (£01) 
17 TRANSFER PHASE INITIALIZATION SEARCH (TPI) 

COAST 20 RENDEZVOUS NAVIGATION 
21 GROUND TRACK DETERMINATION 
22 ORBITAL NAVIGATION 
23 CISLUNAR MIDCOURSE NAVIGATION 
27 CMC UPDATE 

PRE" 30 EXTERNAL DELTA V 
THRUSTING 31 LAMBERT AIMPOINT MANEUVER 

34 TRANSFER PHASE INITIATION (T?!) 
35 TRANSFER PHASE (MIDCOURSE) 
37 RETURN TO EARTH (RTE) 
38 STABLE ORBIT RENDEZVOUS (80R) 
39 STABLE ORBIT MIDCOURSE (SOM) 

THRUSTING 40 SP8 
41 
47 THRUST MONITOR 

ALIGNMENT 51 IMU ORIENTATION DETERMINATION 
52 IMU REALIGN 
53 BACK-UP IMU ORIENTATION DETERMINATION 
54 BACK-UP IMU REALIGN 

ENTRY 61 ENTRY- MANEUVER TO CM/SM SEPARATION ATTITUDE 
62 ENTRY—CM/SM SEPARATIONAND FEE-ENTRY 

MANEUVER 
63 ENTRY INITIALIZATION 
64 ENTRY- PWT 0.  056 
65 ENTRY-UP CONTROL 
66 ENTRY-BALLBTIC 
67 ENTRY- FINAL PHASE 

ABORT 74 LM TRANSFER PHASE INITIATION (TPI) TARGETING 
75 LM TRANSFER PHASE (MIDCOURSE) TARGETING 
76 LM TARGET DELTA V 
77 LM TPI SEARCH 
78 LM SOB TARGETING 
7S LM 80M TARGETING 

| - - - - - J  



r - - l - - _ 1  

(LM EARTH ORBITAL) 

PHASE 

SERVICE 

ASCENT 

COAST 

PRE- 
TH RUS TING 

TH RUS TING 

ALIGNMENT 

DESCENT 

ABORTS 
AND 
BACKUPS 

PROGRAM 
NUMBER 

00 
06 

10 
11 
12 

COMPUTER PROGRAMS 

PROGRAM TIT LE 

CMC IDLING 
LGC POWER DOWN 

PREDICTED LAUNCH TIME (CFP) 
PREDICTED LAUNCH TIME (01‘) 
POWERED ASCENT 

RENDEZVOUS NAVIGATION 
GROUND TRACK DETERMINATION 
LUNAR SURFACE NAVIGATION 
PREFERRED TRACKING ATTITUDE 
LGC UPDATE 

EXTERNAL DELTA V 
LAMBERT AIM POINT GUIDANCE 
CO-ELLIPTIC SEQUENCE INITIATION (CS!) 
CONSTANT DELTA ALTITUDE (CDH) 
TRANSFER PHASE INITIATION (TPI) 
TRANS FER PHASE MIDCOURSE (TPM) 
STABLE ORBIT RENDEZVOUS (SOR) 
STABLE ORBIT MIDCOURSE (SOM) 

DPS 
RCS 
APS 
LM/CSM SEPARATION MONITOR 
THRUST MONITOR 

IMU ORIENTATION DETERMINATION 
IMU REALIGN 
LUNAR SURFACE ALIGN 

BRAKING PHASE 
APPROACH PHASE 
LANDING PHASE (AUTO) 
LANDING PHASE (ROD) 
LANDING PHASE (MANUAL) 

DPS ABORT 
APS ABORT 
CSM CO-ELLIPTIC SEQUENCE INITIATION (C81) 
TARGETING 
CSM CONSTANT DELTA ALTITUDE (CDH) TARGETING 
CSM TRANSFER PHASE INITIATION (TPI) TARGETING 
CSM TRANSFER PHASE MIDCCXJRSE (TPM) TARGETING 
CSM STABLE ORBIT RENDEZVOUS (80R) TARGETING 
CSM STABLE ORBIT MIDCOURSE (80M) TARGETING 



OPTION CODES (V04N06) TOR REQ - 055 NOT ZEROED SET 055 TO ZERO/RSET/‘CONT 
RI CODE PURPOSE cous NO GO AT MADRKF RSET/REPEAT MARK 
00001 ”W OMENMUON MARKING NOT CALLEI OR RSET : magma: 3° W TRACK ATTITUDE 1 RO E SOR PHASE 'I 

PROP SYSTEM 1 

E 
com;q NOT ALLOWED 

""‘JE‘EROG CHECKLIST REF cooss (V50N25) RSET REINITI ALIGNED 

PERFORM FINE ALIGN ' ACQUIRE CELESTIAL BODY PW STA $4s RS“ V32 
EfiM'TNAE MARKS ou 50 D RSET/MNVR 
KEY SCMMCSEIPO srav w M L SSET/P§Z#'¥'LESPBQET$ 2m: :8 mm ’ sps GMBL TRIM- 523““s 

ALARM CODES (V05N09) 
DESCRIPTION CORRECTIVE ACTION 
MARK REJECT UNNECESSARY asst/com MARK NOT ACCEPTED RSET/CONT NO mans RSET/REATTEMPT ENTRY MARK NOT DESIRED R ET/CONT TOR REQ - 055 NOT IN CMC SET 055 TO CMC/RSET/CONT 055 SW BEFORE 15 SEC SET 055 TO ZERO/RSET/CONT TOR REQ - 055 NOT AVAIL RSET =+ RESTART a AUTO DISPLAY 

A REA M K 
ILLEGAL RUPT OF EXTD VERB 
NO SOLUTION 
VG INCREASING TERMINATE THRUST RSET 
IMU UNSAT RSET/REALIGN IMU 
IMU REVERSED RSET/CONT/O DEG = LIFT DN 
V37 NOT ALLOWED RSET 
CANNOT INTEG SV TO TIG RSET/AUTO TIG SLIP 0

0
0

0
0

0
0

0
0

0
8

 



VERB LIST 
ZERO I000 cums: 
FINE 
LOAD ERRORS 
ACTIVATE IMP 
LM INTO GS“ 
LOAD DAI’ 

ME 
STOP“ TRAP K 
S X T M  ARK 
RESET STIGK 
SET N l7=N20 

FOLLOW ERROR 
FINAL ERROR 
NI? ERROR 
S BAND ANT 
:8“ INTO U! 
W MATRIX RMS 
STROKER 
UPDATE L0 
BLOCK UPDATE 

RESET I’REF 

00 UPDATE LN SV 40 TF 110 
m Ul’ )ATE (‘5’! 8V VGXXX 
”2 ORBIT PARA“ AV N 
83 RR DOT .THETA 4| TGTAZ 
85 R.“ DOTJ’HI TGJEL 
”6 REJ OOAS MK IDENT 
89 RNIJZ ATT “MIN 42 HAXXX 
90 OUT OF PLANE HP XX 
93 INITIALIZE W AV REG 
96 TERM INTEB 43 LAT.XX 

L()N.6X 
LTX.X 

'14 HAXXX 
. HP?” 

49 AR XXX 
:2. X 
S (3005 

50 AR ”I. 
HI’XXX 
TFF 

5|  RHOXX 
GAMMA 

NOUN LIST 53 RANGE 
RDOTX 

l7 GREAT I’HLXX 
20 I’REAT 54 RANGE 
22 NEWAT RI)0T.X 
24 ATIHE ETA 
32 T FM PER- 55 l’ CODE 
33 116 LENX 
35 T PM EVT GENAN 
37 TIG TI’I 56 ENANQ 
3!! T 51' VEG AVXXX. 
39 AT TNFI? 57 AR 50.“ 

90 YXX.XX 

9|  

YI)0T.X 
I’SI.XX 
PRS.FT 
PILTRN 

92 NW5 FT 

93 
9' 

95 
9 6 +  
99 

wins Ammo 
1 SHAFT 

TRJJNN 
l’lxlFAT 

ATT 
I’OS.EIRi 
VELER 
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PLANET 
ALI’HERATZ 
DIM-IDA 
NAVI V 
ACHERNAR 
POLARIS 
AOAMAR 
MENKAR 
MIRF AK 
ALDEBARAN 
RIGEL 
(:AI’ELLA 
CANOPUS 
SIRIUS 
I’ROCYON 
REGOR 
ImucEs 
ALI’HARI) 
REGULUS 
DENEIBOLA 
GIENAH' 
ACRUX 
5|?c 

27 
30 
3 I 
32 
33 
34 
35 

now 70 mmE‘S 

A‘LKAII) 
MENKENT 
ARCTURUS 
ALI’HECCA 
ANTARES 
ATRIA 
RASALHAGUE 

G 36 V E A  
37 
40 

4 I 
42 
43 

NUNKI ALTAIR 

DABIH 
I’EACOCK 
DENEB 

44 EN F 
45 

I 
F ONALHAUT 

46 SU 47 
50 

EARTH 
MOON 

OOOXX RZ: LANDMARK DATA Al3(:l)E 

A = I IF KNOWN LDMK 
A = 2 IF UNKNOWN LDMK 
B = INDEX ()F OFFSET DESIG 

-.(3 NOT USEI) 
DE = LDMK ll) NO 

R3: HORIZON DATA (mom) 

I FOR EARTH Humzcm 
2 FOR MOON HORIZON I FOR NEAR HORIZON 
2 Fun FAR HORIZON 
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