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The numbering convention f or the program notes is X. X.X, where : 

A. First digit 

1 = Crew notes and checkli st i tems - These are notes being 
uf JJo.rl:..i cular interest to the crew. 

2 = Ground notes - These are notes being of particular i nter
est to mi ss ion operational and planning people . 

3 ~ Restarts and priorities 

B. Second digit 

1 = Nouns, verbs, displays 

2 = Selection of new programs and extended verbs 

3 ~ Ground updates and pad l oads 

4 = Navigation and W-matrix 

5 = Rendezvous and targeting 

6 = Optics , Ii\1U, and radars 

7 = Guidance and control, boost , and entry 

C. Last digit, order number 
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Section A 

Program and procedure notes applicable to the F mission . 

l. Crc~-.: :NotcG a.nd Chc:cltlist Items 

1.1 Nouns, Verbs, and Displays 

1.1. Some nouns are not manually callable with valid data 
at any time, e .g., 1 , 2, 3, 5, 6, 7, 10, 12, 15, 16, 24, 25, 26, 29, 30 , 
31, 35, 41, 72, 97, 98 . 

V25 : 
The following nouns can never be loaded via V24 or 
50, 63, So . 

1. 1. 3 There are three priority displays in COLOSSUS which 
will ignore any r esponse for two seconds : 

V06N49 in R22 
V05N09 in R52 
V50Nl8 in R60 during P20 
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Section A 

1.2 Selection of New Programs and Extended Verbs 

1.2.1 V37 shovld not be called for 20 seconds after the NO 
ATT light goes off. If it i s , tpe PIPA FAIL inhibit bit will not be 
r eset and a PIPA FAIL will go undetected . Recovery procedure : Se l ect 
POO. Reset IMODES 30 Bit) via V25N07~, 1320E, 20E; E; ~ r turn on P47 ) 
and exit after first di splay . rt.--.)' r ~ ~~ / 

.,,, ,, _ _,. ✓-

1.2.2 During periods of high comput ~r activity , e .g., Pll, 
P4X with Lambert, or P20 with a targeting program, the selection of 
certain extended verbs (notably V82, V83, V85, V90) may result in program 
alarms 1201 or 1202 and extended verb activity is l ost . Rec overy procedure : 
Reselect extended verb . 

1. 2 . 3 If an extended verb has been selected during a missi on 
program; with normal displays , the extended verb logic initially blanks 
the DSKY. Any r esponse during the time the DSKY is bl ank woul d do one 
of the following things : a ) re spond to a normal mission program display 
underneath the extended verb; b) r espond to the fir st display in the 
extended verb whi ch could be initiated simultaneously with your response . e The following program sequences will cause problems : 

a ) P3X - P7X - P40 or P41 
P3X - Pl7 - P40 or P41 
P3X - P23 - P40 or P41 

Problem : P3X c omputations are overwritten . Re 
covery procedure: Redo P3X and then P40 or pL~l. 

b) I P40/P41 - P27 - P52 0 ... ..2' ,, .2_ 7 - PJ..t~, p j~ .a_ 

+ 1'J../ 6 )f I 
Problem: P27 overwri es preferred computation . I cl 

Recovery procedure : Redo P40/P41 up t o V50Nl8, then re sel ec t P52 /~J Q c 

c.) P;;2. 7 - 1 o I'-' - 7 ,.,,...:i• 
1. 2 . 5 V35 Restrictions : 1) In pre launch do not u se V35 during 

gyrocompassing ; 2) After l aunch use V35 only in POO . Ten seconds should 
be allowed before the PIPA's are u sed ; hit error reset to clear fail 
register s . 

1. 2 . 6 Depending upon intial gimbal angles, the VECPO INT r outine 
may r esult in large computed rotations about the pointing vector when the 
pointing vec tor must be rotated through about 180° (an exampl e of this 
would "be in P40 or P41. If the +X axis were about 180° away fr om the thrus t 
vector : the V50Nl8 may di spl ay a large change in outer gimbal angle .) 
Recove1-y procedure : If the computed attitude is acceptable then simply 
proceed with the maneuver . If it is not, then manually maneuver in pitch 
and have the solution r ecomputed after some 20 - to - 30 degrees by keying 
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Section A 

PRO on V50Nl8 while not in CMC and AUTO. 

:-;-2-;-7- Use-V30 and V31 only in Poe. 

1.2.8 Any program can be terminated : 1) at any flashing 
di splay via V34E; 2 ) at any flashing or non-flashing display via 
V37EXXE with the following restrictions : (1) only a V37EOOE is allowed 
after separation (PROCEED on V25N50 - 00041 in P62 ); ~l+E-i rrot-

...a.l.J.Gw@d-on a £.J.8shl41 :V;)l ·. P~~ -r=rt-· T :I: one niarR :i'.s ~-
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Section A 

1.3 Ground Updates and Pad Loads 

None 

PJ+ 
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Section A 

1. 4 Navigation and W-matrix 

,,. ----~ 1. l+.1 Taking .marks on a landmark in the vicinity of the 
horizon~ ident ifying the l andmark as an unknown landmark, may cause 
either of the following to occur : 

a) square root abort , termination of P22 , and return 
to POO . Recovery procedure : Reselect P22. 

b) overflow in the initialization of the landmark 
portion of the W-matrix , re sulting in erroneous navigation cal cul ations . 
Recogni t ion of this effect i s difficult. Recovery procedure (if r ecognized ): 
Rej ec t update on 6.MV displ ay . Avoidance procedure : Do not use unknown 
l andmark option of P22 for landmarks near the nori zon . NOTE : I t i s recom
mended that all landmark sightings (known or unknown ) be made such that 
the angle between the CSM- to-landmark LOS and the l ocal vertical is less 
than 45 degrees . 

J 

1. 4. 2 The r ange ar1d range rate----displays ( in R31 and R34) may 
degrade considerably at 7anges be ee· 0 . 3-0 . 5 NM dep€nding on marking 
~chedules and resultant~C--rravi gation accuracy . 

1.4. 3 I n l unar environment, velocity and flight path angle 
are incorrect in N73 as soc iated with P21. Recovery procedure : Divide 
vel ocity display by4 to get true r esult . Multiply flight path angle 
by 4 to get true results (for smal l angles~ 5° ). See a l so anomaly 
r eport COM 1. 

1.4.4 I f V56 ( terminate P20 ) is keyed in during a computation 
in P34 - P35 ; these computations will be restated from the beginning . 



Section A V 

1.5 Rende zvous and Targeting 

1. 5 .1 To ensure processing of the last mark in P20 , wait 
until the computer activity light goes on before proceeding. The light 
i ndicates the previous mark is being processed . If PROCEED is done too 
soon, one of the last t wo marks may be ignored . 

1.5.2 P38 Stable Orbit program, operating in mode 1, only 
computes TFINAL on initial entry of the program . It is not recomputed 

. on each r ecyc l e or proceed from Vl6N45 . To have TFINAL r ecomputed , 
r esel ect P38. 

1.5. 3 P37 targeted maneuvers from earth parking orbit will 
yield transfer times on the order of two minutes for the portion of the 

/ ( premaneuver orbit from apogee to perigee target line built into the program . < When the premaneuver orbit i s highly circular with poorly defined apogee 
" } :~d perigee, the short transfer time will occur whenever the flight path 

c__:__ngl e is negative . 

1.5.4 All uplinked or keyed in 6V' s and target vectors must 
be in the same sphere of influence as the AGC determined state at TIG 
and TIG-30. 

1.5.5 V83 and v85 displays wi ll be meaningless at altitudes 
greater than 425 NM for both earth and moon if these verbs are exercised 
during reriods of precision state vector integration . 

1.5.6 Provided that the time of ignition, TIG, is defined 
occur outside the lunar sphere of influence , P37 will always produce 

a conic solution although no prec ision solution may be possible; 

1. 5 . 7 For pre - apogee , long transit time abort, the conic 
solutions in P37 may be grossly inaccurate yielding erroneous landing 
site coordinate displays. I n addition, lone integration period of /Jc. • {3 . 
perhaps 10 - 30 minutes may be experienced. 

/ 
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1. 6 Optics and IMU 

1. 6.1 After~ fresh start, or restart, or after turning 
optics- power on, the optics must be taken out of zero and returned to 
perform an optics zero since l~ is not the position of the switch but 
t he change to the zero position that t r iggers the zeroing program . 

~ 1. 6. 2 If the mode switch is in CMC and AUTO or HOLD mode 
~ during R55 (gyro torquing routine ) or during V42 , the DAP will maneuver 

L the vehicle to follow the pl atform as it moves . 

1. 6 . 3 I f a PROCEED respons e is made t o V53 flashing i n P53 
\ and P54, the program hangs up a s a sleeping ' job . Avoidance procedure : 
) Do not proceed on V53 fla shing in P53 and P54. Recovery procedure : 

Rese l ect P53 or p5L~ again . See also anomaly COM 3 . 



Section A 

1.7 Guidance and Control , Boost , and Entry 

1.7.1 During· the trimming of Lambert derived ~G, the VG 
di splay may jump in earth environment, 0 .1 - 0.2 ft/sec at transfer 
n¥ 1hno n ~ - n s ¥ ~ l~ P0 A~ ~rAnQ¥Pr n¥ ~n° an~ n ~ - 1 ~+/ ~o ~ a+ 
-- - ·-, - - - -·✓ - - , ---- -- ----------- -- ......... , -·-- - · ✓ ...... ..... ""'/'-' '-'-" ...... v 

transfer of 30° . For moon environment these jump numbers are 0 . 02, 

A8 

.,,, .... 
0.05, and 0.1, r espect ivel y . Recovery pr ocedure : For transfer angl e of_/' 
140° trim to 0 . 3 f t / sec . For transfer angle of 60° trim to 0 . 5 f t / sec . -
For transfer ang l e of 30° trim to 1.0 ft/sec. 

1. 7. 2 During TVC control ( in pl~o ), astronaut u se of the DSKY 
wi ll mask possibl e V97 dispJ.ay ( thrust fail displ ay ). Avoidance procedure : 
Do not allow extended verb, monitor or static di spl ays to occupy DSKY for 
long periods of time during TVC . 

1. 7 . 3 Following a hybrid deorbi t burn wit~ coast times , 
the tim~. to 0. 05g ' s, TFE, wi l l be in error by up to~our min1J.tes , ;2G 
depending on how early af ter the deorbit maneuver P61 i s called . 

,. 1 /'. 
,,~C( <: 

1.7.4 Because of the 0 . 01- second time granul arity in t he AGC, 
the calculation of small Lambert maneuvers may differ considerably f rom 
ground computations . The i mmediate effect , e . g . , i n P41, will be a dif
f erent set of desired gimbal angl es from t hos e expected on the ground . 
The angular difference between the ground and AGC $ ' sis a funct i on of 
earth or moon envir onment , the magnitude of VG, and the active vehic l e 
transfe~ angle . For 1 f t/sec maneuvers , this angular "error " could vary 
from~ 5° (at 140° transfer ) t o~ 20° ( at 60° transfer ) to~ 30° (at 
30° transfer ) for the earth . For the moon, these angles are ~ 1 °, ~ 3°, 
and~ 5°, r espectively . For greater $ the angular error is inverse l y 
proportional to the magnitude ( approximately ) . Since the maximUi'n error 
is 30°, the cross axis ve locity introduced by performing the maneuver 
is < TT / 6 f t / sec . 

1.7. 5 If a r oll jet fails "on" during SPS thrus t , an appre 
ciable roll excursion (~ 30° ) may occur. The PITCH-YAW dap will con
tinue to function proper l y . 

c 1. 7 .6 The Down Range Error display (N66 ) in P67 will be 
se t t o 9999 . 9 NM when the vehic l e state "goes past " the target . That 
i s , under these conditions this display will not exhibit negat ive down 
range error . 

I 
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2. Ground Notes 

2.1 Nouns , Verbs, and Di splays 

2.1.1 See 1. 1.2. 
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2.2 Selection of New Programs and Extended Verbs 

2 . 2.1 See 1. 2 .1. 
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3. Restart Notes 

3 .1 Nouns, Verbs, a.nd Displays 

3.1.1 If a POOIX)O alarm (1206 , 1210, 1302, 1501, 1502, 1103, 
1601, 1521, 1204 , 1103, 403, 607 , 610 ) takes place during permanent in
t egration, STATEFLG, REINTFLG, and NOIXJFLAG are not r eset wi t h the r esul t 
th at subsequent integrations will cause difficulties . Avoidance proc edure : 
None . Recovery procedure : Reset REINTFLG , STATEFIG , and NOIX)FLAG as 
f ollows : a ) V25N07E 

106E 
lOOE 

E 
b) V25N07E 

77E 
20E 

E 
. c) then sel ect POO (V37EOOE ) which will clear NOIX)FIG. See 

a l so anomaly r eport COM 2 . 

I ) 
I,, 
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Section B 

Program and procedure notes applicable to the F mi ssion. 

1. Crew Note s and Checklist Items 

1 . 1 Nouns , Verbs , and Displays 

1. 1 . 1 The nouns that can be called at any time with valid 
data are: 1, 2 , 8, 9, 10, 20: 21 , 27, 36 , 46, 47, 48, 65, 72, Rl of 
45, and R2 of 66 . .~ 

1. 1.2 UseJ/1130 and V31 (astronaut progrru~ calls fr om the C 
DSKY ) QP¼{-=-Nl. poo ( LNY-31) . '"•t c:.•~• ~ · ,,.,..1~P ,,,.o'Y e.,. .. ..,$ r◄ ..-
o&li•• $ks t'I ► ~ , 0 " "' ,,.~ r ,. c s -c f -c., t ., ,. 0 F.,....., 
. 1. 1.3 N42 values . of ha and h (in P30) will tary s ghtly 

f rom Nl14 yalues of ha and hp ( in v82). ~42 uses conic calculations 
which are slight ly in error f or near lunar orbits. N44 biases the 
computed values closer to the real values. The l arger the 6V used i n 
P30, the greater the er r~r in N42 . Recognition : Difference in dis-
plays (SDN-131 ). e 1' a':\-'l"t f' I~ 

1.1.l1 After an illegal monitor verb -noun is executed , the 
·we verb register is l eft containing a displ ay verb r ather than the 
monitor verb r emaining i n the verb l ights (L.NY - 26). Recognition : 
Display ve rb i n verb light after illegal monitor verb-noun r equest . 
Recovery : Key correct verb-noun combination. 

1. 1. 5 When loading dec i mal data into the WC, the ENTER 
sometimes changes the l ast digit of the loaded value since PINBALL 
r oundoff in decimal/ octal/decimal convers ions occurs when data is 
keyed in ( decimal to octal ) and entered and r edi spl ayed (octal to 
decima l ) . 

l. 1. 6 The program will ignore any at tempt to load channel 
7 via the DSKY. It will not even alarm . Channe l 7 is the superbank 
indicator and is under exc lusive program control. 

1 . 1 . 7 The Y._g or ~v disp l ays i n body axes , N83 or N85, are, 
based on r eading the acce l erometers every two seconds . The displays , 
however , are asynchronous one - second monitor s . The r esult is a ½ - 1½ $ ~' 
delay between application of 6V and the visible r esult. 

1. 1. 8 V35 snould only be used in POO . BS~fi'--~~ t ~e&M "S 1 

. ERROR RESET .J:;iwla b& aseer- to clear I'AILREGS following the PROG light 

off . .., '1, ,,.. U 3 -',... ', $ c.,c.. S < J. 
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1.2 Selection of New Programs and Extended Verbs 

_ _1.2.1 An infinite loop in coasting integration can occur 
under the conditions of the extrapolation of faulty state vectors . 
Recoinition : Excess ive time to update state vector verified by key
ing Vl6N38E ( small oscillating time steps ). Recovery: V96E to stop 
integration loop. State vector update may be required. 

1.2.2 During periods of high computer activity, the 
sel ection of certain extended verbs ( notably v82, V83, V90) may _result 
in !progra.m alarms 1201 or 1202 and extended verb activity is lost. 
Recovery: Reselect extended verb . 

· 1.2.3 If a n extended verb has been selected during a 
mission program , with normal displays, the· extended verb logic ini
tially blanks the DSKY . Any response during the time the DSKY is 
blank would do one of the following things : a ) respond to a normal 
mission program display underneath the extended verb; b) respond to 
the first display in the extended verb which c0uld be initiated simul
taneously with your response . In general, do not key a response ( PRO , 
ENTER, V32E, V33E , V34E) to either a blank DSKY or a non-flashing display. 

1.2.4 Do not select a mission program via V37 after select-
. / ing P20 until the first R60 display in P20 (V50Nl8 priority display ) I') 

V (S DN-48 ). • &C.O,. t"I ,t:o" : ~,l- me-, L-.li. dAJ .'h tn.i◄ ll •• 1.~-t 

.J./;f.: z.~J -C. .... IIC .. ~&c."-<.. . f- -L<..c,-' '( ,- V' i SC / .f- t,-,C f.llfl ... ~,~ 
1. 2. 5 When a new program selection is made -.,ia V37, the -, 

key release light will remain on during ROO and will noi:: go off until 
the new program is s tarted. No fur ther keyboard activity should be 
attempted until the key r elease light goes off and the new mode l ights 
are displayed . 

( 
1.2 .6 Do not select V92 during POO . Recognition : 1) 07 

appears in program light ; 2 ) the DAP is turned off f or 10 seconds ; 3) 
the W-matrix will be zero or overwritten; 4) flashing V06N1rL Recovery: 

/ Select POO via V37EOOE , key V93, 

•tJ'l ,•f;"- J _. .,_. •,. ~~" C. ► f oa ,•t .'o" a ~ c • .'s f' 

' . "". r 
I • 
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Section B 3 

1.3 Ground Updates and Pad Loads 

None , 
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1. 4 Navigation and W-matrix 

1.4. 1 The W-matrix should not be initi alized to magni 
t udes greater than 325 fps and 8.5 NM . 

1.4. 2 A v96E can cause the \'T-matrix to be out of phase 
wi th the state vectors if it is performed : 1) during P20 mark proc~ 
essing, but only i f the CSM state is being updat ed (V81 ) ; or 2 ) during 
AVETOMID , i.e . , after responding to the FLV37 when leaving a program 
where Average -G was on and before the program l ights change. Recovery : 
For, 1) non_e needed; 2 ) V93E . 

I 

1 .4 . 3 A POOOOO alarm during permanent integration requires 
clearing STATFLG and REINTFIAG and selecting POO (LNY-43). Recognition : 
Integration processes are lost and v_j•s _are inhi~ited except t3 POO . 
Recovery : V25N7E V25N7E V37ECJOE . ) ~ 1 

77E 106E J ,f/ , 
20E,E l OOE , E 1 

1. 4 . 4 P20 r endezvous navigation provides a priority displ ay 
(V06N49 ) of L'IR and L'IV when the state vector update exceeds the pad
l oaded erasable values RMAX and VMA.X . Gal;rtnbl5 fhexe .n,.;: t.rs p;:;,J.J@•-.\9. 
~ If the display is desired before every incorporation , any negative 
val ue must be set into RMAX , not zeroes ; fl) £\R is computed as zero if 
L\R < 3000 ft and L'IV is computed as zero if L'IV < 3 fps. Avoidance pro -
cedure : If it is desired to observe V06Nlf9 for each mark , then RMI\X 
should be loaded as any negative number. 

. 
J 
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Section B 5 

1.5 Rendezvous and Targeting 

to be in 
·1.5.1 The scal ing of computations in P32 may cause CBH TIG 
error by 18 seconds (E < • . 000488 )( Ll'.fY-29). (, , .,, / 

1. 5. 2 Range rate ~~ in V83 may .l:le d~ee11ti-nuous 
. ·. , when the ral!ge i8c zma:: ' ~ -] ) . 

1.5.3 Lambert computations should not be us ed within three 
·degrees of a target vector. 

,· -
... ,,. 

. I 
. \ 
I 
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Section B 6 

1.6 Optics, DID, and Radars 

.1 . 6 . 1 In all P5X ' s the permissible values of Rl of N70 and/~r 
. N71 are 0-508 for the star code. Anything else will cause indetermi nate 

program transfer . Recovery: Conf.'er with ground to determine possible 
erasable memory damage (ground uplink may be r equired). 

1.6. 2,,. Don't do V34 on the following displays : Nouns 71, 79, 
and 87 in DID alignment s (Ll\TY-24) . Recovery: Recall program V37EXXE. 
~ 

1.6. 3 If V37 is attempted within approximately 20 seconds of 
a fresh start, ISS turn on, - WJ. . -s- ~~~~ , a 
PIPA FAIL will go undetec ted. Recovery : Perform extended verb 42E , E,E,E. 

,l. I""' 

J 4 ~ I u___ro 

t2 - (~ 0 
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1.7 Guidance and Control , Boost, and Entry 

1.7.1 Do not load a zero or negative number in Rl or R2 of 
N48 (DPS Pitch or Roll trim) (SDN-124). Recognition: 1204 alarm with 
V37 flash. Recovery: Recall present program and R03. 

1.7.2 During the trimming of Lambert derived Y._g, the Vg 
display may jump in lunar environment 0.1 fps at transfer of 30°. 
Recovery : For transfer of 30° trim to Vo fps. 

1.7.3 The 'IGO display in N40 is discontinuous immediately 
after ignition. The 6V measured becomes fairly constant and the com
putation settles out in four-to-five seconds. 

1. 7. 4 A 1501 alarm ( two users of PINBALL) during Average-G I, " 
may cause indeterminate transfer of .Prog_:r:.~ ( LNY-38 ). ...... 'LT fl.otuJ·, ' •c. ....,. 

.-e.c.C, - Fk "av ~KD'- ,. u•"' r r-• .... ~ 
rel.JV - , ~-o I 

1.7.5 Responses to V99 at TIG-5 seconds may cause anomalous 
behavior. A memorandum is being prepared by Mr. Peter Adler of MIT/IL 
to explain the problems in detail. See LNY-21. 

1.7.6 a) Depending upon initial gimbal angles, the VECPOINT 
routine may result in large desired rotations about the pointing vector 
when the pointing vector must be rotated through about 180° (an example 
of this would be in P40 , P41, or P42 ). If the +X axis were about 180° 
away from the desired thrust vector, the V50Nl8 may display a large 
chc1.nge in yaw desired. b) +Z axis tracking may cause large roll when 
MIA is near gimbal lock. Recovery: If the computed attitude is desired 
then simply proceed with the maneuver . If it is not, then manually 
maneuver in pitch and have the solution recomputed after some 20-to-30 
degrees by keying ENTER on V50Nl8. 

a.: 

_1.7.7 During P40 and P42 when V99 
may occasionally appea~ for one flash. There 
required. 

or V97 is flashing, vo6 
is no recover procedure 

{L/!J- 1/w-
1.7.8 Do not select P40 or P42 if VG~ _ , where 

F = 2ocif (thrust from 2-jet ullage) and Mis the mass of the vehicle 
(i.e., ullage DELTA V should not exceed total VG). Reeoveey; =S-e-:14' 
~ , engine on for, . 01 seconds • r . ' j c../ _,L 

...L-- I _,<,,L ,A ?:' if_ .,,. 
1.7.9 In order to avoid excitation of the CSM-docked bending 

mode and possible damage to the docking tunnel, +X translation exceeding 
10 seconds with jet 10 should be avoided and small steady ACA defl2ctbns 
with fine stick scaling (4°/sec ) should be used in the ATT HOLD moie . 
Recognition: Perceiving a surprising increase in RCS jet activity and 
seeing a sinusoidal motion on the rate needles and the FDAI error needles 
(between 2 and 4 cps) . 

., , 
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1.7.10 The rate command/ attitude hold mode during powered 
fligh t performance with the CSM docked s·pacecraft configuration should 
be avoided. Recognition : Poor control in manual rate command mode 
during docked DPS burns . Recovery : Return to ATT HOLD mode by returning 
the rota tional hand controller t o center dctent position or switch to 
the automatic mode. 

1.7.11 Loss of attitude cont rol occurs both in the l ight 
-a cen configuration - . t.rans l atiOll-wi-t.B- a-n urnie-tected j- f'.a · iure , 
. and in the heavy descent confi guration with combined Y-Z translation . 

..,-Bet-1:r-e-en-d:i:-Me·as,-ho.wever , ca.i:i 8:-Rd±ecl.- l,y- the - crew·. -

1.7.12 A CALCMANU maneuver rat e in excess of.0 . 5°/sec shJ'!-ld • 1 ft1i 
not be used in the CSM-docked configurat ion . d1 p ;a. J- ,,,,,.,. •:,A 

1,1,t'S r~ ·· (-:,.:l.O ~~ 

f'J.10, "It ·· '-'2. ~7 . 
~ / . 

R~~o,~ ;:-;
4
~~~ 

~~. -~ J.. ~ ''/ "-/J/ 
i<...J-./ ~ ,.,/.{~ ...... ~ 
I ?-:,3 ✓ I~ E FSMM A- r: 

I 
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2. Ground Notes 

2.1 Nouns, Verbs , and Displays 

None 
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2.2 Selection of New Prog·· rarns d an E.xtend~d Verbs 

2.2.1 See 1.2.1 . 

.2.·.2,2. -1.r-

-f-4_p_ d, Lu,._, 1: ....,k_ 5/,,c,..(I-/Trunn;c.'Y\ l""'IC{ 4t 6e. -f4os e.. 1- (G.:..Jl 

l 'I V &- S- -A '<----f ~ -t-l,.. t:1/1,,1., -/4 er; e - I .a;( -µ.. lJ. s e .. Q Ii ? ? 2 0 

to r 'vJ1. tU. k -./-c .. fu!-'A . • 

) 
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2.3 Ground Updates and Pad Loads 

None 

I 
.1 

I 

\ 
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2.4 

J 
I 

--· 
Navigation and W-matrix 

2.4.1 See 1.4.1. 

2.4.2 See 1.4.4. 

\ 
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2.5 Rendezvous and Targeting 

\ 

.\ 
! 

See 1.5.3. 
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2.6 Optics, IMU and Radars 

None 

I 

.i 

\ 
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2.7 Guidance and Control, Boost , and Entry 

See 1.7.8. 
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3. Restart and Priorities 

3.1 _Nouns, Verbs, and Displays 

3.1.1 There are five priority displays in LUMINARY which 
ignore any response for two seconds: 

3.1.2 

V06N49 in R22 
V50Nl8 in P20 or P25 
V05N09 in P20 ( alarm codes 501, 503, 514, 525 , . 526, 527) 

· V06N05 in P20 
Vl6N80 in P20 

No astronaut initiated verb/noun is restart protected. 

f { v .,..0-o 
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3.2 Selection of New Programs and. Extended Verbs 

. 3.2.1 Restart will t erminate extended verbs. 



Section B 

3.3 Ground Updates and Pad Loads 

None 

. i 
• I 

\ 
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3.4 Navigat i on and W-matrix 

None 
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3.5 Rendezvous and Target i ng 

None 
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3.6 Optics, IMU, and Radars 

3.6.1 A r estart during R50 coarse align will result in a 
coarse IMU alignment that does not reflect coarse alignment accuracy 
(w/r to onboard REFSMM.A.T ). See LNY - 28. Recognit i on : Restart light 
or program alarm and NOATT light duri ng P52 with V06N22 flashing . 
Auto optics for fine alignment is incorrect . Recovery: 1) Finish P52 ,..,;---1 1,._ov i c:._.,,,--1-., of~c;; marmo Hy-, or 2) do P51 again and then P52 . 

3.6.2 A hardware restart removes track enable, if P20 is in 
I progress and will be f orced back to the begi nn ing of the designate and 

attitude maneuver. . ,. f rJ 
.ti'~ C. e9' .c,,- '( -; $ 4 +- t- ~ C..O V ...C. .- .,, . 
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3. 7 Guidance and Contro.1, Boos t ; and Entry 

_3.7.1 Restarts will terminate at titude maneuvers. 

~ -c.. c..o- ., .c. ,.. , ! ,, R. 0 

tl-t .-t .. t--l t- c.c. ,. ." ... 

Q. -C. '-0' : . R. ~- t, ... t ,~ . • ~cYo ~ 
p ~o• Ar ow w,•~ f.r 

If ,· O ,._, l I' F k,l:;, 
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. 
Program notes appl icable to all COLOSSUS releases . 

1. Crew Notes and Checklist items 

1.1 Nouns, Verbs, and Displays 

1.1.1 When l oading decimal data into the AGC, the ENTER 
sometime s changes the last digit of the l oaded value since PINBl',LL 
r oundoff in decimal/octal/dec i mal conversion occurs when data is keyed 
in (decimal to octal) and entered and redisplayed ( octai .to decimal) . 

. I 
I 
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1. 2 Selection of New Programs and Extended Verbs 

1. 2 . l In ENTRY (P62 -P67 ) , V37 ' s are inhibited after a r esponse 
to "p l eas e perform separation" _except a request t o perform POO. To call 
another program, POO must be entered first, then the desired program 

~ • , , ' ' , , ' , ' ~I'~ , , ' , , n ca1...t.ea . l,;are snou1.u oe La.K..eu , nuwever, L!la.L .t'Uc'. oe re::;e1.ec1.,eu oe1ure 
entering the atmosphere , since AVFJJ is terminated by going to POO . Of 
course after separation, GNCS DAP control can only be established by ini
tialization of the entry DA.P in P62 . 

1. 2 . 2 When a new program se l ec tion is made via V37, 'the key 
releas e 11.gh t will r emain on during ROO and will not go off until the new 
proe;ram is started. Ne---f-u-rther keyboard activity shoul d- be- a-t-tempt€d, 
mi± he key r e l ease light- goes off and the new mode light& are displayed. 

1. 2 .3 Deleted 

1. 2 .lr Extended verbs are not restart protected. If the re
start light goes on during an extended verb, the verb shoul d be res e l ected . 

1. 2.5 In extended v67, N99 correct values to be loaded i n R3 
( the option code) are 1, 2, and 3 . All other val ues except Oare treated 
as 3 . 0 i s treated as 1 . 

1. 2.6 

r esults in r03 as 

In R03 (v48 ) the permissible values for Rl of N46 are: 

vehicle config A o, 1, 2 , 3 and 6 
+X Quad AC B 0 and 1 
+X Quad BD C 0 and , 

..L 

Deadband code D 0 and 1 
Maneuver rate E o, 1, 2 and 3 

For R2 of NLr6, permissibl e values are : 

Quad AC or BD roll code A 0 and 1 
Quad A code B 0 and 1 
Quad B code C 0 and 1 
Quad C code D 0 and 1 
Quad D code E 0 and 1 

If wrong values are l oaded into Rl, they will give 
follows : 

A 4 ; n 

-"' treated as 0 . 
5 is treated as 1. 
7 is treated as 3. 

B - D All odds are treated as 1. 
All evens are treated as 0 . 

E 4, 5, 6, 7 are treated as O, 1, 
2, and 3, re spectivel y . 
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All wrong odd values in R2 are treated as 1. All 
wrong even values are treated a s 0. 

c3 

, f 
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c4 

Secti on C 

1. 4 Navigation and W-matrix 

1. 4 . 1 v96 could l eave the other state vector and t he W-matrix 
out of phase if r equested during any permanent state vector updates , POO , 
P20 , P22 , P23, and P76, and Average -G. 82e a l so 3 . 1.1 82ction A. 

1.4 . 2 The W-matrix should not be i nitial ized to magnitudes 
greater than 325 ft / sec and the f ollowing l imits in position : 

a ) f or rendezvous navigation - 8 . 5 NM 
b ) for orbital navigation - 8 . 5 NM 
c ) f or c i s l unar navigation - 275 NM 
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1.5 Rendezvous and Target ing 

1. 5 .1 P20 r endezvous navigation provides a priority display 
(V06N49) of 6R and 6V when the state vector update exceeds the pad-loaded 
erasabl e values RMt\.X and VMAX . Currently there are two prob l ems : 1) 
If the di splay i s desired before every incorporation , . any negative va lue 
mus t be set into IDiL\.X , not zer oes ; 2 ) 6R is computed as zero if 6R L 256 
met er s f or earth or L 64 meters f or moon ; 6V i s computed as zero if 6V 
L O. Oo6 me ters/ second for ear th or L 0.0015 meters/sec ond f or moon . 
. Avoidance procedure : If i t i s des ired to observe V06N49 f or each mark 
then RMAX should be loaded as any negative number . Recovery procedure : 
None . See also anomaly r eport COL 21 . 

1. 5 . 2 The ::CT or ~v displays in control coordinates , N85 or 
N83, are based on r eading the acce l erometers every t wo seconds . The 
di splays, however, are asynchronous one -second monitors . The r esult 
i s a possible½ - 1½ second delay between the application of 6V and 
the visiole r esult . 

1. 5 . 3 During r endezvous the orientation of the spacecraft 
about the track axis i s unconstrained, when the r ates are updated , 
approximately every eight seconds , the automatic tracking system does 
not demand a thr ee -axis solution . Thi s can resul t :i.n drift around 
the track axis as f ollows : 1) for X- axis tracking at ½0 deadband , the 
max i mum drift would be 0 . 0625°/ sec ( or 180° in 47 minutes ). At 5° 
deadband, the maximum drift would be 0 . 5°/ s ec ( or 180° in six minutes ); 
2) for preferred axi s tracking the maximum drift woul d be 0. 0761°/sec 
( or 180° in 39 minutes ) and 0 .61°/sec ( or 180° in five minutes ) f or ½0 

and 5° deadbands , r espectively . 

1. 5 . 4 During P30 ( external 6 V) the apocenter and pericenter 
altitude of the tra j ectory r esulting fr om the addition of the upl:i.nked 
6V to the state vector existing at i gnition time is displayed . For 
r e l ativel y short burns this di spl ay i s accuratrn "2 :[_o.r;_ the LOil burn , 
the burn time i s;::::;! 350 seconds , burning f or a 1'70 x '6Li~M ellipse . The 

· p30 display will show a per i center of approximate ly -70 NM ( 70 NM bel ow 
the l unar surface ). Thi s characteristic is inherent to the external 

. !JV method of targeting f or a burn . It should be pointed out. that thi s 
displ ay i s predictable given the spacecraft ' s state and the 6V input 
to P30 . See a l so anomaly report COL 24 . 

1.5.5 In Pl7 and P77 the correct values f or R3 ( search 
option ) of N72 are 1 or 2 . All other values are treated as a 2 . 

1.5. 6 In R30, P21 , P38 , P78 , and R63 the correct valuei: to 
be l oaded. into R2 of N06 or Nl 2 f or t he option code are 1 and 2 . J,ny 
other value will be treated as a 2, except P38/78 will treat a +l, O, 
a.nd -1 a s a J_. 

f , 
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1.5.7 The asswnption is made in the rendezvous targeti ng rou
tines (i. e., not P30 or P3l) t hat the resultant perigee altitude will be 
le ss tha n 9999.9 NM. If it i s greater, then this displ ay (N58) will become 
9999 .7 meaningless . 

1. 5 . 8 In P37 the correct val ues to be l oaded into R2 for N06 are 
1 and 2 . Any othe r value will be treated as a 1. 
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1. 6 Optics and IMU 

1. 6 . 1 In P52. and P54 the permissible values for R2 of No6 
are 1, 2, 3, and 4. Illegal values , 

1 , 5, 11, 15 
2, 6, 12, 16 
3, 7, 13, 17 
o, 4, 10, 14 

are treated as 1. 
are treated as 2 . 
are treated as 3. 
are treated as 4. 

1. 6 . 2 J;; ~ , P~, P52, and P54, l oads of angles greater 
than 90° into Rl and R2 cause erroneous results as follows : -, 

Rl (Lat ) : 90 + x i nput yields 90 - x output, 
but longitude is r otated 180° . 

R2 ( Long ): 90 = x input yie lds -(180 - x ) output . 
-( 90 + x ) input yields +(180 - x ) output . 

1. 6 . 3 In all P5X ' s the permissible values of Rl of N70 and/or 
N7l are O - 508 for the star code. Anything else will cause indeterminate 
program transfer . Recovery procedure : Confer with ground to determine 
pos s ible erasable memory damage (ground uplink required ). 
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1.7 Guidance and Control, Boost , and Entry 

1. 7 .1 'ffiO di 9play is dis continuous i mmedia.tely after ignition . 
'ffiO is computed fr om the ratio of vel ocity to be gained over 6V , where 6V 
i s the ve l ocity change over the l ast time period . At ignition 6V will 
increase unti1- it bec omes 1·air ly constant . Until this j;_~_me , the ratio 
will behave errat i cally . '.['he computat i on settles down 'in '. four - to-five 

l__,;✓- __ _ 
seconds . 

1. 7.2 The engine gimbal trim angles ( as t r onaut input to N48 ) 
should not exceed 9°. 

1. 7.3 During P40 when V99 i s flashing and during P40/R41 when ' 
V97 i s flashing , V06 occasionally appears f or one flash. This happens 
because V97 and V99 are paste verb s . Ther e is no r ecovery procedure 
r equired. 

1. 7.4 In P61 and F62 , the permi ss ible values for R3 of N61 
(headsup/headsdown ) are +l and -1. 0 i s treated a s -1, i. e . , r oll angle 
of 0. All pos itive values are treated as +l (180° r oll angle) . All 
negat ive values wi ll give a + r oll angl e of the value decremented by 1. 
These angl es are scal ed in r evolutions (360/16384 degrees per bit ). 
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2 . Ground Notes 

2 . 1 Nouns , Verbs , ~nd Displays 

2 .1.1 The program will i gnore any attempt to l oad Channel 7 
v i.a -c;ne lli.K.Y. I t will not even alarm . (..;mmnel 7 i s -Lhe superb,mk imll 
cator and i.s under exclusive program control. 

2 . 1. 2 See 1.1.1. 
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2. 2 Selection of New Programs and Ext ended Verbs 

2.2.1 See 1. 2 . 2 . 
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2.3 Ground Updat es and Pad Loads 

2 . 3 . 1 Any P27 update will destroy the preferred orientat ion 
matrix ( e .g ., that calculated by P40, P41 ), exc ept an update of the 
matrix itself. Ther efore, if a preferred alignment is to be part of an 
update , it should be the last quantity in the sequence . 

2.3 . 2 Downrupts may be lost at infrequent intervals during 
high l eve l computer activity . 

2.3.3 If t oo l arge a channel number (greater than 00777) is 
spec ified with NlO, PINBALL will, in the process of j_ndexing , execute 
any operation code bits r esulting from that channel number (i . e ., bits 
15 - 9 ). If illegal channels 35 - 77 are l oaded, nothing happens . If 
illegal channel s 100 - 777 are l oaded, channe l s are se l ected on the bas is 
of the l ow s i x bits . Recovery procedure : May need Fresh Start . See 
also anomaly r eport COL 65 . 

2 . 3 .4 The l unar - solar ephemeris pad l oaded data is only good 
for 226 cs ( approximately 14 . 5 days) . If the fl ight lasts l onger , new 
data must be l oaded. 
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2.4 navigat i on and W-matrix 

2 . 4.1 See 1.4 . 1. 

2 . 4 .2 See 1 . 4.2. 

Cl2 
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3- Restart Notes 

3 . 2 Selection of New Programs and Extended Verbs 

3 . 2.1 See 1.2.3. 
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3.5 Rendezvous and Targeting 

3.5.1 P37 is not restart protected . If a restart occurs, 
P37 has to be re se l ected : 

- ., 
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3.6 Opti c s and IMU 

3.6.1 See 1. 6.1. 

Cl5 
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3.7 Guidance and Control, Boost , and Entry 

3.7.1 The storing of gimbal angles at liftoff for initial
ization of attitude errors in Pll is not properly restart protected. 

Avoidance procedure : none 

Recovery procedure : Ignore att i t ude error needles for 2 seconds 
after restart . 

I See also anomaly report COM' 6 . 
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Program and procedure notes not applicab le to the F mission. 

l. Crew :Notes and Checklist ILems 

1.1 Nouns, Verbs , and Displays 

None 
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1.2 Selecti~n of New Programs and Extended Verbs 

1.2.1 Don't use V85 in P20, P22, or R29. Recovery: Recall 
program . 

1.2.2 Do not use V93 prior to cornpl et. i on of ?65, ?66, ~I'~ or .t'Of. 
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1.3 Ground Updates and Pad Loads 

None 

-1 
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1.4 Navigati:::m and W-matrix 

None 
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1.5 Rendezvous and Targeting 

None 

·\ 

\ 



-- ---t 

Section D 

1.6 Optics, JMU , and Radars 

1.6.1 A V32 r espo~se to Vl6N80 in RR search in P22 can 
caus e errone::ms data when lock- on occµrs . Recognition: R2 · in Vl6N80 
is not updated every t wo seconds during search. Recovery : Key V95E, 
V37E22E . 

\ 
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1.7 Guidance and Control, Boost, and Entry 

.1.7.1 If P70 has an engine fail detected, re-ignite engine 
manually and key proceed to V97 and proceed normally. Recovery: Go 
to P71. 

Do not use v68 during 2-phase landings. 

1.7.3 If P63 is terminated before Average-G starts at 
TIG-30 seconds, the MUNFLAG must be cleared before selecting P40 , P41, 
P42, or P47. Recovery: After terminating P63 key V25N7E,102E,200E,E . 

. , 
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2 . Ground Notes 

2.1 Nouns, Verbs , and Displays 

None 
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2.2 Selection of New Programs and Extended Verbs 

None 
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2.3 Ground Updates and Pad Loads 

None 
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2.4 Navigation and W-matrix 

None 
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2.5 Rendezvous and Targeting 

None 
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2.6 Optics, IMU , and Radars 

2 .6 .1 IMU compens·ation on the lunar surface is in error 
following P57 because the PIPA's were not set to zero after the alignment. 

2.6.2 The rendezvous r adar may fail to lock-on if LOS com
putation overflows during ascent abort·s. 
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2.7 Guidance and Control, Boost, and Entry 

None 
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3. Restarts and Priorities 

3.1 Nouns, Verbs, and Displays 

None 
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3.2 Selection of New Programs and Extended Verbs 

None 
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Ground Updates and Pad Loads 

None 
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3.4 Navigation and W-matrix 

.None 
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3. 5 Rendezvous _and Targeting 

None 
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3.6 Optics, DID , and Radars 

None 
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3-7 Guidance and Control, Boost, and Entry 

_3.7.1 A restart during powered flight in P63 can cause a 
wrong_transfer. Recovery: Fresh start. 

\ 




