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PREFA CC 

When a change is made wh i ch affects a system docume nted i1 1 the manual, 
the r rog rcunme r making tlr ch ange 1•/'i 'l1 be r es·:ions ·i bl e for an updated 

r ep l ace111ent/ addi tion t o th e manua l . The t pdate page ( s) should have 

a co ve r pa g2 addressed to 1'LMS Pro0ra.nuners i1 expl aining whe e and how 

to i nsert t he ch anges. It will be the Programming Secretary 1·s r espon­

sibility to bf-' aware of t hese ch "'ngcs and update the maste i~ copy 
ilccordingly. 

Th e encl r esult of a coinpl ete ·ly p-- t o-- date Pr-o gra.mllir;r 1s Manual can be 

ac compli shed only through full coope ·ation of eve ryone concerned . 
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Hardware Layout 
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] . The LM,._S Complex vscs two stancl:1,rd DDP 22Jr Central Process ing Uni ts (CPU ) .,.. 
A and B - similar to .ri and E of t h e CM;:.:; compl e~ ... a.nd one specially modifj_ed 
DDP ~2 /-1 CFU - C -· similar to F o:f the CMS complex . 

2 . Each CPU lrn.s t wo 1iariks of rn'=mory - l ower and upper , Each bank is made up of 
four 8K memory modules . Lower and upper banks of A, lowe r and upper banks of 
B and J. ower b ank of C each contain three pr i v a,t e modules and share one 
common n1odule. UpJ:~r bank o:f C contains fo ur private moq.ules and doe s not 
share any modules. 

3. Each module bas 2.11 addressi ng r ange of '00000 t o 1177T(, Each bank .has an 
address range of 1 00000 to : T('(T(. Allclrc~sing locations ' 60000 to I T (TT7 
from AL, AU , BL, 1HJ, and CL will acce:,s the shared conunon module . 

4 . Each CPU he.s its ovn Direct Memory Access (DMA ) wh i ch can access memory only 
j f the CPU is not ac cess in g . 'rhere i s one Fully Buffered Channel ( FBC ) which 
can access one moc1ule w~1ile the C ·U u.ccesscs a,nother mod u1e . The FBC i s U"ed 
f o r 1/r/J to the simulator harcl,,are to allow the CPU1 s to b e active during I / r/J 
act ivity . A11 If (/., c.ata is locaterl in conu1ton to allow the 1 / (/J to be done 
directly t.:::tween memory and hu1.·0\-rare without the burden of a prior memory to 
mtt;rnory transfer . 



COMMON CORE LAYOUT 

BBAL TIME I/0 DA'JA Py57,L 
,. ' 

TABLE 

scs ! ~ --STA1HLIZATION AND coNTHOL INPur TABLE 
~ ---- i 
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,. ________ , 
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[_2~AFE!\. •• -· ~ COMI-'UTER S'l'OJ~E , SAFE S'I'ORi, RESET DUFFER 
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Co1TDTion Core Map 
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MAL FUNCTIONS 

Effective for Load MLlOll-A; the following changes have been made to 
the malfunctions: ~ 

System Additional S~ares -Total Available 
-r 

1. EP 0 108 

2. EC 0 131 

3. S & C 10 167 

4. RC 0 233 

1- 5. ED 0 31 

6. PG 0 133 

7. CM 8 40 

8. PR -9 156 

9. AG -9 0 . 
10. IN 0 24 • 

~ 

e. /0"-3 

The MIU program will access the total number of malfunctions available for 
Load MLlOll-A. 

The following list should be used to see how many core locations a particular 
malfunction group should be changed: 

MLl0-01 Starting New Starting 
System Address Address Change Address 

EP '66000 0 1 66000 

EC 1 66154 0 1 66154 

SC '66357 0 
1 66357 

ED 166614 +10 1 66626 

RC '66653 +10 '66665 

PG '67224 +10 167236 ' 

CM I 67431 +10 '67443 

PR 1 67471 +18 167513 

" IN '67747 . 0 167747 



1. I ·!formation Feq_uired fron~ User : 

1. 1 Fill out Dump Form. 

l. 2 Describe faj_lure S;JTl])tc·•ns , a ny unusual ob s e:i.·-vations, a ny special 
circmnst.2.nr·es of your run. 

1. 3 Descrihc a ctions Lel:cn to recover , which d:i.a~nosti cs were run (if any ), 
results of recovc:cy and diagnost ic efforts . 

1. 4 Hote do.te, time, t npe numbers, pe rsonnel j_n-v o _ved , etc. 

2. Duirrp IDfO ..... Jllflt ion; 

2.l Load JD, Date , Rev j_ sjon Level, and J,;rr J.c,ad ID; Reset ID, Date, Revision 
Level, and Rc::;ct Poi··tt Numb er . 

2.2 Register cont ents. 

2 . 3 0S Hi sto·ry of Execution to show computat i ons leading up to the failure . 

2, l.t IS/CS History of action to sho -r manual opc:rations leading up to the failure . 

2 . 5 Contents of Data Pool area :in 1,1 cmory . 

2.6 Contents of program area in mcmor, . 

2 , 7 Status of Computer Complex . 

2 . 8 Major opt:i.ons i1 effect (DAS, some DCE deselected , etc . ) . 

3. The significance of certain important portions of the dump information is 
outJ.ined be] ow : 

3 . 1 Registers and Indicators: 

Z Register = ins truction curi·entJ.y being executed, 

P Regi ster - location of next instruction to be executed , . 

PO9 Light - U p er bank 

INTERRUP'I' Light 

I / ~ HQ,\LD Light 

failure occurred :in interrupt process i ng routine. 

- output commanded with no device enabled to r eceive the 
output or input commanded with no device enabled to send 
input. 



Computer Failures 
/ C... Page 2 

- 3 . 2 A & B Lower ¢S State Variables 

T:ti;RMS 

WHIGPR0G 

WL0WPR0G 

WHYCH'l' 

WHf;JPRI 

WL0FCN'I' 

FRAMECN'l' ,WUMI 

• INT.EHPRF:'J'ATION 

Contains the NTRY point of the l ast high 
priority proprnm called (includi ng JST 
UPPl:RH and J{,1? ETJDHIGH ) . 

Contaim; the NTRY point of the la.st low 
priod ty progrc.!,m called ( includinr:; JS'J.' 
UPP:8RL :md JMP ENDLplW } . 

Counter ir:; .i_ncremcnted oncC:! for each liigli 
Priority p rogram cal led within one frame, 
in clucli11g the JS'r UPPERH and J.MP ENDHIGH . 
Counter i s reset before l)roceeding with 
execution o f the high prio1.·j ty programs of the 
next frame . 

Flag i s set prior to s t arting t he h igh 
pr:ioTity program execution ;i n ct f r ame 
(BGlNFRAM) . Flag is reset ',.fter all 
hi e;h priori ty proc;rams have been exe cuted in 
e a ch frame ( ENDlllGH ). 

Fl ee; ic set uftZ;.t· u.11 hig}J priori ty p:;:-ogra.ritS 
h ave been executed in each frame and pr i or t o starting 
t he low pricr:L·•~;y execution .Ln a fr ame . 
Fl ag j_s reset after all low prior i t y programs 
have ueen executed in. each frame (ENDL0W .) . • 

Counter is i ncremented once :for e ach l mr 
priority program called wit.in one ma j or 
cycle ( 16 f r ames ) , s t art ing with the fi rst 
p rogrrun o f t he lm, priority tab l e . Maximwn 
value of counter is equal to l ow p ri ority 
t able length , J.ST UPPERL and JMP ENDL0W 
i nstructions inclusive . C01mter i s r eset aft e r 
all low pr i ority progr &'Tls have b een execute d 
in a major cycle , 

Frame number , ( FHAMECNT B-Comput er and WUMI 
A- Computer ) i s incremented at each 5Oms interrupt 
starting at 1 and running t o lG, then :r:·ecycling . 



Comp uter -Failures 
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- 3. 3 A & B Up_per ¢s State Varinblet, 

'rEID4S 

WFCAUH, WFCBUH 

WFCAUL, 'i-IFCBUL 

LOCATI ON 1 37 

Ji1JTEFPHE'l1.\TICN , 

Cou::-itc·r ( WFCBUI-f B Upper and WFCAUH A-Upper l 
is increm ~.:Ld,ed once for each high pr i ority 
p·~ogr nm c:1.:.1led. within one major cycle, starting 
with tbe: f:irst prop;rarn of the high priority table . 
Maximum value of counter i s equa l to h igh priority 
table ler.c;Lh , J":73T RETfJf-:JiT i11struct.ions i nclus ive . 
Counter i~; reDet by lower exec utive a t beginning 
of ne,, major cycle . 

Count r (WFCBUL B-Uppc::r. and WFCAUL A-Upper ) 
is incremented once fo each l ow priority 
program e: n.lJ.cd within one major cycl e, st a rting 
\l i th tlle 1'i rst progrrnn of the low priori ty 
table. 1-':a.xirnum valu.e of the counter i s equa l 
Lo l ow p:d.or i ·y ta.bJ e length , J.GT TIE'rURNL 
instructiow] inclusive. Count er is reset to 
zero by Jower executive at beginning of new 
maJor cycle. 

Contains location a.t which l ast interrupt 
occu rred jn upper core, 

Contains the NTRY point of the l as t high 
priority procram culled (JS'.r HET IJPJf 
inc l us ive ). 

Contain s tbc NTRY po:ir1t of t he last low pr j_od ty 
program c o.11ed ( JST HETUHNL i nclur;i ve ) , 

4 . A & B Hecovery Procedure 

J~ . 1 Check the day I s Com1 uter Sign On/Off Utilizat ;i.on, and Dump Fonns to 
determine if thi s failure has occurred previously . If an identical 
failure occurred prev1ously , no solution to t he problem was f01md, a nd 
no tape was dumped, dump a tape and l og it in to the Tape Library , 
Not e its number on the Computer Sign On/Off Utilization , and Dump For ms . 

4. 2 If a halt occurred at an exe cutabl e instructjon of the l as t operational 
program called , u~e the display /enter routine to dump the a·r ea around t his 
l ocation and correct bad instruc tions using the information provide d on 
the verify error printout o f LDV. Do a search to determine if these 
l ocations were destroyed by another program . In t his case NQ)P this 
program. Start compl ex ; i f computer does 1tot halt , proceed with exami nat i on 
of NQ)Ped program . If c ompute r halts , further di agnos is of t h e problem 
may be time consumiQg . Use your discretion as t o whether t o pursue the 
problem or reload . 



SPECIAL HARDWJ\.RlS FEATlffiES 

1. J1!aintenance Test Fixture 

1.1 I ndicators : 

P Hegister - Hank and Ad rcss of last ins t ruction fet ched . 

P-1 Fcgister - Bank and Ac.dress of next t o l ast inst ruc tion fetched. 

J Rer,is ter - Bank and .Adcl::'E:Ss of l ast jurnp i_ ,truction executed. 

J J) I 

J-1 Hq;ister - Bti.rilr and Ader .sc to next of last j uJOfJ instruct.Jon exectued . 

Trap Loe. - Bank and Adel re Gs ( trap locat i on) of last interrupt r ece i ved . 

Interrupt - illtm1inates wh en in interrupt routine . 

1.2 Controls : 

Computer Select Selects ,.,hich computer i s t o control t he test fi xt ure 
and drive the indjcators . 

P / P-1 Cl ear - Resets program regist ers on test fi xtur e . 

J / J-1 Clear - Resets jump regi ster s. 

'l'imer Control Computer Select Selects wh:i.ch computer s are t o have ¢CP 
cont r ol of clock . 

Timer Clear - Resets clock regi ster. 

RTI Enable / Disable - Causes t he clock register to be r eset by Real Time 
I nterr upt . 

Auto Start Enable / Disable - Causes the cl ock to be s t art ed with cont rol 
computer START and stopped with HALT . 

FFI Enabl e / Disable - Enables F'BC - Free lnterrupt capabi l ity . (Applicable to 
02 4 computers only. ) 

1 . 3 0CP Codes f or Test Fixture Real Time Readable Clock : 

1 1100 - St ar t . 

1 1101 - Stop (may not be manually execnted from a halted computer ) . 

1 11 02 - Reset. 

11 200 Sets up data path from t est fixture via the shared PIU t o t he 
input transfer bus of t he computer t hat issued t he 0CP . Permits 
clock to be read with an INA or INM. 0CP ,. 2070 must be used to 
disaule ( real-time) typewriter input. 0CP ' 2000 must be used 
t o re-enabl e ( real--time ) typewriter i nput . 



1.4 Clock Operation 

Hardware Features 
/ !) )?age 2 

1. li .1 Starting : Clock may be started by .Lssufog ;'JCP 1'1100 . Clock 
will start when control computer is started if AUT0 
START switch is in ER BLE position . 

l. Lf. 2 Stopping: Clock wiLl stop when the c ontrol computer hEtlts. Clock 
may be stoµped ( un6e:r p1·ogram controJ) by j ssu i ng 0CP ' 1101. 

1.4.3 Resetting: Clock may be reset by issuing ,0CP '1102. Clock will be 
:reset each time a Real Time lnterrupt is received in the 
control coJ11rJuLc:c if n':i.'I swjtcb ls in 'EN.4HLE positior1. 

1. lr. 4 Reading : 

1.4.4.l The clock register is marked off in seven BCD dig_its (four bits 
each), and eJ.api:;ed time may be r ead d.i rectly in BCD. Not e that 
the least significant digit gives a reading i n mic1·oseconds XlO , 
'rhe clock register will dbplay time intervals up to 100 seconds 
with a resolution of 1 0 y.s. 

1. li . 4. 2 E _apsP. d time rnay be r ead into the A register or d.irectly into 
memory by issuing 0CP 1 1200 and t hcE e.xecut i n~ an INA or INM as 
app2.-011riate . f3ince only twenty-four du.ta bi ts may be transferre d 
from the test fixture, the mc''.Jt sign:if:t~P.nt digit n-r the clo<:'k 
r egister is not vaiJ.able to the computer . This means that 
elo.p~c::d times greater than ten second2 cannot be tran~ferred from 
te,;t fixture to computer. 

1 . J1, 11 . 3 Use of 30-serjes S-P/\.C lor;.i.c in the test fixture resu l ts in 
sli~1tly increased response ti mes . Cons equently, a few N0P 
in sLx·ucti ons shou.ld separate the 0CP from the l NA ( or INM ) 
t o allo.- adequate time for data path setup . 

1. 4. l1, 11 The clock register can be read simul t&neous ly by all the 
computers that are cabled to the test fixture , i. e., LMS A and 
B or CMS C, D, and E. 

1. l+. 4. 5 If the clock register is to be read in real time while typewriter 
input is a l so enabled, an 0CP ' 2070 must.be executed before the 
0CP 1 1200 and an 0CP '2000 must be executed after the INA or INM. 



TIMING 

1. Test Procedure 

1 . 1 A procednre for Girnulation confi_guration should be prepared that would. 
most e .L fecti ve1:J_ exercise the system. Lo.ndings, ascents and descents 
are gcod examples. 

1. 2 Logging of' ti.m:i n[.:; data for /\. or B computer is accomplished through the 
A/B Lo~ progn.1r11, utll i. zinc; tbe Mainten:1nce Test Fi.xture . Data is taken 
for onr~ computer ,1t a t i me. 

2 . Using the Maintenance Test Fixt1.ffe 

2.1 Co~~~1j_,C:! Select should 1.Je moved to indicate the computer for which 
data j_s to. be taken . 

2.2 Timer Control Computer_ Select Svitch sl-iould be set to agree with 1 
above. 

2. 3 Thr~ RTI Enable/D:isablc Swi.tch should be set to I disable 1 • 

2.1.f Th e Auto-Start En_;-1o le/Dis8.bJe Switch shoul d. be set to ' dis able ' . 

2 . 5 'rhe FFI Enable/Disable Switch should 1:,e set to I di sable 1 , 

3. 'l'iming Study Logging Procedur es 

3.1 Load the patches to the Exe:cutive proe;rams and Y02 programs for the 
computer to be timed. The patches to Y02 Ng\P the data snapshot programs 
and allow log' ing in freeze. 

3 . 2 With cor.1puters halted, set the timing switch in cabinet 47 to "Half 
Time "; this al] O',rs the RTI to occur once every 100 milliseconds . 

3.3 Start all computers and reset. 

NOTE : It may be advisab l e to do the following : 

3,3.1 Halt the complex . 

3.3.2 Dwnp Y02DA'l'A ( approx . 240 locations ) via C-Computer Octal Dump ( q_,v .) . 

3.3.3 Examine the printout, checking for the progra.,'11 calls followed by 
the execution times . The times will ·be in microseconds , BCD format , 
X ten. 

3,3.4 Restart the computers and r eset . 



- 3.4 Mount scratch t ape for A & B Log. 

3. 5 Set cabin configu. at ion desired, 

Timing 
? [ Page 2 

3.6 Log dnta as desjred during pl1ases such as engine i gnition, engine 
t hrust in.,, a t titude maneuvers, and lancling . For every two se ccmds of 
data logged one second of Real World data is l ogged. 

3 ,7 When logging fo r one computer js completed, halt tbe c omplex and write 
an E¢F on the log t Gpe . 

3 . 8 I dent if} the log tape noting computer, load tape, ancl. reset t ape . Reload 
the corn:plex. 

3,9 Proceed to step 3 . .1 to log timing data for t he othe r complex. 
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1. I nitial Sta .. t Llp : 

1. 2 /\-Register: 

PIUJvlARY 0f> FUNCTI(/JNS 

' 100: SIM mode 

11 01: SYf; mode. 

1102: SE'l'UP 

Set to 1 1 to waj_t on minute pulse before transferring 
t o SIM mode . 

1. 3 I ndex Re~iste r s :Xl : Set to 1 lnn(where nn is reset point des i red ) to cause 

an automatic reset on transfer to SIM mode . 

X2 : Set to ' l to set Q77 5 f or GSSC Logging (must set X3 to 1 0 ). 

X3 : Set to ' l to set Q776 for GSSC Log Playback (must set X2 to ' U) . 

2. Sense Switch Options (S IM Mode ) : 

2 . .1 A & B : 

2 . 1.1 SSW.l : spare 

2 . 1.2 SSW~: spare 

2 .1. 3 SSWl1: Forces the complex t o clear-and-halt at end of current major cycle 
( 16 frames). 

2. 2 A Only : 

2.2.1 

2. 2 . 2 

SSW3 : Peal Time Print . 
) 

SSW5: With ne ither Q775 or Q776 set, the PCM buffer loads f r om Drive 4. 

With Q775 set, i n LMS/GSS C or LMS/CMS / GSSC mode , GSSC i nputs are 
logged on Dr~ve 4. 

With Q776 set, in LMS onJy or LMS/CMS mode , GSSC data stored on . 
Drive 4 ar read to simulate GSSC i nputs . 

2 , 2 .3 ssw6: Real Time I / r/J bypass . 

2 . 3 B On~x._: 

2.3.1 SSW3: A&B Log . 



2.3 . 2 SSW6 : Line pri nter activ ity bypass for ent i re complext 

3 . Executive Philosophy 
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3.1 The programs e.re d:i.v:i.ded into tllre0 classes: hi.;h pr:i.orit r (thos e programs with 
a function of tim ) , low pri ority (those not using Delta T) , and Data Displays 
( X-Y /X-T /Event, D,igi. tal Read.out, u.nd Parameter Displa,). 

3.2 There are two options for calJine these three groups of programs . Either 
option may be [,eJ ect<::d at any tine: . The sequence in culling priority is 
shown below for b oth options. 

1,:;-iELECT :;; J 

WSELECT = 2 

Hi1)1 Pr:Lority 
Data Displ ays 
Low P:dor:i.ty 

High Priority 
Low Priority 
Data Displays 

3. 3 1'here are two d:i.f fereni., call t able executors for high priority and low 
prj_ori ty programs similar to t h:) following instruct ions : 

IRX C/I.LLPH 1rn, l 
LDA CALLTABL~ l 
STA CALL 
XEC CALL 
SKS 'l,0700 
N0P 
NCbP 
J MP L0elP 

3 . li Trie hig priurHy program s should l)c cornplet.ed. every fr&me . Should they 
f ai l for any reason to be c omp] eted the executive ·will set a flag which will 
t ype out the data associated wi th the int errupt ( see NTI tYI'eout) . The 
execut ive will then complete the interrupted high priority program and all 
r emain i ng high priority programs in the interruptd frame. Th e executive 
will then do tlie next frame ' s High Pri ority Programs . This means that the 
execut-Lon of the Dak· Display Proc;rams in the j_nterrupte d. frame will be 
omitted . Tbc necessary c011trols , however, will be set such that the Low 
Priority Programs remaining in the jnterrupted. frame will, time permitting, 
catch up with the High P1·iori ty Programs . 

3 . 5 If' WSELECT:::: 1, the Data Display programs should be compl e t e d in every 
fr ame . Should they fail for any r eason to b e completed the executive wi ll 
set a fJ ag which will type out the data acsodated with the interrupt . The 
exc ut i e will then do the n ext f r ame I s high priority programs . 'rhi s means 
that the interrupted Data Display program as well as the remaining Data 
Display programs in the interrupted frame willnot be executed . The n ecessary 
c ontrols , however , will be set s u ch that the Low Priority Programs r emaining 
in the interrupted. frame will , time permittint;, catch up with the High 
P;:·iori ty Programs . 
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3.6 If WSELECT - 2 , the Data Di spJny programs are more or less in a l ow -
priority position; therefore, they do not have to be completed in each 
frame. If the executive does not complete them in a frame, it omits the 
r emaininr:; prograr11s and goes to the next frame . This means that those 
prograrns remaining in the inte rrupted fr ame wi ll not be execut ed. 

3. 7 The symbcl, WimC, in ,:;ach Exec ir, decremented by one at the beginning of 
each fr ame and incre111ented by one each tiJTJ.e a low priority frame is 
completed. H0:nce, if the l ow priority programs are executed at the normal 
rat,~ and no progrwn is taking mc,re time thFLn was ori ginally allotted to it, 
WREC should be zero at the completion of each frame . If' it has a negative 
value of 2 or less, the low priority programs are not .completing, 

Althoue;h the low prior:Lty proe;rams are divided in s ixt een (16) fr ames 
similar to tlwse of the high priority proe;nJ.ms, the low prior ity programs 
do not bave to be completed each frame . If the Exec does not complete them 
in a, frame , it will complete t hem in the next fra.rne before executing the 
l ow priority pro grains of that fro me . If low priority progra.rr.s start to 
fall behind the high priority programs , the Executive will try to catch 
up. 

lr. Absolute f.3to1'.'cJf,e : 

Locations from 0--100 8.rc all beine; used by the the ¢S . 
for any other purposes . 

They must not be us ed 

LOC!ITIONS PURFOf"m - --·~---
0 ·- 1 PFI - Power Failure Interrupt 

2 - 3 RTI - Real Time Int errupt 

4 - 5 DCE - I nterrupt - A Only 

6 - 'T AMSY.FER Jnterrupt - A Only 

10 - 14 RT I/0 - A Only__ 

15 - 17 Gamma Exec (if any ) 

20 -- 32 Quick Look & Ch ange 

33 - 37 Exec . f or R'l'I go ahead mode 

40 - 43 Exec . for normal up and down 

50 - 63 Search routine 

61+ - 65 RT I /(/J - A Only 

66 - 74 Spare 

75 - 7'7 Check Sum Routine 
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5, RTI 'J'ypeout: 

G. 

The format of the R'rI ',l'ypcout is as fo] lows t 

INTERRUPT : CB pp FRM FF. WJ'RY NNNNr ·10c LLLLL 

CB -- Computer and hank 

PP = JlP High Priority Program 

DD - Data Display Program 

LP Lo~r Prj ori ty Program ha,: j_ng endless loop 

FF ::: octal m1mber repres enting the frame . 

NNNNN:::: octal numher r ep:;:>cscnting the interrupted progr am I s entry point. 

LLLLL ;;; octal 111.unl)or r preserit ing the l o c ation at which the interrupt occurred.. 

Real 'rime Inter:cupt Recovery Procedures : 

'J.'he ETI typeout should by no means be d isregarded but should be considered 
as a malfunction j n the f:d.mulato r. Rcpeo.ted RTI typeouts are certainly such 
an i ndicator . The follo wing outline~ 1K1y be followed as a guide in determin~ ,.:, 
the fault or as & r ec overy plan . 

6.1 

6.2 

Look at th<" R'l'J tYJ)eout fo:c 
occurred . 
printed. 

If more than one 
( Can a pattern b e 

the e nt:ry point of the program in which the RTI 
R'I'I occurs, l ook for a common entry _point to be 
established?) 

If pattern can not b e es tablished and new patches have b een loaded, r e load 
withou th e p a tches to s ee if the RTI typeo1rt s till occurs. (Does an 
error exists in a patch?) 

6.3 If steps 1 and 2 fail to establish a cause f or the RTI, verify the load 
tape against core. (!ire some l ocations chanc;ed • in the l as t program called 
that should not have been changed?) 

6 . 4 Reloa d th e load tape and veri:fy b e fore cyc ling . (Was t here a bad loa d? 
Is there a hardware probl em?) 

6. 5 If all of the ahove f ai l, dump a t ape s oon a ft er the R1:I typ.e out occurs 
again and label the t , pc properly. ( Can the R'l'I condition be established 
again for further analysis? ) 

6.6 Attach the RTT typeout to the comput er utilization r eport . (The anaJ.ysic 
may show the EXEC GROUP that a change i n frame loading may be necessa ry .) 

6. 7 There is r eally no defi nite recover p rocedure for clea_ring a continous 
r eal time i nterrupt short of r eloaclinc;. If the interrupt occurs in a low 
priority program the following events will occur: 
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6 . 7 .1 'l'hcre will be no output by any of t he data output progrrnns in the 
affected comput0r , 

6,7.2 The pattern of flash i ng ljc;hts on the console of the affected computer 
wj_l1 not b e normal. 

6.7 .3 There will be no typeout by the B comput e r typewrite r . 

6 . 8 If the i riterrupt occurs a hic;h priority program t he followin g events will 
occur : 

6. B .1 Th<?'r.e wj_ll be no output l,y any of the data ovtput proc;ram in the 
affected computer, 

6. 8 . 2 '[he pat tern of' flashing lig,hts on the - console of the affected comput er 
will not b e normal . 

6.8 . 3 There will be a, cont inuous typeout of the interrupt information by the 
B cor1puter t y1lci,T j ter . 



l. 

2. 

A f; B: 

J .1 Run 

1.1.1 

1.1.2 

B Only : 

2 .1 Run 

2.l.1 

2.1. 2 

TYPEWRt:'rER CODES 

or Freeze 

L -· Look A..AAMCB 

E = Enter AAAAACB 

A = Address, 1 to 5 octal digits 

C = Compute r (A' B, or c) 

B = B.·;1_nk (L or U) 

0 = Data , 1 to 8 octal dig:i.ts 

or Freeze 

C = Convert DDDDDDDDBSSS 

u = Convert and Store AAM..ACB DDDDDDDDBSSS 

D = Decimal Data, l to 8 characters, including sign (if any) and 
dccimaJ. point ( j f any ). 

S = De: r.imal sCcLle factor , 1 to 3 charact ers , including sign ( if any ), with 
no Qccimal point. Limits are + 63. 

2 .1.3 K - P~rccntage Malfunction Insertion MM· PPPPPPPP 

2.1.4 

2.1.5 

2 . 1. 6 

M -· Malfunction nmnbcr, 2 decimal digits 

P = Percentage , so.me format as Din Convert/Convert Store , but not 
to be followed by scale factor . Limits are 0-100. 

9. = Safe Store Log Control C 

C = On/Off Switch: 0 = off, 1 = on 

F = RCS Refuel connnand LMS 

$ - Sec Loading Procedures 
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2 . 2 Freeze Onl y 

HHlI / MMSS 

H = Hours , 3 decimal disits 

.M = Minut es , 2 d.ecimal digits. Limits are 00-59 , 

S -- Seconds , 2 dec imal di c;i ts. Li m:its a:ce 00-59, 

C Only 

3.1 Fr •eze ouly 

3.1.1 L ·- J,ook AAAAAB 

3 .1. 2 ~~ -- Enter AAAAAB 

A - !1.d.d:ress , 5 octal Cli fj it S 

B = Bank (L or U) 

(/) -· Data, 8 octal digits 

Typew:c i ter Codes 
J-.~ Page 2 
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CO!•;PUTER S'l'OR~/SH E-S'T'OPE .i.... SAFE-STOJlR LOGGING Be WRITE-RESE'r 

1. 1 Purp0;,, c : 

1.1 . 1 . Computer---S-Lore : 

1 .1.1.1. To rncJ.nually save :Ln core at 8. time selected by the ins t r uctor 
the data ueces~:ary to: 

1.1.1.1.1. Perform a Core-Reset t o an intructor-selected point , or 

1.1.l.l.2 . 'Write on a Reset Tape an instructor-::ie1ected po:int, or 

1.1. 1 .1. 3 . Loe; on a Safe-Store Tape an instructor- selected poi nt . 

1 .1. 2 . ~afe-Storc: 

1 . 1 . 2.1 . To automat i.cally save in core at each minute pulse the data 
necess firy to : 

1.1 . 2 .1.1. Pu·form a Cure Reset to a lo.s t-minute-pul se point, or 

1.1. 2 .1. 2 . Ur:i te on a Rer-:et Tape a last-minute-pulse point, or 

1. 1 . 2.1 . 3 . Log on a Safe-Store Tape a last-minute-pulse point. 

1 . 2 . Procedure: 

1 . 2 .1. If the Crn1~utcr-Storc light on the Problem Control panel i s off , 
Safe-Store causes the area in core reserved for the reset buffer 
to be updated at each minute pulse whi l e the LMS complex is in nm 
mode and on the fir st minute pulse after the LMS complex goes to 
freeze mode j_f : 

1, 2.1. 1 . There is no CPU failure or off-~ominal exec status, and 

1 . 2 . 1 . 2. There is no thrusting activity, and 

1. 2 . 1 . 3. CMS has also met the above criteria if :integrat ed with CMS, and 

1. 2.1.4 . The Safe-Store Logging process is not in operation ( i . e . , not 
actually writing on tape ), and 

1. 2.1.5. The Write-Reset ligbt is off. 
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l. 2. 2. I-. tbe Computer-Store 1ie;ht is off, pressing the Cornputer­
Store button _Just U}'.Jtil_ the light comes on and then releasing 
tbe button caus es the light to flasb unt il the above criteria. 
are met and a Computer-Store has 1Jeen· performed at which t irnc 
the J.i c;ilt remains on . If the cri tcria are met and the Compu:Ler-Store i s done imnedlateJy, the Jj ght will not flash before remaining on . • 

1.2 . 3, I f the Comput C:!r-Store l ight is on, Safe-Store is terminated . 
1.2.4 . If the Comput er-Store light is on, pressing the Computer-Store 

button ;iust un.:_lil the ligh t goes off and then releasing the 
button or pcrf'o:rir.ing a Core-Reset, ReE;et To.pe Reset , o r Safe­
Store Tape Reset returns to the status of (A) above . 

1 . 2 . 5 . 'I'o • _l)erform a Con~-Reset to the last point preserved in the reset 
l>uffc:r area : 

1.2,5.1. D:ial 11 00" on the Init ial Condition d.igiswitch on the Problem 
Control Pariel. 

1.2,5 . 2 . Press t he neset. button unt il the 1ight comes on. 

1.2,5 . 3 . If the Cornputcr-Store light was on, observe 'that it goes off 
when the Reset light goes off. 

2 . 1. Purpose : 

2.1 . 1 . To automaticall y log, on a Safe-Store To,pe , all points preserved 
i n core by Computer-Stores or Safe-Ston=:s . The Safe-Store 'J:ape 
docs uot contaj n LTS or Ephemeris clatP. and thus must b e used with 
a Reset 'l'ape . 

2.2, Procedure: 

2. 2 .1 . Place a scratch ta,pe or a Safc--Store TApe containing a write ring 
on Tape Drive 1. 

2.2.2 . If the Safe-Store Logging process is to be continued on a Safe-Store 
'l'ape without destroying th e previous points on the t ape execute 
Step ( F ) before proceeding to Step ( C), otherwise place the scratch t ape 
on load point . 

2.2,3 . With the LMS complex cycling, type in a "Ql" on the B- computer type­
writer to initialize the Safe--Store Logging process . 
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2. 2 . 4. Every time a po:i.nt is lo[_.;gPd , tl ic G1·ound Elapsed Time ( GET ) 
a!1d r:n o tal nu.,,ber assoc:j_ated with tbe point are typed out 
in the follo,,:i ng forma.t: XXXX:XX HHH/MM/SS, where X = Octal number, H = llou1·s, .M = Minutes, and S = Seconds ( leading zeros for X and Hare deleted), 

2 .2 . 5 . To terminate th e Safe-Stoy,c LogginG process type in a "QO" on the B-Computer typcw1·lter. 

2. 2. G. To perform o, Safe--Store Tape Reset to one of t~e Reset Points 
logged(after a Reset Tape Reset has brought in the LTS and Ephemeris data ): 

2.?. •• 6.1. I)j_r-1 '' ~(7" on the Ir1.i.~.iul Condit:i.on digiswitch on the Problem Control paneJ. 

2,2.6 .2. Press the Reset button until tbe J.i~ht comes on . 

2. 2 . 6. 3, The B-Compui. er type·w.ci tcr types out " TYPE IN DESIRED TIESm: POINT". 

2. 2 . 6. 4. Type in tlie oct&J nUJnbc r generated in Step ( D) or ( G) - ssoc iated ~lith the Safe-Stor -' po.Lnt desired 

2 . 2 . G. 5. If the Cornputer-StorP. 7 i.e;ht was on, observe that it goes off when th e Reset ]ight goea off. 

2 . ?. 7. To generate a lic:;t of nUJrib-:;r:3 and times of points J.ogc;ed on a So.fe­Sto:::e Tape: 

2 . 2 . 7 . 1. Place the Safe-Store Tape on Tape Drive 1 . 

2.2.7 , 2 . Stop the LMS Complex via Sense [-3witch 4 on A or B, Master Clear A. 

2 . 2 .'7,3. Start at A-Lower ' 1 02~ Whe n " IS 'rAPE TO BE FOIWtA.TTED" 
2 . 2 ,7.4. Type in " N" . . ''ARE 'l1IMES T0 BE TYPED- II i s typed out . 
2.2. 7 . 5 . Type in " Y"' and the list will be gener.ated . 

3 . Write-Reset 01.::.erc1.t~, T'rocedures 

3 .1. Purpose: 

is typed 

3 • .l . l . To mc1,nually write on a Reset '11ape the point preserved in core by a Computer-Store or Safe-Store . The Reset Tape contains L'rs and Ephemeris data . 

out . 
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- 3.2. Procedures: 

3 . 2.1. Place a11 exist i ng Reset Tape or a f ormatted scratch tape containing 
a write ring on Tape Drive L To obtain a formatted 
scratch tape : 

3. 2. J . l. Place a s crat ch tape on 'l'ape Drive l and. the Reset tape on 
'J.1ap<2 Drive 3. 

3. 2.l.2 . 

3. 2 .. L3. 

3.2.l.4. 

Stop tl e LJv'S Cornp J. ex via SensP Switch 4 on A or B, Master Clear 
A. 

Start at A-Lower ' 102 . 1ilhen "TAPE TO J3E pon11,rn•rT~D" • ·_·L s ty~ =cl o"J_ • J \L • 1 ·, j--"C eel, . 

'I'ype i n " Y" , and the tape will b e f orma.tt ed. 

3 . 2 . 2 , Select a nunibe r on the Initial Condit i on dit:;.i.switch on t he Problem 
Control. panel not aJi·eady assi&,ned to a poj_nt on the Res e t Tape 
mounted on 'I'apc Drive 3 . 

3.2.3 . Press th e Write-Res et button _j"ist u.£_t il the light comes on . When the 
light goes off' the operation :i.s complete . 

3 . 2.h. If th e number sel ectccl was already assigned, the B-computer t ypewriter 
types out " RESET P0IN1l1 /1.LFEADY EXISTS" . 



RESIDENT urILITIES 

1. Quick Look. and Chu.nge: This routine is used to di spl3.y in the A-'.R.egister 

the contents of' arc word in core or change any word in core in non~real 

time. 

1 . 1 P-Rcgister = 1 20 

1. 2 . In dex Regi8ter 1 = starting address 

J.3 Pres s ~TART , The word whose addr ess is in Index Regi s ter 1 wi ll be 

di sp1Dyed in the A-Hegister. 

l.~ To change the contents of that word one can change the A-Reg ister to the 

desired confie;1.1 ·ation or che.nge the B-Register which will be exc1us i vely 

ored (RH!, ) w:Ltll tbe A-Regis t er to produce the desired configuration . Then 

press START . The new word wlll be stored , Index Register 1 will be 

j ncrententcd hy J nd the contents of t he next consecutive l ocation will 

b e dlspla.y0d in the A-Register. 

2 . Search : rl'his routine is u sed to search core for any bit configuration, 

2 .1 p Hegiste r -- ' 50 

2.2 _r:,_ Pcgister - · Configu1·at:ion to sea.:rd1 for 

2.3 B Jiqc;.Lster = J.1ask fo r aJJplicable b :L ts 

2 . 4 Ind.ex Register 1 = Starting 8.ddress 

2. 5 Press STAHT . 'l'he computer searches and halts wh en t he bit configuration 

i s found , displaying the word in t he B-Rcgister and its address in Index 

Register 1. 

2 .6 To cont i nue the search, ,j u3t press S'l'ART again. One should not ice Index 

Register 1 b eing incremented. until the desired l;it configuration is located . 

3. Typewriter Dump and Change : This r out ine is u sed t o change Core Manually 

and Receive a Typewriter Listing of Results . 

3,1 P - Regis t e r = 1 113 

3. 2 Index Register 1 = Starting Address 

3.3 Pr~ss START . The word whose addr ess i s in Index Regi ster 1 will be 

di spl yed in the A-Register and on the typewriter . 

3. 4 Make change in ./\.-Register or by setting B-Regi ster bits for an EXCLUSIVE 

or ( example : to cha nge 07112345 to 07454321 , i nsert i n B-Register 0054 6064) . 



3.5 Pr ess start to store change ancl display on typewr i ter . 
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3 . 6 SSWl cleEtrs A--Hegh;ters l,efc.,rc.: halting . SSW2 bypasses halt. 

Lf. SETUP Operat:Lng Proced.u_ cs : 'l'o :3 clect or deselect any DCE I/vL devices through 
the typewrj_ter . 

4 . 1 Start A computer at '102 Lower . 

A typeout wil l occm· asking i.f you want the I/r/J to o c cur for SCS, D/ A, 
DBO ' m1;uD ' DW\~R ' A/D ' DBI ' l'G-1 > ccrn ' 8.nd CCB0. l 'o each of whi cl1 R reply 
of tty" :for yes or 11 N11 fo r no h; r equired. 



I NPUT PROGRAM MIU 
CODE f;YI,'.BOL JT.JI'UT 

01 RTYPl RC027 

02 R'fYP2 FC116 

03 RTYP3 r.co2 Ji 

oL, RTYP4 HC1 13 

05 H'l'YP'.;, llCU21 

06 R'l1YP6 RC110 

07 H'l'YP7 RCOJ.8 

08 RTYP8 EC10'7 

09 RTYP9 RCOOl 

10 RTYPlO RC090 

PEPC;:Sl'f'l'AGE j,f.LF'Uf\lCTIONS 

RCS 

DESClUFTTOJ\l 
lFAKAGb CONSTP.N'I' 

Fuel A Manifold 

J•uel B -lanifold 

Oxidizer A Manifold 

Ox j_di zer B Na,nifold 

I'Top . Fuel A Tank 

Prop . Fuel B Tank 

Oxidizer A Tank 

Ox:Ldizer B Tank 

Helium R.:cw . A 

He lium I{e::;v . B 

Percentage Mal:!:' . 
I'r,ge 1 

MAX . DECIMAL VALUE 
sq . in./sec . 

o. 022Gl-i8 -

0. 022(,)18 

o .0226lr8 

0 . 04 5297 

0. 045297 

8 6 --6 . 5 8:X:10 

8 . 568x10-6 
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RCS -
-----•--·· 

INPU'r PROGRAM MI U DESCRIPTION PERCENTAGE OF 
CODE SYMBOI, INPUT LEAKAGE CONSTANT OJi' DEGRADE 

31 R'l'YPll RC002 Thruster 1, ( B4U) Degraded 0-99 

32 R'J'YP12 RC003 Thrus ter 2, ( 11.!-rn ) .Degraded 0-99 

33 RTYP13 ncoo4 'rhrus ter 3, ( BlIF ) Dee;racled 0- 99 
3)1 RTYP1 4 RC005 Tll.custer 4, ( PJrn ) Degrnde~ 0-99 
35 R'l'YP15 RC006 Thruster 5, (A3U) Deg:l· ded 0-99 

36 RTYP16 TIC007 'l'hruster G 
' 

(B3D ) Dce;raclecl 0-99 
3·r RTYP17 RCOll 'l'hruster 7, (B3A) Degraded 0-99 

38 H'I'Y1'18 P.C:012 'I'hruster 8 , (A3R) Degraded 0--99 

39 TITYP19 RC013 Thruster 9 ' (B2U) Degraded 0-99 

lio R'I'YP20 RC019 'l'Iiruster JO ' ( A2D ) Degraded 0- 99 
lr 1 RTYP21 RC020 'I'hruster 11 , ( A2A ) Degraded. 0-99 
4 r) (_ RTYP22 RC022 'L'hruster 12, (B2L ) Degraded 0--99 

- )13 RTYI'23 RC023 'l'hruster 13 , (AlU) Decraded 0--99 
114 R~.1YP?l1 RC025 'l'hruster 111, (BlD) Degraded 0- 99 

lt 5 RTYF25 RCJ26 'l'l,rus t. er 15, (AlF ) Degr aded 0-99 
46 RTYP2G RC028 'l'hrus ter 16, (BlL) Degraded 0-99 



INPUT PPOGRAM MJU 
CODE SYMBOL INPUT 

11 P'I'YPl PIUOl 

12 PTYP2 PI-~10Lt 

13 PTYP3 PH126 

14 P.'.l'YPii PRl?S 

1) P'l'YI':, I'l:il07 

16 P'IYP6 PHllO 

17 P'I'YP'1 PHOOl 

18 PTY?8 PPOO'( 

19 PTYP9 PROOl+ 

20 P1'YPJ.O PR022 

21 PTYPll PH024 

22 PTY?22 PHOll 

23 PTYP23 r:~013 

2l.1 P'rY.r2l+ rncn5 

25 PTYP25 PRCJJ.7 

26 P'I'YP26 PH040 

2'7 PTYP27 PRQl.11 

28 PTYP28 PR042 

29 P'l'YP29 PRO l1 3 
PROl,l.i 

Percenta6e Malf . 
,.J Page 3 .... 

DESCRIPTION MAX . DECIMAL VALUE 
LE/\!CJ\GE CONSTA.JifT sq . in./sec. 

Ascent Helhun 'l'ank l o.6x10- 4 

Ascent Helium Tank 2 o.6x10-4 

Ase:ent Oxidi:t.er Bi-Prop Valve 0.014 

Ascent }i'uel Bi--Frop Valve O.bl.+TXlO·-c' 

Ascent O.x:id.izer Tank o.on 

Ascent FuE:l 'l'a.nk 0.048 

Descent HeJ :iurn Res er voir 0. l+Xl0- 3 

Descent Oxidizer 'rank 0 . 30 

De8cent F'uel 1re.nk 0.30 

Descent O..ci.dizer Valve 0.60 

:CesceDt Fuel Valve 0. 60 
_), 

Descent Start Tank Hel iUl!l Leak 9. OXlO ' 

Descent Hel:Lt.1rn Leak between Quad 4 -3 . 25Xl0 
Chock and Oxicl. 'l'ank. 

-, 
Descent Heliu:n Leak betwe::en Quad 4 . ?5Xl0- 5 

Valv s and. Fuel Tank 

-~ 
Descer.t Hcliwn Leak between the 5 . 3Xl0- --> 
Regulators and Quad Check Valves 

J\scen.t Helium Leak bet ~een Quad 3. 3x10·-2 

Check Valves and Oxicl. Tank 

Ascent Heliwn Leak between Quad. 2 . 6l+X10-2 

Ch eck Valves ancl the Fuel Tank 

Ascent He]ium Leank between the 1.16x10"" 3 

Regulators and Quad Check Valves 

Thrust Chanec due to Damper 6 .4x10-2 



-
INPU'I' PROGRAM 
CODE SYMBOL 

54 P'I'YP30 

55 P'l'YP31 

MIU 
INPUT 

PR032 

PR035 

Percentage Mf.1.lf . 
.... t: Page 4 
~ 

DESCRlP'rJ.ON 
LEAKJ\.GE CONS'I'.AJ\IT 

Limit s for Heat Soak Malfunctions 

Limits for Cold Soak Malfunctions 

LIMITS 

30 

30 



---·--

INPUT 1-'ROGRAM 
CODE fffHBOL -----··---

l17 FETY.Pl 

48 Ji'ETYP2 

49 FETYP3 

50 F'ETY?lr 

51 FETYI:'5 

52 FETYPG 

53 FE~'YP7 

- 62 f'E'l'YPB 

65 FETYP9 

66 F1~TYPJ.O 

67 FE'l'YPEll 

68 FETYPE12 

69 FETYPE13 

70 F'ETYPJ.4 

ECS 

MIO DESCiffP'.L'ION 
HJPU'I' LEA.K/1.GE CONSTANT 

Percentage Malf. 
;..£ Page 5 

MAX . DECIMAL VALUE 
i n . / sec . ~--··---------- --

SCL , 

l!:C025 Cabin Rupture Leak 1 . 027 

ECO!~ 5 H20 ASC'l'K Ill Leak. . 0833 

EC048 H2o ASC'l'K /,12 Leak . 0833 

EC051 n2o DECS . TK Leak .1653 

EC054 02 ASC'rK 111 Leak . 0000056 

EC057 02 ASCTK //2 Leak . 0000056 

EC060 02 DESCEN'I' 'rK LEak . 00373 

EC026 Suit Sub1i mator Rupture . 112 
(Variau1e) 

E80'-+6 PllI, HT!=-: P.dief Val· e Ji'.:d.ls . 899 
Open, Glycol Pwup #1 

EC047 PRJ, HTS Relief Valve . 899 
Fai l s Open, Glycol Pump #2 

EC0 52 Sec. H'I'L Glycol Leak . 021 

ECOGl DES. 02 'l'ank Thermal Lenk .0036 

EC050 H20 DECS , TK . //2 Leak . 167 

EC058 02 DESC. 'rK //2 leak . 00034 6 



INPU'r PHOCRA-1-1 MIU 
CODE SYl'{!.30L INJ?U1' 

56 H'I'YPl SC022 
sc116 

57 WL'YP? SC021 
SCJ.15 

58 H'rYP3 SC020 
C,CJ.1 ~ 

59 H'11YP)-1 sco56 

60 H'l'YP5 sco58 

61 HTY£'6 c•--·os>/i 1.~) I...,. 9" 

S & C 

DESCJri:PTION 
LEA..T{AGE CONf;TftN'r 

Yaw . Demod. Offset 

Pitch Demod , Offset 

l\oll Democl. Offse t 

Pitch Output Gain 

Ya·w Output Gain 

~o'' 
~ Output Cain 

Percentage Malf . 
,. & Page 6 -,.,., 

:MAX , DECIMAL VALUE 

1.0 

1. 0 

1. 0 

1.0 

1.0 

1. 0 



CIRCUIT BREAKER MALFUNCTION 
Page 1 of 2 , 

CIRCUIT BREAKER MALFUNCTION . 

The capability exists on the IMS to "POP" any one (1) of twenty-seven (27) 
circuit breakers, listed on page 2, dependent upon the _status of a given 
boolean in any bank of A & B machine. The circuit breaker can be popped by 
a control boolean in either the "l" or "O" condition dependent upon a type­
writer entry. The typewritten entry is made into one of eight variables 

-whose name is CADDZXX or CADDXX , where XX signifies the computer and bank. 
The Z signifies that if the control boolean is "O" the circuit breaker should 
"pop." The lack of a "Z" signifies that if the control boolean is "l" the 

,·circuit breaker ,should "pop!" The eight control variables are located in 
common core. 

The following is the procedure to use the circuit breaker malfunction 
capability: 

1. Select a circuit breaker you wish to pop from the C/B description sheet 
( see page 2). 

2. Dial up the appropriate digiswitch*using the key on the right· side of 
C/B descriptibns sheet (page 2). The digiswitches are located on the 
lower left_ hand side of ~he IOS main panel. The code for the digi­
switch numbers is X - Y where X signifies which digiswitch 1, 2, or 3 
(lef t to right) a.::1.d Y signifie s which number to dial up. 

3, Decide which boolean and which state ("l" or "O") you wish to ·cause the 
circuit breaker to pop. The address must be known. 

4. Find the address of the CADDXX or CADDZXX variable for the appropriate 
computer and bank~ 

5, Using the E typewriter routine place the address of the control boolean 
into the variable CADDXX or CADDZXX. Three le~ding zeros will be required 
when making your entry. 

EXAMPLE: E AAAAABC OOODDDDD 
Where AAAAA - address of CADDXX on CADDZXX 

B - computer (A or B) 
C - bank (U or L) 
DDDDD - address of control boolean 

6. ENTER EPO15 via the malfunction insertion unit. 

7, When the appropriate state ( 111 11 of "O") is reached by the control boolean 
the selected circuit breaker will pop. 

CAUTION: The variables CADDXX and CADDZXX are cleared only 
by reset. If an address is left in one of these 
variable address it will continue to ooatrol the 
circuit breaker selected provided EPCll.j i s entered. 

* "Circuit Breaker Malfunction" 



C/B DESCRIPTIONS . . ,:: - j -
l 

·: ....c.mc_UIT_ BREAKER MALFUNCTION 1 ' . 

' F-Page 2 of ?. 
GAEC :' CIECUIT' BREAKER 

-ANEL -
LOCATI ON LINK C/B !'I.UMBER DESCRIPTION ROW - COLUMN , BOOLEAN DBI *** 

11 l · 2 c497 4CB-169 143 AC Bus B ~e/PQGS _Propul Disp 1-9 ' ' 

., 
11 1 4 :! 

c492 4CB-226 205 AC Bus B Ordeal 2-9 11 2 1 C370 4CB-72 124 RCS Sys A Ma:in SOV 2-7 11 3 8 C398 4CB-238 614 Stab Cont AEA 1-2 
11 . ' 3 9 C308 4CB-13 72 Stab Cont Abort Stage 1-5 11 3 · • 10 C379 .4cB.:.81 130 Stab Cont ATCA PGNS - l-4 i 

t 11 3 11 C338 l~CB-40 l02 S.t ab Cont AELD 1-3 f 
f 11 3 13 C357 4CB-59 114 Stab Cont Att Dir Cont 3-6 I 

11 :I 17 C374 4CB-76 128 ED Logic PWR A 1-1 
..) 

ll ~ 8 C413 4CB-117 157 ECS Gly Pump Ill 3-7 11 4 9 C423 4CB-215 217 ECS Gly Pump Auto TRNFR 3-5 11 4 5 C434 4CB-138 174 Suit Fan No. 1 .• 3-1 
l 11 L/H 6 C312 4CB-8 76 Descent ECA Control 2-3 

I> 

11 L/H 8 C310 4CB-6 74 Ascent ECA Control 2-2 • ·16 4 15 C313 4CB-9 77 Descent ECA Control 1-7 
; l 

16 • I~ 13 C311 1:CD-7 75 Ascent ECA Control • 1-6 -6 ! 
, 14 c401 4CB-103 1-46 Propul Dis_p/Eng OVRD Logic 2-8 ! 
..L 

L 16 l 15 C309 4CB-32 73 Propul PQGS 3-4 • t 16 2 5 C373 4CB-75 127 ED Logic Pwr B 2-6 : ~ 
! 6 16 2 C332 4CB-28 96 Stab Cont AEA 2-5 , . 
L 
' 

16 2 8 C377 4CB-79 216 Stab .Cont ASA 3-3 16 2 9 C339 4CB-41 - 103 Stab Cont AELD 1-8 I 16 2 10 C380 4CB-82 132 Stab ,Cont ATCA 3-2 r . 
! 16 2 11 C307 4CB-2 71 Stab Cont Abort Stage 2-1 16 2 12 _c472 4CB-230 195 Stab Cont ·ATCA ACS 2-4 16 3 16 c416 • 4CiB-120 159 ECS $uit Fan P 3-9 16 4 .1 c477 4CB-222 201 Heaters RCS Sys A/B 2 Quad 1 3-8 

*** Digiswitch Wheel Number 

The three digiswi tches . are numbered 1, 2, .and 3 from left to right. The second number • • following the dash is the digit dialed up on the digiswitch. 

-
l 
J 

- - -- - - .._ - - - - _ ... _ - -





r 
.,--------· - I - <: ~ ·r.-~ :.-N:~-, , · PR-c I s, C" 
I U /-\ 1 r- (., 1 ~ 1 

, I ~· , l'i ,, _ \ - .., t. L, (;-, L , L. , , ;, , , 

1·-····- -- --- ------i Li Ni< [il\llSION 

I NC, PA GE NO. 

REP . NO. 

---1 
ICI j 

I rn=v . C I o i NGHt>' :·-•,-.i. Nr:w Yorn< 

!·-------. ____________ _j_ _______ ·---------- ------ i- i~:. ~: _· _.:._. - --'-~- · ...c~;___--4 

8 . 1,J .1 'J'!P JJ,"3 U1\I 'I'!J'L ,:r.JnsbLs of f,~~rl fj_"!S::_ cornprh;j_ng the NASA 

of rd.1_ Lir•k /'._:_ip1·uvr:d Pate-;, dcc},s not ye t i.ncorporn.tcd i nt o 

S.1.1 . ~· Lor,cJ/J:u1r1p/Verify (I,JJV) nroviur::s auto:nal:. ic J oad, dwr,r , v e ri fy, 

simu:h.tc,r loa.cJ rc,~_1_u-Ln,menl.; l ocat i on 1100 , '101 , or 1 1 02 mr..y 

b e r1r·:,;0lectc-d for ..;,utorno.tic s i mul ator s t a r t up when. LDV has 

f "i.r1i,;h1,u; 1-i ne vr·j nLe r E1.nci./0r t ypewr i ter output s max "be 

f;upr,1·,_,,,;seu; any port i on of a. load may be verified ; c1n 

autc,,:,t:ic verj_fy P-fter a Joad or dump m8y be r cqucf:'ted ; a nd a 

syste:rn-wiclc ('} 0[1.-r-[md-haJ.t mo:,- be specified . 

8. J.. 1.3 TL-2 Caxd Irnal'>c /\ualyzer (CJJ\ ) provi des selectab l e l oad in g o f 

Pntcl1 decks , J)fiC-: dc.\cks, and Test de cks f' r o:-n the m!I'l'JLPE 

Corre~ticn F i les and Test F j le as well as r egular non­

selee:t·/h]e l or2.u.ine; frorn -Uk c3rd r eadc and. Compii'tcr B ( or IS ) 

ty11r".r:rite r s . A D/',f~ deck taF.:.Y be A & B Log, X-Y /X- '11 / Event 

Hc:c:orde:r , Real Time Print, DY.DA Enter Print , Parameter Di spl.ay 

or C- L1) 0 . J\ 1'cst deck :i f; a !!!_l~E'd group o-f Pat ch decks a nd/ or 

DA3 decks· uscd to verfor□ a certain test . 

5A I 



u. 

s ! i✓ G ER -GE r~E ,'\ I_ PREC Is I o:-i . 
LI .~:' DIVISION 

I- ! •• 

PAGr-: ~~, -~~-~;_ --1 
---· _,, _________ --------

li'JC . 

R ,. ? . I ! 0 . -1 
________ __,__....c'_?·.: •••• ~ -·-·' 

8 . J. . l . ~r The U;)~; k;n jtor p r ov.irJ es the ,c::11Y.,,bility of inter_1>rctl1Jg c ontrol 

~,imula+joc ( ~> I t.1 ) mnclP and non-.. real- ti.r:1e sy~,te:rn (SYS) mod0. 
C'..,11 :::ro·: r.:c,1,LT1-'J11<ls rn:1:1 r.;olr,e fr orr: tl1c' Com1)utc B ( 01· IS) type-

8.l.1.5 Sj1""11.J.l1:ttc,· startun u.t 1 100 tran s l' r: rs to S.[Jvf mode ; ' J.01 
transf'c1'., to f/i'S mod,.: ; ' 102 trn.11sfcrs to the initialization 
1·outines . 

8 . J..l.6 Tn STM Jiud,:, any co: ,tro cornr.1iind iijJ1 cause tbP LMS to e;o to 
free z r:- ::n,l trr-;nsfer to SY3 mode. In SYS mod e , the $Sr'! wi.11 
cause the Llti:J to tr11.ns f,~r t o 8.Gl rnocle and r.r,o to freeze; and 
the $HL7' \Jj] I ceu se n sy ::; tcm-,r.i.cJc clcu.r•·E,.nd-hal.t . 

8 . 7_ . ~~ Gent.:rc,J. Cont.1 oJ Cof!'lxna ds : 

8 .1. 2 .1 §:~;LL - t.ru.n:., crs to '.JT!,1 mode Lind trc:msfers source of inr,ut 

0 
1 " ') <1.;q 1· "' t • d l d 1-. J t C) , , f'.:,< ::::.:..:...::_ - C D.lL3Cf; sy~ cm-\-.'l e C ea:i.--8.ll -ua . . 

8 . 1 . 2 . 3 ~CRD - trunsfers source of input to cards ( card reader E0F' 
but Lon ohouJ.rl have been r e set at the time t hi r, command is 
typed in - see b e lov). 

8 . 1.2.l+ :Ji'.L'YP - tr:i.n!:.:fci·s source of input to t_ypew.r·iter ( card r cacler 
E~F or rower OFF buttons have snve results ) . $SIM also transfers 
~ource of .i.nput to typewriter, since th.P. L.MS Complex i s not 
sui table for re ding C8.rds i n real thw . 



DATF r, , 

REY.,~ 

a:, 

I ·--------·-- •. --- -- ------------

-. ~ 1 
- -___ '-__ I ______ -_--] ___________ - s I NG Fr.. - c' , \ i:_ ri ,\ L ? , cc I s i cy-~ , -- - - · - L i ~Ii( D I \I I s I (fl 

£:S ! r !1_•'·1 -~:~r: G:~ • r-Jf\/ Y< 1r~~-~ 

!NC. 

8.L3. i 

e . 1 . 3. 3 :J."::! ·- tr- ,,,·fers cont;rul to LJH :-tnd J'C-~W-'st:, clu:·,1:r . 'l'he l"t}Sident 

l:,:,.<l (,.ntr: i.·L:.J l-il',' lo~.d) is d1ntEt:cJ, as well o.s the loud t ·1:pe lD , 

vi::.l n::>L. CL!.i ·1i n ::v~y 01,t.t.ona1 i,Tl' lc~t'.ls or the Correct.Loi. File 

or the 'Jc.·: .. I·ilc ,-:L.icL arc r,rcs-:·nt on a UiiI'J'll..PE. Type<; ' DU:-:FEJ)' 

lmct1 (wi.th .it.• l'cs·;d,:·:t. !U'I' lo~col) ·is vcrifjc.d. If the :ir,·,.ci t.:.;,pc 

JD dueLl J:\,i. rr1al.r·l1 iLr_; core irnoc;c, Lynes out ' EAD ID ' on th 1
::; 

Press start to co11tj_m1<', if Jc~;ired. If none oJ ' the l-H'f.' .load 

]D's mc1t.r:J1 th,.: core im~~;e, typ,.=:, out ' BAD JD ' on Lhe Corqmt2r C 

typcwrj·V·r and Compute:1 · C lrn.1ts wii..J1 Z-Rce) st.r--r - '14 . 

on f-•ach ct,·nynl:~r ' s typ, 0 \iriter . 'l'ransfers cuirtrol back. tc; USS . 

8.rd imag'-~ wLU oe an :H'L' 

lo::i.d 111, \·,_;th ;olurn.ri:; U'.)-00 igLOJ'c:'U . Once the ID has bc:en 

input , tran.;;fc1·s control to LDV :i1jd l'equcsts load ( of' tbe 

d~sireQ Ml~ Joad ) . 'J'be load ta~•c JD is i .oored , and LDV sec.rchcs 

If noL found , cut 

'BAD 1D ' on he Corn 1utcr C tyrc.-:rit.er ar!d Computer C 1nJ.ts with 

7,.-Pegi ster = ' J.4 . Press start to cnntinu ·, if Jc sired . Ir found, 

tyµ(:'s ouL ' CCJ./2•,".D I c•n t!:e Cor:mutu· C l.yric .:riter. Com:-·1011 core 



a:, 

CD 
er, ,., 
L,.. 

() l -J ,, 
u .~.J . U 

Jf }:·,•'i"'< 01 t:,!:-0 is dr•t~:ctccl on e:.ich of four ( !,) attc::ipts, LL'/ 
ty1 ,,,; 01J:, 'P.AIJ'l'Y ' on i..l:c: typewriter of the c01;1~mtcr wbich 

(I)•'' c,1· ' VEF: ;',;'' 1:1essap;cc.: wi.J_ i 11.1.ve no m,~aning for the Cornputc.c 

Dt,f; (i,:.cl~, or rL~;t, de: L }1n·Ldl.r can1 i'nn:w.t with cc;lumns l '( -ElO 
i c.n,red , c•ll f'JJ i.t..-rf:d b:,• (i ¢,,'i;";i) control cornmr ucJ . Colurms OJ - 16 
( 1,:hj ci·1 will b·· called tr:c• D•;ck I,eqmc:o t rwnbcr) of c-ach un i que ec,rd 

FLI c. s ~u1 1J 'I'i...:~L, 1>j_.! -~ am:. lu·•tlf.; ~,rJ_,•c tho ,,r: Patch deck s , DAS dcd:s 
and 'J'•.:! ,t. deel: r; Hli')Se Deel-:: Fc(!uest. l;rn,,!',.er,:-. .rere specified. l f 
ar,y r v1u.c3ts re, noL found, t~.'pes and prL,ts all suc h Deck Request 
I?:.11, ·,J.'Ts fol1owc:d l;y ' Nr~'l' f,;I U f~D '11/1I'E '. t-Iore ne: c k Pcqucst 
NUJ,1bcr~, may be: ir1p1rt, 2,i., thi::; t:i.:ne, , .. ,_i i..li USf> ser vie:ine; them in 
u;ro·,,r .. ,; of ?O untiJ t11c :';EiiD L1agc is j n1,ut . 'I'he $JSn command 
may be used m0t·~, tlian onct: per r eload . Types and prints ' INPU'P 

(' j 'J 9 ("HJ> • • ~1 S ,',] y 1- ,. u. • ..J• _1,_~ - s11:n a:r L,o ,;. , n , uu,. rocf'S. cs the Cor r ection Files only 
awl J.o:..ds all Pc.tch (leeks PXc0nt thos e ..,,,l!ose Ded~ Reen-est Nrnnbers 
\,c:i:·c .::j.<.c j ficd . / total of ?O such Deel; .keq_uest Pur:1'i,ers m y be 
inru t; , c:nd the :;':'i'l'n ccnl.t'laml rna:,r be used _o nly once per reload . 
'l'ypc:::; anl1 rrint.s ' L(PU'l' c,,, 1:,u:,TE ' · 



DATE r,i~:~~~~,~ ----

R[V. C 
- ---------- -------

s I NGER-GENG:.',L rr,r::c ! s l ON f I NC . 
L I N !< D I \/ l , I ON 

3fNCHAMi"L\'J , l,E:\'.' YOR,, REr , NO . 
_______________ __,..___l:.c··..:..i~1: • i ; / ·, - ' ___ _ 

- 3A( 

2i~ 1.)-1-.2 I-Jo111~n ·.il ly, all control cotur~ancls , hca(lcr c ard ini;-1gcs , ~GCn 

::n• lurul Ill's, l)e:cJ; P •._(J 1 tc,;L l;urabc~rs, and c on:mcnt card i r:m,•r,e s 

h·:1. 0.rj r.:;- ,:.n ' P 1 :Ln coJ vi,m O? -':re ,,1·intc<L Comment ca.rd i na::.,:es havinc 

a 1 'i1 1 in c o lumn 02 are printed ond typed . 

/.'. .:i,11.3 i:~'.?~t .. Set t o 1>r int eu'.:-i1·c Patch dee];, DAS deck o r 'l',,.,st deck 

"t ,·2j nr; load C.L1. ( 1·or CIA); clea:r. - o.;;<:1- lnJ ·( :1t cr,d nf :p roccst~ 

( .i'c,r LJW). 

8 . J.. !t.4 ~f;\-:? - Set i..o priGt; Patch deck overlays i n addit:i.on t o nor:dn a l 

8 .1.h.5 

(lower to contjnu(-; ) . 

Set to 1;r:i nt all input G with out analy :-;j s ( for CH, ) ; halt 

!>cf'o1·e proce :3sinc.; each l oad record ( for LDV)( Z-R cF-; ister = ' 3) 

Cure:;s stu.rt to c ontj_n m' ). 

e.1. h. G Sf,v.111 - Set to Jirint al.L iupu-~s except co ntrol commands without 

anrtlysis ( for CIA ) ; autoP1G.t:ically v cffi fy at end of rroc cs s 

( for LDV) (mur·t be raj r;cd c,n all co:nr,ute r s to work ). 

8 .1 . 1.1. 8 t;~'.WE •· Set to suprress lirn:-printcr outputs ( CI A a nd LDV ). 



a:, 

O'.) 

en 
M 

8 . J.. ':,,_l 

SI r1Grn ~ G~ 'lf'J'/1L pm-. CI SI 0 1,1, 

Li'.,!:-<. DIV I~; I at: 
INC. Pf\l~.[ NO. l <.1 , 

- -- -------------

81 ~:r:: 1:,~.r:0:,. 1,;:w YORr- REF • NO , 
_____________ .....J. ___ I :' L,.. - l fr .. 

v1Lcn t ,,:: co""ltentr; 0Y tr,c o] cl woru n.re non--zero and not equ:.1-l 

Lo the cr.,r1~Ants of l.L0 1i2w i.c,t·(-:. ~ unless the contents of the new 

worcl are zero . l f Patch decks a.re loaded twice with the·ssw1 or 

SSW2 option u "'ed th2 e c oncl t :irne , over:Lays jnternal to t he grour 

of Pc.tch dr--ct:. wjJl be )in1iointE'd . 

8 . J . '; . ? Fm · all r"i.:~te:cted _.:: 1·ors of tbc ty~,es listc·d llel.ow, u.n erro 

a lx.1.cl:,.;3 ·;cc e.llown the oncrator t type ir1 a correct card imat;e 

Sf','.-i'5 ; ;;; , ________ Ul' :___ (Tr" f,SW5 up, hal-::-s with octal code in Z 

1 6)601 

1 G5603 

' I/0 F.IlIW,R h ' 

·.111,l y· D prr·1· <..•i f-' r'" ) 
J.. .;: , ..... t., . ' J -· .J • 

Illc;;:.i.l co:nputcr or b,.:.:1t Jct ter on 

Pei.tc}1 heac.kr c::i.n1. 

Character in octal or BCD field , or 

LCD :i.n octal field . 

Illegal relative baie, r eferenc e to 2 

rc:o.d, co.lculatcd. absolute a.dllress 

~ceeds ranze allowed. on base card, or 

"\!l'Hparound a{Jdrcssing ( j_. e . cxcecc:;..
0

: 

' '(T(77 ). 

or J.on.d r.:1.; • encountered , ilJ egal ·vn~e 

----------



co 

<O ,.., 
': I 
i.,L ____ _ 

1 1/ ~I ERH(2H JO' 

'I/0 EEP.0R 13 ' 

1 60100 

I 60J()J 

1 6010? 

' 60] 03 

Deel: Ee:qucst Nurnbcr exceeds Jf, 

character typed in. 

Card readvr faiJ.urc ( t::xce~)t valj di ty 

check ). 

})Cr reload . 

I llq~uJ. cb;i.nncl r,um1icr on Plot t.c0·r/ 

Hecordr r cani , error on Heal 'j' Lt~c 

Print ca rel. , or error- Oll c· Lo~~ T1,._;:;e 

C Log curd error : illegal name slot . 

C Log card error : :illegal preci s i o11. 

C Lo~ curd error : illegal aJJress. 

C Lot:; curd error : too mun;r SikCials . 



H L :·. :: '\ t- / I 

DATE / _:-~-:-~. - ·,· I -------------~-~;Grn-Gr:.;[r;~\-i~ PrlE-C Is I ON ' 
- \. I , I I 

______ ________ L. ! Ni< D ! \'IS I ON 

RE V. C D !l'< ,,:-i,',l,:i o:: . NEW Yo:?i< 

I NC. 

-------7 
Pf\GE NO. I C-

REP . NO . 
Lli /"-•l"i/-':--~·-. I ____ ......[, _____ _ 

8 . L(..1 

8.1.G . 3 S•::t Sc1s0 c;•,ri_t-.ches J. , 1i, a.nd/ or 6 en all corn~mters as desired ; 

~', 3, m1r1/or 5 on f•1c• ec,r~rutcr ur:· dc·s irecl fo1· th..?-t comruter . 

lf :·;~,\H is r:ot set, LF✓ i-7:ill wait on all SSW 1 ro to be re set 

fl.J . C. lr :;,c:t P CJ.nd ;\ Pcs:i.st,_·_ ·:; or! all cor;;put.ers ( right J ust ified in rcgjster). 

P : Address specified on fill de ck . 

A : Computer number ( l:=/\, 2=B , 3·=C, '.;:::spec i a.J. MIT load o:i:i t j_on) . 

e.1.6 . 5 Xl, X?, and. 

Desir~~ stertun Jo~uLion ' 101 or '102 1 100 i s assumed 

if B Regi~tcr is ~nt set .) 

Xl : • " 1 • ., ( f' t Jl CC!Sl1·C:Q 01",!lcl J XX where :XX is r csot 

1rnrnh:::~ ·). 

).2 : T,3.p<: D.ri-,e ( J., 2, 3, or 4). 

Y's : l - 1,r:·,arl , 2 - Dump, 3 - Vei ·ify , 4 = sp cio.l I-HT loc,d OJ-lU.on . 

8.J.6.G St·u·t J., 2, or 3 co::1r111~(•rs in orde:!'.' f:-B-C . (A, R , C, A & B, B & C, 

l\ & C, or f .. & B & C m·cy be ,.;tartec1. ) If ta1ie .i.s at J oad poir:..t , 

11.;c Llie :.:.:: '.\12 011tion nn the f.i rst col!lputer st:.1.1·t.ed to gj ve nore 

l i ,ie to :..tr,rt other co1,1putcrs - - when all h:,.vc been stqrt.ed , 

8 . 1. G. 7 'Jt' j :L01l rnu:;t h~ 1m,nually set to 1 on a r.1~tnu2.l clump for i..l1c L11S 

to rdniti,,lize ~ etc . ~'his is s.uto,-10.ticalJy doi e on the $DI-'n 

----------------------------- ---



'G:i.-11T (i I. - (>I -Ii 
< .,1 I • I 

---------- ------
SINGE,-Gqs!r-:R/'.L f-'R ECl SION , I NC. 

L l NK D ! V l 5 i C.tJ 
PAGE NO . ' .... :v 

REV. C. B ltJGHN-1TON . NC\'/ YOF<K 

8.1 . 7 J-::scclla:,0811., Infon:u: .. L.ion: 

I,u·111·.1· t_.:.i,bJe arv 11.vail:,ble j n core . By !)J ·intinu; or + -_p .in6 

1.,hj::; cl · '__,:i , Lhe '.;i·.: .. 1la.tor 10:1..rl configuration is firi..ly 

8 .1.7.2 On uJl f:\':'S mod~ t~•11c:\.,riLcr jnputs a 1,~1cb.,pc1ce alJo·,vs r e type, a 

c a rri a··,c rctu ·n tc-rr:1i11atc.:s tbe i rpnt . In SIM mocl c the 11 cl1ar-

8.ctcr c:onLrol r-om"1-,rn<fr, r1ay ·oe input , acd the t ypc·,iY'it c:r wil1 

respond \-,jth a cn.:n·:iage reLw.-n . 

de ck b y any of i ts Deck ReQucst 

( C-lii-'i-' .r ,end C-'.'";up,~1· ) petcl,c s vilJ be Lanulcs in co.rd f on n. only. 

inl..o t r JC !HT loarl !;y AGCEDIT . 

8 . J. . '( . '.3 Sinc e Lhc·re \,'ill be no f o r m of f'JJ.tch J.oaclc r resid e nt in C or A 

com1mtc..rf; , a hoot,Lrap call ed 0C'T'LB00rr j s avaj_l&ble to read 

absolute ' l8.tchc::; j_n emcrgenc:.i cs and to patch USS when it cannot 

patch Hsclf'. 

8 .1.'r.6 rrhe 'J/Q) Ef:I,0H 7' error ( u11n~coc;:1izablc inrut ) - umses all inpLrL 

until the next ;:-}_~Im , $XXX , 01.- hca·cr t o be ignore d, ( i.e ., not 

n.naJyzed , eot lo·!ds:>d, and nol. printen·). 

8.1.7 . 7 'l'hc •xx:c:XB ' lx.1.se card is no l c:~gr: r nJ.lo·.,cd -- the 1 B· 1 
P1U [,L 

be fo 11 (n-:ed by lt:-1 l\, S, T, nr U. 

, .... , , and ' ± ' 
' i"' 



- 1A/U 

<O 

OJ ,,., 
M 

lJ.. 

il 1.'(.S1 C: 1.cL n"',r1'2r f1·:i_lvrc error 1·ccovery : 

( n ., I . . 
I ~·J f .'. :.+I! ' ' 1 I t.• j ' ' 

_1 J,. \_, v, .1. ·- J .•. ,.J uf such 

a c-~~1·d lias al n acly l.Jcen d•JJJC~ at the time process.inc; is interrupted 

f,_>c :.r!i :, error, sr, rc:::uJ.t~; of a nalr; i ,; ci.n loa ing should b e 

fc,r re1·r:ad, t;tyJe cr-,.rriage l'8tm:n to iP,:iiore: the c a rd iruuge ty~fH:,(l 

out ( j f al!:,·) ·11,d p:cc::;s Tiesr.t. UlLl Start buttons to r rc: read a.nC:, 

O!,:=c:c•1e 'Ly_1.,eo,J.t; if the Hot fa,ady } ir;ht is off,. 

pr,.:,;3 the Stop tut ton and observe t.hd, tl1 c Hot F<~ady l:i ght 

in ,_;.•:i1·1c J11anncr as Feed Check . 
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I 

I r. t "·r,•rt• ' ()L, ~ , t 

~--· ·--···-----
Ll''~K L,l\'ic-1or1 

• \':_:::-_~-------- --- -- --- ~--- - O\SC>,fWTC-

T n 111 , f CI ~-iT 
;I\. ..... - -------·--···- --------·- ------·- ----· 

'l L..;cr.l ':i.'·1.JJe 1D: 1 hl.cord of :i.o Won.ls (l10 charsctc:c •• ;) 

C'J l'l,'.L },_,1-,.u ID: 1 Pt.core.!. of? \fords (C c}1s.n1.ctr.:rr, ) 

' 

J.' 1 ']' Lood ID : J t:ecord of 2 1.'ords ( 8 dir racten,) 

C--U; -:_:,er LN1rl.: 

1 ---------

~ l A--Lc,wer Patch Dechs 

Pa-Leh Decks 
I Varj ublc 1nunber of rcco ds 

[--: Cf.l 
u r,.1 
r,.l t-'.l 
µ:-; H 
i.-r:; P-< 
0 

l\-U··rne r 
J. ·-

Patch Decks 
>-
\ ,1ords cc.:.ch (80 ch0racters ) 

u \ 
lf"\ 

\ / , .. 
-~, fTl 

1-=i 
H r,, 

II-Lower 

B-Upper P..:,tch De:cks I 

C-J m;er Patch Dcdrn 
___ / 

-----------------•-' -----------

of 

DAS Decks 

/ 

Varir1.ble number of 1·ecoiads of' 20 words 

c&cll ( eo characters) 

20 

H[r . NO. 
L,...~.,:_~ ,!· \t '; -( •: [<. 

T 
E 
s 
'l' 

~-•.--J ---- --· ~-~. 



r n_ ,E_:_'c~ .• , ·, i _ 7
1

-- ·-·-··--;-,~r;1-;;~G~~~;,:~;:-;-~-;-~~;-~--I-O_N_,_l ~~~-------------- l-r:~~~~~-0 ._;::_-'----=·-c..·;'-_-
1

~

1 

! f,~ v. r r1r;s:-if·'·,,·:1. Neil Yo1;K r EF . r~o. . I ---~ ..... _____ ,_ ···- ····· - -------------------------------------'----l :-.. i ,;•j.,,. d -~ 

I 
3',4)~ i 

I 
I 

m,SCRTT TIO:~ 
(jJ 

Cl?.--PiO F~ ·e:,~ Fie lei ( T{--CO must not be 001-~) ( if column 02 is ' P ' , 
cur-.i ,dll n o1

: • .i.r)al.1y tc pr.i1itccl , if ' 'I'' - pTinted and typed)
1
. 

c01.1.-.1 

OJ 

02-JG 

18-26 
28-31, 

36--40 
)!2 

411 

46-61 

63-'T0 

• r 6 

'{7- 80 

Im , 1 :( , 
J ~uu , 

( er> 1 ui,m l 7 n:w, L be blu n},) 

Lou.J n·2:ic 

!\:'- DD (rnonth ar:d day wriLt-en) 

Con,p1,tPr· (A , B, or c) 

Ban~ (Lo U) 

Ori1_,;j nu Len·' s nar,1c--

Pror, 1•wu mime ( 1~CCU~ N'I'HY point) 

Heque,-,t 

I!wnbe1· 

II or K ( .tocA.tiou where prctch area was · rcser·ved) 
001-x-

0 l 2 3 ~ ~ 6 7 12°,1, 067 8901234 5G7 89012·;1, 5(,.,. f'9n103!, 5 r,·r 8°01 23 , 5 '7 f?O' 23 , 567890] 231, 5G789C! 23t 567 89J 
*J,l'Jll-1) oc;•7-s,, ,,.,ollb- ! 01 i 'f,lOJlB 02 .. 05 n L nr,:Er.: r.rn 

I 
L, VCTWAD HOO] 

I 



co 
a, 
(') . 

I ------------- I --- - --

[_~1\TL _·~- '--~-~-~~~~- __ _ 

F:E\' . C_ I 
•------•••-•-----••·-•--I • -,·-----··-- •-

(J J_ •) 
L 

)- ! ~- > -;: N .. ' , J I _____ ___,__ 

I NC, I P/1GE r,!o . ! i .. 
I 

1~:~~--NO. I I ' • . • I " ,'. ·' - ~ I I } 

_________ --•---------------------"----f.::- f • • •~I JI ~. -1-, _ 

C.!.-U5 

D 

0( 

I:· n;:r,e (:d•.:oJui.,e o r rr.lati v ~ , octr,l ) 

A i.f" •,bsc>lutr:; f: , S, T, or· U j f r•_·.lat ive 

3 5 u ,. 
u 

WCNI'l!.J, 10271 L/.,ST 'i'O BE UGED 

I ' ,_, ..... ,r 

G.J. . 9 . 2.? . '.::' Cc.,dc Chg_n ··,· Cc·.J'd : 

C~YL1J;rn 

CG 

0'( - 1!1 

n-4 

26- 30 

DFSr:rn f''i.'I ON 

Adcln,::; ( n.bsolutc or rcln.ti v~ , octi-',J ) 

J\ if ab~:olutc; I-1 , S , '1' , o:r U if rc~lative 

Cl1:u1c;c ( 1:,bsc1luV· or relative , oct ·:i7. ) 

J\ i f abso.i1Jtc ; B , S , T, or U if rcL.1,tive 

1)/.,_p Location ficJd ( -8 ) 

DAI' Opcode unt"1 Flag ficlrl ( .10-1 4) 

DJ\1-' Opcr'lrri, T:ccre1,1ent./Incrcment, i, 1r1,r; 

fieJ.a (16-~8) or (16-- X) 

L:G--fio DJ\11 Co,0unc11~,,; f'ield ( :0-6~ ) or (XX+2--6!i ) 

IJ l 2 3 li '., 0 7 D 

1 :~31., '.;>Cr i"l901 ~!31: 56 i' Sycn ;-, _;Ji~ l:.,r r.:;cn;l~~ ·: :,c, l1)L):i_231-1 > u'i" ~:;1c12311 :it:, [__,)01~~)f '.JG'( c ,J0:1_;23J: ,_, er f,'JO 

J ~'C3'7,i, G000(1()'l0J\ DI\TA. 



-------- --- --+\..,__·;..::'··,: _·. _. ___ • ----

i---· -- ------1·· 
8,\TE (, I ; ---71 

--- -- -·---
L ! Nf< 0 I V ! S l O 1 

\_ ~-~:--~~o • ! : 1 : __ .I 

_ ______ ____,__\ _R_, E~r; ·;_ /:o_.: '.I: -::- ' -i 
s 1 ·-:crn-GENrn:,;_ , REC Is IO'·!, I NC. 

c:, 
c, 
(Y) 

LI.. 

- --

_L ______ _ O INGHA\ffU.·I , flE/i YOR' 

-::Ei·.T.J 

i'rcc fiC'Jc (Tr - GU rr-ust. not be o~n -r.) 

c11rJ c-,_n-d. ; ( ::; _c 8 . 1 . 9 . 2 . 3 for end c ,,.rd fr,.._ nr,t ) : 

8 . 1 . C/ . 3 .l lkn.c;:,r C·-.,:cJ: 

EX/\l-'.PLi,S : 

01-05 

06--1 G 

3G-l10 

lt/J--5'{ 

-::·n.t.:3-

]!AS <.lect n 1ber ( cn1 u:•,n 17 nnu;t te 

nTP for 1:c.'i.1. 'l'iJTtl! l':dnt - Lin]: 

PM~ f or J.'a1·un.ctc.r Display 

CLG f er C--LO{'l; 

ABL fl)r f.P-13 Log 

l-11/i-DlJ (mu Lh o.nd d::y written ) 

Orig.in~.i.Lnr ' s no.me 

?Al~ 

0 l 2 3 lt 5 6 '( 8 

12Jlt 56·( 8901.23/1 '::'i'( 8001234 5(/( C\'.)O123l+ 5(~'T G9m.23!t 56'( i_,9O1~,3li 56'( 8901234'.;67 8J01 rl3h 5(,7890 

WlP 

CLG 

------· 

j.;IJ.OllB 04--27 

J-.lLJ 01] J3 04-27 m::SSJ\J 'I' LGC rLAcv:01 ,I •2 

--------------· 

00] -:;­

ooi-:-:-
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D ;,,-i t:: (• d,_ - 0 i_· --,- \ --...,j-· 

R:C:V, ( 

- SING'- 0 c·r.'lt:"r>/\L p• )-( )C)QN l1' 1C rF•rr- •--_ t•u· --,-J ·-:----7 ~ ••C.f\- ,,_l''l._{\ f,1_ . l I 'I • ,~.~..:>!: 1\i • 

c:, 

-----·---· ---

() J 

COL\ T 

O'T---1 C 

36-110 

l1G--;'T 

01- LJl_j 

0:i-C.O 

L I NK D I ,1 ! S I Oil 

E1 Ii ,Gh.'.!,l I ON , 1-:fW YO; ;!{ 

DEJC,iJP'l'IOrT 

' Deck r<euuest 
\.. Nmnb;r 

Ter;t; d._:,c}: nwnbcr ( column 17 must be t,lan!,) \ 
·=' Load na1,,e 

Free f'ieJd 

3 5 6 7 8 

ML1 01JB 0h-30 IJ.'I'ADY Ll0-1 20, 'j3'( 001 ·» 

/EIW 

Free ficlcl ( '{'7-80 mu;;t not lit:: 001 1" ) 

~1· 
2 L------------------
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HEADER CARD FCJRAA.'rs 
AND 

TRAFfSMI'l"l1AL CAHD 

The purpose of t his Qocument is to des cril;e the 'Form1Jts for LMS Heade r 
Cards . The first s:i.xtE'en (16) columns, 1-1hich are called the Deck Request 
Nw"Jlber in USS will vary as follows : 

1 . DR 1 s 

Houston DR ' s 

KSC DR ' :~ 

The folJ OHir;,.g arc for both KSC :ma. Houston: 

2. MOD' s 

*L-100 ,199 ( 2A ) 

¥.·18-110 ,199 

·X·L-3928 

NOTE: If mod does 
a.s nece;:;s ary. 

,., 
.) . ACTION MEMO ' s 

·X-J.1.M-6 0 0 0 

:-:•JlJ 1I-J V2 

li . AVO ' s 

-X·AV0-3214 

·*AV0- 101?-N 

5 . KLlJDGE I s 

H 
·X·KLUDGE-XXXK 

6. DAS Decks 

*DAs-xx{ 

7, TEST Decks 

/'rEST--X~ 

not fit t he 16 coJ.wnns , om:i. t the dash es and. commas 

Wher~ N further defines patch 

:xxx - These num1 ers will be checked out from the Ll-18 Kludge / DAS /Test .Deck 
I'hunber book . The n ext sequent ial number will b e used. 



APPEPDJ.X A ------

Heuder Card, , . .. 
g f3 Page 2 

SCR THAi'lSMITTAl, C'J\.HD(S 1 
-, --- ---- -

Purpose : 1. Describe completely- a Mod/DR/ AM/ A'VO patch deck ( exc luding 

Kludges , DAS decks, and Test Decks ) set allowin8 Load Clerk 

Et11d Site Coordinator t o check on co:mpletene"'s. 

Format : 

2 . Once Link /1c:c epted , requests t ha,t those patch decks specifj e d 

be placed on the correction fllts . 

3 . l'0llowing L:i.nk Ac ceptance and. pJ e,cemcnt of decks on correction 

files serve" as a data card for l o:1ding de cks from correct ion 

f:i.les. 

l f . Once NASA Accepted , r equests that those de cks spec if i ed be 

moved from the correctioll files t o the l oad f:lles . 

5 . Following NASA .Acceptance , serves a, s a data car d for loa,d ing 

H.1\.SA accepte d decks fron1 th e correctj_on files during NASA 

training until move d to the load fi]es . 

6 . Once on the l oud f iles , signifi es that the decks are r eady f o r 

SCM upda t e i;1to the new load . 

'7. Serves as NASA ' s instrument for rej ecting decks when RE.JECTED 

j_s wd. tt en on the c a.rd 2,nd signed. l;;y the prope1· NAS.t. autr,ori ty . 

l. Col urms 1-16 i • the Mod /DR/ J\VO / .Al~ nuI'.lber. This mus t match at 

l cnst one header card in each patch de ck listed , 

2. Col wnn 18 j ::, NJI.SA Accepted code : PUNCHED by Loa d Cle rk. 

3 . Column s 20- 21 i;cquence number and total number ( i .e . 1 2 & 

22 would b a 2 card set ) . 

4. Colwnns 23--80 a, e SCR numb ers , each correspondjng to one ( 1) 

p atch. All SCR numbers must b e punched onto the card and 

should be separated by commas . 



Header Card .. . .. i~ ];'age 3 

Y<T TJ'DQ,P/Dt•~'/'J''PS'"f' 'T'J'-'/\1'JC,l;iJ ni '['Af C;A'-'DS ♦-.J .L.1 _\...J I . .> .• • . \I.I,,. •. - . ~ .. J •-' ,.ll. ·--~---- 4--
- .- ........ ___ _ 

Pvrpose : 1. Ljnl /,cc: c:l) ted, requests tn.q;l; the corresponding Kludge/DAS / Test deck he placed on the test file, 

J:'onrw,t: 

2. Followinr~ Link f,cc1:,ptan2e and placement of decks on t est file, se:i'ves ac a dQta card for loadj_ng deck from test fj le. 

l. Columns l-16 are 'Llw Deck Reci,uest Number . This must match at least one header co.rd in thP Kludc;e or DAS deck. and must rn tch tJ10 011ly head.er card allowed in a Test Deck . 

2. ColwnrJC· 18 80 are fn.:e fie ld. I f pplicable to a Mod/DR/AM/AVO, begin th:Lc field with that nwnbcr . 
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AUTO LOAD /DlJMP /VERIFY ( ALDV ) 
Revision O ( 6-9--69 ) Operating Instructions 

A. • AutoLoad/ Dump/Verify _c ombine s the function s of AUTOLOAD and · AU'I'ODUMP 
into one 15 card Hollerith fill deck . A paper tape is also available . . 

1. Mount _loud t ape on Drive 1 (must be ALDV format, i . e. 100 word records ). 

2. Master Clear A, B, & C. 

3. Fill@ ' 77400, Master Clear. 

4. Inde~ Register 1 Setting (All CPU ' s ): 

a. ·, 0 is no reset is des ired subseq_uent to loading or dumping; 
b. Reset Number + 1100, if r eset i s desired. 

5, Index Register 2 Settings (All CPU's): 

a. 1 0 for Load; 
b. 1 1 for Dump. 

6. Sense Switch 1 Setting (All CPU's ): 

a. Up to halt each machine (w:i.th all r ee;ist ers clear ed ) after loading, 
dumping , or verifying. 

b. Down to go to freeze ( and r ese t if In dex Register 1 so specifies ) 
a~ter a~_l loading or dumping is complet e . 

7, Sense Switch 2 Setting (All CPU' s): 

a.. Up to Verify (overrides Index Register 2 Setting ); 
b. Down -to Load or Dump (per Index Register 2 Setting ) . '. 

8. Start A, B, & C in order @ •77400. 

9, LOADED, DUMPED or VERIFY will be typed upon successful completion of 
the option des ired . 

10. PARITY will l)e t yped if the tape is bad. This will h alt all loading 
and should be followed by a compl ete r estart beginning with 4 above . 

11. 'If a·· V8RIFY Error is detected, a halt will occur with Z Register bi ts 
10-24 set ( 177777). The word read from t ape will appear in the B 
Register and the corresponding word fr om core will appear in the A 
Register. To i gnore, press start; to correct core to agree with tape, 
change the A Register to equal the B Register and press start . 
NO'rE: A Veri fy Error in Loadine; indic ated f ailure of CPU or Memory, not _ 

DM..A. 
NO'l'E: '777'76 in Xl indicates upper bank, '7777'7 indi cates lower bank . 

J 
I 

; .. 
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READ/WRITE/VERIFY 

This utility program will write the contents of core on magnetic tape , verify 
the contents of magnetic tape against core , or load a file from tape into core . 
The operation performed is determined by the setup of the console . 

A-Register = ' XOOYYYYY 
B-Regist er · - ' OOOZZZZZ 
Index 1 = 1000FF 
Index 2 = ' OOOOT 
Index 3 = 10000M 

where X = 0 for start of a new file 
X = 4 if one wishes to add to an exis t ing file. 

Thi s option for adding new information to an existing file on . tape 
should only be utilized when one is adding to the l ast file on t ape . 

Y:Y':(YY = 
zzzzz = 
FF = 

T = 

M = 

starting address of core to be written on tape 
last address of core to be written on tape 
the number of f iles on tape to be skipped before t his utility pro­
gram performs the READ , WRITE or VERIFY operat i on ( OCTAL) 
1 f or TMU#l 
3 f or TMU#2 
1 f or MTU#l on any TMU 
2 for MTU#2 on any TMU 

- WRITE : 

1 , Set up t he A, Band Index Reg i sters . 

2 . Set the P-Register = ;77220 

3 . Depress the START BUTTON twice . 

READ : 

1 . Set up the Index Registers for the proper file and MTU. A and B r egisters 
are zero . 

2. Set the P- Register = '77221 

3 , Raise Sense Switch #1 . 

4. Depress the START button twice . 

VERIFY : 

1. Set up the Ind.ex Registers for the proper fil e and MTU . A and B registers 
are zero . 

2. Set the P- Register = ' 77221 . 

3. Make sure Sense Switch #1 is down . 

4. Depress the START button twice . 

. I 



Read/Write/Verify 
~..J) Page 2 

The words ADDRESS, CORE and TAPE will be printed on the line printer, If the contents of core and the corresponding word on tape do not agree , the program will output on the line printer, the absolute address of the word, its contents in core and t he word on t ape . Only those words which do not agree will be output. 

I 



Pu:cpose: •ro J oad abr. c<Lvto patcb cards for one bb.nk and , j_f desired. , to 
pi:·int tbe pc.tell ca .. cds a11d th-2 old v~,11.1.~s. 

1. Fill at 1 T(l00, Mast.er Clear. 

2. Rai e GGWi for prjntout. 

3.. Start at I T(:I 00 in the bank desired ( set P09 for upper u ank ). 

)~. Cards will be r ead wbcn card :reader i s :ready. 

5. When input hopper i:.:; emp t.y , press E(DF' or Pv:WER ¢FF button to 
tenninate. 

NOTE : No r e1:-_[;., i vc patches wi ll be handled correctly , only one bank 
of one conputer may be patch0d at a.ny one us3ge . 

Purpose : To J.o r}.cl absoJutc ASM b:iIJo.ry cA.rds ( e . g. as output from ASM pa~.s 
of 0CCUR/hinary option) . 

J. . F:iJ. J. at 1 '7'(100 , Master Clear . 

2 . St3.rt at ' '('7100 in the btmk de s:i red ( set P09 for upper b ank ) . 

3. Cards r i.11 be r ead wlien card re /'1 dcr j s ready . 

)1. A halt with ' 55555 ·i.11 Z-Ree; indicates checksum error on card . 
rrerminate the process , or press start to i gnore che cksum error 
and. contjnu.e . 

5. When input hopper is empty, press E0F or Power 0f'f button to 
terminate . 

NO'l'E: No rel!-lt.iY.§.. binaries will b e handled correctly, only one bank 
of one computer may be patched. at any one u sage . 
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DECIMAL READOUT 

To read the contents of a desired location in the 
computer and display the contents iri decimal or 
octal format. 

a. SETTING OF MODE (1st) DIGIT SWITCH 

The setting of the first (left-most) digit switch 
..J;Selects the mode of operation. In modes O, 1, 2, 
and 3 the setting of the first digit switch also 
tells the program the sign of the scaling of the 
data word to be read out~ 

MODE 0: Set the first switch to Oto read out in 
decimal the most significant (approximately) 19 bits 
of a data word which has a plus scale factor. The 
sign of the data word will appear on the sign read.:. 
out. (The scale factor digit switches must be set 
to the proper scale). 

MODE 1: Set the first switch to 1 to . read out in 
decimal the most significant (approximately) 19 bits 
of a data word which has a minus scale factor. The 
sign of the data word will appear on the sign read­
out. (The scale factor digit switches must be set 
to ·the proper seal,e) . 

MODE 2: Set· the first switch to 2 to read out in 
decimal the least significant (approximately) 19 bits 
of a data word which has a plus scale factor. Net 
effect will .be like taking readout from MODE O above 
and moving the decimal digits and the understood decimal 
point two decimal places left, such that the two left­
most digits disappear off the left end of the readout 
unit and the two least significant decimal digits of the 
memory word appear in the right.:.most two positions of the 
readout. Sign of the data word will appear on the sign 
readout. (The scale factor_ digit switches must be set 
to the proper scale). 

MODE 3: Set the first switch to 3 to read out in 
decimal the least significant (approximately) 19 bits 
of a data word which has a minus scale factor. Net 
effect will be like taking readout from MODE 1 above 
and moving the decimal digits and the understood decimal 
point two decimal places left, such that the two left­
most digits disappear off the left end of the readout 
unit and the two least significant decimal digits of 
the memory word appear in the right-most two ·positions 
of the readout. 

j 

· 1 

-1 
l 
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II. Decima 1 Readout 
: . A'--~ P_a_ge 2 

{The scale factor digit switches must be set to 
the P+Oper scale). 

b-. 

MODE 4: Set first digit switch to 4 to read 
the index register and OP code portion of an 
instruction word on the left-mo~t three positions 
of the readout. If the indirect address bit is 
set, a minus sign will appear on the sign readout. 
{Scale factor digit switches ~ave no meaning). 

MODE 5: Set first digit switch to 5 to read the 
address porti0n of an instruction word on the right­
most five positions of the readout. If the indirect 
address bit is set, a minus sign will appear on the 
sign readout. (Scale factor digit switches have no 
meaning). 

MODE 6: Set first digit switch to 6 to read out 
in decimal the 19 least significant bits of a data 
word as though that word were scaled at B23. The 
sign of the data word will appear on the sign read­
out. (Scale factor digit switches have no meaning). 

MODE 7: Set first digit switch to 7 to read out 
a Boolean quantity. The Boolean one or zero will 
appear in the right-most position of the readout. 
The left most five positions of the readout will 
display zeros provided bits 2 through 23 of the 
data word are all zeros. The sign of the data word 
will appear on the sign readout and should be plus 
for a Boolean quantity. (Scale factor digit switches 
have no meaning): Note: This mode can also be used 
to display in BCD those words which are in BCD format, 
for example, DWOR output to the GMT display on the IS. 

SETTINGS OF THE SCALE FACTOR (2nd & 3rd) DIGIT SWITCHES 

Set the second and third digit switches to the magnitude 
(in octal) of the scaling of the data word to be read out. 
The program will interpret the scaling swit~hes only in MODES 
O, 1, 2, and 3. The switches may be left at any setting in 
MODES 4, 5, 6, and 7. 

c. SETTING OF THE ADDRESS DIGIT SWITCHES 

(Right most · five Sw~tches) 

Set into the right-most five digit switches the address 
(in octal) of the memory word to be read out. 



Scaling: 
Setting: 

Scaling: 
Setting: 

Scaling: 
Setting: 

Scaling: 
Setting: 

Scaling: 
Setting: 

Scaling: 
Setting: 

SC'S.ling: 
• Setting: 

- -
Scaling: 
Setting: 

Scaling: 
Setting: 

Scaling: 
Setting: 

Scaling: 
Setting: 

Scaling: • 
Setting: 

Scaling: 
' ·, Setting: 

Scaling: 
Settin : 

Scaling: 
Setting: - Scaling: 
Setting: 

Decimal Readout 
•. 4.A Page 3 

Setting of First 3 Switches vs Scaling 
and .Resultant Location of Decimal Readout 

-16, ·-15, -14 ; .ooo 0 □□□□□□ xx 120, 117, 116 

-13, -12, -11, -10 ... .ooo □□□□□□xx 115, 114, 113, 112 -
·-09, -08, -07 !.oo □□□□□□xx 111, 110, 107 

-06, -05, -04 + .o □□□□□□ xx 106, 105, 104 -
-03, -02, -01 ~t,□□□□ □ □ xx 103, 102, 101 

+00, +01, +02, +03 lrl Do□ □ □ DD XX 000, 001, 002, 003 
; 

~ 

+04, +06 @ □ 00□ ~0:0TIXX +05, 
004, 005, 006 

l!l □ □ 00DDOXX +07, +08, +09 
007, 010, 011 

+10, ·+11, +12, +13 [;] □ □ □ 0 00 OX X 012, 013, 014, 015 

+14, +15, +16 ffi □ □ □ □ □~□X)( 016, 017, 020 

+17, +18, +19 m _OD □□ DD0XX 021, 022, 023 

+20, +21, +22, +23 @D □□□□□XoX 024, 025, 026, 027 

+24, +25, +26 gJ O □ □ □ □ □ XXo 030, 031, 032 

+27, +28, +29 ffi O O O O O □ XX o (} 033 034 03 

+30, +31, +32, +33 ~ o o o o □ oxxoo~ 036, 037, 040, 041 

+34, +35, +36 • ~ 0 □ 0 D □ □ )(X o o t 042, 043, 044' 



t . • 
• • 1 • ) • . . 

Scaling: 
Setting: 

Scaling: 
Setting: 

+37, +38, +39 
045, 046, 047 

+40, +41, +42, +43 
050, 051, 052, 053 

. . Decimal Readout 
Jt/% Pag~ 4 

[) □ □ □□ □ □ xxoooo. 
. . [] □ □ □ □ □ □ xxo·oooo.,, 
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X~Y/X~T/EVENT· RECORDERS 

INDEX 

1. Initialization Card Format for A'Y, XT Plotters and Event Recorders 
(Octal Format). 

• 2. Initialization Card Format for XY, XT flatters and Event Recorders 
(Decimal Format). 

3. Initialization Procedures for XY, XT Plotters and Event Recorders 
and Special Procedures. 

4. Zeroing of XY Recorders. 

5. Offset and Expansion constants~ 
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INITIALIZATION CARD FORMAT 

(OCTAL FORMAT) 

13 20 25 

X-T/X-Y/Event .Recorders 
41) Page 2 

32 
NNNNNNNN 

D 

bbbb NNNNNNNN 

E 

bb 

35 36 
N N 

F 

For Event Recorders, only Columns 1-3 and 5-lO are. punched. 

A. Columns 1-2: 

B. Column 3: 

C. Columns 5-10: 

D. Columns 13-20: 

E. Columns 25-32 : 

F. Columns 35-36: · 

Channel Number in octal with leading -zero where 
necessary. 

XT Recorders 01 - 208 
YJ. Plotters 21 - 308 
Event Recorders 31 - 548 

Note: For X-Y Channel number vs. Arm/Pen & Recorder number see "X-Y Zeroing". · 

Computer in which parameter is located. 

1 = Computer A 

2 = Comput_~r B 

3 = Common Core 

Absolute address of parameter to be plotted is punched in Cols. 6-10. Upper core memory is designated by 1 in Col. 5 while lower core memory is designated by zero in Col. 5. 

Offset Constant, an octal word whose scaling is the same as that of the parameter to be plotted. 

Expansion Constant, an octal word used in multiplicat i on. 

Scale Factor, t he oct al sum of the scaling of D and E with leading zero if nec essary. 



1 2 4 6 

INITIALIZATION GARD FORMAT 

(DECIMAL FORMAT) 

11 13 24 25 27 

X-Y/X-T/Event Recorders 
4.J'Page 3 

A A b B b C C C C C C b D D D D D D D D D D D D E E E b 

29 40 41 
F F F F F F F F F F F F G G G 

A. Columns 1 - 2: 

Channel number in decimal with leading zeros where necessary: 

XT Reocrder 
XY Plotters 
Event Recorder 

01 - 16 
17 - 24 
25 - 44 

Note: For X-Y Channel number vs. Arm/Pen & Recorder number See "X-Y Zeroing". 

B. Column 4: 

Computer where parameter is located: 

1 = A Computer 
2 = B Computer 
3 = Common Core 

C. Columns 6 - 11: 

Absolute address (octal) of parameter to be plotted is punched in card Columns 7 - 11. Upper core memory is designated by a 1 in Column 6 while lower core is designated by a zero in Column 6. 

D. Columns 13 - 24: 

Offset constant in decimal with trailing zeros; sign and decimal point and 10 digits. 

E. Columns 25 - 27: 

Scaling of offset constant; sign and 2 digits. This scale factor must be the same as t hat of the parameter to be plotted. 

F. Columns 29 - 40: 

Expansion constant in decimal with trailing zeros; sign and decimal point and 10 digits. 

G. ColllI!lilS 41 - 43: 

Scaling of expansion constant; sign and 2 digits. Note: the sum of the scaling of the offset. constant and the expansion constant must be a positive number. 



. X-Y/X-T/Event Recorder 
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INITIALIZATION PROCEDURES 

1. Loading of Cards 

A. The initialization deck consists of a header card as described 
in the Unified Simulation System under LOADING PROCEDURES, up 
to 44 initialization cards, a blank card, and an ~END card. 

B. The deck is ioaded in the same fashion as all other card inputs 
described in the Unified Simulation System. 

2. Special features for the XY Plotters. 

A. The XY Recorder Program has been modified to allow automatic 
table output and ta·ole output selection via typewri tter. The 
automatic feature will be in effect under normal circumstances 
because the control boolean "NALINK" will be equal to "l" unless 
changed. The typewriter mode is selected by setting "NALINK" equal 
to "O". 

B. The parameters of the output tables are explained in the LMS COMPLEX 
Section of this manual under "Pre-Programmed Display Outputs". 

C. In the automatic mode, 1 of 2 tables will be select~d depending upon 
the altitude of the vehicle. The descent table will be selected below 
70,000 feet altitude and the rendezvous table will be used above · -
70,000 feet. These tables are independent of vehicle configuration (i.e. 
staged, unstaged, descent engine on, etc.). 

D. In the typewriter mode the output table will be selected by changing 
the value of "XYSET". A two ( 2 Y in ")G.{SET" causes use of the rendezvous 
output table and a one (1) in '·'XYSET" causes use at the pre-landing out­
put table. 1'XYSET" is set to zero following a table selection. X-Y 
Recorder cards may be read to overlay the output table when in the 
typewriter mo.de, NALINK equal to "O". 

NOTE: 

1. To output rendezvous ( Table B) data at all times, do the fol­
lowing in the sequence shown: 

a. Set "NALINK" equal to "O". 
b. Set "XYSET" equal to "2". 



-c:-

, X-Y/X-T/Event Recorder 
~ 1) Page 5 

2 • . To output descent (Table A) data at all times, do the 
following in the sequence shown: 

a. Set "NALINK" equal to "O". 

B. Set "XYSET" equal to 11111
• 

3. To output in the automatic mode at all times do the following: 

a. Set "NALINK" equal to 111 11
• 
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ZEROING • ·•I 

(1) Locate address of 'XYZERO' in Memory Map. 

X-Y/X-T/Event Recorder 

fl Page 6 't, . 

(2) Change the value of 'XYZERO' from '00000000' to '00000001' via 

typewriter. At this time the D/A output of all X-Y plotters will 

be zero. 

(3) Set up X-Y Recorders ~t zero points. 

(4) Change the value of 'XYZERO ' from '00000001' ~o '00000000' via 

typewriter. At this time the D/A outputs at ali X-Y plotters 

a.re normal. 

( 5) 'XYZERO' will be located in an area of common core such that when 

. the LMS is reset it will be set to zero. 

X-Y Channel Numbers vs. Arm/Pen and Recorder 

D/A Address 

Channel 17 62655 Arm 1 Recorder 1 

Channel 18 62656 Arm 2 Reqorder 1 

Channel 19 6'2657 Pen 1 Recor.d:er 1 

Channel 20 62660 Pen 2 Recorder 1 

Channel 21 62661 Arm 1 Recorder 2 

Channel 22 62662 Arm 2 Recorder 2 

Channel 23 62663 Pen 1 Record~r 2 

Channel 24 62664 Pen 2 Recorder 2 



Offset and Expansion Constants 

X-Y/X-T/Event Recorder 
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In order to prepare the punched cards for initialization of the XY Plotters 
and XT Recorders there are several things one must determine for each parameter 
to be displayed: 

(a) Absolute Address 
(b) Scaling 

• (c) Range of the Parameter 
(d) Offset Constant 
( e) Expans.ion Constant 
( f) Scale Factor 

As an example, consider the parameter ABC scaled at B8. While the range may be 
from -256 to.- +256, we may only be interested in those values from -47 to -i:209. 
By limiting ourselves to this smaller range, we will be able to observe a greater 
displacement of the Plotter/Recorder for a change in the parameter than if we had 
used the maximum range of -256 to +256. 

The Offset Constant is always the median of the limits of the range, that is, 
halfway between the limits. In this example it would be 128B8. If we consider 
the maximum DA output of 10 volts as lBO ( or '37774000) 1, we have to multiply the 
expected maximum value of 128 by 1/128 to get a product of 1. Thus our Expansion 
Constant i's 1/ 128 in t h!L'S ·exemp:1e. 

- Basically the XY,XT output program executes the following instructions: 

LDA 
SUB 
TAB 
MPY 
LLS 
SKS 
ORA 
STA 

Parameter 
Offset Constant 

Expansion Constant 
Scale Factor 
1 40400 
='37774000 
DA 

Scale at BO 
Test for Overflow 
Set to Maximum 

In this example the Offset Constant is 128B8, the Expansion Constant is 1/128 B-6 
( '2000 0000). By adding the scaling of the Offset Const1;1.nt and the Expansion Constant 
in octal, one arrives at the Scale Factor of 02 .which is necessary to achieve a 
result scaled at BO. The SKS and ORA instructions provi de the maximum value if 
overflow occurs. For those quantities not needing to be offset, the Offset Constant 
is zero (octal 00000000). For those not requiring:; an Expansion Constant, it may be 

• made equal to '37777777 while the Scale Factor is set equal to zero. 



X-Y/X-T/Event Recorder 
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By choosing a suitable Scale Factor and Expansion ConstaLnt some variations are 
possible as the following examples will show. If one wishes to plot~ ~other .:1er 
DA voltage, for example, a DA driving a meter, he has a choice. 

Example A Example B 

LDA DA LDA DA 
SUB ZERO . Offset Constant SUB ZERO 
TAB TAB 
MPY = I 37777777 Expansion Constant MPY = lBl 
LLS 0 Scale Factor "LLS 1 
SKS 1 40400 SKS 1 40400 
ORA ABSVAL ORA ABSVAL 
STA DA Output STA DA Output 

In Example A the Expansion Constant is effectively IBO, hence the product of 
the multiplication does not need to be rescaled and the Scale Factor must be 
zero. In Exampl e B the DA (whose value is XBO) is multiplied by lBl ( '20000000) 
and the product is XBl; hence a Scale Factor or shift of' 01 is necessary to rescale 
the output at BO. 



PARAMETER DISPLAY 

- I. Card Format for Pre ... Mission Initialization 

1 6 8 io 1i 12 
~ N ~-N_N _ _!y b l.!!J b ~ 

A B C 

The order in which the cards are read will correspond to the value of the 
para.meter display thumbwheel. 

A. Columns 1-6: 

B. Column 8: 

The absolute address of the para.meter to be 
displayed (with leading zeros if necessary) 
is punched in columns 2-6. If the para.meter 
is in upper core, 1 is punched in column 1. 
If the para.meter is in lower core, zero is 
punched in column 1. 

The computer in which the parameter is located 
where 1 = ·computer A -· 

2 = Computer B 
3 = Common ·cor·e 

C. Columns 10-12: The scaling in octal of the parameter (with 
leading zero if necessary). The sign must 
be punched in Column 10. For BO one must 
use +00. 

II. Loading of Cards; 

A . . The initialization deck consists ·of a header card as described in the 
Unified Simulation System under "Loading Procedures", up to 50 initial-
ization cards, a blank card, and an *END card. • 

B. The deck is loaded in the same fashion as all other card inputs described 
in the Unified Simulation System. 



H'l'P us e s the DAP syrnbol:i.c coding format, A hlank t erminates the address 

field ( c . c. 16-'Tl), t1.ius &llowing for comr.1ents , 

Ull'I'IA.LIZNL1l0 J CARD F'ORM/1.'I' : 

Colwnns 1-8 Leibe l •- variable name fm: paramet er crirds , b l ank for control 

Columns 10- 1 3 Control Mnemon:i.c Field - defines t yrJe of card . 

Variable Field. - r.;pecifj_c information sucb as print rat e , 

add1·ess, scaling , etc . 

'l'YPES OF l'P.HhJ.iE 'EH CARDS : 

l. . DEC - spec ifi c data to b e p1:·i nted :i.n dec imal format , 

B. Control Mnemonic field. - 1·equired - DEC. 

C. Vari/::l.b le fi cJd - order of control clements is insiGnificant ( except 

for addres s which must start in c . c . 16) , but commas mus t sepa r a te 

each control e l eme nt and a bl ank t err.1.inates the fie l d. 

1) Address - required - 5 digit octal address of var i able . 

2) Bank - optional - L for Lower b ank , U for Upper bank, i f not 

included, lowe r b ank i s ass umed. 

3) Scaling - optionaJ - Bsnn where s is the s:ign (assume d posit ive 

i. f omitted) and nn j s a two dig.Lt decimal i ntege r denot i.ne; the 

scaling. 

lr ) Pr int - a P must be includcu rr~"i: -'Lhe variable to be prjnted , 



REf NO. 
~----,-~ 

00 

01 

02 

03 

0!1. 

05 

06 

07 

10 

11 

12 

13 

14 

15 

16 

Heal 'l'ime P:t·iut 
t('f Pae;e 2 

5) Conversion factor - Inn, where nn is a two digit octal integer 

specifyinr; the proper conversion f\:i.ctor for printing values in the 

British (F'P:3 ) system . 

COIN. FACTOR 

0,999999RO 

3. 281B2 

0.000539B-10 

3281Bl2 

328.1B9 

2.205B2 

o . o6854B-3 

220.'.)B8 

6. 85LiB3 

360B9 

360001n6 

6.283B3 

62tl.3BJ.0 

0 , 000625E-10 

F'ROM 

No Chanee 

Meters 

Heters 

Kilometers 

Kilometers 

Meters/C,Jec: 

Kilograms 

Kilograms 

KHograms /CSec 

KiJ.ograms/CSec 

Rcvolut i om, 

Revolutions 

Revolutions 

Revolutions/CScc 

62s; u sec ,~ow.ii, 

Fee L 

Nautjcal ~1iles 

Feet 

Naut:i. c: a l Miles 

Feet/Sec 

Pounds 

Sl ugs 

Pounds / Sec 

Sl ugs / Sec 

Degrees 

Degrees / Sec 

Radis.ns 

Raaians/Sec 

Milliseconds 

6) Prec,l.s ion - optional on C-Comput er , not avaj_lable for A or B 

Computer - D for double-prec ision , S for sinr.;le-precision, i f 

not inclw.fod s ingl e-precision ( 15 bi ts ) is assumed , 

2. ¢CT - specific data to be printed in octal format . 

A. Label field - optional - variable name. 

B. Control Mnemonic Field - required - 0CT. 

C. Var i able Field - order of the control elements is insignificant . 

( except for address which must start in c.c. 16) , but a comma must 

separate each control element and a blank terminates the field . 



1 ) Addres s - s ame ~s DEC, see l . c .l 

2 ) Ben:k - s ame as DEC, s ee l .c . 2 . 

3) Scaling - not appli cable . 

!1) Print -- sam e as DEC, see 1 . c . )4 • 

'l'YVE Oi COIE'faiL CARDS 

He a l 'I' .i ne Print 
4F Pa1::/-; 3 

l . PDT - opt ional - s pecifi es the data print r~te ( t i me i ncr ement bet ween 
output. I f' used, i t mus t pre ce de the fir s t pr:i.r amet er card . The t i me 
variable f ield s t artr3 :i.n c . c , 16 and is o.f t he following fonnat : 

HH/ MM/ SS / '.PT 

Wher e HH - j_s an integer denoting hours 

MM -· is an integer denoting mi nut es 

ss - 1
, <' . .., an i nt eger denoting seconds 

T:-l - :i. :3 a,(l i rrLt-'e;<:: r d.enot:i.ng 20 1 s ol' seconds 

All t ime cornr)onents smaller tha n the maj or time component present mus t 

be delimited. 

Ex3;i1pl e s : Time Variable Field 

1 s econd 1/ 
1 minut e 1 / / 

1. 5 se conds 1/10 

1. 5 minutes 1/ 30 / 

2 . ENDx r e(lui red - define s comput er from which the pr ceding paramet e r 
cards were for . 

3. EOF - r equired - def.i. nes th e phys ical end of the initiali zation car ds . 
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OPERJ\.TJ NG PROCEmme~ 

1. Loadi1g of cards: 

A. The initializa:,ion deck consists of a (Link) he ader c ard as 

Real Time Print 
Page h 

described in the Unified Simulation S, stem under t'Loadini; Procedures 11
, 

an i nitializbtion card deck as just described, and an *END card . 

B. The cleck is loa.dPd in the same fasl1ion as all other card inputs described 

2. R'I'P may be j nitiated by SSW3 on A~ Computer or by depress ins the nRTPu 

spril on the 1 /S , 

OPTlOi':/\L PTlOCEDlffiES FOTI VARIED OUTPUT FR~q_UENCY 

( l/10 second in powered flight; 1/minutf, i n coasting fligh t ) 

l. See above 1. , but use a HHT heade r card. 

2 . NHT muy be i nj_Liatcd by SSW3 on J-1 -Compvter or by depress ing the 11 RTP'' 

spril on the 1/S. 

NO'I'E : It is possible to use only one of these RTP procedures at a g iven time 

and whenov r going from one to the other i t will be necessary to reinitialize. 



- DEP (OED:, HffER PRINT) 

PU!<POSE : To al "lot! r,reprogrc'l11:mc~d or i n'iti a 1-i zed outputs to be displayed 
ia Real Tiire Pri nt upon c.:ornmand from the-: /\f~ORT GUID/\~icE 

SYSTEM. Thcr·e ai-e pre.- ently t\•:o (2) con dit"ions v-:hich comma nd 
th·is pri tr1

-, an 1 nrrnY 1 on the r .. GS DEDA, and the complet ion 
of a Rendezvous Radt!i' to ACS l ndate . Tfri s 1,10de has no effect 
v.,ihen it i s requfred that tl1ere br~ normal RTP util i zation. 

RES ·RI CTIO lS: The DEP an d RTP are funct·i ona 1 ly tile same ... . .. Hence, one 
must be in print control but not both. Th e DEP is present l y 
the con tro"lling functfon; hm·,ever, selectic,n of R. T.P. via 
Sense Switch 3 on A-Compu ter or the 10S RTP hutton causes 
R.T.P. to be in pr·int r.:ontrol . \Jhile in DEP 1,iode 11 RTP T0P 
0F F0RM l.0GIC " and 11 NI\SA VARI/\l3LE PRINT Ri\TE L0GIC': i s i nh i bited. 

INITit-.LIZATION: The DEP mode is presently preprogrammed to display 15 para­
meter vctlues plus R.T.P . formatt2 Mission Time. P.,s m;1ny as 
18, hO\!ever, may be d·isplayed usin. the DEP INITIALIZJ\TION 
Cards. -(he f" l l m-ri 110 Pf\RJ\METERS 2re presently preprogrammed 

- for DEP Di sp ·1 c.Y: 

Scale 
Variab1 r Factor 

I PUTl OCT 

IPUT2 8+23 

IV6 8+15 

IlJ28 B+15 

12J28 B+l 5 

I3J28 8+1 5 

IVPY [3+15 

IMU19 [3+17 

HLDZ2LS 8+8 
[MAAPO 8+1 4 

EMJWERI 8+14 

EMARl~GE s+·14 

EMARNGRT [3+15 

EMPALT 8+23 

EMAALTRT 8+15 

Def-inHion 

DEDA Address Entered 

DEDA Da te Entered 
MAG of INCRT in VEL REQ for TRI+ SEL XFER ORB 

X COi 'lP of Man•1.a 1 Change ·in LM VEL 

Y COMP of Manual Change in LM VE L 

Z COMP of Manual Ch ange in LM VEL 

MAG of VEL Alo g LM Y-Axis aft~r CDH or CSI 

Radar Update Counte r (XXOYY) XX=#RNG Updates, 
YY =RNG-RT Updates 

Elevation Angle Between LM and CMS 

EO~ Apogee Minus AGS Calcul ated Apogee 

EOM Pei'igee Minus AGS Calculated Perigee 
EOM Range Minus AGS Calcul ated Range 

EOM Range-Rate Minus AGS Calculated Range-Rate 
EOM Altitude Minus A~S Calcul ated Altitude 

EOM Altitude-Rate Minus AGS Calcul ated Altitude-Rate 



DAT.A RECORDIIlG 

I . DESCIUP'rJ ON 

Any double-precision or s i ngle-·precision parainete:r from A•-Upper , A-Lowe ::.· 
B-UprJcr, B-Lower, o:c· Common Core may be record ed. on mc.gnetj c t ape in 
reel-time and p:r · rrced at a laLer time on the DDP-024 or 224. Control 
cards a r e read. iu ord.er to • ni.t irtli z.E. the on-line Data Recording progn3.,·,1s . 
Th:i.s same deck of contro1 cards is used to initialize the off--lin8 de-log 
program . The jnit i alization deck consists of a he der card n.s describ2d 
in the Unified Simul at i on System unc.ler "Loading P.L·ocedures", all cards 
for Computer A ( up to 100 c2.rds wh:i.ch must be e;rouped togeth.er ) , one 
bla 11k card., all cards f or Computer B ( up to 75 cards which rnust be 
g1·ouµe:d togetb'-,r), c.,nothe r 'bLrnk card, and an 3/.·ENJJ co.rd. 

The U,'.:3 Data Hecording Del og Program n ow has the capability of converting 
parrnneters log2;e:d l,y the on-line computer from the unit logged to another 
uni t such as from ra.dinn s to degr ees depending upon a conversion factor 
whic:li is placed on tbe initia lization cards. 

II . INI'J'll.\.LIZA'I'IOJ:J PPOCEDUTIE 

A. Molmt s cratch tape on TMU Ill , M'l'U #2. 

13 . Load the i niti.a li7,ation deck in t he sarne fo shion as all other card 

III. COM?UrER/ CONSOLE CON'l1ROLS 

A. When the si1nuJ.ator i s in nm and Sense Switch 3 of B machine or 
the Data Hecord :=::witch at the I OS is active, data wi ll be r e corded . 
on t ape at the specified :rate. To stop record:i.ne;, simply put Sense 
Switch 3 6own on reset the Data Record switch at the IOS . 

B. At the end of the run , h n.lt the complex. By starting Bat 1102 
and re sponding to the typeout wi th a Y, an end-of-file will b e 
written on tape and it will b e re•1ound . The tape should now be 
r emoved for Off-Line processing. 

C. Mark Fla 5 

Pus"hing the switch labeled 11 Ml\.RK" will ini t:iate action within the 
program so that when H'l'P ar1d / or Data Re cordi nc; are in process a 
Mark Fla[!: ,.; il1 be record~d . Als o , the light on the Instructor ' s 
Conso 7_e viJ.l be lit while the flag is bej_ng 1·cconled . Data Recording 
prints -lH'.+X· to the l eft on the tillle line as flagge d by the las t 
word of r e cording buffer . 

4;1/ 
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IV. FORMAT FOR DATA RECORDING INITIALIZATION CARDS: 

A. Format for Card 1 - The iteration rate for recording must be 
specifie~ along with either the A or B inputs. This card con­
tains table address "000.Q0" in columns 1-5, R in col. 6, an 
octal control integer in cols. 7-14 specifying the rate, and 
A in column 15. Below is a table for the most common rates: 

Recording Rate 

20 times/sec. 
10 times/sec. 
5 times/sec. 
2.5 times/sec. 
1.25 times/sec. 
Once/sec . 
Once/5 sec. 
Once/10 s ec. 
Once/15 sec. 
Once/30 sec. 
Once/Min. 

Control Integers 

1 
2 
4 
10 
20 
24 
144 
310 
454 
1130 
2260 

B. Format f or Cards 2 thru N 

Cols. 1-5 

Col. 6 

Cols. 7-9 

Cols. 10-14 

Col. 15 

Col. 16 

Col. 17 

Cols. 18-19 

Cols. 21-28 

Cols. 30-37 

Col. 38 

Cols. 39-40 

Cols. 41-80 

Table address in octal (00001-001448). 

R 

400 is parameter is in upper core. 
000 if parameter is in lower core or common core. 

Addres~ of parameter to be recorded. 

A 

Spare 

+ if scaling is positive 
- if scaling is negative 

Scaling of parameter in decimal 

_Symbol name (left justified) 

Conversion factor in decimal with trailing zeros; 
sign+ decimal point ·+6 digits. 

+ if scaling is positive 
if scaling is negative 

Scaling of conversion factor 

Comments 



Data Recording 
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Scaling limits are+ or -29 "with the exception of two special 
cases. It is possible to have a variable printed in octal or 
a boolean printed as a O or a 1 by specifying the scaling as 
+63 or -00 respectively. 

C. Double Precision 

To record in Double Precision value, the following guidelines must 
be observed. 

1. Place the digits 07 in the op-code field of the data recording 
card. This informs both the recording and post-processor pro­
grams that it is handling a Double Precision value. 

2. A Double Precision value recorded will occupy the table 
address specified on the data recording card, and the next 
sequential table address. Therefore the table address which 
would sequentially follow that address specified must be 
omitted, eg ....... . 

00001R00736100A 

00003R00035250A 

1lo6 
-00 

21wrEMP 

X 

30+.003100 -02 
41

FW95T 

+.001212 +02 Miles 

V. Once data has been recorded on tape an end-of-file should be written on 
tape by starting at 1168 in B-Lower. The only items needed for off­

line p,rooessi.ng are the ,Glrat-a r e.cording .tape, and the initialization 
cards. These two items must be submitted with an Operations Request 
when the data is to be post-proc_essed. 

VI. If the computer is reset with A & B Log enabled an end-of-file will 

be written on the l og tape and the logging process will be continued 

as soon as the reset has been completed .. 



GSSC RECORD / BEAD 

'l'he I/ (/) control system p:rovid0s the capabD i ty to ei the:r record G!:iGC JNPU'l' 
BlJF'FERS , or read i n a pr .viously recorded tape to simulate GSSC INFU']'. 
When utili zed, thir: progrum assun1es a tapP is mounted on "MTU #4 . All 
Index Fegi:;t c r and Sense Switch settings are from Computer "A" . 

DATA RECORDING: 

'J1he c::;~;C Input Bnf:f.'~~r-s .~n 1 be recorded at e. rate 
of three ( 3) lJuffers every 600 millis e conds when 
the fo:Jlowing conajt ions are sati s fied: 

1. Jllf'I'EGRATED l1lODE ( LMS/GSSC or LMS/CMS/Gf3SC) . 
2. mm or FREEZE 
3. Record option selected at start-up lJy setting 

Index Register 2 to 00001 . 
1r. GSF5 set 

Upon c01r.ple tion of RESE'r , un End of File is written on 
the out1Jut tape to separate recordine; periods . 

GSSC INPU1 1 SIMULATION : 

In 1 ieu of ac tual GSSC inputs, a previously reco1·clcd 
tape nw, be read i n to simula.te GSSC when the follov ing 
conditions are sat i sfied: 

1. NOTf-INTEGRNT'ED MODE ( Il"S ONLY or LMS /C M..S ) 
2. mm 
3 . TIEAD option se l ected at start-up by set.t ing 

Index Regist e r 3 to 00001 . 
l+. SSW5 set. 

Upon omplet i on of RESET , the tape is advanced t o the 
n ext file of data , and the first record containing three 
buffers is read in . 

4 I J 
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C _- ~RE-PROGRAMMED DATA OUTPUTS 

A list of the para.meters programmed for each device is enclosed. It must be 
clearly understood that these para.meters will be programmed on each load tape 
that Link delivers to NASA. When other load tapes are made from the 
basic or first load tape delivered by Link, the man making the new load tape 
must not have read in other initialization cards or the new parameters 
inserted via the initialization cards will replace these para.meters. 

The following para.meters have been programmed for .the XT Recorders: 
RANGE 

XT CHANNEL NO. SYMBOL RECORDED DESCRIPTION 

01 AFXB Oto+ 10,000 +X BODY FORCE 

02 HTHPG + 40 PITCH TRIM GIMBAL 

03 HPSPG + 40 ROLL TRIM GIMBAL 

04 ARDNL 0 to 24 1 /sec. EOM ALTITUDE RATE 

05 GROD ROD+ TO - DISCRETES 

06 HQAC + .HARDS.TOP PJTCH ACA COMMAND 

07 HRAC + HARDSTOP ROLL ACA COMMAND 

08 HPAC + HARDSTOP YAW ACA COMMAND 

09 GATHEC + Bo · PITCH ERROR - PGNS -
10 IEY + 80 • PITCH ERROR - AGS 

11 GAPSEC + Bo ROLL ERROR - PGNS 

12 IEZ + 80 ROLL ERROR - AGS ... 
13 GAPHEC + -80 YAW ERROR - PGNS -
14 IEX + 80 YAW ERROR - AGS 

15 AUVOPMAG 0 - 40 1 /sec /OUT-OF-PLANE VELOCITY/ 

16 VYRELPLT 0 - 16 ,OOO' /OUT-OF-PLANE DISTANCE/ 

l 

I 
l 
·l 
1 
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...... 

The following para.meters represent the stan~ard pre-programmed X-Y plotter outputs and are effective only if Option A or B have not previously been selected: 
Range 

Channel No. Symbol Recorded Description 

17 VXRELHNM +500 . RANGE-ALONG ORBIT AXIS (NAUT. MILES) 

18 VXRELHNM +500 

19 · VZRELHNM +250 RANGE-VERTICAL AXIS (NAUT. MILES) 

20 VZRELHNM +250 

21 VXRELH +100 RANGE-ALONG ORBIT AXIS (NAUT. MILES) 

22 VXRELH +100 

23 VZRELH +100 RANGE-VERTICAL AXIS (NAUT. MILES) 

24 VZRELH +100 

The following options ( A or B) overlay the standard X-Y table. Setting XYSET. (address in memory map) =l or 2 activates tables A or B respectively. Note: Once one of these options is exercised, the above table cannot be recovered without re-loading. 
Ra!!ge 

XT Channel No. Symbol Recorded Description 

(Descent) 
... ... _,. -Tabel A 

17 VHNLTEMP 0 to +70,000 ALTITUDE (FT) 

18 GALTBIAS +2,000/.:!:_5,000 LUNAR TERRAIN WRT LANDING SITE (FT) 

19 ARDNL .:!:_300 ALTITUDE RATE (FT/SEC) 

20 VLONGPLT 0/+400,000 RANGE WRT NOM. TRAJECTORY (FT) 

· 21 VLONG-PLT -5,000/+70,000 • RANGE WRT NOM. TRAJECTORY (FT) 

22 VLONGPLT -25~000/t59,000 RANGE WRT NOM. TRAJECTORY -(FT) 

23 VCROSPLT +25,000 CROSS RANGE WRT NOM. TRAJECTORY (n) 

24 VHNLTEMP 0/+10,000 ALTITUDE (FT) 

j 

I 
I 
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Rahge: . 
XT Channel No. Symbol Recorded Description 

Table B (Rendezvous) 

17 fROTECTED 

18 VARCDIST eRB ; EARC '";DIST_ WTO CSM ::: (NAUT.MI -.J ~-=-~ J 

-· ?- 19 PROTECTED 

20 VRADDIFF • RAD. ~VECi TDIFF WTO. CSM (NAUT.MI.) 

21 PROTECTED 

22 VXREIJI +300 RANGE ALONG ORBIT AXIS (NAUT. MILES) 

23 PROTECTED 

24 VZREIJI RANGE-VERTICAL AXIS (NAUT. MILES) 
The following parameters have been programmed for the EVENT RECORDERS: 

Channel No. Symbol Description 

25 H695 RCS THRUSTER NO. 1 (B4U) 

26 H703 RCS THRUSTER NO. 2 (A4D) - 27 H697 RCS THRUSTER NO. 3 (B4F) 

28 H706 RCS THRUSTER NO. 4 (A4R) 

29 H708 RCS THRUSTER NO. 5 (A3U) 

30 H700 RCS THRUSTER NO. 6 (B3D) 

31 H701 RCS THRUSTER NO. 7 (B3A) 

32 H710 RCS THRUSTER NO . 8 (A3R) 

33 H696 RCS THRUSTER NO. 9 (B2U) 

34 H704 RCS THRUSTER NO. 10 (A2D) 

35 H705 RCS THRUSTER NO. 11 (A2A) 

36 H698 RCS THRUSTER NO. 12 (B2L) 

37 H707 .RCS THRUSTER No. 13 (AlU) 



Chanr. • 

The r .. 
the .,. · 

:=E5:;-9 

:E709 

.. l.t-

... ... ~ ~ 

~3° :~;r4-0grammed ••••••• 

Description 

:IE{CS '.!l!HRUSTER Nb-. ~4 '(,'.BID) 

1RCS :THRUSTER NO. 1'5 '.(;tuF) 

~cs '.THRUSTER NO-. J..'6 !( BJ.1) 

ffOS MARK DISCRETE] 
~t er Di s ; .:. .. y Initialization Routine has been programmed to display 
;i ng var ::. ~.:: l es when the corresponding number is dialed: 

Par arr ... : 'To . Description 

Ol 

0 -

Oc-
, , 

C t . 

06 

1 ::... 

l ,·. 
"-

F-

20 

,., 
C. 

2. · 

r, , 
'- • ' 

Vfa..!•HOLS 

A,_q_~ODLS 

AFJ:ONM 

A" ~i?l 

AC::-iAl 

TP?C 

SPP2 E 

AUL;. 

Al"LCN 

TY?C 

A .. -:';qM 

At~,; .:;'y! 

Au~.)L 

AL.: .1 W 

AT.Ml 

AU-:: :. 

RANGE LM TO CSM (LESS THAN 128,000 FT) 
RANGE RATE, FT/SEC. 

RANGE, NAUTICAL MILES 

LM PERIGEE , N. MI . 

LM APOGEE, N. MI. 

LM LATITUDE 

ELEVATION ANGLE BETWEEN LOS & X AXIS 

PITCH ANGLE FORS-BAND ANTENNA 

PITCH CG IN TRIM GIMBAL COORDINATES 
WEIGHT OF LM ONLY 

ALTITUDE ABOVE L.S. 

ALTITUDE RATE, FT/SEC. 

CSM PERIGEE, N. MI. 

CSM APOGEE, N. MI. 

LM LONGITUDE 

AZIMUTH ANGLE BETWEEN LOS & X AXIS 

YAW ANGLE FORS-BAND ANTENNA 

ROLL CB IN TRIM GIMBAL COORDINATES 
WEIGHT OF CSM 

LM LOC. HORlZ. ROLL, DEG. 

LM LOC. HORIZ. PITCH, DEG. 

LM LOC. HORIZ. YAW. DEG. 

LM ANGULAR VELOCITY, DEG/MIN 

LM ARG. OF PERIGEE, DEG. 

LM TRUE ANOMALY, DEG. 

LM INCLINATION, . DEG. 
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Parameter No. Symbol Description 

28 TCSSBD COS OF CENTRAL ANGLE BETWEEN 
EARTH/MOON 

29 AUPERI LM ORBIT PERIOD 

30 AUGAM LM TO CSM CENTRAL ANGLE, DEG. 

31 AUCMGA CSM MIDDLE GIMBAL ANGLE 

32 AUCIGA CSM INNER GIMBAL ANGLE 

33 AUCOGA CSM OUTER GIMBAL ANGLE 

34 AUAV CSM ANGULAR VELOCITY, DEG/MIN 

35 AUW CSM .ARG. OF PERIGEE, DEG. 

36 AUNU CSM TRUE ANOMALY, DEG. 

37 AUl CSM INCLINATION, DEG. 

38 TCSSBL LM SIN OF LIMIT ANGLE BETWEEN MOON/ 
LM VECTOR 

39 AUPER CSM ORBIT PERIOD, MIN. 

40 AUVOP LM OUT-OF-CSM-PLAN VEL, FT/SEC. 

41 VXRELHNM RANGE-ALONG ORBIT AXIS 

42 VYRELHNM OUT OF ORBIT PLANE DISTANCE 

43 VZRELHNM RANGE-VERTICAL AXIS 

44 PWOAU - - - ASCENT OXIDIZER WEIGHT MINUS UNUSEABLES 

45 PWFAU ASC FUEL WEIGHT MINUS UNUSEABLES 

46 GECTL ANGLE BETWEEN LOS AND TRACKING LINE 

47 RWFA QTY. OF FUEL IN RCS-A FUEL TANK 

48 RWFB QTY. OF FUEL IN RCS-B FUEL TANK 

49 RWOA QTY. OF OXIDIZER IN RCS-A OXID. 

50 RWOB QTY. OF OXIDIZER IN RCS-B OXID. 

The pre-programming of these parameters does not · prevent anyone else from using 
these devic~s for other parameters or variables. It merely means that no 
initialization cards are required for these parameters. If you have need of 
other parameters on the XY Recorders, XY Plotters, Parameter Display and/or 
Event Recorders, the LMS software still has the capability of being initialized 
by card input. The format of these cards has not changed. 

TANK 

TANK 

1 
-j 

·1 

i 
1 n 
i 

~ 
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ADDX,SUBX,MPYX,DIVX 

A. Purpose: 

To p~rform arithmetic operations on double-pr_~cision, fixed-point bina..:ry, quantiti es 
giving double-pr ecision, f'ixed-poii.1t binary results. 

B. Argument: 

Enter with the double-precision operand in the A and B Registers. The parar;ieter 
word immediat ely following the call command consists of the pseudo-operator, PZE, 
and the address of the high-order portion of the double-length operand (augend, 
subtrahend, multiplier, or divisor). It is assumed that the address of the low­
order portion is one greater than the address of tne high order portion. 

C. Calling Sequence 

D. 

LDA 
LDB 
CALL 
PZE 

STA 

ARGUMENT 
ARGUMENT +l 
ADDX OJ\ SUBY. OR MPYX OR DIVX 
ADDRESS OF HIGH-ORDER PORTION OF (AUGEND, SUBTRAHEND, MULTIPLIER, 
OR DIVISOR) , *(ADDRESS CANNOT BE INDEXED.) 
RESULT 

S'.rB RESULT + 1 

Result: 

The result of the o:i::,eration is a <;1-ouble-precision fixed-point binary number. 

E. Scaling: 

F. 

ENTRY POINT 
ADDX 
SUBX 
MPYX 
DIVX 

Error Return: 

None 

SF OF RESUL'.i' 
SAME AS INPUTS 
SAME AS INP1J'l'S 
SF=SF(ARG) &SF(ARG2) 
SF=SF(ARG) - SF(ARG2) 

For ADDX or SUBX, if overflow occurs- both registers wUl be loaded with '37777777, 
Control will be returned. to the calling program with t he overflow flop set. 
For DIVX, if an improper divide condition exists, t he operation will not be attempted 
and the improper divide flop will be set. 

G. Core Requirements: 

253 Octal Locations 

H, Timing: 

ADDX 
SUBX 
DIVX 
MPYX 

Time 
Min. Max. 
--68.3_9_ 

68.39 
205.17 220.4 

91.2 



• 

l 

i: 
l 

I . 

. .... 

ARCTRIGV 

A. Purpose: 

To compute an angle in radians given its sine and cosine . 

B. Arguments: 

The sine of the angle in the A-Reeister scaled at a Bl. The cosine in the B- • 
Register scaled at a Bl. 

C. Calling Sequence: 

LDA 
LDB 
CALL 
STA 

D. Result: 

SINE Bl 
COSINE Bl 
ARCTRIGV 
ANGLE B3 

The output of ARCTRIGV is a single-precision angle expressed in radians in the 
.A-Register. The output is · in an interval of ( 0 , 2 1i"). 

E. Scaling: 

The result is scal ed at a B3. 

F. Error Return: 

None 

G. Core Requirement s: 

141 Octal Locati-0ns 

H. Timing: 

ARCTRIGV 

Time 
Min. 
144.4 

Max . 
164.08 
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ASNX, ACSX 

A. Purpose 

To comput e the arc sine or arc cosine of a single-prec ision, fixed-point 
binary quantity . 

B. Arguments 

The operand is in the A-Register . The scale factor of the operand is in the 
B-Register scaled a t B23 . 

C. Calling Sequence 

D. 

LDA ARG 
LDB Scaling 
CALL ASNX ( or ACSX) 
JOF ERROR 

Result 

The r esult of the operation is a single-precision fixed-point binary 
number e)>.'}lressed i n radians :i.n the A-Regi s ter. 

E. Scaling 

The r esult is scaled a t B2 . 

F. Error Return 

If the abse>lute value of the input is greater than 1, the operation will 
not be att empted , the overflow flop will be set, and control will be 
returned to the calling progr am . 

G. Core Re quirements 

123 octal locations . 

H. Timing 

1. ASNX 

2. ACSX 

Time 
Min. 
6.84 

20.52 

Max. 
328.50 

349.02 
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ATNX 

A. Purpose: 

To compute the arc tangent of a single-precision, fixed point binary number. 

B. Arguments 

The operand is in the A-Register. The scale factor of the input is in the 

B-Register scaled at a B23. 

C. Calling Sequence: 

LDA 
LDB 
CALL 
STA 

D. Result: 

ARG 
• Scaling 

ATNX 
Result Bl 

The result is a single-preci s ion, fixed point binary number expressed in radians 

in the A-Register. 

E. Scaling: 

The result is scaled at a Bl. 

F. Error Return: 

None 

G. Core Requirement s: 

103 Oct al Loc ations 

H. Timing: 

• ATNX 
I = 0 

Time 
Min. Max. 
197.6 228.0 

15.2 



LGl0X 

i 

A. Purpose: 

To compute the logarithm of any fixed-point single-precision number to base 10. 

B. Arguments: 

The input parameter goes in the A-Register . The scaling for this parameter goes 

in the B-Register. 

c. Calling Sequence: 
' 

LDA ARG ""-
LDB SCALING B23 
CALL LGl0X 
STB NEW SCALING 
STA RESULT 

D. Result: 

The result of LGl0X is a single-precision number. 

E. Scaling: 

The scaling of the output is in the B-Register. 

F, Error Return: 

None 
For LGl0X, if the base is zero or negative, the overflow fl op will be set and 

normal return taken . 

G. Core Requirments: ~ . 

H. Timing: 

Tjme 
Min. Max. 

LGl0X 
ARG - -..; , 220.3 



MA'rRIXMU 

A. Purpos e -(1) to multiply a 3 X 3 single-prec ision, fix ed-point matrix times 

B. 

a 3 X 3 single-precision, fixed-point matrix ( 2 ) to multiply a 3 X 3 single­
precision, fixed-point matrix times a fixed point, single-precision vector 
of length three. 

Arguments - All elements of a matrix must have a scaling of Bl or greater 
and have the same scaling . All components of vector must have the same 
scaling. The r esult ant of any multiplication using MATRIXMU will have 
a scaling of one less than the sum of the scalings of the multiplicand 
and the multiplier. 

C. Calling Sequence for a Matrix Times a Matrix: [C] - [A][B] 

(1) If all matrices are stored row-wise: 

LDX Bll,l (Bll is 1st element of 2nd matrix ) 
LDX All,2 (All is 1st element of 1st matrix ) 
LDX Cll,3 (Cll is 1st element of resultant matrix) 
CALL MATRIXMU 

(2) If all matrices are stored column-wise: 

LDX All,l (All is 1st el ement of 1st matrix) 
LDX Bll,2 (Bll is 1st element of 2nd matrix) 
LDX Cll, 3 (Cll is 1st element of resultant matrix ) 
CALL MATRIXMU 

D. Calling Sequence for a Matrix Times a Vector: [C] = [A][B] 

*(l) If matrix i s stored row-wise: 

LDX All,l_ (All is 1st ele~ent of matrix) 
LDX Bll,2 - (Bll is 1st component of vector) 
LDX Cll ,3 (Cll is 1st component of resultant vector) 
CALL MATXRVEC 

*(2) If matrix is stored column-wise: 

LDX All,l (All is 1st element of matrix ) 
LDX Bll,2 (Ell . is 1st component of vector) 
LDX Cll,3 (Cll is 1st component of r esultant vector) 
CALL MATXCVEC 

E. Error return - none. 

F. Restrictiol1s - MATRIXMU uses all of the index r egisters ; therefore, if one 
calls MATRIXMU within an index loop, one should store the contents of the 
index registers before calling MATRIXMU. 

*These may b e us ed for matrix multiplicat ions wh en the matrices are not all 
stored column-wise or the matrices are not all stored row-wise . 

G. Core Requirements: 1 260 H. Timing: 512 u secs = matrix X matrix 
180 us ecs = matrix X vector 
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MPYSXD 

A. Purpose: 

To multiply a singl e- precision fixed-point binary parameter by a double-precision 
fixed point binary parameter. 

B. Arguments: 

High order word of double-precision operand in A-Register. Low order word of DP 
operand in B- Register . Address of single-precision operand is in the address 
portion of the "PZE" word following the call statement. 

c. Calling Sequence: 

LDA ARG 
LDB ARG&l 
CALL MPYSXD 
PZE ADDRESS OF ARG2 SINGLE PRECISION 
STA RESULT 

• :b. Result: 

The result is a single-precision f i xed-point binary quantity . 

E. Scaling: 

The scale factor of the result is the sum of the scale factors of the inputs . 

F. Error Return : 

None · 

G. Core Requirements~ 

27 Octal Locations 

H. Timing: 

Time 
Min. Max . 

MPYSXD 



, 

• SINCOSDA 

A. Purpose 

1. •r o comput e the sine and cosine of a given angle in r educed (14 
bits ) prec i s ion for driving hardware . 

B. Argument 

1. Enter the angle i n r adians into the A-Register 

C. Calling Sequence 

1. LDA ARGUMENT B3 , angl e in radius 

2 . CALL SINCOSDA 

3. STA SINRESULT . BO, sin 

4 . STE COSRESULT BO, cos 

D; Result 

ftlf 

1 . The sine of the given angle i s stored in the A-Register and the cosine 

of the angl e i s stor ed in the B-Register. 

1 . Input argument must be scaled at B3 . The r esulting sine and cosine 
are scaled at BO. 

F. Error Return 

1. None 

G. Core Requirements 

1. 173 Octal Locations 

H. Timing 

Time 

Minimum Maximum 

SINCOSDA 112 . 10 121. 60 
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SINX, COSX, TANX 

A. Purpose: 

To compute sine, cosine, or tangent of a single-precision fixed-point binary 

quantity in radians. 

B. Arguments: 

Angle expressed in radians in the A-Register. Scale factor of input in the 

B-Register at a B23, 

C. Calling Sequence,: 

" 
LDA 
LDB 
CALL 
STA 

ARG 
SCALING 
SINX (OR COSX OR TANX) 
RESULT Bl 

D. Result: 

The result is a single-precision fixed-point number in the A-Register. 

E. Scaling: 

F. 

G. 

H. 

. The output for SIXX and COSX is scaled at a Bl, the scale factor for the output 

of TANX is in the B-Register scaled at a B23. 

Error Return: 

None 

Core Requirements : 

-=-
144 Octal Locations 

Timing: 

SINX 

cosx 

TANX 

Time 
Min. !fo.x. 

167.18 

167.18 

402.77 433 . 2 

·,. 
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SQDFIX 

A, Purpose: 

B, 

c. 

D. 

To compute the square root of a double-precision, fixed- point binary quantity. 

Argument: 

lnput - most significant part of the double-precision quantity must be in 
A-Register , least significant part in B-Register. 

Calling Sequences: 

t.DA ARG MSP 
tDB ARG + 1 LSP 
CALL SQDFIX 
JOF Error 
STA Result MSP 
$TB Result + 1 MSP 

Result: 

Most significant part of the double-precision quantity is stored in the 
A-Register, least significant part in B-Register . 

E. Scaling : 

Scaling of input should be even . The result wi l l then be stored at one 
half the original scaling. 

C. Core Requirements : 

122 Octal locations 

H. Timing : 

SQD'.FIX 

Time 
Min . Max , 

281 . 2 303. 99 
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SQRR,SQRZ 

i 

·A. Purpose: 

SQRR computes the square root of a single-precision fixed-point number. 

SQRZ computes the square root of the 23 most significant bits of a number in the 

A and B- Registers . 

B. Arguments: 

For SQRR, the operand is . in the A-Register. For SQRZ, the high order portion of 

the operand is iµ the A-Register , the low order portion is in the B-Register. 
' 

c. · Calling Sequence: 

LDA 
(LDB 
CALL 
JMP 

ARG 
ARG&l 
SQRR 
ERROR 

STA RESULT 

D. Result: 

' 

FOR SQRZ ) 
(OR SQRZ) 

The output of the subroutine is a single-precision fixed-point number in the 

A-Register . 

E. Scaling: 

The scale factor of the result will be one half the SF of the input. If the input 

SF was not even, the output will not be valid. 

F. Error Return: 

If the input is ~egative (unless it is -0), the error return will be t aken. 

G. Core Requir ements : 

75 Octal Locat ions 

H. Timing: 

SQRR 
ARG = -
ARG = 0 

SQRZ 
ARG = -
ARG = 0 

'rime 
Min. Max. 

159.6 182 .37 
22.8 
53,2 

167.18 189,97 
22.8 
30.4 



- .A. 

B. 

c. 

SQRX 
... ~ 

PURPOSE: 

To compute the square root of a single-precision, fixed point binary 
quantity. 

CALLING SEQUENCE: 

LDA ARG 
LDB N 
C:ALL SQRX ··N -= Scaling of ·input argument 
STA RESULT 

RESULTS: 

SQRX returns a single-precision, fixed point binary quantity located 
in the A-Register with the positive or negative scale factor located 
in the B-Register. 

D. RETURN ARGUMENT SCALING: 

The scale factor of the return argument will always be in the B-Register. 

1. For arguments scaled greater than Bl, the following statements will 
always be valid: 

a. If the input argument is scaled at B2 or some multiple of 2, 
the result will be scaled at one-half the input scaling. 

b. If the input argument is scaled at Bl, the result will be 
scaled at Bl. 

c. If the input argument is scaled at B3 or larger odd scale factor, 
the result will be scaled at one less than the input scaling. 

E. ERROR RETURN: 

None • 

F. If the input argument is zero, SQRX will immediately return with a zero 
result. If the input arguemtn is negative, SQRX will force the argument 
positive and proceed normally. 

. 1 
I 
I 
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XBXD 

A, Purpose: 

To convert a double-precision fixed-point number to BCD data for output. 

B. Arguments: 

c. 

D. 

The high order word of the data to be converted goes in the A-Register. The 
B-Register holds the low order word if the input is DP, otherwise it is zero . 
There is a 3-word parameter list following the call statement as follows: 

1. The first word holds the scale factor preceded by a minus sign. If the 
SF is negative, use the two's complement of the scale factor. 

2. The second word holds the address of the first location into whi ch XBXD will 
store the converted data. 

3. The third word gives the structural information about the data to be 
converted . 

The format of the word is 'FSSLL ' where: 

F IS 0 IF NO SIGN, NO DEC. PT 

ss 

LL 

Calling 

LDA 
LDB 
CALL 
OCT 
MZE 
MZE 
JMP 

Result : 

1 NO SIGN, DEC . PT 
2 IF SIGN, NO DEC . PT 
3 SIGN, DEC. PT 
NUMBER OF DECIMAL DIGITS TO LEFT 
OF DECIMAL PT 
SS = (3SF/10) +l 
TOTAL NUMBER OF CHARACTERS IN ANSWER 
INCLUDING THE SIGN AND DECIMAL POINT.'IF 
REQUESTED . 

. MAXIMUM OF ' 20 . 

Sequence : 

ARG 
ARG&l 
XBXD 
:-.-i.* SCALE FACTOR (WITH S!GN BIT SET) 
** STARTING ADDR 
** FSSLL 
ERRRE'I'URN 

The output of XBDX is decimal data stored left-jus tif:ied into sequential 
l ocations specified by parameter word 2. 

E. Scaling: 

The decimal data is scaled as specified by the sc·aling program. 



l 
l 
1 
I 

ll 
I l 
I 
! 
' I 

I 
I 
J 
l 
I 
I 

~ 

I 

F. Error Return: 

I , 

XBXD 

Inconsistencies such as an improper format parameter will terminate conversion 

and the subroutine will take the error return path. The result of the conversion 

wiii not be valid. 

G. Cote Requirements: 

503 Octal locations. 
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XDXB 

A. Purpose: 

To convert decimal data into a double-precision fixed-point number. 

B. Arguments: 

The A-Register has the address of the starting location of the block holding 
____ __ the decimal data. This data must be numeric with 2 exceptions - the decimal 

point and the sign. The B-Register holds the number of characters in the 
block (digits plus sign and decimal point). The location following the 

c. 

Nl 

D. 

E. 

call statement provides the scaling for XDXB. 

Calling Sequence: 

LDA SCALING B23 
STA Nl 
LDA WT 
LDB NUMB NUMBER OF CHARACTERS 
CALL XDXB 
*** ** 
STA RESULT 
STE RESULT &l 

Result: 

The result is a signed (- if sign was included in input) double precision number 
in the A and B-Regist ers . 

Scaling : 

The output is scaled according to the scale factor inputted to XDXB . 

F. Error Return: 

G. 

None 
If an invalid ch aracter is inputted to XDXB, the conversion is not completed 
and the results are not valid . 
The overflow flop is usually set by XDXB. This does not indicate an error . 

Core Requirement: 

205 Octal locations 



<ill 



• 

I . ! . 

' 

• 

- -~~~~~(JlJIPP·· SYS TEMS 
LINK GROIJ ~ IS I ON• 

ENEHAL PREC 

G ro~· N.Y. BINGHAM '· . 

. •· 

DIV I!> ,-vN· 

INC. 

RTi'SET POINT LMS J.j DEF IN I 'I ION 

. LMS-DS-001 

REV. G 

i 
1 ' 



DA.TE 10--12-70 
"' ~ 

HEV .• G 

• ' ,,. /, 

// 

SINGER-GENERAL PRECISION, INC. PAGE NO. ,1 
LINK DI VI S I ON 
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Tbe following changes bavc been made to LMS-DS-001 Rev . F 

t o update it to the Rev. G configuration. 

. 1) Delete H-2A Miss ion Reset Points. 

·2) Add Al4 ( H3 ) Mission Reset Points. 
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10- 12--70 SI NGER - GENERAL PREC I S I ON , I NC . 
LI NK D I VISI ON 

G 8 INGH~,ITCX'-l. NEW YORK 

APOLLO 11: ( H~ ) MISSION 

PA GE NO . 2 

, HEP . NO. 

l,/t3 

.. 
• · 

Apollo 1)1, AS-509/CSt-'i-110/LE-8 is a lunar 12.ndine; mi ss ion to be 
launched January 31, 1971 at 11120 (2:20 PM ) CST, 

RESET 
NUMBER 

1 

3 

5 

7 

11 

14 

15 

16 

Ref: 1 ) 

,. 
•. 

Apollo 14 Draft Flight Plan prepared by Apollo 
Flight Planning Section of Flight Planning Branch 
of ]:<7light Crew Support Diyision , 23 September 1970. 

2 ) Apollo 14 (ll3 ) .Mission Ope rational 'I'rajectory 
Simulator Data Package , Memo 70~FM13-348 , 

GET 

81 : 38 : 00 

86:37 : 00 

101:58:00 

1011: 08: 00 

10,-:27:00 

106:42:00 

108:22 :00 

108:37:00 

21 September 1970. 

MISSION PHASE 

LM is docked and cold , 1 hr 1l1 sec prior to L¢r 
burn at 82:38:14 of 6 min. 6 , 6 sec . duration . 

LM is docked and cold , 19 m:i.n 58 sec. prior to 
CSM DflI burn at 86: 56: 58 of 21. 4 sec. duration: 

LM is docked and cold, end of rest period, 
start of activation checkli s t. 

LM is docked and powered up 19 min 31 sec prior 
to. undocking and separation at 1011: 27 : 31. 

LM i s uridocked, AGS initialized ,,' J.anding site 
photographed, R/R checked-out, 1'vu a ligned to 

• landing site REFSMMAT, LPD calibrat ed and 
awa iting CSM circularization burn at 105:46 : 48. 

L.M undocked , AGS has been aligned to PGNS and 
calibrat ed, systems check performed , DPS 
pressurized and checked-out; L/R che cked- out, 
AGS stat e vectors initialized and awaiting PDI 
"burn at 1013 : 42: 01 . 

IJ.~ undocked, I.MU r e-aligned to landing site 
REFSWl:.AT, m2.neuvered to PDI burn atli tude- , syst er.1s 
check performed and 20 min 1 sec to PDI burn at 
108 : 42:01 of 11 min 58 sec duration. • 

LM undocked , L/R on and 5 min 1 sec from PDI 
burn at 108:42:01 of 11 min 58 sec duration . 

' 
.: 

: 

j 
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rb0rE 10-12-70 
;,,~_ ;,~ 'J 

REV. G 

I ~,. 
RESET ""'<' 

NUMBER GEI' 

20 110 :24: 00 

' 

26 142:04:00 

. .. 

. ' 

.. 

27 1 l12: 111 : 00 
.. 

30. 1 42: 33:00 

40 14~ : 50 : 00 • - ' : 

: 
42 143:11:00 

I 
-

144:11 : 00 

.. . . . . . . 

SINGER-G ENERAL PRE CISI ON , INC. PAGE NO. ,3 

. · 

LI NK DI VISI ON 

B INGHA.'-ITO'~ . Nm YORK REP. NO. 

MISSION PHASE 

J~~ on lunar surface , ascent batteries off, I MU 
aligned to l anding site, AGS·aligned to PGNS , 
partial power down a ccomplished and beginning 
of eat period . Ll-1 has been on surface 1 hr 

• 30 min 27 s e c . 

. LM on lunar surface, second EVA complete , 
beginning of eat period and awaiting Lunar lift­
off at 142 : 24 : 29 . 2 . LM ha s been on surface 
31 hours O min 27 sec . • 

LM on lunar surface, R/ R checked-out, AGS 
r eady for ascent , DPS vented , APS pressurized 
20 min 29 . 2 sec from Lunar lift-off at 
1!12 : 24 : 29 . 2 . 

Ll-1 on J.u.nar surface , 10 min 29 . 2 sec from the 
. . . .. llli"lar lift-off burn at 111 2 : 24 : 29 . 2 of 7 min 

10 ,7 sec durat i on . 

IJ--1 is . st a~e d and in Lunar orbit 1 min 20 sec 
after As cent burn cut-off . APS is off, 
prepar at i on for TWEAK bur n at ·1 112: 34: 40 or 
BAILOUT burn at 142:36 : 40 if necessary . 

LM staged and in lunar orbit prepared for TPI 
burr. in 19 min 4o sec of 4 sec duration result ing 
in a 61. O X 1111 .. 6 runi orbit . 

LM staged and in Lunar orbit 1 min 20 s ec past 
TPI bu rr. and 18 min 110 sec from MCC-1 burn . 
Docking at 144:10 :00. 

L.~ docked in lunar orbit preparing for transfer · to 
CSM . 

' . . 

.. 

~------·- - ------------- ------~--------- ---------- ---- --' 
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LMS INDEX 

PROG RA~/NTRY POINT TITLE • 

A4 lt\O l 
Afl,l ab 2 
f\4·1 ae l 
A41 v.e2 

A41BBO 
Ml bb l 

Ml cr1.1 
A4 l ca2 

A4 l o,r\ 1 

B42XEO 

cs·1 AE1 
C81 ae2 

C81 Bf, 

C81CEO 

D89XBO 
D89xeo 

E83XAO 

F84F 
F84xco 
F8l! Xdo 
F84;ze 2 
F84xe.S 

F84G 
F81J.xel 
F8tlxe3-
F84xe6 

F84H 
Table 

G61 /\/l,O 

G61ABO 

G61ACO 

EQUATIONS OF MOTION" CMS & LMS TRANSLAT IONAL 

EQUATIONS OF MOTION - FORCE AND RELATIVE 

EQU/\TIONS OF MOTION - PP,Rfa.METCR DISPLAY 

;B 1,... \·/EJ GHTS /.\ND 131\l.f.-.NCES 

[LECT!U CAL PO\iJER ·- B/\TTERY ( EPS ) 

J3,, ELECTRICAL - ELECTRICAL CONT RO L ASSH18LY 

ELECTRICAL POWER - POWER DISTRIBUTION (EPS ) 

J5L- [XPOLSIVE DEVICES (ED) 

'1J L- M/\STER ALA RM 

ENVIRONMENTAL CONTROL SYSTEM (E CS ) 

ENVIRONMENl.AL COf TRO L SYSTEM (ECS ) 

ENVIRONMENT/\L CONTROL SYSTEM - TABLE H (ECS) 

INERTIAL MEASUREMENT UNIT (IMU ) 

INERTIAL 1E/\S UREMENT UNIT ( IMU ) 

INERTIAL MEASUREMENT UNIT (IMU ) 



• G6li3AO 

G62XCO 
G62xel 
GG2xe2 
G62xao 

Gn • /\CO 
H63bco 
G6 3cc0 
G63cao 

G65XA1 
G65xa 2 
G65xb1 
G65xb2 
G65xcl 
G65xc2 

H66/1.EO 
H66ado 
HE6aal 
HG6aa 2 

HG6BN) 

IYCl3!10 

H66Cl30 
H6Gcco 
ll66cao 

IDRIVE 

I NT2VAR2 

I 67A/.\O 
I67cao 
I 6i'aeo 

I67C/~O 
I 67cdo 

K85XEO 

LMS HWEX 

INFfUI/\L MEJJ.SURrJltiH UNIT (l MU ) 

FD,LU DRl VE EQU/\TIONS 

-,A Page 2 

GUIDN:cr: AlW NA\_/IGFiTION - RENDE ZVOUS RAD/\L (RR) 

GUIDhi 1cr: nrn r~,W' :t\T-1 ON - LUN/\R Lfa.'WING RADAR ( LR ) 

ISLGC INTERFACE 

STAB lL.ITY AND CO NTROL - /HTITUDE AND TRM;SLATION CONTDnL 
ASSEf,lflLY (/.ITC.A) 

STABILIZATION AND CONTROL - DESCENT EN GINE ( DECA ) 

STABILIZATION AND CONTROL - DESCENT E(GINE (DECA ) 

ST/1.GIU ZATION ,L\l~D COfHROL - rnGINE SEQUENCER 

INiTIALIZAT ION /.1 FTER RE SET 

DOUBLE VARlt\l3 LE HlTERPOLATION ROUTIN E 

ABORT GUIDf,!J CE SYSTEM (f GS) 

ABORT GUI01~. 'CE - DlHA ENTRY ANO DISPLAY AS EMB LY ( DEDM 

COMMUiDCATION AND rnSTRUMENTATION - INSTRUMENTATION 



PROGRA!-'i/ l: ·,~- y POINT 

L90XDO 

LDV 

LMSBAL 

LMSB AU 

LMSBBL 

LMS BBU 

LMS BCM 

LMSCCi·1 

LMSl CM 

LMS RAL 

L.MSRAU 

- L. l'lSH3L 

LMSRBU 

LMSRCM 

LMSVAL 

LMS V.L\U 

LMSVBL 

LMS VBU 

LMSVCM 

M06/\EO 
M06b eo 

MOSACl 

M08/\C2 

M08BXO 

-

U1S IN UE X 

TITLE -

LOA D-DLMP-VERIFY 

0/rf A POOL -- BOOLEMS /\ LO\•JER 

0/HA PDQL - BOOLrnliS P, UPPER 

DATJ~ POO L - 13001.E/\NS B LO~IER 

DATA POOL -- BOOLEANS B UPPER 

DATA POO L - BOOLEANS COMMON 

01\T/\ POOL - cor~STN-lTS/COil;f':Qi~ 

DATA POOL - INPUT/ OUTPUT- COMMON 

DAT /J. POOL -- RE S[R\ ED - A LOvJER 

DAT!\ POOL - RES[ RVED - A UPPER 

DA.fA POOL - RESlRVEO - BLOWER 

DATA POOL - RES~RVED - B UPPER 

DATA POOL - RESERVED - CO MMON 

DATA POOL - VARIABLES - A LOWER 

DATA POO L - VARIAB LES - A UPPER 

DATA POr L ~ VARIABLES - B LO~ER 

DATA POOL - VARIABLES - B UPP ER 

DAT/1 POOL - VARIABLES - COMMON 

7A Page 3 

MALFUNCTION INSERTIOH UNIT/ MA LFUNCTION DISPLAY UNIT -
PANEL CONTROL AND UPDATE 

PL OTTERS AN D I ECORDERS - A LOWER 

PLOTTE SAND RECO RDERS - B LOWE R 

PL OTTERS AND RECORDERS - rr IT IALI ZATl ON 
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• INDEX 

-~ - ~--P_O_GRf .. ~/NTRY POH'T __ _ TITI.F. • 

MO8DF ·1 

MO8DE2 

M08DXO 

M37XA1 

M37X1-'\2 

M88X/\O 

P47ADO 
P47o. CO 
P47abo 

P47BBO 
P4 7bdo 
P47bco 

P4-7CEO - P47cdo 
P47cco 
PLi 7cao 

Q05AA1 

QO S!\81 
Q05ac l 

Q058Bl 

l~ANDOM 

R46A/\O 

R46BAO 
R46db o 

R46CDO 

R46DDO 

R46EDO 

R46rEO 

-

PARAMETER DI~PLAY A LOWER 

PA ~AMETER DISPLAY~ B LOUER 

P.ARAME TER DISPLAY - INITIALIZATIO N 

SIX DIGIT DECI MAL READOUT - A LOWER 

SIX DIGIT ECif.l/l.L. RE/l.oour - B LO\;/[R 

1Jv AU RAL CUE 

PROPULSION - ASCENT (PROP) . 

_] v PROPULSION - DC SCENT ·• EI-IGHIE (PROP) 

PROPULSION - DESCENT - ASCENT INTE RATION (PROP ) 

LMS-CMS-MCC INTERFACE 

LMS- CMS-MCC INTERFACE 

LMS TO MCC DATA TRAN SrCR 

PS EUDO RANDOM NUMBER GE NERATOR FOR G63 

R[ACl.I ON CO NTROL - THRUSTERS - HIGH RATE (RCS) 
REACTION CO NTROL - VALVE STATUS DISC RETES (RCS) 

REACTION CONTROL - THRUSTERS ( RCS ) 

REACTION CO NTROL - PROPELLANT MANIFOLD (RCS) 

REACTION CO NTROL - REL IEF VALVE AND PROPE LLA NT TANK RATE (RCS ) 
REACTION CO NTROL (RCS ) 



PROGRi1M/NTRY POINT 

R4GGDO 

R95 

SDRIVE 

SlNTRP 

S09!1..-~0 

TO4P.El 

TO4BE1 
TMCU 
T04l3Xi 
TO4-CIO 

·rn4 s:::.2 
'!"MBE4 - TO/i 8X2 

TO4BR3 
TQ~.BM3 
T04!3S3 

TO4B!(!I, 
TO 4Ci'•i4 
TO·1 BS4 

T078Dl 

T07XE1 

TOIXE2 
T07xc3 
T07xa l 

T°6f1EO 

T868 E.l 
T86be2 

T86DE'l 

- T85de;2 

TITLE • 

REACTIOfl co:ff ROL (RCS ) 

RESETS 

7)r Page 5 

[XECUTED c'.0/SEC ,n TH[ BE GINN ING OF EJ.\CH FRl\!1
;[ 

REACTION CONTRO L I NTERPOLATION 

COM11UNICATlON AND JNSTRUi-'JCNTATION - UPDATA LINK 

SIMULATOR 111 STER TI MING 

l"f STER CONTROL - A L0\1ER 

lvt~STER CO?fROL - B LO\·/ER 

MASTER CONTROL - A UPPER 

MASTER CONTHOL - B urPER 

LGC DOWN LINK MON ITOR 

T /M MEASUREMENTS Af 1D CON SOLE - B LO\ff R 

T/M MEASUREMENTS AND COlSOLE - A LOWE R 

COMMUNIC/\TION AND INSTRUMENTATION •• S - BAND COMMUNI CATI ON 

CAPABILITY AND SLEW 

COMMUNICATION AND INSTRUMENTATION - VHF COMMUN ICATION 

CAPABILITY 

COMMUNICATION AN D INSTRUf•~ENTATl.ON - PO\!.JER AND S\~ITCHH1G LO GIC 



-

PROG R!')-1/r TRY PO fr: • 

U43AEO 
U4 ...,bbo 

VEQUCIHL 

V45Afl 

V45/\Bl 
V45ab2 
V45J\B3 

V45BBO 

V45!3FO 

V45CCO 

V4-5C XO 

V45D!3-I . 
V45dL2 
V4Scib3 
V45e.:b4 

V45DCO 
V45clc0 

VtJ.5DXO 

V'15EBl 
V4Scb2 
V45eb3 

V45EXO 

V45FBO 

V45FBl 

V45FCO 

V%FCI 

V45FEO 

TITLE • 

EPl l[ l-'.f: fU S 

VIS U!\L ORI VER [QU CONTROL 

'TSU.AL DRI\!i-R /iT 20 CPS 

VISU/\L CELESTIJ\L SPIIERES 

?A Page 6 

VISU: L ~ E/\frfH/L.Ufl.L\R OCCUL f\TION MP.SK TRAN SU\TIONAL 
DEIVE SIGN/\LS 

VISUAL - EARTil/LUN/\R OCCUL TATION !~ASK DIP.METER DRIVE SI GNALS 

VISUAL - SUN IMAGE PROJECTOR 

VISUAL - SUN IMAGE PROJECTOR 

VISUAL - MlSSJON EFFECTS PRO,JECTOR (MEP ) 

VISUi~L - MISSION EFFECTS PROJECTOR (1·1EP ) 

VISUAL - MEP [/\RTH ORBIT FILM FRAME rnn rnLIZATI ON 

VISUAL - LANDING/AS CE NT IMAGE GENERAfOR 

VISUAL - RENDEZVOUS AND DOCKING (R&D) 

VISUAL - RENDEZVOUS AND COCKING (R&D ) 

VISU/-\L - CALC:U r~T10N OF CSM POSITIOt' rn LM BODY FR IN 
Hl GH PRIORITY 

VISUAL - RENDEZVOUS AND DOCKING ( R&D ) 

VISUAL - G NE RATES COO' DHMTES OF U IN CMS "W FRAME 
FOR IN-OUT PLOTS • 

• VISUAL - REfWEZVOUS /\l"10 D(JCKING (R&D) 



7A Page 7 
U1S INDEX 

----- · ---·--· 

TlTLE • ------ ·- ·-·----- ---•........,... 

V4SFXO 

\~0·1 XAl 

\·W"IXXl 

\401 X/f?.. 

i,1o·i Xr'.2 

WOlXA3 

H01XX3 

\ilOl X/\4 

1,10-1 XX4 

128D1-1.DO 
\i123d·i nit 

- Y02D30 

Y02DXl 
Y02dx3 
Y02dx5 

Y02DX2 
YO?dx/J 

Y02XA·1 

Y02)'.A2 

Y0 2X $TA 
Y02X0$TP, 
Y02X0$TL 
YO? XI0ER 

Y02XI$CA 

Y02X0$LA 
YOcX0$LL 
YO?.X0$LE 
Y02XC~r1X 

-

VISUAL •• nENDEZVOUS /IND DOCKrnG (R& D) 

EXECUfIVE SYSTEM - RFAL ·rIME EXECUfIVE - A LO WE R 
EXECl. 1\/C SYSTEM - WIVER - A LO ·/ER 

EXFCUTIVE SYSTEM - RF/L TIME EXEUCTIVE - 8 LOWE R 

EXEcun \I[ SYSTFM - [JRJVER - [3 LO\-!l:.R 

EXECUTIVE SYSTEM - RCAL TIME EXE CUTI VE - P, UPPER 

EXECUl'IVE SYSTEM - DRIVER - A UPPER 

[XFCUTJVE SYSTEM - REAL TIME EXECUTIVE - B UPPER 

EX[CUTIVE SYSTlM - DRIVER - B UPPER 
At__ . R[AL TIME PRINT 

GSSC INTFTFACE ON-Lilff 1/0 - I/F BUFFER EXTRACTION - OR ·­F'U1Y BACI( 

A COM-UTER GATA RECO~DING 

ON--LIN[ rnPUT /OUTPUT A LOvJER 

ON-LINE INPUT/OUTPUT - BLOWER 

ON-LINE INPUT/OUTPUT SUBROUTINES 

ON-LINE INPUT/OUTPUT SUBROUTINES 

ON-LINE INPUT/OUTPUT SUBROUTINES 



PROG RA~/NIRY POINT 

Y02X REGO 
YO 2XCU:lr 
YO 2XGT\W 
YO ?>'.GTCH 
Y0 2Y.f'TUI 
YO 2XPl~SE 
YO2XPACI( 
YO 2XUNPK 
YO 2XREM0. 

Y0 2AAO 

YO2AIO 

1 A Page 8 

LMS INDEX 

TITLE • 
~-------........--,,.-------~--..... ~ - -~~~~---r-,.....,.-.._..,...._...~-"~------I 

ON- LTNE INPUT/ OUTPUT SUBROUTINES 

RE/\L TIME rnPUT /OUTPUT 

REAL TIME INPUT/OUTPUT SETUP 
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Octal Code 

00 
01 
02 
03 
04 
05 
06 
07 
10 
11 
12 
q 
14 
15 
16 
17 
20 
21 
22 
23 
24 
25 
26 
27 
30 
31 
32 
33 
34 

- 35 
36 
37 
10 
41 
42 
43 
44 
45 
46 
47 
50 
5100 
5102 
51 04 
51 06 
51 I 0 
511 2 
5114 
5120 
5121 
5130 
5134 
51 -10 
52 
53 
54 

Ivlnemonic 

BLT 
RPT 
XEC 
STB 
STC 
STA 
STD 
INM 
ADD 
SUB 
SKG 
SKN 
FLD 
ANA 
ORA 
ERA 
ADM 
SBM 
OTM 
LDB 
LDA 
JRT 
FSB 
JST 
SMP 
FMJ3 
DMB 
FAD 
MPY 
DIV 
FMP 
FDV 
ARS 
ALS 
LRR 
LLR-
LRS 
LLS 
NRM 
LGL 
OTA 
INI-1 
CME 
TXA 
STK 
SKT 
LDK 
SKF 
CSA 
CM,'\ 
DIN 
BCD 
ENB 
INA 
OCP 
ADX 

,:,option a l r.0111111 .in<l 

• .. 

APPENDIX C 
Nurncric a l Con1111and List 

Description 

Halt 
Repeat 
Execute 
Store B 
Store Comm and Portion of A 
Store A 
Store Addr ess Portion of A 
Input to Memory 
Add 
Subtract 
Skip if A Gr eater 
Skip if A Not Equal 
Floa ting - Point Load ':' 
AND to A 
OR to A 
Exclusive OR to A 
Add lvfagnitucle 
Subtract Mag nitude 
Output from Me n,ory 
Lo a d B 
Lo a d A 
Jump Return 
Floating --Point Subtr act':' 
Jump and Store Loc ation 
Step Multiple Precision 
Fill Me mory Block 
Dump M.cm_ory Dlock 
Floating-Point Add':' 
Multiply 
Divide 
Flo a ting - Point Multiply':' 
Floa tin g - Poii1t Div id e':' 
A Right Shilt 
A L e ft Shift 
Long Ri ght Rota te 
Long Ldt Rotate 
Long Ri ght Shift 
Long L ef t Shift 
Norin a li ze 
Logical Ldt Sh ift 
Outpu t from A 
Inhibit Interrupt 
Con1pl c n1 cnt Exponent::, 
Transfer I ndex to A 
St9r<: Channe l Status 
Skip if Tru e 
Load Ch ;,nn c l Statu s 
Skip if Fal se 
Cornplcnwnt 0 11 Sign of A 
Con1pl c 111C'nl A 
Bi1wry t o BC J) Conve rsion':' 
BCD to Bin a ry C onvers ion ::: 
En;1hl,· l11te rrupt 
lnpul t c, A 
Outpul Con tr ol j::>u]s e 
Add to Index 

Execution Time 

1.9 11s e c 
r(t+. 76)-1 3. 8 

l. 9 µ s cc+t 
3. 8 µsec 
3. 8 µsec 
3. 8 ·µsec 
3. 8 µ s ec 
3. 8 µsec 
3.8 µsec 
3. 8 µsec 

4.18 or 4 . 91 µsec 
4. 18 or 4, 9 4 11 sec 

5.7 µsec 
3. 8 µsec 
3. 8 µsec 
3. 8 µ sec 
3. 8 µsec 
3. 8 µsec 

. 3. 8 µsec 
3, 8 /lSCC 

3. 8 µsec 
3.8 µ se c 

7. 6+0.38{w+y) µ sec 
3.8 µsec 
3.8 µ sec 
325 EC 
250 KC 

7.6+0, 38(w+y) µsec 
6. 46 11 sec 

17 µsec avg. 
10.26µ sec 
24.6 µsec avg. 

l.52+x µ se c 
l .52+x µsec 
1.52+x µsec 
J.52+x {(S e c 
1.52+x µ sec 
J .52+x µsec 
2. 28+z p.scc 
I.52+x µ se c 

2.28 µ sec 
J,91-1scc 
1. 9 11sec 
l. 9 µsec 
l. 9 11 se c 

2,28 or 3.04p.sec 
1. 9 µ s ec 

2.28 or 3.04 µ se c 
l, 9 µ sec 
l.9i1s e c 

19. 38 p.scc 
19.38,iscc 

l. 9 µ sec 
l. 9 use c 

2 .. 28 p. i: (:C 

I. 9 /( SC C 

CZAI 

Page 

2-27 
2-28 
2-28 
2-1 
2-4 
2-4 
2-5 
2-29 
2-6 
2-7 
2-20 
2-20 
2-36 
2-13 
2-13 
2-14 
2-7 
2-8 
2-29 
2-5 
2-5 
2-21 
2-38 
2-21 
2-8 
2-30 
2-31 
2-37 
2-9 
2-10 
2-38 
2.-39 
2-14 
2-15 
2-15 
2-16 
2 - 16 
2-17 
2-17 
2-18 
2-31 
2-32 
2-10 
2-24 
2-33 
2-21 
2-33 
2-22 
2- ·I I 
2- 11 
2-11 
2-12 
2-34 
2-3'1 
2-35 
2-24 

C-1 

I 
I 

i 
I 
I 
I 
' ' i 
i 



----

Octal Code Mnemonic 

55 TAB 

56 LDX 

57 IAD 

60 CRA 

61 SI<S 

-- 62 RND 

63 TAX 

64 SCR 

65 SCL 

66 STX 

67 IRX 

70 JPL 

71 JZE 

72 JJX 

73 JOF 

74 JMP 

75 JXI 

76 FST 
. 77 NOP 

Numerical Command List (Cont) 

D esc ription 

Transfer A to 13 
Load Index 
Interchange A and B 
Clear A 
Skip if Sense Line Not Set 

Round A 
Transfer A to Index 
Scale Right 
Scde Left 
Store Index 
Incr e1ncnt, Replace and Load 

Ind ex 
Jump if A Plus 
Jump if A Zero 
Jump on Ind ex 
Jump on Overflow 
Uncon clitional Jump 
Jump on Inclex Incre1nented 
Floating- Point Store,:, 

No Ope r ation 

Execution Time 

l. 9 µsec 
1. 9 µsec 
1. 9 µ5ec 
l. 9 µs ec 

3.04 or 4.56µsec 
l. 9 µsec 

1. 9 µsec 
1. 9+x µsec 
l. 9+x 11 sec 

3. 8 ii sec 
5.7 µsec 

2 . 28 µsec 
2. 28 11sec 
2. 28 p.sec 
2. 28 p.sec 
2. 28 p.scc 

2. 28 or 2. 66 p.sec 
5.7 µsec 
1. 9 µ sec 

Note: See page D-2 for explanation of variables r, t, w, ·x, y and z . 

,:, Optional co1nrnand 

C-7. 

2-5 
2-25 
2-6 
2-6 
2-35 
2-12 
2-25 
2-18 
2-19 
2-25 
2-26 

2-22 
2-23 
2-26 
2-23 
2-23 
2-27 
2-37 
2-29 

.11 

• 

L. 

L.-

i 
..... 

-\ 
! 

; · 



TADLF. 3- 1. 
PERIPI--IE:R1\L DEVICE CODES 

-
l -- 2 3 4 5 6 

DDP M a gnetic 

DDP Character Typewriter Card Tape 

O ctal (except Lower Upper C ode Code 

Cod e typewriter) C ase Case (Hollerith} (BCD ) 

00 oCD 0 b 0 0.,. .,. 

01 l l l l 

02 2 2 2 2 

03 3 3 3 3 

04 4 4 : 4 4 

05 5 5 (cj) 5 5 

06 6 6 .,[ 6 6 

07 7 7 > 7 7 

10 8 8 8 8 

I I 9 9 9 9 
I 2 ? All Oth er N o ne xis tentt., 

C odes 

13 = fr - 8-3 = 
14 I 8-4 I 

I 5 : 8- 5 
l 6 ! 8-6 
I 7 > / 8-7 
20 ,:,@ ,. 

<I- 11- 8- 4 Blank 
' 

.,. 

21 I I 0-1 I 
22 s s 0-2 s 
23 T T 0-3 T 

24 u u = 0-4 u 
25 V V % 0- 5 V 

26 w w II 0-6 w 
2.7 X X I 0- 7 X 

30 y y 0-8 y 
-" 

31 z z 0-9 . z 
32 I 0- 8- 2 
33 I I 0-8-3 I 

34 ( - 0-8-4 ( 

35 - 0-8-5 
36 ) TAB 0- 8-6 
37 II 0- 8-7 
40 - - - 11 --
41 J J 11 -1 J 

42 K I< 11- 2 K 

43 L L 11- 3 L 

44 M M ) 11- 4 M 

45 N N •' • 11 - 5 N .,. 

46 0 0 t:,. 11-6 0 

l. A 7. ero r ecorded in DCD mock on magnetic t;1pe will be translated into an octal 12 when 
written and b ac k to zero when n 'c1 d . An octal l 2 n1a)' be record ed in BCD n1ode on n1agnetic 

ape , but will h e road back as zero . 

2 . An as t e ri s k (20 ) rccor<lcd in BCD mode on magne tic tape w ill b e t ranslated into an octal 
'1 wh en writ.ten and b ,,c k t o 20 wh,) n· read . An octal 54 may be r ecor ded in BCD mod e on 

m ,1gne tic tape , but will be r ead back as 20 . 

3 --1 
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1 

DDP 
Octal 
Code 

47 
5 0 
5 1 
52 
53 
54 
5 5 
56 
5 7 
6 0 
61 
62 
63 
6 4 
65 
6 6 
67 
70 
7 1 
72 
73 
74 

7 5 

76 

77 

· 2 

DDP 
Chara cter 

(except 

TAI3LE. 3-l . (Cont ) 
PERIPHE IU\L D E VI CE CODES 

3 4 

Typew rit er 
Lffwe r Upper 

5 

C a rd 
Cod e 

typewriter ) Ca se Ca se (Hollerith ) 

p p ; 1 1- 7 
Q Q 1 1-8 
R R 1 1 - 9 
; s 11- 0 

'· $ $ 11- 8- 3 
"',.;- Backspace 11- 8- 6 

[ . 11 - 8- 5 
Bl~nkG) S pace Bla nk 

< 11- 8- 7 
+ & & 1 2 
A A 1 2- 1 
B B 1 2 - 2 
C C 1 2 - 3 
D D ( 1 2-4 
E E t:l 1 2-5 
F F :I: 1 2-6 
G G < 1 2- 7 
H H 1 2-8 
I I 1 2 - 9 
t l 2 - 0 
. . v 1 2-8-3 
) L ower 12- 8-4 

Shift -
% Uppe r 1 2- 8-5 

Shift 

\ C ar . 1 2- 8 - 6 
R e turn - L ine 12- 8- 7 
F ee d 

,,,_ 

6 

M agn e tic 
Tape 
C ode 

(BCD ) 

p 
Q 
R 
0 

$ 
::, 

+ 
A 
B 
C 
D 
E 
F 
G 
H 
I 

6 . 
) 

~ 

3 . A space (56) recorded in BCD mode on m agn e tic tape will be tr a nslate d into an octal 20 
whe n written and back to 56 when read . 

P e r iph e r a l D ev ice Codes 

Tabl e 3- l s how s the v a rious chara c t ers u sed by th e seve r a l most c ommon pe riph­
eral d evices a nd th e e quiv .dent oc ta l codes u se d by th e DDP-224 to id entify th e charac ter s. 
Colu1 nns 3 a ncl -1 conta in th e c h;irac t e r s for th e typewriter in the l ower and upp e r c as es . /\ 
coded in s tru c ti o n mu s t fir s t se l ec t wheth e r l owe r case or upper case i s de s ired, and thi s 
i s don e by a n oc ta l code 71 for l ower sh_ifl a n ~! 75 i or u pper s hif t , as s h own. Co l umn 5 
indica t es th e I·Io ll e 1· ith c;ird c od e ; one of th e c o de s that .c.,n Le u se d by th e card r ea d e r or 

3 - 5 

I 
I 
I 
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OCP CODES 

·01000 

02000 

02010 

02070 

02100 

02200 

02210 

02220 

SKS CODES 
*00100 
'*01000 

02000 

14000 

·ocp ·coDES 

06010 

06110 

26140 

26141 

26142 

· 26143 

26144 

26145 

26146 ---
26147 

STANDARD EQUIPMENT SENSE LINE CODES 

Punch stop code on paper-tape punch. 

Typewriter input select and character ·buffer enable. 

Typewriter output select and character buffer enable. • 

Disconnect all three I/0 devices (typewriter, Paper Tape Reader, 
Paper Tape Punch), (Only ways to disconnect character buffer are 
to reset bit 24 or channel status register, enable DMA, or 
select Line Printer/Parallel Output Channel). 

Enable Paper-Tape Reader and Character Buffer. 

Turn Punch Power on, enable Paper-Tape Punch and Character Buffer. 

Turn Punch Power off. 

Turn Punch Power on, feed one sprocket hole on Paper-Tape Punch. 

Character Buffer Input Parity 
Typewriter Stop 'Code '(Backs-pace )(may not be resettable) 
Character Device (Typewriter, Paper-Tape Reader, Paper-Tape 
Punch) Busy. 
Character Buffer Ready 

'.FBC CODES 

Select FBC 

Enable FBC Range Register Readback (A Only) 

Enable FBC Free Interrupt 

Disable FBC Free Interrupt 

Connect FBC to CMS 

Connect FBC to DCE (M.C. automatically connects FBC to DCE). 

Release FBC from CPU 

Enable FBC transfer to DCE ? 

Disable FBC transfer to DCE ? • 

External FBC Shutdown 

l 
l 
j 



r,--. 
I . . 
I ' 

• ' 
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SKS CODES 

26010 

26140 

OCP CODES 

06000 

06100 

SKS CODES 

26000 

OCP CODES 

34000 

34001 

OCP CODES 

0 

1 

2 

SKS CODES 

11000 

I 

-2-

FBC Busy ( is transmission complete) 

FBC Connected 

Invalid CMS /LMS Interrupt 

DMA CODES 

Enable DMA 

En able DMA Range Hegister Readback 

DVlA Busy 

EXTENDED MEMORY. 

Enable Ext ended Memory 

Disable Extended Memory 

MISCELLANEOUS(and not necessary ) 

Enable Character Buffer 

Enable Parallel Input Channel #1 

Enable Parall el Output Channel #1 

Parallel Output Chann el #1 Ready 



• 

e. 

OCP Codes 

03000 

03001 

03002 

03003 

03004 

03005 

03021 

03022 

03023 

03024 

03025 

03026 

03040 

03041 

03042 

03100 

03101 

03102 

03103 

03104 

03105 

03106 

03107 

03110 

03111 

LMS DC~ CODES 

Device 

Reset all DCE 

scs 

DWI 

DBI 

A/D 

CCI 

DBO 

DWOR 

DWOD 

PCM 

cco 

D/A 

Enabl'e DCE Interrupt 

Disable DCE Interrupt 

Reset DCE Interrupt 

Add.reps 

SCSTABAB+l 

DWITABAB+l 

DBITABAB+l 

ADTABAB+l 

CCBITBAB+l 

DBOTABAB+l 

DWRTABAB+l 

DWDTABAB+l 

PCMTABAB+l 

CCBOTBAB+l 

DATAB.AB+l 

Enable PCM equipment to accept Format Data 

Enable PCM equipment to accept Data 

PCM.High Bit Rate 

PCM Low Bit Rate 

Landmass 

Loading - Computer _Status 

Fault - Computer Status 

·Nermalize Trajectory Buffer (CCI, CCO) 

Enable LGC Interrupt 

Reset LGC Interrupt 

~--~------------------ --

Max. Range 

38 

28 

648 

64 

60 

528 

80 

48 

580, 

60 

320 
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(9 

SKS Codes 

20000 

20001 

20002 

·200.03 

20004 

20005 

20006 

- 2- • 

LMS DCE CODES ( CONT . ) 

Device Addr ess 

Device Enabled 

Device Error 

Tra j ectory Buffer - ready to transmit 

Traj ectory Buffer - r eady to receive 

PCM Format Error 

PCM Data Error 

CTE Minute 

Max. Range 



---

I 

I . 

MAGNETIC TAPE CODES 

OCP Codes 

26160 - Select '11MU #1 
26161 - Deselect TMU #1 
26162 - Select TMU //2 
26163 - Deselect TMU #2 

20000 Read odd parity on MTU #1 
20001 - Read odd pa rity on MTU #2 

20100 - Read even parity on MTU #1 
20101 Read even parity on MTU #2 

20200 - Write odd parity on MTU #1 
20201 - Write odd parity on MTU #2 

20300 Write even parity on MTU //1 
20301 - Write even parity on MTU //2 

20400 - Write End of File on MTU #1 
20401 - Write End of File on MTU #2 

30000 - Backspace 1 record on MTU #1 
30001 Backsp a ce 1 record on MTU #2 

30100 - Backspace 1 file on MTU #1 
30101 Backspa ce 1 file on MTU li2 

30200 Skip 1 record on MTU #1 
30201 Skip 1 record on MTU #2 

30300 Skip 1 file_ on MTU Ill 
30301 - Skip 1 f il e- on MTU 1/2 

30400 Rewind MTU #1 
30401 - Rewind MTU #2 

SKS Codes 

26161 -· TMU //1 selected? 

26163 - TMU #2 Selected? 

31000 - MTU #1 or #2 busy? 

31100 - MTU #1 rewinding? 
31101 - MTU #2 rewinding? 
31200 - End of Tape? 
31300 - Load Point? 
31400 - End of File 

*30300 - Parit y? 



• 

LINE PRINTER CODES 

OCP Codes 

26156 Select Line Printer TMU 
26157 - Des elect Line Printer TMU 

02300 - Enab1e Line Printer Buffer for 
Character Mode 

SKS Codes 

26157 - 'I'MU selected? 

22300 - Lin~ Printer busy? 

02301 - Enable Line Printer Buffer for Word Mode *22301 - Line Printer Buffer parity? 
02302 - Print one line 22302 - Paper advancing? 

02301+ Advance Paper Lin e 
02310 - Advance Paper to Channel 
02311 Adva.nce _Paper to Channel 
02312 - Advance Paper to Channel 
02315 Advance Paper to Channel 
02311+ - Advance Paper to Channe1 
02315 - Advance Paper to Channel 
02 316 - Advance Paper to Channel 
02317 Advance Paper to Channel 

26153 - Select. Card Punch TMU 
26154 - Deselect Card Punch Tr-ill 

02500 - Start Punch 

26150 - Select TMU 
26151 - Deselect TMU 

Cycle (punch 

02400 - Read one Hollerith card 
024 01 - Read one binary card 

l (top of form) 
2 
3 
4 
5 
6 
7 
8 

CARD PUNCH 

l row ) 

CARD READER 

02410 - Read Holl erith cards continuously 
021111 - Read binary cards continuous ly 
024 20 - Stop Card Reader 

Tl'-ill Selected? 

22500 - Card Punch busy? 
. 22501 - Ready to punch next row? 

22502 Card Punch not ready and 
Invalid Punch 

26151 TMU selected? 

22l+OO - Card Reader busy? 

* 22401 - Card Reader EOF and Stop Code 
221102 - Card Header not ready and fault 



......... ... 

Name 

OCP '27050 

OCP ;27051 

OCP '27052 

OCP ' 27053 ', 
' 

20 MilRupt 

OCP '27054 

. OCP '27055 

TlRPT 

T4RPT 

T3RPT 

T5RPT 

T6RPT 

50 MilRupt 

OCP '27056 

OCP '27057 

Unas s i gned 

Power Failure 

Power Failure 

50 ms. 

DCE 
CMS/LMS Trans f er 

05041 

INTERRUPT ASSIGNMENTS FOR ASGC/ LSGC 

Interrupt Trap 
Level Locat ion Des cri12tion 

LO (Lowest) '20 Computer Store 

Ll 122 Hand Controll er 

L2 124 Up-Link 

L3 1 26 Radar 
'"" 

' .... L4 '30 Down-Link 
......_ 

L5 '32 Mark/Mark Res et 

L6 '34 DSKY Input 

L7 '36 Time 1 

LlO 1 40 Time 4 

Lll 142 Time 3 

L12 ,44 Time 5 

L13 1 46 Time 6 

Ll4 '50 50 Milliseconds 

Ll5 '52 Moding " 

Ll6 '54 No Function 

Ll7 I 56 . 
N/A (Highest) 'O 

INTERRUPT ASSIGNMENTS FOR COMPUTERS A & B 

N/A 

N/A 

N/A 
N/A 

'O (Al so for 'C') 

'2 

14 (Used in "A" Comput er Only) 
1 6 (Used i n "A" Computer Onl y) 

REAL TI ME I NTERRUPTS 

Enable RTI 

Di?able RTI 

for AOT 
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STATUS WORDS BIT ASSIGNMENTS 

RT Interrupt Trap Bi t Assignments 

Bit Assignment s 

l 0 = SMP set up for SUB l = SMP set up for ADD 

2 0 = SMP no carry l = SMP carry 

3 0 = SMP sign same , magnitude 1 = SMP sign complement 
may need complementing 

4-9 = Priority (on sixteen line system) 

10-24= Address (P-CTR at time of interrupt) 

Channel Status - Ll-1S, A & B Comnuters ( STK to read in A--Reg.) 

Bit Assignments 

10 = FBC enabled for range readback 

11 = DMA enabled for r ange readback 

12 = DMA enabled for range and addres s loading 

14 = DMA enabled for r ange and address loading 

17 = Line Printer enabled for data word loading 

20 = Extended address flop 

24 = 
·- · 

Charact er buffer enabled 

Channel Status - LSGC , C-Computer ( STK to read in A-Reg .) 

Bit 

10 

11 

12 

13 

15 

Funct ion 

Index Register 2 Bit 9 Set 

DMA Enabled for Range Readback 

DMA Enabled for Loading Range and Address Registers 

Special Int errupt Inhibit Mask Enabled 

Readable I nput Counter Enabled 

Extended Memory Inhibit Flip-Flop Set 

,,,_ 

necessary 
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.!?i! Function 

16 Real Time Clock Enabled for Mask Selection 

17 Line Printer Enabled for Loading of Data 

20 Extended Address Flip-Flop Set 

22 Index Register 3 Bit Set 

24 Character Buffer Enabled 
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Typewriter I/0 

IN 

OUT 

REL 

LDX 

OCP 

INA 

STA 

SKN 

JMP 

JXI 

OCP 

HLT 

LDX 

OCP 

0, 1 

' 2000 

DATA, 1 

SLASH 

*+2 

*-4, 1 

'2070 

'77777 

o, 1 

1 2010 

LDA DATA, 1 

SKN SLASH 

HLT 

OTA 

'55555 

t 
• 

EXAt-,;pLES 

INITIALIZE INDEX 1 

SELECT TYPEWRITER I NPUT 

INPUT TO A REGISTER 

STORE CHARACTER 

=/ (TERMINATION OF I/0) 

YES - STOP 

NO - LOOP 

DESELECT 

HALT END INPUT 

INITIALI ZE I NDEX 

SELEC'l' OUTPUT 

PICK UP DATA 

=/ (TETIMINATION) 

YES - HALT 

NO - OUTPUT IT 

JXI -*-4, 1 LOOP 

SLASH 

DATA 

OCT 

*** 

END 

21 

** DATA BEGINNING 

The above example illustrat es the very basic requirements f or I/0 through the type­
writer . Sensing the typewriter r eady condition ( SKS 1 2000 or ' 2010 ) and the character 
buffer l oaded status (SKS ' 14000 ) are not r equired. here since this is a non-real- time 
example and the typewriter will automatically wait for the next character to be 
inputted ( or outputt ed ). 
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CARD READER 

RDCD JMP ** 

OCP 1 26150 SELECT TMU 

SKS 1 26151 TMU SELECTED? 

,TMP *+2 

JMP *-3 

--- SKS SKS '22402 CARD ·READER NOT READY 

JMP -Y.·+2 

JMP *+4 

SKS 1 22401 EOF? 

JMP EOF 

JMP SKS 

SKS '22400 CARD READER BUSY 

JMP *-1 

LDX -20, 3 

.WORD LDX -4, 1 

OCP '2400 READ ONE HOLLERITH CARD 

CHAR SKS 1 22402 CARD READER NOT READY 

JMP RDERR 

INAM '77 PICK OFF CHARACTERS 

LGL 18 THRU THE CHARACTER BUFFER 

LLR 6 AS THE CARD PASSES THROUGH 

JXI CHAR, 1 THE ,CARD READER -
STB INBUF+20,3 AND FORMAT 

JXI WORD, 3 

OCP 1 26151 DESELECT TMU 

JMP* RDCD 

EOF HLT '77777 

RDERR HL'l' '55555 ERROR I N READING CODE 

J MP CHAR 

INBUF BSZ 20 

Note th at th e above procedure takes advantage of the card reader r eading 

iN column-wise st.arting with C. C. 1. A more common and eas i er technique is 
illustrated in Example I II. However, the FMB/DMI3 in structions and the 
corresponding procedures l eaves something to be desired . The FMB / DMB 
ins truct ions ma.y be thought of as no more than an INJ\ and a JXI , -r.- -1, x 
s et of instructions . The r e i s no built-in pacl:ing-unpacl: ing technique 
nor is there any way of recogniz ing a card r eader error and providing 
a recovery r outine . 

_...., ,,. 

rr~ 
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III. Line Printer 

PRT JMP *iC· 

LDX · -30, 1 

OCP 126156 SELECT LINE PRINTER TMU 

SKS 1 26157 TMU SELECTED? 

JMP *+2 

JMP *-3 

SKS 1 22300 LINE PRINTER BUSY 

JMP *-1 

OCP '2304 ADVANCE PAPER ON-LINE 

SKS ' 22302 PAPER ADVANCING? 

JMP *-1 

OCP '2301 ENABLE LINE PRINTER BUFFER FOR WORD MODE 

DMB OUTBUF+30, 1 

OCP '2302 PRINT 

OCP 1 26157 DESELECT LINE PRINTER 

JMP* • PRT 

OUTBUF BSZ 30 
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IV. Honoring 50ms. Interrupt 

Problem.: Increment Xl by 1 every 50 ms. 

START 

INTRUP 

SAVEXl 

ORG '2 

PZE 

JMP INTRUP 

* 
ORG '100 

ENB 

* 

50 ms. TRAP LOC. A & B COMPUTERS ONLY 

ENABLE INTERRUPT 

SIMULATED NORMAL FRAME 

BLT 

STX 

IRX 

LDX 

JRT 

SAVEXl, 1 SAVE ALL NECESSARY REGISTERS 

END 

o, 1 

*·*' 1 

'2 

INCREMENT Xl 

RETURN TO NEXT INSTRUCTION TO BE EXECUTED WHEN 
INTERRUPTED. · 
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LEM DCE I/0 

VI . DCE input/output is accomplished through. the address and range register enabled 
through the FBC. Although the complete range of the desired device need 
not be transferred, to ensure a complete transmission of all words needed, 
one will normally input/output the maximum number of' words possible. 

OCP 
OCP 
OTM 
OTM 
0CP 
SKS 
JMP 

X MZE 
or 
X PZE 

y DEC 

For example, 

0CP 
0CP 
OTM 
0TM 
0CP 
SKS 
JMP 

; 

• X X MZE 
y ,· f DEC 
DATABAB ~ .REFN 

END 

to 

12614 Connect FBC to DCE 
1 6010 Select FBC 
X Address of data 
y Range of data 
'XXXX Select device 
1 26010 Is Transmission complete? 
* - 1 No, wait 

ADDR Address of data ( for output) 

ADDR Address of data ( for input) 

NUM 

output D/A values: 

12614 ,, 
1 6010 
X 
y 

'3026 
126010 
* - 1 

DATABAB + 1 
320 

i 

' · 



v. Write Odd Parity Binary On~ Unit~ (TMUl, MTU2) 

WTAPE 

FUNCTION 

S'l'R'I' 

RNG 

* 
BUSY 

* 
PARITY 

JMP 

OCP 

SKS 

JMP 

SKS 

JMP 

JS'l' 

SKS 

J MP 

OCP 

OTM 

O'l'M 

OCP 

JST 

SKS 

,JMP 

NOP 

OCP 

I 26160 

I 26J.61 

*+2 

~·-3 

' 70300 
3/.·-1 

BUSY 
1 26000 

-X·-1 

1 6000 

STRT 

RNG 

120201 

BUSY 

' 70300 

-PARITY 

1 26160 

<H,1P·l❖ WTAPE 

MZE 

PZE 

JMP 

SKS 

JMP 

SKS 

JMP 

X 

N 

1 31000 

-X·-1 

' 31101 

·*-1 

JMP* BUSY 

HLT '52525 

SELECT TMUl 

IS TMU 1 SELECTED? 

YES 

NO 

RESET PARITY FLOP 

SET 

CHECK FOR 

DMA BUSY 

YES 

ENABLE DV.tA. 

STARTING ADDRESS 

RANGE 

ODD P.AEITY BINARY ON _MTU 2 

CHECK FOR TAPE ACTIVITY 

PARITY ERROR 

YES 

NO 

DESELECT TMU 1 

STARTING ADDRESS FOR OUTPUT MODE 

RANGE 

.MTU 1 or 2 BUSY 

YES 

MTU 2 REWINDING 

YES 
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ISLGC DELOG 

-1. Mount DEPSYS tape on drive 1, delog tape on drive 2. 

2. Topform line printer and_ typewriter; set typewriter tabs at 1, 6 and 12. 

3. Load 7 card loader and job control deck in card reader. 

4. Clear core, master clear. 

5. Fill, master clear, start. 

6. When "SELECT" is typed, type 1'GO", carriage return. 

7. When computer goes to I/0 hold, type"$, tab, CON, tab, CARDS," carriage ' return. 

8. The delog program types a message at each end of file. Press start each time to delog the number of files specified on the computer operations request form. 

9. At end of job, deliver typewriter listing to originator of job, along with tape and listing output. 

1 6 
$ JOB 

1 6 
$ CALL 

1 5 
JOB (;)0000 

12 
1 

ISLGC DELOG JOB CONTROL DECK 

25 
TITLE 

12 
POSTPROC,00000002,,,,,,,,l 

12 15 
3 99999 

DELOG DECK 

1 
END 

1 6 
$ EOJ 





SYSTEM TAPE UPDATE 

1. Load the object program of the one to be put on the DEPSYS into core. 
2. Load MPUC (or MPUCLO) into core from DEPSYS, 

3. Put starting address of dump area in A. Ending address in Band jump address in XRl. 

4. Put the file number to write on in XR2 and tape dri ve number in XR3. 

5. Set SS 1. Start type in 8 character name. Rewind the tape. 

6. Load BTUD from DEPSYS. 

7, Set 881. Set Bit 1 of A-Register. 

8. XRl put Old DEPSYS tape drive number 
XR2 put new DEPSYS tape drive number 
XR3 tape_ drive number of MPUC generated tape - put control cards card reader 

1 6 12 

$ C¢PY :xxxxxxx:x: ] MUST BE USED TO POSITION $ ¢MIT :xxxxxxx:x: TAPE FOR ADDED 
$ ADD :xxxxxxx:x: NAME 
$ C¢PY 
$ D¢NE 

9, Restart BTUD with 881 down and A-Register= 0, 
Have$ INDEX in card reader. 
Have$ D¢NE in card reader. 

10. Use VLRTCC to copy file 3, 

8 CHARACTER 

in 

I 
l 
1 
! 

1 
i 

1 

1 
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ASSEMBLY PROCEDURES 

/ 

The following are steps that may be employed for obtaining an assembly 
listing and a binary deck : 

1, Mount the Link/Dep/Blocked I/0 Systems Tape on magnetic tape unit one 
of tape multiplex unit one . 

2. Mount scratch tapes on magnetic tape units two and three. 

3, Fill the ' seven card bootstrap at location zero. 

' ' · 
4. Master clear . and press start . 

5, After the typewriter types SELECT, type ASM , hit the tab, type GO, 
and hit the carriage return. 

6. The computer will load the assembler and halt such that assembler con­
trol words may be changed. 

7, Without changing any registers, press start which will cause the assumed 
I/0 configurations to be printed by the typewriter. 

8. Load the source cards in the card reader and press start . After the 
cards have been read, END OF PASS ONE will be typed by the typewriter 
and the computer will be in an SKS loop waiting for cards to be read. 

9, Ready the line printer . 

10. Reload the source cards in the card reader and ready the card readef. 
An assembly and a binary deck will be produced.' 



FILL DECK PROCEDURES 

The following steps may be used to obtain a Hollerith fill deck from a 
binary deck: 

1. Mount the Link/Dep /Blocked I/0 Systems tape on magnetic tape unit 
one of tape multiplex unit one . 

2. Fill the s even card bootstrap at location zero. 

3. Master clear and press start. 

4. After the typewriter types out SELECT, type MONS , hit the tab, type 
GO, and hit the carriage return . After MONS has been found and loaded, 
MONS will be typed by the typewriter and the computer will halt. 

If the loader overlays an area of core that is to be used by the 
binary deck, the loader must be relocated. After step four of this 
write-up has been executed, the loader may be reloc ated by performing 
the following: 

A. Master clear. 

B. Enter a one in bit three of the A-Register. 

C. Enter the address for the relocation of the loader in bits ten 
through twenty- four of the A-Regist er. 

D. Enter one hundred in th e P-Register. 

E. Press start. 

F, When the typewriter ty-_pes SELECT, type loader.and hit the carriage 
return . 

G. Aft er the loader has been relocated, READY will be typed by the 
typewrit er . 

H. Master clear. 

5, Place the binary deck in the card reader and ready the card reader and 
. card punch. 

*6. Put a five in bits, 1, 2, and 3 of the A-Register and the starting address 
for the fill deck in bits 10-24 of the A-Register and press s tart. LOAD­
ING COMPLE'rED will be typed out as well as the ending address a nd SELECT. 

7, Master clear an<l press start . After SELECT is typ ed, type FDUMP, hit 
the tab , type GO , and hit the carr i age return. The FDUMP program will 
start at location one hundred . If FDUMP overlays the area of core that 
is to be dumped for a fill deck, r elocate FDUMP in the same manner as 
the relocation of the LOADER was described in s t ep 4 of this write-up . 
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8. FDUMP is typed out and the computer halts. 

*9. Put the starting address for the fill deck ·in bit s 10-24 of the A­
Register, put the l oading compl eted addr ess. in bi ts 10-24 of the B­
Register, put the starting address of FDUMP in the P- Register, and 
press start which will produce th e Hollerith fill deck. 

*The P-Regist er must contain the s t a r t i ng addr ess of the utility to be 
exercised, if reloc ated. (LOADER on FDUMP) 



ABSLOAD - PDUMP OPERATING PROCEDlffiES 

ABSLOAD is used to convert a format produced by a load to a Read/ Write/V..'?rify 

format . One may use ABSLOAD by using the following procedure : 

1. Master clear. 

2. Enter seventy-seven thousand in the P Register of A, B, or C computer . 

3. Press the fill button. 

4. Master cl ear . 

___ 5. Enter a one , two, three, or four in the first three bi ts of the A Register , 

f/1 

• 

according to which magnetic tape unit has the tape mounted on it . 

6. Enter seventy-seven thousand in the P Register . 

7, Press start . 

8. After ABSLOAD has been executed , LOADING COMPLETE will be typed by the 

typewriter. 

P DUMP may be used to dump core by using the following procedure: 

1. Put the prescribed address for the particular deck in the P Register. 

2 . Press the fill button. 

3 . Master clear . 

4. Put the starting address for the core dump in the A Register . 

5. Put the ending address for the core dump in the B Register . 
. 

6. Put the starting address of P DUMP in the P Register. 

7. Enter one of the following in index register one : 

A . One for an octaJ. dwnp. 

B. Two for an instruction dump. 

C. Three for a BCD dump . 

D. Four for a numeric dump . 

8. Ready the line printer. 

9 , Press start . 



SEARCH J\ND DUMP ROUTINE 

The Search and Dump routine can be used for twp ( 2 ) purposes : 

1. Search core for words with certain bit patterns and output these 
words a.ncl their absolute adclresses to the ·1ine printer in octal 
format . 

2 . Dump any area of core on the line printer . 

These are the oper ating instruction s : 

l. Place fill deck of Search and Dump in the Card Reader . 

2. Ready the Card Reader . 

3, Master Clear the computer. 

!1-. Fill at location specified on fill deck . 

5. When the computer halts after reading the deck into the computer, 
Master Clear the computer. 

6. Set the A Register equal to the.word or bit pattern to be searched . 

7 , Set tbe B Ree;:ister equal to the Mask of the bits to be searched. 

8. Set the p Register equal to the addres s wl1ere the program was loaded , 

9, Set IRl ;;:: Star ting address of search . 

10 . Set IR2 = Ending location of search. 

11. Depress the Start button. All output 

NOTE: 'ro Dump any 

Step 6 

Step 7 

desired area of core, 

Set A Register= 0 

Set B Register= 0 

Perform Steps 8 through 11. 

is on t he line 

perform Steps 1 

Total number of locations used by the program: 1 220 

printer . 

through 5, 



ce 

• .. -2-

Example of Mask : 

Set each bit of the B Register to 11 1 11 for each bit of the A Register that 
you want checked. 

If I want to determine which instructions store into location 1 62071, I 
could perform two ( 2 ) Searches: 

Search 1 A Register - 1 00562071 
B Register = I 77777'7'(7 

Search 2 A Register -· 1 00362071 
B Register = ''777Tr1T{ 

or I could perform one (1) Search operation if I set up the register accordingly: 

A Register - ' 00062071 
B Register= '77077777 

Thus, all S1.'A ( OP CODE = 1 05) and STB ( OP CODE = ' 03) would be determined in 
one (1) Search as well as STC (OP CODE= 1 04) and STD (OP CODE - 1 06). 

I 
. j 
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PROGR.AM: VLRrcc 

COMPUrER: DOP-¢24 AND DDP-224 
. 

SENSE SWllCH OPfION~ 

SSW 1 UP ro COMPARE, DOWN io COPY. 
ss~ 2 - UP FOR BCD, DO WN FOR BI NARY . 
SSW 4 DOWN FOR INSfRUCI ION IYPE OU I, UP 10 IGNO~E. 
SSW 6 UP ro IGNOR~ ER RORS, DO WN 10 REl~Y. 

. .... OPERAflNG INSfRUCfIONS 

1. LOAD (p24) OR FILL (224). 

2. A REGIS I ER = NO. OF FILES ro SKIP ON READ !APE. 
B REGISfER = NO. OF FILES ro SKIP o~~ l'IR I f E IAPE. 
p REGISfER = 'fl. 
liNDEX REG 1= NO. OF FILES. ro COPY OR CO"-lPARE. 
INDEX REG 2= NO. OF READ fAPE. 
INDEX REG 3= NO. OF COPY OR COMPARE fAPE. 

3. s r AR r. 

4. Ar END OF JOB, COMPUfER WILL HALr. f O R E\'J I ND r AP ES , 
SEf THE FOLLOHING:· 

A REGISf ER . (~EAD rAPE) ro 1. 
8 REGIS rER (WRI fE fAPE) ro 1. • 

5 . • PROGRAM IS NOW READY FOR NEXf OPERAfION . 

f . 
' I 
r 
I 
! 
I 
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C C O M P U T E R -- -- --- -

1.C Computer OperatinP, Procedures 

A. C~mputer/IOS / CS Checklist 

B. 

Before starting C Comput er the following switches should. be checked: 

1) C enable should be on at the IOS console . 

2 ) LGC circuit breaker in 

3) Computer panel s t atus : 

a. Common core lockout swit ch disabled . 

b . DDP configuration swi tch set to SGC . 

,c . Al l sense switches down. 

d . Int errupt swi t ch set. 

Loading/ Start Up Procedure s 

1) Octal Loader 

SEE UNIFIED SIMULATION SYSTEM 1.J'NDE'R 11 LOADING PROCEDURES" 

2) Initial Start up with a Reset 

a. Start at 1003 

b. XRl l RR , RTI ~ Res et Number 

* c . C mus t be started b efore A or B. 

3) Normal Start UD After Halting Comput ers 

a . Start at 100$ 

b. If simulator mode ba s changed with C stopped , start up with r eset i s 
requi red . 

c. C need not be started before A and B. 

4) Clear E-Memory on Start up 

a .. -·- Of questi.onable _ _value s ince overridden by reset . 

b . Start at 1038 

5) Ca l culate Banksum 

a. Seldom used option t o re-c al culate banksurns when F-memory p atch is 
made. (Mandatory for making a load tape} ~ 

b. Start at 1058 
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II.Octal Dump 

A. 

B. 

In.c Log 

A. 

B. 

't1he purpose of octal dump is to allow a 1-i.ne printer dump of any select­
able consecutive core area in Clower (0-'57777) or common ( 1 60000- 1 77777 ). 
Eight words per line are dumped. 

Operating Instructions 

1) - Put LMS Simulator in FREEZE. 

2) Raise SS 2 on C which will halt. 

3) A-Reg and B-Reg may be changed to lower and upper dump limits. 
('53700-'57777 which include LGC channels and E-memory are standard 
dump limits.) 

4) To avoid suppressing lines of all zero, raise SS 1. 

5) Put SS 2 down. 

6) Press START (after print complet ion, C will return to FREEZE). 

Description 

C Log is the counterpart of A/B Tape data recording. 100 variables may be 
logged at rates down to 20 times/sec. Fifty-seven of the variables to be 
logged are selectable. Channels and counters are always selected. Pro­
cessing of the tape produced on-line is accomplished via the ISAGC post­
processor. 

Manual Log Initialization 

1) Place LMS in FREEZE. 

2) Raise SS 4 (C will halt). 
~ 

a. Index Register l identifies the selectable log variable (1 - -,71). 

b. The ~-Reg contains the address of the variable presently to be logged. 

c. To select a differ ent variable for logging, key address into A-Reg. 

d. Push START . 

e. Continue a through d until all desired variables (up to '71) have 
been keyed in. 

f. Mount log tapes. 

g. Lower SS 4, set bit l of A-Reg. push START . 

h. Set A-R eg as follows on Halt: 

1, Bit l = l rewind 1st log tape . 

2. Bits 2-9 log interva l (50 millisec per bit) i.e. 1 sec. = 20 X 50 
millisec., s et 2-9 = 024 20 decimal . 

3. Bits 13-24 {in groups of 3) represent log drives 1, 2 , 3 & 4. 

i. If log header print is desired put SS 1 up. 

g. Push START , first log tape will be initialized, C will return to FREEZE. 
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C. Standard DSKY Log 

1) Mount log t ape on Drive ~ . 

2) If log header print is des ired, raise SS 1, 

3) Raise and then immediately lower SS 6. 

D. Card Controlled Log Initialization 

E. 

SEE UNIFIED SIMULATION SYSTEM UNDER "LOADING PROCEDURES" . 

.!!_og Card Format 

1) First Card 

a. Columns 1 ·- 4 

b. Column 6 

c. Columns 7 - 13 

d. Colunu1s 15 - 18 

e. Columns 21 .. 80 

2) Sel ection Cards 

a. ·colunms 1 •. - 3 

b. Columns 5 - 12 

c. Column 14 

d. Column 16 - 20 

3) Last Card 

a. Columns 1 - 4 

$L0G 

Blank or R for rewind 

Log t ape driv e specifications starting with 
the first through the last . 4 ,2 would 
spe cify TMU 4 as the 1st and TMU 2 as tl1e 
2nd tape drive . 

Log interval specified in s econds and 
hundredths of seconds . I .E . 1.01 would 
request a log every 1. 01 se conds. 

Comments f or tape identification. 

' SOl through S57 (logging locat ion assign-
ment must be in sequence with no omi ss:ions ) . 

Na.~e of parameter . 

Successive locations (DP= 2, TP = 3, etc ,) 

Address 

$END 

F, Start/Stop Procedures f or Log 

1) Turn .2E_initiali zed log with SS 5 up or Cloe; enable, 

2) Data s eparation is effected by writing an EOF on the log tape upon 
reset if Clog is on ( SS 5 or C log enable ). 

.; 

l 

i 
j 
j 
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3) Upon terminating run several EOF 1s should be written on the log tape. 
Should the log tape be on unit 4, raising and lowering SS 6 will 
accomplish this. 

4) Submit tape to off-line for postprocessing. 

IV. Auxilary Options 

A. Search routine 

By starting at 1 140 
comparison field in 
unmasked version of 
denote its address. 
B Reg. 

B. Quick- Look- Change 

and specifying a desired pattern in A reg with 
B Reg, search through Clower is possible. The 
the word will appear in the B Reg and XRl will 

The core location may be changed by changing the 

1) Start location 1160 to interrogate and possibly change consecutive 
locations specified by XRl, 

2) SS 1 up change option only. Specify change in B.Register. 

3) SS 1 down, A Register will contain value, and B Register will be 
exclusively ored with A Register. 

V. • Operation of C-Com1mter Clocks and · Interrupts 

When the LMS is operated with the Central Timing Equi pment, CTE, switched 
to "half-time" the A, B. and C Computer interrupts and clocks function as 
follows: 

A, B2 and C-Compute~s: 
( . 

1. The minute pulse is not effected by changing the CTE ·timing. 

2. The 50 millisecond pulse is extended to 100 mill i seconds. 

C-Co:rilputer: 

1. The 10 millisecond pulse which is used to increment the Tl, T2, T3, 
T4 and T5 readable/progrannnable clocks is extended to 20 milliseconds. 



C-Computer 
Page 5 

2. The 20 millisecond interrupt is extended to 4o millisecond. 

3. The T6 clock which counts at 6.4. KC is not effected by the CTE. 

A functional diagram of the hardware used to develop the timing clocks follows: 

' 

MULTIPLIER lMC DIVIDER 51. 2 KC -----... _______ _, ------:_ _______ _:-----------1 
lKC 

MULTIPLIER 6.4 KC to Com uter 

DIVIDER 1 KC 
To Com uter 

Half Time Switch . J 
DIVIDER , ,5KC 

- __:_G, _ .,_ • -.; • ... -~-.. .,. 



VI, I.SLGC CORE LAYOUT 

0 
1 

2 
17 

20 

to 

100 
I 

12300 

13600 
,it 

13677 

13700 
~ 

17777 

20000 
~ 

23777 

24000 
i, 

30007 

30010 ,. 
v 

30077 

30100 
{I 

31777 

32000 
v 

33311 

3 3340 
~ 

33360 

3 3400 
,!,, 

35777 

36000 
,!, 

37777 

40000 
J, 

47777 

50000 
I • 

V 

53277 

53000 
53111 
5 ~700 

V 

57777 

61 
77 

12301 
v 

13577 

PFI 

UNUSED 

INTERRUPT 
TRAP/TRANSFER 

UNUSED 

PART IV 

UNUSED 

MALFUNCTION 
TABLE 
PART IV 

SAFE STORE 
BUFFER 
IV 

PART I 

.. 

PART II 

SPECI AL 
DATA 
POOL 

PART II 

PART I II 

J EI' TIMES 

PART III 

C- Computer 
Page Y 

/(/YI 

PART I (good sized gaps ) 

FIXED 

MTP 
. . 

LOADER 

TM PARITY TABLE 
I V 
PRIVATE CHANNELS 
E- MEMOTIY 
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BIASING THE LUNAR TERRAIN BY A SLOPE 

I 
I 

The lunar datum plane may be biased by a slope (not to exceed 5 degrees) 
which is measur ed from the predicted landing site . Also, the max. delta 
altitude permitted is.:!=_ 5000 ft. unless GFKM5000 (B20 ) is changed via the 
typewriter. 

To effect a change of slope of the lunar terrain, one must enter into 
GFTYTHl@ BlO the co- tangent of the desired angle of inclination. The 
conversion/store routine in B Computer provides the tool for converting 
co--tangent to octal @ BlO and entering it into GFTY'I'Hl. (The ad.dress of 
GFTYTHl is located in the B-L Memory Map ). The table below gives the 
co-tangent of slope of .1° through 5.0° 1s. 

SLOPE 

.. lo 

.20 

. 30 

_40 

. 50 

.60 

,70 

• so 

.90 

1.00 

1.10 

1.20 

1.30 

1. 40 

1.50 

1. 60 

l.7° 

1.80 

1:90 

2.0° 

2.1° 

2.2° 

2.3° 

2.4° 

2.5° 

GFTYTHl 

572.96 

286. 48 

190.98 

143.24 

114,59 

95,489 

81. 847 

71.615 

63,657 

57,290 

52.081 

47,740 

44.066 

40.917 

38.188 

35.801 

33.694 

31.821 

30.145 

28.636 

27 . 271 

26.031 

24.898 

23. 859 . 

22.904 

SLOPE 

2. 6° 

2.7° 

2.8° 

2.9° 

3.0° 

3.1° 

3.2° 

3,3° 

3. 4° 

3,5° 

3.6° 

3,7° 

3.8° 

3,9° 

4.o 
4.1° 

4.2° 

4.3° 

4.4° 
4.5° 

4.6° 

4.7° 

4.8° 

4,9° 

5.0° 

GFTYTHl , 

22.022 

21. 205 

20.446 

19,740 

19.081 

18. 464 

17.886 

17,343 

16.832 

16.350 

15.895 

15. 464 

15.056 

14.669 

14.301 

13,951 

13. 617 

13,300 

12.996 

12.706 

12.429 

12.163 

11.909 

11.664 

11. 430 

; 

I/Al 
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1/5/ 

IOS CSM CONTROL PANEL OP11 IONS. 

CSM 8-. V 

On the CSM Contr o l Panel o f the IOS , the de s ired X, Y and Z velocities 
in 0,1 fp s u..nit.s are dialed on th e Dig iE;witches . These v e1 oc ities will 
be i nsert ed in the BODY or LOCAL VEHTICAL fr ame of the Cl~S ( as selected 
on the sprils auove th.e Digiswi tches ) when the CSM t.) V spri l is pushed . 

· II . CSJ.1 GIMl3AL J\Ji!GLE J-. '..AJH~UVERS 

Wheth er the vehicles are docked or not , the CSM will maneuver to the CSM 
outer , Inner and Jviiddle Gimbal Angl es ent ered on the Di g i swi tch es wh en the 
CS!1 MNVR spri l is pushed . Ang les a r e entered i n INTEGER DEGREES , i gnor ing 
the de~irna l point on the Digiswitch es . 'The fina l CSM g i mbal angl e s may 
be checked by Teading Paramet e r Display v alues 31, 32, 33 ( AUCMGA , AUCIGA 
and J1UCOGA ) wh:ich a r e automat icall y calculated after CSM i s maneuvered . 
1·n1cn docked, both CSM and LM wi ll maneuver . When in LMS /CMS or _LMS / CMS / 
GSSC mode , th e CSM M.NVR spril i s ignored. 

III. LH LOCAL VEH'l'I CJ~L t-~N-muvrrns 

W11en the LM LV Ml'NR s:pril is push ed th e LM will be maneuvered to the 
Loc8.l Vertical Angles entered on the Digiswitches in I NTEGER DEGREES, 
ignoring the decimal point. Final altitude may be checked a,g°ainst 
Pa.rarneters 2J , 22 and 23 on the Parameter display (AUROL) J\UPIT ~ and 
AUYAW ). Entries must be orthogonal attjtucle combinations ( see Figure 1 ) . 
All vrc:hic l e ane;ular rates and ac c e l e r ations will be set to zero when the 
spril is depressed . 

7 

I 
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IOS DOCKING AND UNDOCKING PROCEDURES 

I. TO UNDOCK AND SEPARATE 

1. Turn PROBE CONTROL-ON (if it is off) 
2. Turn PROBE CONTROL-OFF 
3. Observe CAPTURE goes off in two (2) seconds and vehicles separate 

at 0. 5 fps. 

II. TO UNDOCK TO SQFT-DOCK POSITION 

1. Turn PROBE CONTROL-ON (if it is off). 
2. Turn PROBE CONTROL-OFF, then on. 
3. Observe range goes to 22.8 ft and CAPTURE stays on. Vehicles are 

soft-docked. 
4. To release, turn PROBE CONTROL-OFF then turn CAPTURE-OFF. Vehicles 

are now free. Fire RCS in LMS or add CSM AV to separate vehicles. 

III. TO FORCE DOCK 

1. Push PROBE CONTROL while CAPTURE is off. Vehicles will hard-dock 
immediately, providing range is less than 6000 ft. 

ti CI 

2. A safety latch A097 has been added to the logic to prevent inadvertent 
forced deckings. To enable Force Dock logic set A097 = 1. 

IV, TO REDOCK 

1. Fly vehicles to 22.8 ft. range. If dock criteria are met (see 
Figure 1) the CAPTURE light will come on steady. 

2. To retract probe and hard-dock, turn PROBE CONTROL - ON. 
3. If dock criteria are not met, the CAPTURE light will flash and vehicles 

remain relatively motionless. 
4. To recover from an improper dock push CAPTURE. The light will go out, 

and the vehicles will separate beyond 22.8 ft. Docking may then be 
re-attempted. 
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PRINTOUT 

RANGE 

RNG RT 

LAT VEL 

YA\·l RT 

PIT RT 

ROLL RT 

OFFSET 

XX AXI S 

YY AXI S 

STATUS 

MNtMONI C 

VARHOLS 

ARHODLS 

ARHODY Z 

APB 

AQB 

ARB 

ARHL YZ 

VDQll 

VOQ22 

A095 

FIGURE 1 

DOCKI NG PRINTOUT 

DEFI NITION 

Range 22.8 = Soft Dock 
22 . 0 = Hard Dock 

I I . 

Range Rate I 

Si .de11~ws. Velocity 

Yaw Rate 

Pitch Rate 

Roll Rate 

Probe Mi salignment 

X-X Axis Align~ent 

Y-Y Ax is· Alignment 

0 = Proper Dock 
l = Improper Dock 

UNITS 

Ft .. 

Ft./Sec. 

Ft. /Sec. 

Rad./Sec. 

Rad ./Sec 

Rad./Sec . 

Ft. 

Cosine 

Cosine 

None • 

SAFE LIMITS 

Not checked 

>-1.0 

< 0.5 

Not checked 

+.01745 

+.01745 

0.833 

<-0. 966 

Not chec ked 

Not checked 



,IP I 

POST LANDING DYNAMICS 

I. SOFI'WARE SELECTION: 

The surface slope , APLALFA, of the landing site and the initial gear striking 
the surface, APLGEA.R, are now selected by the EQUATIONS OF MOTION programs. 
APLALFA is selected by picking up a value from RANDOM each time the simulator 
goes to run and has a range of Oto 12.5 degrees at a binary scaling of +9. 
APLGEA.R is selected by monitoring the flight dynamics of the vehicle below 
200 feet and will ·have a value between 1 and 4 (gears are numbered clockwise 
from the +Z axis) at a binary scaling of +23. 

II. MANUAL SELECTION 

APLGEA.R and APLALFA that have been selected by the software may be overridden 
by use of the har dware at the IOS. The CSM ROLL Digiswitch (found at the right 
side of the IOS) and LANDING CONTROL Spril (found at the left side of the IOS) 

• are used for this purpose. The desired surface slope and initial gear strike 
are dialed up on the CSM ROLL Digiswitch usiog the format XY.Z, where X'f. is 
the desired surface slope, and Z is the desired initia~ gear strike. The 
values· are entered by turning the LANDING CONTROL Spril on and then off. This 
must be done after the simulator has gone to run since the software will select 
a new value for APLALFA. The LANDING CONTROL Spril must be turned off. ·since 
'it is ·used for a dif'.ferent purpose when the LM is on the surface. A value of 
zero for the initial gear strike will suppress POST LANDING DYNAMICS. 

III. IMPROPER LANDING RECOVERY 

If the safe landing criteria ( see figure 1 an·d 2) are not meet at lunar contact, 
the LANDING CONTROL Spril will falsh. The vehicle may be re-erected by turning 
the LANDING CONTROL Spril on and then off. Normal simulation may then be 
continued. 
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PRINTOUT 

STATUS 

ALT RT 

LAT VEL 

FWD VEL 

LGC ALT 

D NORTH 

D EAST 

SLOPE 

LV PIT 

LV ROLL 

L GEAR 

LAG TIME 

MX TILT 

D F QTY 

DO QTY 

"'" ....... ~ 

' 

"' 

·MNEMONIC 

ALDG 

ARDNL 

GFYDBS 
., ... 

GFZDBS 

ALGCALT 

VNORTHZL 

VEASTYL 

APLALFA 

AUPIT 

AUROL 

ALPGEAR 

AULAG 

ATILTMX 

PWF 

PWO 

.. 

UNSAFJ . 

......... 

"-l 
..... , ... 

I 

(FIGURE 3) 

LANDING PRINTOUT 

·DEFINITION 

0 = Safe 1 = Improper 
2 = Tilt Over 3 = Both 

Altitude Rate 

Lateral Velocity 

Foward Velocity 

LGC Altitude 

Distance North of 
Landi ng Site 

Distance East of 
Landing Site 

Surface Slope 

Local Verti cal Pitch 

Local Vertical Roll 

Initial Gear Strike 

Time from Lunar Contact 
to Engine Stop 

Maximum Tilt while on 
Surface 

DPS Fuel Weight 

DPS Oxip_ Weight 

UNITS 

Ft. /Sec. 

Ft ./Sec, 

Ft ,/Sec . 

Feet 

Feet 

Feet 

DEG . 

DEG. 

DEG . 

See Fig . 3 

Sec. 

DEG . 

LBS. 

LBS, 

A 

SAFE LIMITS 

Not checked 

See Fi gure 

See Fi gure 

See Figure 

Not checked 

Not checked 

Not checked 

Not che cl:ed 

Not checked 

Not checked 

Not checked 

Not checked 

41.4° 

Not checked 

Not checked 

LM+Z 

C) 
I 

A 

--------~ 

,, J) ,_ 

~ , 

2 

2 

2 

3 

2 

SAFE ~ 
LM-Y G- ....... -€) LM+Y 

r 

- 1 
I 

0 

AUVYZ (GFYDBS )2 + (GFZDBS)2 

LM-Z 

APLGEAR 
IDENTIFICATION 
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7. 8 . 0PEHA'rII.:G I liS'l'RUc:·1ons f oR 
To use AUTO UPLI:;:: , the swi t ch lal;c l(~i AU'l'O UPLHl l{ loc ated on the 

UDL pa nel !:r,tst be cepresseJ. . Co1:~:nunicat:i.ons must b e setup properly 

or set SiiOC!!ECr~ e~ual t o a OHE t o liy-p~~ss comm . check s . 

'l'he I/S DSKY i s used to inHfa t e the u p li nks . 

DSKY IrJPD:i.' UPLIKK 
' 
' VN.OE 

V'lllE 
V713E ' , 
v71l1E 
V'(30E 

JJ,,j S'I'/,'I'E VF.CTCY? 
c sr.; ~,TATE \'ECTOR 

TIME UPDJ.TE 

The g e neral u pd ate V714 is loaded liy cards . The fo rmat o f the car ds 

is t he s2.r1e as tl:e OCTAI, corr cctio:1 1-~utch cards . The c ore ar ea i nto wh i c l1 

. the d a t a i s r ead st2.rts at SC/\.l:1DTBI, ( Chee}·_ A- U -l-1ernory l-1ap f o r address ). 

~I'his locat i on shc'.1ld. denote t he type:: o f update '71 or 72. Loc ation 

SCPJmTBL +l shou.lc. cont2.i.n the nu_rnber of co:,,1)onents j_n OC'l'AL which will 

b e b et vecn 3 and 2~ . The minimUCT of 3 ,-:oulcl. cons i st .o f ( 1 ) number o f 

compo nents (2) ISLGC address , and (3 ) o ne dat a word. • 

The c a rd s should te :formatted as f ol lows : 

V71 

WWWWWB 
00000R00CC007Lt.. 
000011~000000:•'.~·: . .:... 
00002R00:J0:TIY _:,_ 
00003!\00ClZZZZZ:.. 
000011 n.ooc.\1~izzz1~ 
0000 51-:ooozzzzz;, 

WWHW\-ffi 
00 000R0000~07 2A. 
OOOOlEOOOOOOi'.X!, 
00002HOOOOYT:'YA 
00003ROCCJZZZZZ1\ 
ooooliROO OOYYYYJ\ 

0000511ooozzzzzA 

W Address o f SC/1!:: '. Yl'EL 
X llumbcr o f Co~::~: oncnts 
Y Address to be Updated 
Z Da t a 

'l'hc 11 c nte:r-s " f ollc·,:ing each word o.n ,1 t he V33C at t h e enu cf each b l ock 

is in i t icttccl auto:::·:.i..ic a l l y by the LJJ)j , ~;ofb ..a r e and docs not hav e t o b e 

on c a rd s . 

'J'hc b a,;j_ c u j_f f cre:~cc• bct,-1e:e 11 VTL 1tnd V'( 2 n tdn.te: i s , V7 1 al l o,.·s u pdates 

of c o nsc:cutive J.o c:!tions ~tartinc ,,.i.U1 tlic- urldrcss c·,.1. l lcd cut or the 
c a rd :; and V' {?. :tllc· .. ,s u prla.tc~; bf ~;c~tt -'._,cre:d loc:.'.!.tions t hrougiiout c ore . 

'l'lle ISLG C must be i '11. P00 ,to accept any upl ink . 

' ....... 
ti.,___ •• , .....,.._..._....,. 'T>' - - ... • ~ .. - _ _ ,.... ~ ... "':' _ ':"'-..-.~"?'..,...- -----~--- · · ---.,• ~ - - ... • - · - __, . r • •---·• - --



UP-DATA-LINK (UDL) VIA COMMUNICATIONS LINK 

For Up-Data-Link (UDL) to be possible: 

1. The XMTR/RCVR switch must be in either Primary or Secondary; 

2. All circuit breakers for Comm, must be in; 

3. The UDL circuit breaker must be in. 

To receive data by UDL (T324=1): 

1. UDL mode switch (in cabin on Panel 12 - lower left corner) must 
be in "DATA". 

2. UDL VOICE B-U SPRIL must be unlit (not in VOICE mode)(left side 
of instructor's panel) . 

3. Correct S-Band Antenna must be selected: Panel 12 

a. If Steerable Antenna is s elected: 

i.) Mode switch in auto . 

ii.) Signal Strength (SS) must be 4.01. 

,,.._ 

b. Select one of the omni antennas if the SS with the steerable 
antenna is too low. Switch back & f orth between the two 
omni antennas to determine which has the greater SS and 
leave switch on that antenna. 

,I e,.. 

c. The lunar stay antenna will work on the lunar surface only. ~ 

d. UDL SPRIL in "AUTO" or .'1MAN UAL 11
• 

To receive Voic e and Back-Up (T346=1) : 

1. UDL Mode Switch in "VOICE" ( Tll8=1) ( in Cabin , Panel 12). 

2. VOICE B-U SPRIL on instructor ' s station ( extr eme left side) in 
VOICE B-U (SPRIL lit). (T319=1 ). 

If the signal strength remains at 0.5 no matter how you set the ant enna 
switches , you are probably behind the moon . To get around this, set 
T067 (71457 , ML78-0l) =l . 
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LGC CONTROLLED DESCENTS/ASCENTS 

CABIN MODEING 

CONTROL 

GUIDANCE CONTROL 

ENGINE ARM 

MASTER ARM 

MAN. THROTTLE 

THR/JET 

ENGINE GIMBAL 

BALANCE COUPLES 

MODE CONTROL 

RCS MODE 

RCS THRUSTERS 

ACA PHOPULSION 

TTCA ENABLE 

ACCA JET ENABLE 

ANT 

X TRANS. 

THROTTLE 

DES CMD OVRD 

RATE ERROR MONI TOR 

RADAR TEST 

RNG;RNG RATE/ALT ,ALT RATE 

MODE SWITCH 

ASCENT PRESSURE 

DESCENT PRESSURE 

CLOSE ALL CIRCUIT BREAKERS 

DESCENT 

PGNS 

DES. 

ON 

CMDR. 

THR. 

ENABLE 

ON 

PGNS-AUTO 

MODE-CONTROL 

AUTO 

ENABLE 

UP 

UP 

AUTO 

4 JET 

MINIMUM 

OFF 

LDG RDR/CMPTR . 

OFF 

ALT/ALT RATE 

PGNS UNTIL 30,000 FT 
THEN SW TO LDG RADAR 

N/A 

FIRED 

f( f. t ' 

ASCENT 

PGNS 

ASC, 

ON 

N/A 

N/A 

N/A 

ON 

PG NS-AUTO 

MODE-CONTROL 

AUTO 

ENABLE 

UP 

UP 

N/A 

4 JET 

N/A 

N/A 

N/A 

N/A 
._, 

ALT/ALT RATE 

PGNS 

FIRED 

N/A 

.. ·- --· ...... , .. -·· ._....,.~--



POWERED ASCENT PROCEDURES 

I 
1.) KEY V37El2E 

FL V06N33 

Rl = HRS 7 

R2 = MIN j R3 = SEC 

GET LH'T- OFF (USUALLY ZERO ) 

2.) IF ACCEPTABLE GO TO 3. OTHERWISE LOAD DESIRED GET. 

3.) 

4.) 

·, 
KEY V25E AND LOAD DESIRED DA'I'A 

PRO 

FL 

PRO 

Rl = +OOXXXE HRS 

R2 = +OOOXXE MIN 

R3 = +OOOXXE SEC 

vo6N76 

Rl = CROSSRANGE 

R2 = APOLUNE 

R3 = BLANK 

(MISSION TIMER+ 5 MIN) 

POSSIBLE ALARM. IF NO ALARM GO TO 5, 

FL V50N25 

Rl--= 00203 
-

R2 = BLANK 

R3 = BLANK 

PRO 

SET GUIDANCE CONTROL TO PGNS 

SET ATTITUDE CONTROL TO AUTO 

5,) ENTER 

6.) FL V06N64 

Rl = TFI 

R2 = YAW 

R3 = PITCH 

IGNITION TIME 

FDAI ANGLES AFTER 

PITCH OVER 

II f,_ 
_.._ 

POSSIBLE PHOGRAM ALARM: PROG. LIGHT ON. 'rIG SLIP . HI'r RSET ( ON DSKY ) Y\.N1) 
CONTINUE. 



• 

' . . 

7.) AT TIG - 35 DSKY BLANK$. FOR 5 SECS. 

FL vo6N64 RETURNS 

8.) AT TIG= -5 

FL V99N7l~ 

Rl = TFI 

R2 = YAW 

R3 = PITCH 

PRO TO ALLOW IGNITION 

9.) AFTER IGNITION 

STATIC vo6N63 

Rl = VI 

R2 = HDOT 

R3 = H 

INERTIAL VELOCITY 

ALTITUDE RATE 

ALTITUDE 

10.) FDAI ANGLES AFTER PITCHOVER , (AT APPROX . 500 FT . ), SHOULD EQUAL VALUES 

FOR PITCH AND YAW FROM STEP #6 . 

11.) TO DISPLAY "TIME TO GO TO ORBITAL INSERTION" 

KEY Vl6EN77E 

Rl = TG 

R2 = V(Y) 

R3 = BLANK 

XXBXX 

VELOCITY NORMAL TO CSM PLANE 

HIT KEY RELEASE TO RETURN TO 

STATIC vo.6:rn6 DISPLAY 

12 .) AFTER ENGINE CUT-OFF (AT APPROX . 60 , 000 FT ) 

FL Vl6N63 

PRO 

Rl = VI 

R2 = HDO'r 

R3 = H 



13.) FL Vl6N85 
,._ 

Rl = VGX 

R2 = VGY (X,Y,i". VELOCITY COMPONENTS ) 

R3 = VGZ 

PRO 

Pl2. IS TERMINATED AND POO IS ENTERED. 

~ 



I 
I 
I 

I 
" 

• I 
1.) KEY 

FL 

V37E63E 

V06N61 

Rl = TG 

R2 = TFl 

t . 

POWERED DESCENT PROCEDURE 

TIME TO GO IN BRAKING PHASE 

TIME TO IGNITION 

R3 = CROSSRANGE 

SET EVENT TIME TO TFI 

PRO 

2.) FL 

PRO 

ENTER 

3,) FL 

PRO 

4.) STATIC 

V50N25 (IMU FINE ALIGN OPTION) 

Rl = 00014 

TO DO FINE-ALIGN (NORMALLY DONE IF TFI IS GREATER THAN 15 MIN) 

TO CONTINUE 

V50Nl8 

Rl = ROLL 

R2 = PITCH 

R3 = YAW 

vo6N18 

FDAI ANGLES 

TRIM ANGLES 

LM WILL NOW PITCH TO DISPLAYED ANGLES 

5.) FL 

ENTER 

V50Nl8 

6.) POSSIBLE ALARM 

FL V50N25 

Rl = 00500 

L/R NOT IN DESCENT POSITION : 
THEN RETURN TO AUTO. 

PRO 

7,) IF DISPLAY DOES NOT CLEAR 

ENTER 

MOVE L/R ANT TO DESCENT, HOLD FOR 10 SECS. 

.., 
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8.) POSSIBLE ALARM 

FL V50N25 

Rl = 00203 

PGNS GUIDANCE, AUTO ATTITUDE AND AUTO THROTTLE MODES NOT SELECTED. 

CORRECT SW SETTINGS 

PRO 

9.) IF DISPLAY DOES NOT CLEAR 

ENTER 

10.) FL vo6N62 

Rl == VI INERTIAL VELOCITY 

R2 == TF TIME TO -IGNITION 

R3 = VM VELOCITY TO BE GAINED 

ATTIG== -35 DISKY BLANKS FOR 5 SECS. 

"ALT" AND "VEl'.," LIGHTS COME ON 

11.) FL vo6N62 RETURNS 

12.) AT TFI == -7 SECS+ X TRANS (ULLAGE) IS COMMANDED. 

13.) AT TFI == -5 SECS. 

FL V99N62 

PRO FO.B IGNITION 

FL V06N62 RETURNS 

14.) AT TFI = 0 

STATIC vo6N63 

Rl == VI • 

R2 = HDOT 

INERTIAL VELOCITY 

ALTITUDE RA'rE 

R3 == H ALTITUDE 

10% THRUST -FOR APPROX. 26 SECS. 

THEN 100% 

VERIFY THIS BY "THRUST METER". 
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15,) WHEN "ALT" LIGHT GOES OFF 

KEY V57E 

FL V06N68 

Rl = SLANT RANGE TO LDG SITE XXXX .X NMl 

R2 = TIME TO GO IN P63, MIN-SEC . 

R3 = LR ALT-PGNS ALT , FT 

PRO TO ACCEPT LR UPDA'l1ES . 

FL V50N68 

MONITOR CONVERGENCE OF LR ALT & PGNS ALT 

PRO TO RETURN TO V06N63 

16.) WHEN HIS BETWEEN 6,000 and 8,000 FT. P64 is AUTOMATICALLY CALLED 

FL V06N64 TG - TIME LEFT FOR REDESIGNATION 

R2 = H-DOT 

R3 = H 

17,) TO REDESIGNATE 

PRO 

LPD - LANDING POINT (VERIFIED BY CHECKING 
ALIGNMENT OF CROSS HAIRS) 

SET CROSSHAIRS OF LPD TO DESIRED LANDING SITE . THIS CAN BE DONE ONLY 

IF TG IS GREATER THAN 20 SECS , ( 11 H11 IS GREATER THAN 250 FT). 

18.) LANDING OPTIONS AVAILABLE, SUGGEST USE WHEN H IS LESS THAN 500 FT, 

AUTOMATIC : GO TO 22 

R.O.D 

MANUAL 

GO :=_TO 22 

CONTINUE 

19. ) PLACE 'l'HROTTLE SW IN MANUAL 

STATIC vo6N62 • p67 IS CALLED 

Rl = V (HORIZ ) 

R2 = H-DOT 

R3 = H 

...... _ • - .. ·-·--·-- · ----··· --~- , ____ .,. __ , -....-; ...... ___ .. _,.,.._. -- ~ -/N" _,,.../'1"_.~ ............. . ......... -...--..-. .. ... rt ... - ~ ,....,.~ ,-.--.--.,,-------..--r-, ... ,"~ ... ,,_ ... _ ,.~..,.--,-----~J,-~,. --i, ... ,,. • .-... ,_, •• ,T""O"......,"'('~--- - --
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20.) CONTROL LM DESCENT BY MANUAL THROTTLE COMMANDS . IF THROTTLE SW IS 

RETURNED TO AUTO GO TO 22 . 

FL vo6N60 

GO TO 26 

Rl = V (HORIZ ) 

R2 = H- DOT 

R3 = H 

21 .) ROD MODE : SET PGNS MODE CONTROL SW TO ATTITUDE HOLD . 

P66 IS CALLED , vlliEN THE R.0 .D SWITCH IS FIRST USED . 

NOTE : IF 'rHROTTLE SW IS RETURNED TO AUTO DURING P67, P66 IS CALLED . 

22 .) COMMAND LM RATE OF DESCENT BY SETTING ROD SW UP OR DOWN FOR EACH 

lFPS DELTA REQUIRED. 
ROD SW IS LOCATED NEAR THE ENGINE STOP BUTTON ON SIDE OF PANEL . 

STATIC vo6N60 

23 , ) GO TO 26 

Rl = V (HORIZ ) 

R2 = H- DOT 

R3 = H 

24.) AUTOMATIC LANDING 

P65 IS CALLED 

STATIC VOoN20 

Rl = V (HORIZ) 

R2 = H-DOT 

R3 = H 

2 5. ) vmEN H - 5. 5 FT . LUNAR CONTACT LIGHT COMES ON . PUSH ENGINE STOP SW . 

26 .) KEY V37E68E 

FL vo6N43 

Rl = LAT 

R2 = LONG 

R3 = ALT 

RE'rURN TO FOO. 
/ 
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l) KEY 

FL 

IF X = 

2) PRO 

FL 

3) EN'rER 

FL 

4) KEY 

FL 

5) KEY 

FL 

6) PRO 

FL 

IN FLIGHT IMU /1 LIGNl,:EN'r 

USING THE J\OT 

V3'(E52E 

vol1No6 

Rl = 00001 OPTION CODE 

R2 = oooox ORIENT.t\'rION SELECTION 
1. PREFE!mED 
2. NOMINAL 
3, HEFSMHAT 
4. LANDI NG SITE 

3 KEY IN PRO, OTHERWISE V22E3E 

V50N25 

Rl = 00015 

V01N70 

Rl = OOXYZ 

·--
--

V21E 

V21N70 

Rl = BLANK 

2YZ 

vourro 
Rl = 002YZ 

V'.:,0!118 

Rl XXX.XX 

n2 xxx.xx 

PERFORM STAR ACQUISITION 

X = AOT DETENT 
1. LEF':i.' 
2. CENTER 
3, RIGHT 
4. ANY REAR 
5. BACK-UP (COAS ) 

YZ = 00 PLANET 
01-45 STAR 
!16 SUN 
47 EARTH 
50 HOON 

YZ = 01 POLARIS 
03 NAVI 

1st S'J'AH 

. 12 RIGEL 
1l1 CANOPUS 
15 SlHIUS 

ETC: 

FDAI AllGLEf> FOH STAR CALLED TN 5,) 

.... 

• 
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7) GUIDANCE CONTHOL: PHGS 

PNGS MODE AUTO 

PRO 

FL V06Nl8 

Rl XXX . XX 

R2 XXX . XX 

t . 
l
--~, " -;)· , .: 

..,. '-:,· 

AU'J.'0 MANEUVER 'l'O S'l'AR LOS 

SAME ANGLES AS 6) 

: 

.,,__ ,'9,_ 

- - -- ----- R3 XXX.XX 

9) 

FL 

EN'fER 

FL 

V50Nl8 

V01N71 

Rl = 002YZ 

MANEUVER CO:liPLETED , PRO MAY BE HIT 

SEVER.AL MORE Til1ES FOR FINER ALIGNMENT . 

10) KEY V76E 

SAHE DISPLAY AS 5) 

MIN. I MPULSE MODE 

PNGS MODE CONTROL: ATT. HOLD 

11) PRO 

12) 

13) 

1~) 

15) 

FL MARK XOR Y 

NOW READY 'l'O MARK ON STAR 1. 

IJ,j IS MANEUVERED BY PULSING P,'l'CA ; AS STAR P.A SSES RETICLE X OR Y, MJulK BUTTOif 

IS DEPRESSED. FOR A V JI.LID MARK , AN. X AND A Y l-11\.RK I S REQUIRED. UP TO FIVE 

PAIRS MAY BE MADE , FOR AVERAGING, BUT X I s AND Y I s MUST ALTERTlATE . 

PRO 

FL 

KEY 

FL 

KEY 

FL 

PNGS 

PHO -

FL 

CON'I'HOL: 

V01N70 

Rl = 00200 

V21E 

V01N70 

Rl = BLANK 

2YZ 

V01N70 

Rl = 002YZ 

AU'l'O 

V'.:,ONJ.8 

Rl XXX.XX 

R2 XXX . XX 

H3 XXX .XX 

YZ =NO . OF 2nd STAR 

FDAI l\l~GLES FOH 2nd S'l'l\H LOS 
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FL vo61u8 AUTO POSITIONING PERFORMED 

JU XXX.XX 

H2 XXX.XX 

R3 XXX.XX 

WHEN SATISFIED WITH POS'rION 

--- --1 7 ) ENTER 

FL 

18) PRO 

FL 

V01N71 

Rl = 002YZ 

V54N71 

PNGS CONTROL : /\TT . HOLD 

MAr<K ON SECOHD STAR 

NOTE: V52ffn is MARK X 
V.53N71 is MARK Y 

\DIEN lvl'.ARKS ARE C0,-1PLE'l'E: 

PRO 

FL V06N05 

MATIK XOR Y 

Rl = XXX. XX MARK EHROR , DEGREES 

IF LESS THAN . 05, COHTIHUE ; IF NOT, KEY V32E (RECYCLE ) 

20 ) PRO 

FL V06J'J93 

Rl :-xx.XXX 

H2 XX.XXX 

R3 XX.XXX 

X GYRO TORQUING ANGLES 

Y GYRO 

Z GY RO 

IF ACCEPTABLE , CONTINUE; IF NOT , KEY V32E 

21) PHO 

FL V50N25 

JU 000111 

22 ) EH'J.'E:n (HO) OH PRO (YES) HECYCLE 

EXI'r PHOGHJ\.M 

FINE ALIGN cm~cK DESITIED? 

.. 
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SI NGER - GE:i-'.i:RJ\L Pf( EC IS ION. ll\!C. 

TO: Llv1S ENGI!ffEIUHG & PHOGR.1\!tJ,JHJG DATE: '7 Ap ril 1970 

FR OM LOC: Houston / SJMCOM 

MEMO NO: HAR-70-01 212 

FROM: W. A. Ragsdale 

SU!lJECT: Landing the um 

The purpose of this memo is to describe t he procedure s . for manualJ.;'>r 

.landing the L'.JlS . 
• I 

Assu.'Tli ng a nominal descent has bef:.n mad e , P64 ( the Approach · Progr am ) will 

begin at abol:t '(000 feet alt itude . At t hi s time the IH will pitch dmm 

to about 30° nose high . The DSKY Displays vo6 N6i1, which is 

Rl: Redesignation Time Left ( Sec) XXBl2.nkXX 

LPD /rns l e ( Deg ) 
R2: Alt itu.de P.atc ( XXXX .X Ft/Sec ) 
R3: Altitude (xxx.xx : Ft ). 

'l'hc LPD PJigle is used to ideni.: :1.fy the :t a::gE::t lann:i.ng sit e . In order to 

change th 2 t erget the ACA should be t:i.lted out of detent in ·the desired 

dir ect:i:o:, of Rcdesignat i on . 
- .... _ 

Without rnanual input s the LM "'ill fly t o the land:1.:ng site and desc end 

v ertica lly at 3 f t / sec for the l ast 100 feet of altitude . 
. ...... __ 

Manua l tc.keovcr j_s ac complished by swjtc hj_ng the PGNS Mode Control to ~ 

AT'r HOLD. At this tfr1e the JJ-~ ,iiJ.l continue to 1;1aintain a nominal a.lti--­

tude vs alt itude rate p rofile , but the forward and latera l velociti es are 

pilot-cont r oll.e.~ . The nonine,l altitude v s altitude r ate for the l.::!st 

5000 fe e t is approxi;nate1y : 

Altitude Ra te = 3~~ of Altitude 

Typica l vaJ.ues arc given b elow : 

AJ.t = 5000 
2000 
1000 

500 
100 

Alt lb.te = l~iO 
60 
30 
15 

3 

If it is desired t o chance the rat e of ci::sccnt this c nn be accomJ)l:i.shsd in 

one of t ,10 ways : 

l ) TIOD Switc:1 - ifovi.n[~ the J.:()l) f311:i tel1 UJ:1 cle:crca,_;c-s tlic rat e 

of d escent by J. ft / sec fm: c:uc h c.:lj_ck . Movi ng :Lt clovn in-­

crease s tJ-w ni.tf., of d.~sccnt by 1 ft / sec J'or co.ch click. 
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Once the ROD Swi.tch h ns b een moved out of detent the DSKY
1 will ind icate P66 ( t h e HOD Landing Frognim ) and t he p ilot _., 

mus t control bis d escent rate for the remainder o f the 
l anding . In rG6 th e DSKY display i s vo6 N60 : 

Rl: 
H2 : 

. R3: 

Forward Velocity (XXXX. X Ft / Sec) 
Altitude Rate ( XXXX . X Ft / Sec ) • 
Altitude (XXXXX. Ft) 

2) Manual 'I'hrottlin3 - If the Throttle Control is l eft in AUTO, 
moving th e throttle up · will add the 1:1anual input to the PG N"S ­
corrunancled thrust , which will re s ult in a d e crea se in desc e nt 
rat e . 

If complete manual throttling is desi r ed the Throttle Control 
is moved to nAJ;Ul'..L , 'I'o decrease the descent r ate the throttle 
is mov·ecl so the 'l' /\·l Meter indicates gi·eater t ha n 1. To i n­
c~ease the desc ent rat e the tlrrottle is ~ovecl to a T/W value 
less thB-n 1. 'I'o maintain the present descent r2.te the T/H 
value should be kept at ·1. 

In either HOD or Manual Tl1rottline; it i s_ reco:n;ncndecl that the d escent r a.te 
be r educed to zero at sc)ne alt itude between 200 and 100 feet . This lee.ves ·, 
the LM f l y ing parc,llel to the surface so it can be fJ.o·,m to a target • 1anding 
site. The f~ ei quantity shotQd be monitored , because to destend the l a st 
100 feet at 3 f t/ sec ta~es appr-ox i mately 3% of the fuel . 

Once the LM i s over the t arget l and i ng site the crosspointers s hould be ,,set 
to LO SCALE and the horizontal v elocities should be ze roe;cl . This is accom­
pli shed by " Zero i ng the Crosspo i nters ". This is clone by tilting the IJ-! 
opposite its fo:c-ward and lat e r al velocity co!n.poncnts ur,til they are zero , 
the n maneuve r i ng to an erect level altitude . The r e com:.:icnciecl t e chnique fo r 
doi ng th is is to think of' pulling the c1·osspointers to tbe c e nter , as s hcn-:n 
in the fol lowi n~ sketch . 

TILT AC/\ t 
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I . 

Once the velocities are approximately zeroed , the descent rate sl1ou.lcl be 

incremented to at l east 3 feet per second. ·If fuel is lo:-r, the r ate of 

descent may b e higher, but at any alt itucle below 50 fe et the rate 10.f de­

scent should. b e as close to 3 feet per second. as possible. 

During the f inal vertical descent the cro sspoi nt e rs sbould be kept zeroed;"' 

'rhis can ·b e accomplished manually, as de scribe d above ; or automatic&lly, by 

_.- .. setti_ng the PGI'JS Mode Cont rol to AUTO. 

◄ • 

When the lunar contact light co~ncs on , the Engine STOP should be depressed . 

ABORT S'r.AGE s hou1cl be pushed if either roll or pitch 2xcccds 30° aft e>.r 

lunar c ontact . If an abort occurs, make certain the PGNS Mode Control is 

in AUTO as soon as possible . 

If the landing is safe the PGNS Mode Control sh9uld be turned OFF .to .stop 

RCS j ets from firing. 

The followin6 is a summary checklist for a nominal Rate--of-Descent ( ROD ) 

landing . 

1 . r64 SWITCH POSITIONS ( 7 000 ft Al{ ) 

CDR ' s X-PIITR Scale-HI lf:UL'l' 
Rfi te / Err Mon- LDG RDR / G!PTR 
Attitude Mon-PGNS 
Guiel Cont-PGNS 
Mode Sel- PGTm 
Rng / Alt Mon- 1\LT/ ALT RT 
Thr Cont--AUTO 
Man Throt - CDR 
Attitude Contr:ol-(Roll, Pitch , & .Yaw ) - MODE CONT 
PGNS l{Q-de Control-AUTO 

2. Monitor DSKY 

Prog : 64 
vo6 N64 
Rl : Red.cs Time XX . Sec 

LPD Ang le XX: . Deg 
H2 : Alt -Rate XXXX.X Ft/Sec 
R3: "Alt itude XXXX:X: _Ft 

3 . 5000 ft: HOD= 1 50 and Dccrcasi nc 
Rcclcsignate if desired by tilting AC/I. 

Al t:i.. tude .,ut Hate 

2000 
·1000 

500 

Go 
30 
15 

;I 

------
_v 

.. 
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11. Manual 'l'akeover 

PGNS Mode Cont rol - ATT HOLD 

( Opt ionaJ. ) - Mode Sel--LDG RADAR 

NOTE : ALT RA'l'E in LR Mode i s X- Ax.:i. s Vel ocity , not Ver ti c al 

Veloc:ity . 

5, To begin ROD node : 

Move ROD Sv. itch Out of Det ent . 
Monitor DSK.Y 
Prog : 66 
vo6 n6o 
Rl : F\rd Vel XXXLX Ft / Sec 
R2 : Alt Rate XX.XX . X Ft / Sec 
R3 : Alt itude XXXXX . Yt 

6. Maintain Rate of Desc ent l ess than 3~~ Alt i tude . 
Zer·o Hate of Descent at about 150 ft . 

7, Check X- Pntrs - LO MULT 

Zero X- Fntrs 
Zero Attitude 

8. Set ROD = 3 ft / sec 

9. LlJJ'U\R COiHACT 
· ENG IEE ::STOP 

10. Possible ABORT S'I'.AGE ( If 'l'ilt exceeds 30°) 

Check PGHS !,~ode Coi1trol - AUTO 

11. PGNS Mode Control - OFF (Ii Safe Ldg ) 

.Ll_t ___ lLQo ci 1~.-Q:~-~!-
w. A . l·'. c:tc; sci. (;, lc j 
Ll•iS GU~ Engineer 

,I 

, .... 

, 
r ' 

•I ff~. 
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FROM : 
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SINGER. GENERAL PRECISION. I r~c. ,, ( i 
Ll ~1l1 Glj')LJ fl - S\'~ .... r r~ ,-- D1"l<~IW! 

I ~ \ \ u I V I l~ I I I .) l ii V I.;;~ 

INTER· Of-TICE CORRESPONDENCE 

LMS Engineers & Progra.:~1:iers 

W. A. Ragsdale 

Mod L-100 ,189/ lA Revised State Vector. 
Dispers i ons 

DATE: 8 December 1969 

FROM LOC : Houston/SIMCOM 

MEMO NO : WAH-69-01094 

The purpose of this mer:10 is to describe the procedure for using the 

State Vector Di spersio!"! option in the Eo;.J . Thi s procedure has been 

revi sed by Mod L-100,189/lA. Dispersions are now entered in the IMU 

Frame instead of the Local Vertic a l Frar~e. 

The procedure is as f ollows : 

l. Di spersions are entered by the Convert-Store Option on the IOS 

typewrit er. 

MNEMONIC SCALE ?ACTOR DEF'INI'rION 

ADPXL B25 U.1 Position Disper s ion, X-Component 

ADPYL B25 LM Position Di~;per sion, Y-Com:ponent 

ADPZL B25 • LM Position Dispersion , Z-Component 

ADVXL Bl5 LM Velocity Dispersion , X- Component 

ADVYL Bl5 LM Velocity Di sper s i on , Y- Component 

ADVZL Bl5 LM Velocity Dispersion , Z-Component 

/1DPXC B25 CSl-1 Position Di spers i on , X- Component 

ADPYC B25 CSM Position Dispersion , Y- Componen.t 

ADPZC B25 CSM Position D:Lspersion , Z-Component 

ADVXC Bl5 CSM Veloc ity D:i.spersion , X-Component 

ADVYC Bl5 CSJ.1 VeJ.ocity Dispersion , Y-Component 

ADV ZC Bl5 CSM Velocity D:Lf;persion , Z-Cornponent 

2. Type in booleans to i ndicate desired options in the following order: 

a. A510 - LM EOM dispersion des ir ed . 

b . A511 - CSM EO!-l dispersion desired. · 

c. TMFUD - to Uplink dispersion t o the ISLGC. Monitor DSKY for Uplink 

activity. 

d. A51 2 - (aft er Uplink. is compl ete ) to delete di spers ion from EOM 

and l eave it in the I SLGC . 

Thi s procedure rno.y b e ur;ccl in Run or in Freeze . 

W/\H/pb 

Jil_fl~ _(b?~ .C)~ai~!!.1 -
H. /\. H1.t[~!~r..l .J. lc 0 
JJ~S Gl::tl J•:11[tj_neer 
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TO : 

FROM: 

SUBJECT: 

• . 
SINGER - GENERAL PR ECIS ION, INC. 

LHH{ Gf{OUP - SYSTEi'.1S D !VfS!ml 
INTER- OFFICE COHR ESPONDENCE 

_ .... 

I 

LM.S Proerrunmers and Engineers 

A. A. Jinderson 

OperaU on of LGC Downlink l<oni tor Console 

[)AT[: · January 7, 1970 

FROM LOC: Link/Houston 

MEMO NO : AAA-70--05 

The downlink monitor consol e is utilized to select and have displayed 

any telemetry word that is b eing transmitted by the LGC (i. e . generated 

by th e ISLGC). Each telemetry word is composed of two 15 bit LGC words 

(plus a word order code and an odd parity b it for each of the two wordi ). 

The octal values .of the t,,o 15 bit LGC words composing the selected 

telemetry word are displayed in two sets (rows) of 5 numerical readout 

lights (i. e . two 5 digit oct a l displ ay r egisters) . · The word order 

code and parity bits are not displayed . 

OPi,:RNI'ION OF DOWNLH!K MONITOR 

In order to examine a particular tel emetry word , th e user of th e console 

must select the dec imal m.1r:1ber ( 1 - 100 for a r egular downli st , 1 - 130 

for each EBANK of an erasable memory dwnp , V74E) of the des ired t elemetry 

word on two thurnbwheel switches . The nmnbers 00 - 99 can be selected 

on th e thurnbwheel switches . Hord 100 i s chosen by dialing 00 on the 

thurnbwh eel selector. 

The new option to select words 101 - 130 dur ing an erasable memory dump 

requir es the setting of a flag via a typewriter. Yllien this flag is set 

to a non-zero value , words 101 - 130 c an be selected by setting th e 

switch~s on oi - 30 . One should not e that any time this flag is set 

10010 will be added to the value select ed . Th erefore , th e user should b e 

aware o f the status of this fl ag as the downlink monitor will not operate 

properly when this flag is set durin~ a n·ormal downlist ( except for word 

100) or for words other tha n 100 - 130 during an E!JUMP ( v7 l1 E). Also , th e 

user should r eali ze that a word number seJ.ectcd durin e; an EDUMP corr esponds 

to that unique number of a word within each EBANK transmission . There are 

8 ln:nl,s ( EBJ\llll-C ' s ) of e r asa·ole memory numbered O - '7, an cl erasable memory 

is trans1nitt ed ex actly twic e for one exe cution of a V7~ E . The banks are 

tra ns rrdtt ed 0, 1 , 2 , ... , 7, 0, 1 , 2 , . : . , 7. Ther efore , the display 

r elated to a. specifi c word number will be for that word within bank 0, 

th en that word within bank 1, an d so on, where each bank transmission 

rcquir cis 2.6 secon~s. 

'l'hi°s fl a.g has the followi ng addresses for the correspond i ng loads : 

<· . . • 

Load 78-0l - 763!1 33 ( with patches for Mod L7--J.10 ,135 ) 
load 78-02 - 7601 38 

'J.'hc mn emonic::; ai,soci.atcd wi t1i this fJ[cr, o.re EFLG ( i.n C-Lowcr) nnd Kt,iEFLG 

( in /\-lipper ). 
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. . The flag is set to zero in the following situations: 

1. On comple_tion of a V74E (EDUMP) 

2. By performing a res et ( only for 78-'02) 

3, By user via typewriter or com1:iuter console 

!1. An LGC fr eshstart or restart 

5. Wheneve r the simulator is cha nged from fr eeze to run mode 

..... 

Although the fl ag i s r eset wh en the telemetry progr am returns to the 

interrupted downlis t aft~r perfor ming an er asab l e memory dwnp, it may 

be set and r emain set duiihg r egula; downl isi t ransmi ss ion in case the 

us er wishes t o have th e fl ag set prior to r eques ting an EDUMP (V7~E) on 

the DSKY. 

'fhe fl ag is never set other t han by a typewr it er or computer console 

· manual ope r at ion by th e us er. 

SUMMARY OF CONSOLE OPERf-...TI O;l 

A. Regular Downlist 

1. Word 1 - 99 - s el ect 01 - 99 on thurnbwheel s elector. 

2. Word 100 - s e l e ct 00 on thumbwheel s el ect or. 

B. Er as able Memor y Dump (V74E) 

1. Words 1 - 99 - select 01 - 99 on thumbwheel s el ector. 

2. Word 100 - select 00 on thumbwh eel s el ector 

3. Words 100 - 130 

a. Set l ocation 760138 for ~oad 78-02 ( or 763438 for 78-01) befor e 
or aftei_ key i ng V7 4E , yet mus t b e a fter entering run mode. 

b. Se l ect 00 - 30 on t~~umbwheel sel ector ( 00 will yield word 100 
for eith e r fl ag sett ing). 

If there are any questions conc er ning t he operat ion of the LGC Downlink 

Monitor cont act th e author. 

AA/krm 
cc: B. Fulbr ight 

J. Neub auer 

Approv ed: 

F. Frederich (KS C) -~4) 

.I\. A. /-1nder son 
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01 , G. Saffioti rn {I: MEMO l~O: SIMCOM (Ll·lS ) 
GS-6'7-

sur:JECT: 
i 

i ; 
i 
i 
' i •-"'-" ' ' 

LMS Communications Utilj_za.tion 

As of late , difficulties have arisen in maintaining th e alicnment of the 
simuJ.ator communic ations sys t em. Alignment is necessary for the proper 
operation of this system. It has be en brought to my att~ntion, that many 
subsystem engineers who are un familiar with this system , have iequested 
that the on--site personn el remedy certain difficulties th e;y encounter 
with the simulated loops of thi s syster.i . This he.s caused considerable 
re-adjust ments which have had a det rimental effect to the system as a 
wllol e . 

The communic ations syst em provides the user with two Astro Loops . These 
loops are dir ect , non-si r:ml ated , hard,-tire connect i ons b etween the cabi n 
and the IOS station . One loop provides dir ect corrmunic ut ion with the 
commander and the other provides direct communic ation "~i th the system 
engineer . Non-c o~nuni cation type subsys t em engineers should concern them­
selves only with these t wo loops . If co:rmrnnicati ons c;s,nnot be established 
on these loops then they cannot be established---period ! 

The buttons needed to connec t the IOS. and the cabin via th e Astra Loons \'. 
ar e th0 w_hite (Talk / listen ) keys l abeled LMS SE and Ll!iS CDR . As the labels 
i mply, one loop connects th e IOS to the system engineer ' s headset ( Ll~S SE ) 
and th e oth er connec ts to the commander ' s headset ( Ll~S CDR ). The headsets 
referred to are in - the cabin. 'I'he }~eyscts ar e located at three points .or: 

• the console . One i s on th e l eft hand wed8c , another is on the left hand 
main and th e l as t one .i s on the right he.ncl :nain dis:,olay pa nels on the IOS 
console. 

Yo0r cooperati on in thi s matt er would be appreciated . 

EncJ.osc d is a di agram of a CCS keyset with the pertinent keys denoted by 
solid lines . 

The consol e headsets connec t into pJ.ugs located on the face edge of the con sole . 
There ar e two conn ec t s . 1.'hcy arc la'be1ccl TM,K/ LISTE'.IT ~:nd LIS':i'EN . Thier function 
is implied by the l abel . 

GS/lb 

Enclosure 

_0 ;S-,.,,.¼;_., __ '.·~(,_--;·._ 
ct' J. Si;'fioti 
U{S oe~; Enc;ine:cr 
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f .108-1-F 

TO: 

FROM: 

SUBJECT: 

SINGER - GENERAL PRECISION. INC. 

LINi{ GROUP - SYSTEMS DIVISION 
INTER- OFFICE CORRESPONDENCE 

I 

LMS PROGRAMMERS & ENGINEERS 

Susan P. Smith 

Communications in ML56-02 . 
and Future Mods 

DATE: 

FROM LOC 

MEMO NO: 

January 16, 1970 

Link/Houston . 

SPS-70-018 

As of ML56-0,~ COViMUNICATIONS subsystem now simulates lunar occultation 

in the S-Band loop. In other words , when the moon :is between the earth 

and the LM, th ere will be no S-Band communications. (This is true only 
of LMS ONLY and LMS/CMS Modes.~ 

If you wish to use the S-Band communication loop, but do not want com­
munications to cease behind the moon, there is an override boolean (To67 ). 

It must be set (to a 11 1 11
) after each reset. 

SPS/krm 

cc: K. Altom 
G. Saccane 
P. Sivillo 
LMS Supervision 

Susan P . Smith 
LMS Programming 



co 
' a:, 

0) 

M . 
Ii. 

DATE 

REV. 

' SING rn:GENCRAL PREC ISION, INC . PAGE. NO . 
LI NK DIV ISION 
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OPEHJ\TING DlSTEUCTIONS FOR CMS/IHS I 

1) Check 'CTE SYHC ' . A small green box located- on A Co::-iputer 
control panel contains a split spril ·marked PCM VALID/CTE 
SYNC. If ~he ' CTE SYNC ' is flashing, the CTE requir es 
resetting . To r eset the CTE call maintenance personnel or 
pres s the RESTJ\RT COUNT btitt on locat ed in Cab . • 47 on the 
C'l'E PAllEL . DO NO'r PRESS 'rHE SPRIL MARK~D PCM VALID/CTE SYNC . 

2) Place the mode switch loc2.ted on the Interf2.ce Control Pan e l 
in. the flJ,1S /111lS posit.ion . If the Ci•iS is not in the c;.;s /IJ -1S 
mode at thi s time , the lj.ne printer will. print out Ai·•JS DOHU . 

3) Whe n the CMS ·and IJ.lS are both in the CMS/Ll-1S mode , the READY / Rill, , 
~REEZE and STORE buttons are wire~ together , i.e., either 
complex can initiate run~ fre eze or store. The RESE'l' buttons 
are not tied together,. so th2.t a reset by Il-lS will not cause the 
CMS to reset. 

After a reset the computers will not go into freeze unt il the 
minute pulse has occurred . When RUN has been jnitia ted , the 
READY light will r emain on l,nt il tl1e minute pulse. 

4) It i s necessary to provide a conununicat ions loop between CMS 
and J.lvlS to coordinat e acti vi tics . C~ll EX'l' . li810 and reouest 

~ )I 

a patch of the um LIL and the CHS G1IL c,omm . loops. 

5) If f o:i.::_:-any r e ason the CMS / IJ.1S mode is not· operat in[.; properly , 
AMS D_mrn will print on the line printer and the D/i'l 'A FAIL light 
on t he Interfa ce Control P2.nel will b e on . When this occurs ; 
a) the Cl'~S ar1d LMS are not trans ferri ng data ; b ) the CI,iS 

. mode switch . is not in the AJ','.S/LMS position or c) the CMS i s 
in reset . By checking the c;.JS / LJ.1S analysis words ( ANALYl1 and 
AN/\LY5, next page ), the Cl-l S/ 11,';S interface probl em c a n be ident i­
fied. Each complex should r eset aft e r th e corrective action 
has b eeii t aken. 

6) Each c omplex shoulcl us e CO!l:pat ible r ese t tapes and reset points 
since a t~nc check is requir ed before d ata is accept ed , 

'f) The Ll-iS should r eset after a pa tcli has b een loa d ed or the com-:-­
put ers have halted for any r eason, 
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CMS/ I.J.:s ANALYSIS worms·>H<· 

I . OPERATIONAL ANALYSIS 

ANALY4 

liJ D I C I B ·rt:~--- DECIMAL HEADOU'l' wnmow 

LMS is not integrat ed 
LMS is · int egrat ed ( c1.;s / 1MS ) 
LMS i s not r ecei vir.g CMS data 
L.l\1S i s r ece iving Cl-1S data 
11-1S and Ci-iS TT/\GTIJ,lE ' s do not agree 
CMS data f a ils the checksum check . 

A=O 
A=l 

*B=O 
B=l 

·X·B=3 
*B=4 

C=O • 
*C=l 

D= 
E= 

Real-'I'ime I / 0 program indicates transfer OK 
Real-T ime I/0 progr am ind icat es tra nsfer f a ilure 
SPARE 
SPARE 

* DATA F/1IL Light will b e on. also 

II. TIME AHALYSIS 

ANALY5 

I I I L f 
-~ 

and C!4S reTAGTI>lE . If 

ANALY5 = QTAG Ci-lS - TTAG'l'IME 

ANALY5_ i s the differenc e behreen the · IJ,1S 
ANALY + is greater tha n 1 , ( > 200 ms time 
be cons id e red to be o~t of time with the 
light will be set . (ANALY4 B==3 ) 

difference ) the Ci-lS will 
IJ.1S and the DATA FAIL 

* ·X·ANALY11 a nd ANALY5 are in_ B-Upper . The Decimal Readout 
should be u sed to displa y th e l as t 5 octa l digit~ of the 
ANAL)'.SIS words. 

-, 

- t 

I . 
I 
I 

I 
I 
t 

I 
I 

' i 
i 
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FROM 

Of"'TIO'~AL P' OR"A NO. · lo 

~AY l~J CDll"ION 

osA rrMn (,1.1 en,) 101.11 .1 

UNITED STATES GO\'ERN~fENT 

Memorandu1n 

I . 

CF332/Chief, IJ.1 Modification Sec\ton 
·~· _:- · 

CF332/AST, IM .Modification Section 

i1rJt.' 
,,..__ 

DATE: DEC 3 0 i969 

In reply refer to: 
CF332-9M-120 

SUBJECT: I.MS LTS (lunar terrain simulation) • 

With the installation of modification L-110 ,uli, the capability of simula­

tion of terrain deviat ions for the landin~ radar is greatly expanded. A 

2-dimensional terrain is incorporated, and it provides realistic 'inputs to 

the landing radar. The LTS consists of a series of 25 line segments, seri­

ally conn ected, to form the surface .under the flight path of the U.1. The 

line segments are determ ined by a series of points defined by the altitude 

above and distance from the designated landing s i te. The points are defined 

in computer core by tables labeled GGl\LT and GRGLTS. The first point (i.e., 

last point passed by the LM) is determined by the first pair of elements 

from the tables. 

The LTS can be selected or deselected by setting the discrete G9()0 to a one 

or zero. Normally, the LTS will be selec ted. The maxirm1r.1 range usable by 

the L'J.'S is 2!10,000 feet. The profile used for Fra Mauro, ApolJ.o XIII land­

•ing site, is in attacl1:-:1ent one . 

The .Location of the terms pertinent to the LTS for LMS load 78-01 are listed 

below, all in B-lower computer : 
.,.. 

Term • Location Scaling 

GGALT 35616 • B-23 

GRGLTS 3556l~ B-18 

~ G9()0 35704 N/A 
-

, 

~~'4tf'~-
Ben Fulbrignt 

Enclosure 

cc: 
FC63/c. Shelley 

R. Koos 
J. Honeycutt 
G. Griffith 

CF336/M. • Brum 
CFK/R. McCnffcrty 

W. Busch ~, 

CFJ32: BFulbright:mlt· 12-17-69 V 

Buy U.S. Savinv lxmd.s Reg11larly en the P,;yrolJ Savit1t,.t Plan 

" 

. . . 
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Distance from landing Delta. Elevation (in feet) . jt.'1 ~ 
-site ( in feet) 

.... 

-29689 -66 

0 ... ~..:--- . - 0 

6233 66 

7217 56 

11!~82 722 
~ 

12794 689 

13778 ·722 

15254 · 656 

17879 · 656 

19683 590 

21488 673 

26572 .• 230 

32805 295 

42975 -197 

44943 --164 ,. 

62330 -459 

71188 -394 

741l{O -262 

83818 ·--16 
..,,. 

108258 66 . . 

128269 •. 0 .'I! 

140571 . 230 
- -

).._47621~ ·673 
-

-151889 755 

1571166 590 

192568 9?-9 

Enclosure 1 

/ 

'· • 

. ... .. -...... _ 



NATION/\L /\EfWi'l!,UTICS /\ND SP/\CE t,Di•,1!N ISTRATION 
M/\NNED SPi,Ct::CR/\FT CE.NHR 

Hcusro:,, TEx.\s 71053 

MEMORANDUM TO: CF831/ Chief, L\1 Modification Sect:i.on 

- FR0>1 

SUHJ""ECT 

C1''83J./ AS1', U1 Modification Section 

Operational techniques associated i,1ith LMS landing 
radar surface simulation 

There are three options available in the lJ.lS for lilllar surface feature 
simulation for the landing radar: (1) Pseudo 3-Dirnensional Lun2.r 
Terra:i_n Simulation ( 3D-L'IS), (2) Extended Lunar Tsi rra:i.n Simulation 
(ELTS ), and (3) a cue-ball moon . .l\ ssod.ated with the three options 
are t\-/0 discretes , G9()9 and G900, both in B-Lm-.1er comput·er . The tech­
niques of . s e lecting the various options are lJ.sted below: 

3D-LTS 

The option will norm':l.J.ly b e sele cted on the J.oa.d tape . However, tc 
verify its selection, check tha t the booleans G900 and G909 are 11 1 11 

and "O, 11 r espectivE.•ly. 'I'his will provide a near 3-dimensional simula­
tion of the lunar surface for landing radar . 

ELTS 

This option will utilize only the 26--point, 2-dimens,ional surface as 
contained . in record one , file one of the reset tape. The clat'.a e:-:tends 
from approximately fort y miles downrange to five mile s past the laniir;g 
site. This data is read. into core each time a r es-c t is perfon;,.ed; 
therefore, in order to utiliz e any off-nominal ~LTS profila,it ~ill be 
necessary to read that data into core after resettil\3 eith-2r froi:1 the 
Uni.tape or from cards. 1'his option is selected by clisalJ.o,-,ing the real­
time tape readinf, routing, or s ettin6 the boolean GS09 to a 11 1. tt 

Cue-ball moon 

This option provides a smooth surf:1.ce for radar us e . To select .,thi,s 
optiori, deselect EL'l'S by setting the boolean GSDO lo a •:o. n It- should 
be noted that unless real-time tape read is :ieselected, the ;pse1..,do 
3-dimensional da t a will be' r ead; how ever, the radar will not use it. 
'l'herefore the rea l-time tape read should be disabled by sett ine; G909 
to a "l. 11 

cc: Sec attached list 

j 
l 
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INTER- OFFICE CORRESPONDENCE 

TO: G. J, Saccane DATE : 18 July 1969 

FROM LOC Hou~ton-· -
FROM: w. A. Ragsdale 

SUBJECT: Acti~~ Memo L-4044 
. •• CSM IMU Gimba l Angles 

MEMO NO: Link/SIMCOM 
WR-69-0923 

An option has been added to EO'.vi to compute the CSM IMU Gimb a l Angles · 

when the v ehicles are docked. These. angles :are calculated asswning that 

both vehicles have tbe same REFSi•,I;,1AT. 

The procedure for using this option is as follows: 

1. Set A501 = 1 on th e 10S typewriter. (l-1156-02 address for A501 is 

CCL 74530). 

• 

2. CSM IMU angles ;1ill be calculated and stored in the following locations; 

scaled at B09: 

• 
ML56-02 .l\ddres s 

AUCMGA 57044 AU 

AUCIGA 57045 AU 

AUCOGA 57046 AU 

A..--.::is 

z 
y 

X 

GjJnbal 

Middle 

Inner 

Outer 

3. This data can be displayed on the digita l r eadou~ box, or printed on 11
-

the real time print. Values will r emain constant until they are re­

calculated PY.:: repeating this procedure. 

WAR:pb 

cc: K. Altom 
L. Butti; 
L . Hershey 
R. Mord .s 
P. Siv:U.lo 

l A 1 . A. 0 o ( I ;, CQ.Q, Ji!_,) 
W. A. Ragsdale J · 
U1S G &. N Engineer 

I ' ·. 
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RENDEZVOUS RADAR CDU BIAS PROCEDURES 

In order to bias t he LGC RR CDU (counters 35 arid 36), the values of GABIAS 

and GEBIAS should be changed via typewrHer . . The address for GABIAS and 

, GEBIAS will be found in the B-Upper Memory Map.; 

' 

/ GABIAS is th; trunnion bias , positive left . 

GEBIAS is the shaft bias , positive EE_. 4-0'3 I 7 

The procedure is as follows: 

1. Type: 

2. Type: 

3. 'l'ype : 

For values 
equation: 

BiliS, deg. 

0 
0.1 
0.2 
0. 3 
o.4 
0.5 
o.6 
0.7 
0.8 
0.9 
1.0 

E ( Carriage :i\eturns ) 

XXXXXUB , where XXXXX is the address of GABIAS or GEBIAS (fypewriter 

prints out present value ). 

YOOOOZZZ, where Y is zero for a positive bias _and four for a negative 

bias , and ZZZ is the value from the following table. 

not given in the table, the octal value can be found by the following 

VALUE = (91.2) x (BIAS in degrees ) converted to octal 

VALUE - J3IAS, deg . VALUE BIAS, deg . VALUF, ----
000 1.l 144 2.1 277 
011 1.2 155 2.2 310 
022 1.3 ·166 2.3 322 
033 1.4 177 2.4 333 
04l+ 1.5 211 2. 5 31+4 
055 1.6 222 2.6 355 
067 1.7 233 2.7 366 
100 1.8 244 2.8 377 
111 1.9 255 2.9 410 
122 2.0 266 3.0 421 
133 

BIAS, deg. VALUE BIAS, deg . VALUE 

3,1 432 4.1 566 
3.2 444 lL2 577 
3,3 1155 4;3 610 
3.4 466 4.!1 621 
3,5 477 4·,5 632 
3,6 510 4.6 6113 
3.7 521 4.7 651+ 
3,8 532 4.8 666 
3,9 544 4.9 6n 
lr. O 555 5.0 710 

~ 



INSURING LUNAR CONTACT AT TOUCHDOWN 

NASA taining requires the L & A hardware· to be on and to indicate the 
.LM has landed only when the L & A physically comes within the range 
of fluidic switch lockup. 

The only way to get software landing is if the L & A is turned off 
and is set to V063 = 1. V06} is defined in BU Data Pool. This 
boolean must be set after each reload. 

ti ;, I 

., 
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I LUN AR l\~ODULE l 

t Date : December 1967 • 
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LM-3 

T30005-172.I 

Page 6 
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GIMBAL 
RING 

LAPWI NG 
GEAR 

PRIMARY 
STRUT 

Date: November 1967 

LA NDING 
GEAR 

SECONDARY 
STRUT 

LAND ING 
GEAR 

TRUSS 
ASSEMBLY 

DESCENT 
ENGINE 
SKIRT 

ILM DESCENT STAGE I 

NOTE: 

THERMAL ANO 
MICROME TEOROIO 
SHIELD 

LAND ING GEAR SHOWN 
I N RETRACTED POSITI ON 

LANDING GEAR 
FOOTPAD 

T30915-42 . I 
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S·BAND 
ANTENNA 

LUNAR SURFACE COMMUNICATIONS 
CAPAB ILITY 

lfv/· 

T30005-40 .I 
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Ctn c, , ... Si11 T:Jt1 C t11 Co:i ,· 
- ---- --- --- - -- -

0 .00000 . 00000 1. 0000 GO a .017•15 . 017•16 !:17 . 200 . 99985 60 
1 .000?9 .00029 3'37.7 1 .0000 59 1 .0177•1 . 01775 50.35 1 .9~a8 4 5~ 
2 . 00058 . 00058 171 8.9 1 . 0000 53 2 . 01eo3 .O IP.0-\ 55.4 42 . 9'.1')84 ~8 
3 .00087 . 000~7 1145. 9 1. 0000 57 3 .01 832 .0 1833 54.501 . 99G83 5) 
4 .OJ l 16 . 001 16 8~9 . 44 1 . 0000 5G 4 .OJ 8G2 .01 8G 2 53. 709 . 99983 5r, 

5 .001-15 .00145 687.55 1.0000 55 5 .01 891 . 0189 1 52.882 .999?.2 55 
6 .00175 .00175 572.96 1.0000 54 6 .01 920 .01 920 52.081 . 99982 54 
7 .00204 .0020-1 491. 11 1.0000 53 7 . 01949 . 019·19 51.303 . 99981 53 
8 .002J3 .00233 4n . n 1.0000 52 8 . 019 78 . 01978 50. 5~9 .99~80 52 
9 .002G 2 .U0262 381.97 1. 0000 51 9 ,02007 .02007 49.816 . 99980 51 

10 .oon 1 .0029 1 3·13 . 77 1.0000 50 10 .0:?036 . 02036 49 . 104 . 99979 50 
11 . 00320 . 00320 312.52 . 90999 49 11 .02065 .020&6 48.412 .9'.1979 4, 
12 . 003·19 . C0.3,49 266. 48 . 9(1J99 48 12 .02094 .02095 47.740 . 99978 48 
13 . 003 73 . CO3 7a 264. 44 . 90999 47 13 .02123 . 02124 47 . 085 . 99977 47 
14 . 00407 . 00407 2-i5.55 . 999$9 46 14 .02152 . 02 153 46 .4',9 . 99Sl77 t,5 

15 . 00436 .00436 229 . 18 . 99".)l.)g 45 15 .02181 . 021 82 45. 8?9 . 99976 45 
16 . 004i:~5 .00465 214 .86 . 99~09 44 16 . 022 11 . 02211 45. 226 . 99976 4,; 
17 . OC•\95 . 00495 202. 22 .99999 43 
18 . 00524 . 00524 190 . 98 .99!)09 42 

17 . 02240 . 022-10 · 4l.639 . 93975 43 
18 . 0,269 . 02269 4 .OGG . 99974 42 

19 . 00553 .00553 180.93 .%998 41 19 .02298 .02293 43. 508 . 99974 41 

20 . 00~82 . 00582 171 .89 . 99998 40 20 . 02327 .02328 42.%4 .99973 40 
21 . OOG l l . 006 1 l 163. 70 .99~08 39 21 . 02355 . 02357 42. 433 . 99972 39 
22 . COG40 . 005 -:0 1SG.2G . 9" "93 38 22 . 02335 . 02386 41.9;6 .99072 38 
23 . OOCG9 .00GG9 1~'.) . 47 . S9•)93 37 23 . 02~ 1; . 02-:15 41 .411 .99971 37 
24 .OOGS3 . 0009e 143.24 . SS-998 36 24 . 02~ 43 .024'.·I 40 . 917 . 90970 36 

25 . 00727 .00727 137. 51 .99997 35 
25 . 007~i; . 00755 132.22 . 99S97 34 

25 .02472 . 02473 40. 436 .99969 35 
26 .0250 1 . 02502 39. 9G5 . 999G9 34 

27 .00785 .00785 127 . 32 . 99997 33 27 . 02530 . 0253 1 3!J. 500 . 99963 33 
28 .0081 ~ . 0081 5 122. 77 . 99997 32 28 . 02560 . 02560 39. 057 . . 99967 32 
29 .00s.;4 .008 44 118. 54 . 99'}% 31 29 . 02589 . C?.589 38.618 .99%6 31 

30 . 00873 . 00873 114.59 . 99!)90 30 30 . 0261 8 .026 19 38.188 .99966 30 
31 . OC'.•02 . 00~02 110.89 . 99096 29 31 .0264 7 . 026 -:8 37 . 7G9 .9'J~G5 29 
22 . 00? 31 . 00~3 1 107. ,,3 . 99996 23 32 . 02676 . 02577 37 .3 f") 8 . 99%4 28 
33 . 00%0 . 00950 104.17 . 99995 27 33 . 02705 . 02706 3G.956 . 99%3 27 
34 . 00~89 ,00989 101.11 .99995 26 31 . 02734 . 02735 36. 563 . 99%3 26 

35 . 01018 . 01018 98.218 . 9999 5 25 35 . 02763 . 02764 36. 178 . 99962 25 
36 . Oi047 . 0;0.:7 95 . 439 . 99995 24 36 . 02792 . 02793 35.801 .99961 24 
37 .01 076 . 0 1076 92.903 . 9999 4 23 37 .0282 1 . 02822 35.43 1 . 99%0 23 
33 . Cl 105 .011 05 90.4 63 . 9999-1 22 38 . 02850 .02851 35 . 070 . 99959 22 
39 .01134 .011 35 88.144 . 99994 21 39 .02879 . 0238 1 34. 715 , 99%9 21 

40 . 011G4 .01164 es. 9·10 . 99993 20 40 .02908 .029 10 34.3G8 . 99958 20 
41 . OJ 193 . 01193 83 . 844 . 9~ ,;93 19 41 . 02938 . 02939 34. 027 • 9"957 19 
42 . 0 1222 . 01222 81. 847 . 9999 3 Hl 42 . 02%7 . 029GB 33 . 69 4 . 9905G 13 
43 . 0t25i . 0125 1 79. 943 . 9s~n 17 43 .02096 . 0'.:?~107 33.36G . 99955 17 
44 .01280 . 01280 78. 126 . 9%92 16 44 .03025 . 03026 33.045 .999 54 16 

45 .01 309 .0 1309 7G . 390 . 99991 15 45 . 03054 . 03055 32 .730 . 99953 15 
46 .0 1336 .01 338 74 . 729 . 99991 14 46 . 03083 .03084 32.421 . 99952 14 
47 .0\3G7 . Ol3G7 73.139 . 9999 1 13 47 .03112 .03114 32 . i 18 . 99952 13 
48 .013% .01 396 71 .Gl 5 . Si i:690 12 48 . 03 141 .03143 31. 82 1 . 99951 12 
49 . 01425 . 01425 70.153 . 93990 11 .;g .03170 . 03172 31.528 .99950 11 

50 .01454 . 0H55 68 . 7~0 . 99089 10 50 . 031')9 . 0320 1 31 . ~·12 .999·19 10 
51 . 014 83 . 0H84 67. 402 . 99~f'.9 9 51 . 03:~:?8 . 03,30 30. 9GO .00'.}18 9 
52 .0 151 3 .01513 6" . 105 . 9~)'.)3~ 8 52 _Q3 ;>57 .O 32f/) 30.683 .999·17 6 
53 . 01 5·1 2 .0i5•i2 64. esa . 99988 7 53 . 03:!86 . 03288 30. 412 . 99946 7 
54 .01571 ,01571 63 . 657 . 99988 6 54 .03316 , 03317 30. 145 .9~945 G 

55 . 01600 .01 600 62.499 . 99987 5 55 .03345 . 03346 20. 882 .99944 5 
56 . 01629 .01G29 61 .383 . 99987 4 56 . 03374 . 03376 29.G24 , 99043 4 
57 . 01658 . 01658 60.30", . s9~1eo 3 57 .03.;03 . 03405 29.37 1 . 99942 3 
58 . 01CS7 .01 587 5~1. 266 . 99966 2 58 .O'.l432 . 034 34 29.122 . 999·11 2 
59 . 01716 .01716 52. 251 . 9 09S 5 1 59 .03',61 . 03463 28. 877 . 999-10 , 
60 . 01745 . 01746 57 . 290 . 99i:l85 0 60 . 03t.90 . 03492 28.636 . 99939 0 - - - - --- --- --- -

Cos C:n T nn Sin 
, c~,s Ctn 'f~n Sin 

- -

90° (~7 0°) ('.;69°) 89° 91 ° (~71 °) (~68°) 88° 
For Jc-i:r"<"'!" ir.tiic:1t~ nt the to;, tlH.) \ t1>m} of the p :11,!;~ 11~, the colum n hf'!adiu~ :lt th,i t, )p '{ho.th"'linl . 

\\"i t.h de;: rN'":i a l t h ~ 1dt ( r ii:ht} uf t::wh bl1,,:k flop u r hultorn) . u.,c !he mi11utc C\1!11mn ti t t l,c ld t (n~hlt 
T he corctXl 5ii;u (1,tus or rninus) ru.11-;.t be prc!ix..:J iu ..1~vrJ..i1\I.C with p:u~it:ruph 5 i. 11ni;o 16. 

(18~0) 

~in 

0 .03,1 90 
1 .03519 
2 . O:JS•:8 
3 . 0.1',77 
4 ,03COG 

5 . 03G35 
6 . 03GG4 
7 . 03G93 
8 . 03723 
9 .03752 

10 .03781 
11 . 03310 
12 .03839 
13 . 03 8GB 
14 .03397 

15 .o3n6 
16 . 03~155 
I 7 . 03~8 -1 
18 .0·1013 
19 . 04042 

20 .04071 
21 .o.;100 
22 .04129 
23 . 0·11 59 
24 . 01138 

25 .0-121 7 
?6 . 0-12.;5 
27 . 01275 
28 .04304 
29 .Ot.333 

30 . 04362 ,, o, .Q.;391 
32 . o.;.;2O 
33 ,04H9 
34 .04-178 

35 . 0·1507 
36 .04536 
37 . 0•15G5 
38 . 04 59 4 
39 .01623 

40 .0·1653 
41 . 04li82 
42 .o.;71 l 
43 . 0 -17·10 
44 . 04769 

45 . 04798 
•16 .04327 
47 .04 856 
48 . O•i885 
49 . 049 14 

50 . 04943 
51 . o.;972 

l 
52 . 05001 
53 .0:,030 
54 ,05059 

H 55 .05088 

tl 56 .0t..l 17 
57 . 05146 jJ 58 .05175 ~ l, 5~ . 0:;205 

50 . 05234 

Cos 

n· (:2,:2·) 

NATlJ!L\L TIUCO;'-;O;\IETIUC FU::'\CTro;:-;s 

(:\:;7•) 1--o 

'' :r (rn:n 
Tnn Ctn Cu., ~ill Tun C t n C:,~ 

.0.1·19?. 23.636 .90039 60 0 .05~J4 .05'.'•l l 19.081 ,99 [Vi 3 GO 
, 03521 28.300 .9'1 ~38 59 1 . o:, :~ •J3 . 0:,:!70 18.')76 .9'io6 1 59 
. 03 5!jQ 28.1G6 . ~9937 5R 2 .o.r,:t!12 . 05~!!)!) 1a:31 1 . g'.18G0 ~o 
. 0:,519 27.937 .99D~G 57 3 . 0~321 . 0~328 18.708 .99asa 57 
. 03609 27 . 7 12 . 99935 5C 4 . 0!i350 . 05357 18.6G6 . 99857 56 

.03G38 27 . 490 .99934 55 5 . 05379 .05387 18. 5E-1 . 99355 55 
, 03G67 27.271 . 99933 5-~ 6 .0.5•108 . 05416 18. 464 .99854 5·1 
. 03G96 77 . 057 .09932 53 7 . 05•\37 . 054•15 18.3GG . 9~352 53 
. 03725 26.845 . 9993 1 52 8 . 054G6 .05<i74 18.2GB . 9985 1 52 
. 03754 2G.G37 ,99930 51 9 .05495 , 05503 18. 171 . 9n-19 5 1 

.03783 26. 412 .99929 50 10 .05524 . 05533 18.075 , 99347 . 50 

. 0.)812 26.230 .99927 49 11 . 05553 . 055fj2 17.980 . 99£-IG 43 

. 03342 2G .011 . 99926 48 12 .05582 .0559 1 17. 886 . 903 -14 48 

.033 71 25. P.35 .99925 47 13 .05611 . 05620 17. 793 . 9~•342 47 
, 03900 25 . 642 .99s24 46 14 . 05640 .05G•;9 17 . 702 . S9e41 45 

.03929 25.452 . 99923 45 15 . 05G69 . 05678 17. Cl 1 . 99839 45 

.03958 ?.5.254 .9an2 44 16 . 05G9B .05708 17.521 • 9') 338 44 

.03987 25.030 . 9992 1 43 17 .05727 . 05737 17.431 . 9ga 3G 43 

. 04016 24. 898 .99919 42 18 . 05756 . 057GG 17 .3t;3 • 99334 42 

.0-1046 24. 719 .99918 41 19 .05785 . 05795 1'7.256 . 99833 • 41 

.04075 24. 542 . 99917 40 20 . 05814 ,05824 17.169 .99331 40 

. 04104 24.3GB -9"916 39 21 .058•14 . 05854 17. 08 4 . 9S3~9 39 

.04133 24.1% . 999 15 38 22 . 05873 . 05383 16.$ 9') .998'l7 33 

. 0•n 62 24.026 . 99913 37 23 .05902 .0:,9 12 16 .9 15 .99326 37 

. 04191 23 . 859 .99912 36 24 . 0593 1 . 05941 16.832 . 9<; 324 36 

. 04220 23.695 .99911 35 25 , 059GO . 05970 16 . 750 .99S22 35 

. 04~50 23 . 532 .99910 34 26 .059?, 9 .05999 16 . G58 . S9~2 1 34 

. 04279 23. 372 . 99909 33 27 . OG018 . OG029 16.587 , 998 19 ~3 . 04 308 23. 21 4 • 99907 32 28 .06047 . 06058 16.507 . 9981 7 32 

.0'1337 23.058 , 99906 31 29 . 06076 , 06087 16 . 428 . 998 15 31 

, 04365 22 . 904 . 99005 30 30 .OG105 ,06116 lG . 350 . 9S813 30 .-
.0·1335 22.752 . 99904 29 31 .0G134 . 051<5 16.272 . 91812 29 
. 0·1'.2 •l 22 . 602 . 99902 28 32 .06163 . 06175 16.1 95 . 99810 28 
.04 454 22.t. 54 . 9990 1 27 33 . 0<3192 . 06204 16.119 . S%03 27 
.04483 22.308 . 99900 26 3·1 .06221 , 06233 16.043 . 99805 26 

, 04512 22. 16•\ . 99898 25 35 . 06250 . 06262 15. 969 . 99804 25 .--:: 
.04 54 1 22.022 .99897 24 36 . OG279 .0629 1 15.895 . 99303 24 .04570 21 . 881 . 99896 23 37 .Ou308 .0632 1 15.321 .9980 1 23 
.04599 21.743 . 99894 22 33 . OG337 .06350 15. 7-18 . 99799 22 
, 04628 21.606 . 99893 21 39 . 063 66 , 06379 l5.6i6 . 99797 21 

. 04G5e 21.470 . 99892 20 40 . 06395 . 05 408 15 . 605 • 9973 5 20 

. 04L87 21.337 . 99890 19 41 . 0642·1 . 06'o38 15.5H . 99793 19 

. 0'i7 i 6 21. 205 .9ns9 18 'o2 . 06453 . 06 .;G7 15.4G4 . 997'J2 18 

. 04745 21 . 075 . 99688 17 43 . 06482 .os .;nG 15. 3<j ,\ .99790 17 

. 0-:774 20.9',6 . 99386 16 44 , 0651 1 . 06525 15.325 . 997e8 16 

. 04S03 20.819 . 99885 15 45 . 065·10 . 06554 15.257 . 99786 15 

. 04833 20. 693 .99883 14 46 .06569 . 0658 4 15.189 . 99784 14 

. o.;352 20.569 . 99882 13 47 . 06598 . OG<5 13 15.122 . 99 782 13 

.0489 1 20.4'6 .9!1881 12 48 .06627 . OUG 42 15.05G . 99760 12, 

. 04920 20.325 . $9879 11 49 . 06C5G .CG671 14.990 .99776 11 

. 04()-19 20.206 . 99878 10 50 . OGG85 . 06700 1-1.924 . 91)776 10 
, 0•1978 20 . 087 . 99376 9 51 , CG714 ' . 06730 14 . e.;o . 9977•\ 9 
.0"007 19.970 • 99875 8 52 . 06743 .06759 14.795 .r..,r:,772 8 
. 05037 19.855 . 99873 7 53 . 06 773 . 06788 14. 732 . 99770 7 
. 050G6 19.740 , 99872 6 54 .06802 , 06817 14.6,(i9 , 99768 6 

.05095 19.627 . 99870 5 55 .05831 , 0684 7 14.606 .997G6 5 

.05124 19 .516 . 99869 4 56 . CG860 .06876 14.5-:-1 • 99754 4 

.05153 19.•105 . 99367 3 57 .068H9 .o:;~os 14 .482 . 99702 3 

. 05182 19.29G • 998GS 2 58 .0•]9 18 . 0::093 "1" 14. 421 . 99760 2 

. 05212 19.168 . 99d64 1 59 . 0'5'.H7 .06~6 3 14.361 . 907:.8 1 

. 05241 19. 081 . IJ9S63 0 GO .06976 . 06993 14 . 301 . 99756 0 

CtrJ Tnn Sin l.<>S Ctn Tun ~in ), 

(267°) e,: 93° (:273°) (:266°) 86, 

-,. ' 

l> /-f,. 
'~ -



:'-iATCR\.L TIUGO:',O.\lETHIC FU~CI'IONS 

(3 :;:;0) 175° s· (rn:;0) (35 t 0
) 17 NATURAL TRIGONOi\IETIUC FU.NCTIONS 

~.,, 
,n :l C tn C<•S Sin T,m Ctn Cw 1 _, (353°) 173° 7° (187°) 

0 . 06Q 7G .OC'.)9 3 14.301 .99756 GO 0 . 08716 

1 . 07005 . 07022 14. 24 1 . 99754 59 1 .067,5 

2 . 07 034 .07D51 14.182 . 99752 58 2 . 03774 

3 . 07 063 . 07080 14. 124 .99750 57 3 .08803 

4 .070~2 .07110 14.065 . 99748 56 ·4 .03831 

5 .07121 .071 39 14 .003 . 99746 55 5 .OSRGO 

6 . 07150 .071GB 13. 951 . 9974 4 54 6 .03389 

7 .071 79 . 071 97 13.894 .9~7·1 2 53 7 . 03918 

8 .o72oe . 07227 13 . 8 38 . 99740 52 8 . 089 47 

9 .07237 . 072 ~6 13.782 . 9')7 33 51 s . 08976 

10 .07266 . 07235 13 . 727 . 9973G 50 10 .09005 

11 . 0729 5 . 07314 13.672 . 997 34 49 11 . 09034 

12 .07324 . 07344 13. 61 7 .99731 48 12 ·.090G 3 

13 .07353 . 0 73 73 13.563 . 99 729 47 13 . 0009 2 

14 . 07382 . 07402 13,510 . 99727 ,,6 14 .09121 

15 . 07411 .0743 1 13. 457 . 99725 45 15 . 09150 

1G .074 40 . 07461 13.404 . 99 723 44 16 . 09179 

17 .074 69 . 074 30 13 .352 . 9972 1 43 17 . 09208 

18 .07.;93 .07519 13. 3CO . 997 19 42 18 . 09'.'37 

19 .07527 . 07548 13.248 . 99 716 41 19 . 09265 

20 . 07556 . 07578 13 .197 . 99714 40 20 . Oa?.9 5 

21 . 07535 .07607 13 . 146 -~~,712 39 21 . 0932 4 

22 .076 14 . 07636 13 . 0% . 99710 38 22 . 09353 

23 . 076,3 .07GG5 13. 046 . 99708 37 23 .09382 

24 . 07672 . 07695 12.996 . 99705 36 24 . 09411 

25 .07701 .07724 12.947 . 99703 35 25 . 0!M40 

26 . 07730 . 07753 12 . 898 . 9970 1. 34 26 . 09469 

27 . 0?75~ . 07782 12 . 850 . 99G!J9 33 27 .C9·193 

28 . 07763 .07612 12. 301 . 991~~ 6 32 28 . 0 ) 527 

29 . 078 17 . 0784 1 12. 754 . 9%94 31 29 . 09556 

30 .07946 .07e70 12. 7C5 . 99G92 30 30 . OG58 5 

31 . 078 75 . 07899 12 .659 .99689 29 3 1 . 0~6 14 

32 .07904 .07929 12. 612 . 99GS7 28 32 . 09642 

33 .07~33 . 07,58 12. 566 .996S 5 27 33 . 0967 1 

34 .07962 . 07967 12.520 . %683 26 34 . 09 700 

35 . 0799 1 . 0801 7 12.474 . 99680 Z5 35 . 09729 

36 .08020 .oso.;s 12 .429 .9% 78 24 36 . 09 758 

37 . 080 49 , 0807 5 12 . 384 . S9(", 76 23 37 . 09737 

38 . 080 78 . 03 104 12 . 339 . 9% 73 22 33 . 095 16 

39 . 081 07 .08 134 12 . 29 5 . 996 71 21 39 .098 45 

40 .081 35 . 08 163 12 . 251 . 996G8 ?.O 40 . 09874 

41 . 08 165 . 08192 12. 207 . 9%56 19 41 . 0%03 

42 . 09 194 .0822 1 12 . 163 . 9%64 18 42 . 0993 2 

43 . 08223 . 0625 1 12 . 120 . 9%6 1 17 43 .09961 

44 .08252 . 03280 12.077 . 99659 16 44 .09990 

45 . 0829 1 .08309 12. 035 . 99657 15 45 .10019 

46 . 08.li O . 09339 11. 992 . 99654 14 46 . 10048 

47 .08339 . 06363 1i. S50 . S9G52 13 47 . 10077 

48 . 08368 . 0835 7 11, 909 . 9!JG;9 12 48 .1 01 06 

49 .06397 . 084 27 11.867 . 995 47 11 49 .10135 

I, 50 .03426 .08456 11.826 .9()644 10 50 .10164 

51 .08455 . 03:48 5 11.785 . 99642 9 51 . 101 92 

52 .08484 . 095 14 11. 74 5 . 99639 s 52 . 10221 

53 . 08 513 . 08544 11 . 705 . 99637 7 53 . 10250 

•' 54 . 08542 . 08573 11 . 664 .99635 6 54 .1 0279 

55 . 08571 , 08602 11. 625 . 59032 5 55 .10308 

56 . 08600 . 08632 11. 5S 5 . 9%30 4 56 . 10337 

57 . 08529 . 0866 1 11. 546 . 9%27 3 57 . 10366 

58 .06058 . OSG~O 11. 507 . S9G25 2 58 . 10395 

59 .08687 . 08720 11. 468 .99622 1 59 . 10424 

60 . 0871 6 .08749 11.430 .99619 0 60 .10453 

Cos Ctn Tun Sin Cos 

9·1° (274'0) (265°) 85° 95° (275°) 

.08719 11.430 . 9%19 u, ! 

. 08778 11.392 . !)96 17 ~·,! 

. 0830 7 11. 35•\ .9% 14 !.-~ I 

. 08837 11. 316 . 99612 ll I 

. 08866 11.279 . 99609 :,r, I 

. 08895 11. 242 . 99607 ~\ I 

.08<)'.'5 11.?.05 . 99604 ~I ! 

. 08954 11.168 . 99602 ~l ' . 08')83 11.132 ' .9%99 ~;• j 

. 090 13 11. 095 . 99596 ~1 

l .09042 11. 059 . 9%94 !,Q 
. 09071 11 .024 .99591 ◄ ; ' .0910 1 10.988 . 99 588 

~; I j . 09 130 10.953 . 99586 
. 09 159 10.918 . 99583 ,i I I 

. 09189 10.833 . 99580 ') I J 

. 092 18 10 . 848 . 99578 4 ◄ 

:! . 0924 7 10.814 . 99575 4) 

:ma~ 10.,eo . !)9572 41 l 10.746 . 99570 41 

j .09335 10. 712 . 99567 <C 
. 09365 10.678 .90564 3, , . 
.09394 10 . 645 . 995G2 3! ;J 
. 094 23 10.612 . 99559 31 ! .091 53 10 . 579 . 99556 iC . 

. 09482 10 .546 . 99553 3) :i 

. 09 !; 11 10. 514 . 995 51 31 'I 

. 09541 10. 481 . 9954 8 33 Ii 

. 09570 10 .H9 . 99545 3/ I 

. 09600 10 . 417 .99542 JI 1 
. 09629 10 .385 . 99540 30 i! 
.09658 10.354 .99537 2~ ~l 
. 09688 10.322 . 99534 ,, 

:1 ,. 
.09717 10.291 . 99531 2, 

. 09746 10.260 . 99528 26 'I 

. 09776 . 99526 21 
'f 

10. 229 h 
.09305 10.1 99 . 99523 2 ◄ :1 
. 0983 4 10.1 68 . 99520 2j ' i 
. 093G 4 • 10.1 38 . 99517 22 !I 
.03893 10. 108 . 99514 21 

. 09923 10.078 .9951 1 2i,I ii • I 

. 09g52 10.048 . 99503 19 ! •I 

. 09981 10. 019 . 99506 11 'I 

.1 00 11 9.9893 . 99503 17 

. 10040 9.%01 . 99500 1t :! 
. 10069 9.93 10 . 99497 I'. 't 
. 10099 9.9021 . 99494 1• , . 

'. I 
.1 0128 9. 8734 . 99491 ll ., 
.1 01 58 9.8448 . 99488 1·· ., 

1il 
.. 

.1 0137 9.81 64 .99485 ·l 
. 10216 9. 7882 . 99482 10 I :t . 10246 9 . 7601 . 99479 , I 
.10275 9 . 7322 . 99476 e I .. 

;I .t 
. 10305 9 . 7044 .99473 :,f 
.1 0334 9. 6768 .99•;70 6 I :, 
.10363 9.G493 . 99467 ii 

;j 
" .1 0393 9.6220 . 99464 

ii 
>! 
.. , . 

.10422 9. 5949 . 99461 

ll . 10452 9.5679 . 99458 
.1 0481 9.5411 _99..-,55 

I 
. 10510 9 . 5144 .99452 e• il -l H Ctn Tna Sin . ' 

_.J I~ 

(26-1-0) 81" H 
: t 

' Sin Tnu Ctn Cos 
, 

- --- --- --- -- -
0 .1 0453 .10510 9.5144 . 99452 60 
1 . 10482 . 10540 9.4878 .99449 59 
2 .1 05 11 .1 0 569 9 .461 4 . 99 -1 46 53 
3 . 10540 .1 0590 9.4352 . 994-13 57 
4 .1 0569 .10G28 9.4090 .99440 56 

5 . 10597 . 10657 9.383 1 .99437 55 
6 .1 0G26 . 10687 9.3572 . 99,34 54 
7 . 10G55 .1 0716 9.3315 .99431 53 
8 .1 0684 .1 0746 9. 3060 .99428 52 
9 .10713 .10775 9 . 2806 . 99424 51 

10 .1 074 2 . 10805 9. 2553 . 9942 1 50 
11 .10771 .1 0834 9.2302 . 99418 49 
12 .1 0800 .1 0863 9 . 2052 . 994 15 48 
13 .10329 . 10893 9.1803 .99412 47 
14 .1 0858 .1 0922 9 .1555 .99409 46 

15 . 10887 .10952 9.1309 .99406 45 
?6 .10916 . 10981 9.1065 . 99402 44 
17 . 10945 . 11011 9.0821 . 99399 43 
18 . 10973 .1 1040 • 9.0579 . 99396 42 
19 .11002 . 11070 9 . 0338 . 99393 41 

20 . 11 031 .11 099 9.0098 . 99390 40 
, 1 . 11 060 .111 28 8 . 9860 . 99366 39 
22 . 11 089 .11158 8.9623 . 99383 38 
23 .11118 . 111 87 8. 9387 . 99380 37 
24 .11147 .11217 8 .9 152 .99377 36 

25 .1 1176 .1 1246 8.8919 . 99374 35 
,6 .11 205 . 11276 8. BG8G . 99370 34 
27 .11 234 .11305 8. 8•155 .99367 33 
28 .11 263 .11 335 8. 8225 . 99364 32 
29 .1 129 1 .11 364 8 . 7996 .99360 31 

JO .11320 .11 394 8. 7769 .99357 30 
ll . 11 349 . 11 423 8.7542 _9g354 29 
J2 .1 1378 .11452 8. 731 7 . 99351 28 
l3 . 11407 .11482 ·8. 1093 .99347 27 
l4 . 11436 . 11511 8 . 6370 , 99344 26 

]5 .. 11465 , 11541 8. 65 48 .99341 25 
; JG .1H94 .11570 8. G4 27 . 99337 24 
I ) 7 . 11 523 . 11 600 8.6208 .99334 23 
jlB . 115;;2 .1 1629 8.5939 . 9933 1 22 
1 )9 . 11580 .11 659 8.5772 . 99327 21 
i 
I 40 . 11 609 .11 688 8. 5555 . %324 20 

;1 . 11638 . 11 7 18 S.5340 . 99320 19 
<2 . 11 667 .1174 7 8 . 5126 . 9931 7 18 
<) .1 1696 . 11777 8.4913 . 9931 4 17 
•• .11725 . 118CG 8.4701 . 99310 1G 

<5 .11754 .11 836 8.4490 . 99307 15 
,( t,j .11783 .118G5 8.4280 . 99303 14 
<7 .11812 .1 1895 8.4071 . 99300 13 
•a .11 840 .11924 8. 3e53 . 99297 12 
49 .11 8G9 . 11954 8.3656 . 99293 11 

I 
'I) .11 898 . 11 933 8, 34 50 .99290 10 
11 . 11927 .12013 8 .3245 . 99286 9 
•,i .11 956 .12042 8.3041 .99283 8 

: 'l) . 11 985 .1 2072 8 . 2838 .99279 7 
f >4 .1 2014 .1 2101 6.2636 . 99276 6 

: ',5 . 12043 .12131 8. 2434 .99272 5 
; '/, . 12071 .12160 8 . 2234 .99269 4 ,, 

.121 00 . 121Sv a .2035 . 992G5 3 
!.-1 

: \1 
.1 2129 , 1?.219 e.1 337 . 99262 2 
. 12158 .12249 8.1640 . 99258 1 

! ~., .12187 . 12278 8.1443 .99255 0 
\ 7 - --- --- --- -
~ 

Coo Ctn Tan Sin ' 

, Sin Tua Ctu Co., , 

- --- -- -- --- -
0 .121 87 .12278 8.1443 .99255 60 
1 .12216 . 12308 8 .1248 .99251 59 
2 . 12245 . 12338 8.1054 . 99'.'43 58 
3 .1 2274 .1 2367 8. 0860 .992 44 57 
4 .1 2302 .12397 8 .0667 . 99240 56 

5 .12331 . 12426 8.0476 . 99237 55 
6 .1 2360 . 124 56 8.0235 . 99233 s,; 
7 .1 2389 . 12-1 85 3;0095 . 99230 53 
8 .12418 .1 2515 7. 9906 -~9:? :G 52 
9 .12447 . 12544 7 .9718 . % 222 51 

10 . 12476 .1 2574 7. 9530 . 992 19 50 
11 . 12504 . 12603 7. 9344 .9921 5 49 
12 . 12533 . 12633 7.91 58 . 9,2 11 43 
13 .12562 .1 2662 7.8973 . 99208 47 
14 .1 2591 .1 2692 7. 8789 . 99204 46 

15 . 12620 .1 2722 7,8606 .99200 45 
16 .12649 . 12751 7.8424 . 99 197 44 
17 .1 2678 . 12781 7 . 8'.?43 . 9~ 193 43 
18 . 127C6 . 12810 7, 8062 . 99 189 42 
19 .1 2735 .1 28<0 7 . 7882 . 93 186 41 

20 .1 2764 .1 2369 7.7704 . 99182 40 
21 . 127 93 . 12399 7.7525 .99179 39 
22 . 12822 .1 2929 7 .7348 . 99 175 38 
23 . 12851 .1 n 53 7 . 7171 . 99 171 37 
24 . 12680 .1 2983 7. 6996 .99167 36 

25 .1 2903 . 130 17 7.6P-21 . 991 53 35 
26 . 1293 7 . 13047 7. 6647 . 59 H}O 34 
27 . 12966 . 13076 7. 6473 . 99156 ·33 
28 .12995 .1 3 106 7 . 6301 . 99 152 32 
29 . 13024 .1 3136 7 . 6129 . 99 143 31 

30 . 13053 .1 31 6 5 7 . 5958 . 991 44 30 
31 .1 3081 . 13195 7.5787 . 99141 29 
32 . 13110 .1 3224 7 .. 561 8 . 99 137 28 
33 .13139 . 13254 7.5449 . 99 133 27° 
34 .131 G8 .13234 7 . 5281 . 99129 26 

35 .13197 . 13313 7.5113 . 99125 25 
36 .13226 .1 3343 7 . 4947 .99122 24 
37 . 13254 .1 3372 7.4781 . 99118 23 
38 . 13283 .1 3402 7. 4G:5 . 99 114 22 
39 . 13312 .1343 2 7 . 4451 . 99 110 21 

40 .1 3341 .13461 7.4287 .99106 20 
41 . 13370 . 13491 7. 412 4 .99 102 19 
42 .1 3399 .13521 7.3% 2 . 99093 18 
43 . 13427 . 13550 7. 3300 . 990~ 4 17 
44 . 13456 . 135co 7.3G39 -9~091 16 

45 . 13485 .13609 7. 3479 . 99087 15 
46 .1 351 4 .13G3 9 7 .3319 . 93083 14 
47 .1 35<3 . 13669 7 .3160 . 99G79 13 
48 .13572 .1 3698 7. 3002 . 99075 12 
49 .13GOO .13728 7. 2844 . 99071 11 

50 .1 3629 .13758 7.2G87 . 99067 10 
51 .1 3C58 .1 3787 7 .2531 . 99053 9 
52 . 13687 . 1381 7 7. 2375 . 99059 8 
53 .1 3716 • 13 3 4.ij 7. 2220 .99055 7 
54 .13744 . 1ZSi'6 7. 2C66 . 990 51 6 

55 .13773 .13906 7 . 1912 .99047 5 
56 .1 3802 .1 3935 7 . 1759 .990-3 4 
57 . 1333 1 .1 3!}G 5 7.1 607 . 99039 3 
58 .13360 .13995 7 .1455 . 99035 2 
59 .13389 .14024 7 . 1304 .9903 1 1 

60 .13917 .14054 7 . 1154 . 99027 0 
- --- - -- - - - - - - -, c,,. Ctn Ton Sin , 

,r. 

·"' H 
i; 

... , 

, - - --
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NATUltAL TIUGO:\'mIETRIC FUNCI'IONS , Ir , J' NATURAL THIGO.::-.O:\IETIUC FU;\'Cl'lO~S 

)
0 (190°) ' (3-19°) 169° 11 ° (191°) ? 

(351°) 171° 9° (139°) (350°) 17 
Sin Ton Ctn C i ... " !';in Tan Ctn c ... , 

-- ·-. i Siu T.Jn Ctu Cos Siu 'fun Ctn Cos 
- i 0 .1.7365 .17633 5.6713 . 98481 60 0 . 19081 .19438 5. 1446 .98163 60 

0 . 139 17 . 14054 7.1 154 .99027 60 0 . 15643 . 15838 6.3138 . 98769 6C; I . 17393 . 17663 5.6617 .984 76 59 1 .19109 . 19468 5.13G6 . 981 57 59 
1 . 139.;5 .1~08 4 7 . 100·1 . 99023 59 1 . 15672 . 15868 6.3019 •. 98764 5', I z .17422 . 17G93 5.6521 .O~'i71 53 2 .19138 .19498 5.1 236 .98152 58 
2 .13975 . 14113 7. 085 5 . 99019 58 ·2 . 1570 1 . 15898 6.290 1 . 98760 5! I 3 .1 7451 . 17723 5 . 6425 . 984G6 57 3 .19167 . 19529 5 . 1207 .981·1 6 57 
3 . 14004 . 14143 7 .070G . 990 15 57 3 .15730 .1 5U28 6.2783 . 98755 57 '. 4 .1 7479 .17753 5 . 6329 .984 61 56 4 .1 9195 .19559 5.1128 . 98140 56 
4 . 14033 . 14173 7 . 0558 . 99011 56 4 . 15758 . 15958 6.2666 . 98751 5; I 

5 . 17508 . 17783 5.6234 . 93455 55 5 .19224 . 19589 5.1049 .98135 55 
5 . 1';061 . 14202 7 .04 10 .99005 55 5 . 15787 .15988 6 . 2549 . . 98746 55 : 6 .17537 .17813 5 .6140 . 98450 54 6 . 19252 .1 96 19 5 . 0970 . 98129 54 
6 . 14090 . 14232 7 .0264 . 99002 54 6 .1 53 16 . 160 17 6 .2432 . 93741 5, ! 7 . 17565 . 17843 5 . 6045 . 98445 53 7 . 1928 1 , 19fi ·l9 5.0892 , 98124 53 
7 . 1411 9 .1~ 262 7 .0 117 . 98998 53 7 . 15845 .1 G047 6.2316 • 9e137 5! . 8 . i 75')4 . 17873 5. 595 1 . 98440 52 8 . 19309 . 1%80 5 . 0814 . 93 118 52 
8 • 14148 . 14291 6. 9972 . 9899 4 52 8 . 156 73 . 16077 6.2200 . 98732 5) : 9 . 17623 .17903 5.5357 . 98435 51 9 .19338 .19710 5.0736 ,sSl 12 51 
9 . 14177 . 14321 6.9827 . 98,90 51 9 . 15902 • 1G107 6 . 2085 . 98728 5• ' ·; 10 .1 7G51 • 17933 5 .5764 . 98430 50 10 . 1936A . 19740 5.0658 . 98 107 • 50 

10 . 14205 .14351 6". 9682 . 98986 50 10 .1593 1 . 16137 6. 1970 .98723 50 , 11 ,17C80 . 17~03 5 . 5G71 . 96425 49 11 . 19395 • 19770 5 . 058 1 . 98101 49 
11 . 14234 . 14381 6.9538 . 98982 49 11 .15959 .161 67 6.1856 . 98718 ◄ r, I 12 . 17708 . 17903 5.5578 . 08420 48 12 . 19-123 • 19801 5 .0504 . 9S095 48 
12 . 14 2G3 .14 .; 10 6 .9395 . 9897S 48 12 .1 5988 .161 % 6 .1742 . 9871 4 ,e: 13 . 17737 . 18023 5. 5485 .98·\ 14 47 13 • 19452 .1 983 1 5.0427 . 980cl0 47 
13 • 14292 . 14440 6 . "252 . 98973 47 13 . 1601 7 . 16226 6 . 1628 . 9870'.l ◄ 7 ! 14 .1 7766 . 18053 5. 5393 . 98409 46 14 • 1_9481 .1 9861 5 .0350 .9808 4 45 
14 .1 4320 • 14470 6 . 91 10 . 9S969 4 6 14 . 1604G .1 62~6 6 . 1515 . 98704 46 

15 .17794 .1 8083 5 . 5301 . 98404 45 15 . 19509 . 1989 1 5.0273 . 98079 45 
15 .1 4349 • 14499 6 . 8969 . 98% 5 45 15 . 1G074 .1 6286 6.1402 . 98700 ,, IG . 17823 . 1811 3 5. 5209 . 98399 44 16 . 19538 .1 992 1 5 :019 7 . 98073 44 
16 . 1-1378 . 14529 6 . 832S . ge~G1 44 16 . 16103 . 1G3 1/l 6 .1 290 . 9869 5 " 17 , 17852 . 18143 5 .51 18 .98394 43 17 . 1S-5G6 . 19952 5.0 121 . 95067 43 
17 . 14 407 . 14 559 6 . 8687 . 98957 43 17 .161 32 . 163•:6 6 .1178 .93G90 ,, 13 . 17880 .1 81 73 5.5026 . 98389 42 18 . 19595 . 19n2 5. 00.;5 . 980'i 1 42 
18 • 14436 . 14588 6.85<3 . 98953 42 18 .1 6160 • 16376 6 . 1066 . 98G86 4/ 19 . 17909 .18203 5 . 4936 . 93383 41 19 . 19623 .200 12 4. 99G9 . 98056 41 
19 . 14464 . 14618 6 .8408 . 989'T8 41 19 . 16189 . 1G4O5 6 .0955 . 98681 41 

20 . 17937 .18233 5.48-15 . 98378 40 20 . 19652 . 20042 4. 9894 .98050 40 
20 . 14 493 .14648 6.8269 . 9e9~ 1+ 40 20 .1 62 18 . 16435 6.0844 • 98676 4Q 21 .17966 . 18?.C.3 5 . 4755 . 983 73 39 21 . 19GEO . 20073 4. 98 19 . 98044 39 
21 . 14522 . 14678 6. 81 31 . 93940 39 21 . 16246 . 16•:65 6 . 0734 .9867 1 j': 22 .17995 . 18:!Y3 5'. 4665 . 98368 3S 22 . 19709 .20103 4. 9744 • Y8039 38 
22 . 1455 1 . 14707 6.7$94 . 98936 38 22 . 16?.75 . 16495 6 .062 4 . 986G7 3! 23 . 18023 . 18323 5 . 4575 . 98362 37 23 . 19737 . 20133 4.96',9 . 98033 37 
23 .. 14580 . 147 :!7 6 .7856 . 98931 ~7 23 .1 630 -l . 16525 6 . 0514 • 98662 37 i 24 . 18052 .1 8353 5 . 4486 . 98357 36 24 . 19766 . 20 164 4 . 9594 . 98027 36 
24 . 14608 .1 4767 6. 7720 . 98927 36 24 . 16333 . 16555 6.0405 . 98657 Jii 

' 
25 . 1808 1 .18384 5 . 4397 . 98352 35 25 . 19794 . 20 19 4 4 .9520 . 98021 35 

25 . 14637 .147% 6 .758 4 . 9S923 35 25 .16361 . 16585 6.0296 . 98652 3~ ' 26 .1 8109 .1 84 14 5. 4308 . 98347 34 26 . 19823 .20?.2 4 4.9446 . 980 16 34 
26 .1 4666 . 14826 6. 74 48 . 98919 34 26 . 16390 . 166 15 6.01 88 . 98643 J • , 27 . 16138 . 1844 4 5 . 4?.19 . 983·11 33 27 . 1935 1 . 20254 4. 9372 . 98010 33 
27 . 1.; 50 5 . 14 356 6. 7313 . 9SS 14 33 27 . 16419 .1 664 5 6.0080 . 98643 3~ . 28 . 13166 . 18474 5.4131 . 98336 32 28 .19880 . 20285 4 .9298 • 98004 32 
28 . 14 723 . 148E 6 6. 7179 . 9S91 0 32 28 .1 6447 . 16674 5.9972 . 98638 3.' : 29 .1 8195 .18504 5.4043 .98331 31 29 . 19908 . 20315 4. 9225 . 97998 31 
29 .1 4752 . 14915 6. 7045 . 98906 31 29 .1 64 76 .1 6704 5 . 986 5 . 93G33 JI ; ··-30 .18224 .18534 5.3955 .98325 30 30 . 19937 . 20345 4,9152 . 97992 30 
30 .14781 • 14945 6.6912 98902 30 30 . 16505 . 16734 5. 975S . 98629 3(1, 31 . 18252 . 18564 5 . 3868 . 98320 29 31 . 19965 • 20376 4. 9078 . S7987 29 
31 . 14 810 . 14975 6 . 6779 . 98897 29 31 . 16533 . 16764 5. % 51 . 98624 z- 32 . 18281 . 18594 5. 378 1 . 983 15 28 32 . 1999 4 . 20406 4 .9006 .97931 28 
32 . 14838 . 15,)05 6.66·l 6 . 98693 28 32 . 1G:JG2 • 16794 5. 95 45 , ggf, 11) :1!' J3 .18309 .1 8G24 5 .. 369 4 . 98310 27 33 ; 20022 . Z0436 4 . 693 3 .97~75 27 
33 . 148{j 7 .1 503 4 6.6 514 . 9Se39 27 33 .1 G59 1 .1 G824 5. 9439 . 98G 14 ::: 34 . 18338 .18654 5.3607 . 98304 26 34 . 20051 .20466 4. 8860 . 97969 26 
31 • 14 63G .1 50G4 6. 6383 . 98884 2G 34 .1 6G20 . 16854 5 . 9333 . 93G09 

,, 

" 
35 . 18367 . 18684 5. 3521 . 08299 25 35 • 20079 . 20<97 4.878e .979G 3 25 

35 • 1492~ . 15094 6 . 6252 . 98880 ?5 35 . 16Ct;3 . 1G884 5 . 9228 . 98G04 36 . 183~5 . 187 14 5.3 435 . '3 821) 4 24 36 . 20108 . 2G527 4 .8716 .97~:ie 24 
36 .1 495 4 .1 5124 6.6122 . 93376 24 3G . 16G7 7 .1 69 14 5 . 9124 . 98GG0 :· i 37 . 18424 .1 8745 5 . 3349 .98288 23 37 . 20 136 .20557 4. 86 -14 . 97952 23 
37 .14962 .1 51 ~3 G. 5992 . 9887 1 23 37 .1 670G . 16944 5 .9019 . 98595 . o· 

33 .1 8452 .18775 5. 3263 .98283 22 38 . 20165 .20588 4 . 857 3 . 97946 22 
38 . 1501 1 .1 5183 6. 5So3 .98867 22 38 . 16734 . 16974 5.891 5 . 98590 39 .1 848 1 . 18805 5.3178 . 98277 21 39 ;20193 . 20618 4 .800 1 . 97940 21 
39 . 15040 .15213 6.5734 . 9eo63 21 39 . 16763 .1 7004 5 .88 11 . 9S585 

40 . 18509 . 18835 5.3093 . 98272 20 40 . 20222 . 20G<8 4. 8·•30 . 97 93 4 20 40 .15069 . 15243 6.560G . 98858 20 40 .16792 . 17033 5 . 8708 . 98580 41 .1 8538 .1 8flG5 5. 3008 .98267 19 41 . 20250 .200 79 <.8)59 . ~7 9'.·8 19 
41 .1 S097 . 15272 6. 54 78 . 9P,854 19 41 . IG€20 . 170G3 5. 8G05 . 98$75 42 .1 85G 7 . 18895 5. 2924 .93?6 1 18 42 . 20n9 .20709 4 .8'l38 • 97922 18 42 . 15126 . 15302 6. 53 50 . 9e8<9 13 42 . 16849 .170~3 5.8 !".102 . 98$70 43 . 18!>9 5 .1 8925 5. 2839 . 93~56 17 43 . 20307 . 20739 4 . 8218 . 97916 17 43 . 15155 . 15332 6 . 5223 . 988 45 17 43 . 16878 .1 71 23 5: 8400 . 9B5G ~ ,: 44 . 18G24 .1 8955 5. 2755 . 98250 16 44 . 20336 . 20770 4. 8147 .9791 0 16 44 •• 15184 . 153G2 6 . 5097 . 98841 16 44 . 16906 . 17153 5.8298 .985G 1 

I 45 . 18652 .1 8986 5. 2672 .98245 15 45 . 20364 . 20300 4 . 8077 . 97905 15 45 ; 1521 2 . 1539 1 6.4971 .98836 15 45 . 16935 .17183 5 . 8197 , 385!:iG . , I 4G . 18681 . 1901 6 5.2588 . 93240 14 46 .2039.3 . 20830 4. 8007 . 97899 14 
4 6 . 152 41 • 15421 6 . <846 . 98832 14 46 .1G:J54 .1 7213 5. 809'5 . 9855 1 47 .1 8710 . 19046 5.2505 . 98234 13 47 .20-:2 1 . 2086 1 4 . 7'.J 37 . 9rn93 13 47 • 15270 . 15451 6.4721 . 98827 13 47 .1 G992 . 17243 5 . 7994 . 9es-rn 48 , 18738 . 1907G 5. 2422 . 98229 12 48 .20-150 .2089 1 4. 78G7 .97867 12 48 . 15299 .1 5431 6. 4596 . 98823 12 48 .17021 .17273 5 . 789 4 . 9854 1 49 . 18767 .1 9106 5 . 2339 .98223 11 49 .20478 .2092 1 4. 7798 . 9788 1 11 
49 .1 5327 . 15511 6 .4_472 .58818 11 49 . 17050 . 17303 5. 7794 . 98536 

50 . 18795 . 19136 5. 2257 .9821 8 10 50 .20507 . 20952 4. 7729 .97875 10 50 . 15355 . 15540 6 . 4343 . 988 14 10 50 . 17073 .1 7333 5.7694 .9853 1 51 . 13824 .19166 5 . 2174 . 98212 9 51 . 20535 . 20982 4. 7G59 • 97869 9 51 . 153S 5 . 15570 6. 422 5 . 9S809 9 51 . 171 07 .17363 5 . 7594 . '.)8526 52 . 18852 . 191 97 5 .2092 . 98207 8 52 . 205G3 . 21013 4. 759 1 . 97863 8 52 . i 54i 4 .1 5GOO 6. 4103 . 98805 8 52 .171 36 . 17393 5.7495 . 98521 53 .1 8881 .1 9227 5.2011 . 9820 1 7 53 .20592 . 210·13 4 . 7522 .97857 7 53 .15< 42 . i5630 6 . 3980 . 98800 7 53 . 17 164 . 17423 5 . 7396 , 96$16 54 .1 89:0 . 19257 5. 1929 . 98196 6 54 .20620 . 21073 4 . 7453 . 978 51 6 54 . 154 71 .15650 6. 3809 . 98796 G 54 .171 93 . 17453 5. 7297 . 985 11 i 
I 55 .1 6938 . 19287 5.1 848 . 981 90 5 55 .20649 . 21104 4.7385 .97845 5 55 . 15500 .1 5689 6 . 3737 . 9879 1 5 55 . 17222 . 17483 5 . 7199 . 98506 56 .18967 . 19317 5 .1 767 . 98 185 4 56 . 20G 77 . 21134 4 . 73 17 . 97839 4 56 • 15529 , 15719 6.3617 . 98767 4 56 . 17250 . 17513 5. 7101 . 9800 1 I 57 .18995 . 19347 5.1 686 . 98179 3 57 .20706 . 21154 4. 7249 .97e33 3 57 .15557 • 15749 6. 3>% • 98782 3 57 . 17279 . 17543 5.7004 -~ ~-;% I 58 .1 9024 . 19378 5.l COG .98174 2 58 .20734 . 21195 4. 7181 • 97827 2 58 . 1558 6 .15779 6.3376 . 98778 2 58 . 17308 . 17573 5.6906 . 98·1~ 1 
I 59 • 19052 . 19408 5 .1 526 . 98168 1 59 • 20763 . 21225 4. 71 14 . 97821 1 59 .1 5615 . 15009 6 . 3257 . 98773 1 59 . 17336 . 17603 5 . 6809 . 98486 
I I 60 .1 9081 . 19438 5. 1446 . 98163 0 60 . 20791 . 21256 4. 7046 . 97815 0 60 . 15643 . 158 33 6.3138 . 98769 0 60 .1 7365 .1 7633 5.6713 . 98481 I -~ - I Cos Ctn T"n Sin Cos Ctn Tau Siu Coo Ctn T nu $in Cos Ctn Tau Sin 

9a0 (2, s0
) (::?6 1 °) 81 ° 99° (279°) ·"" (:26U') i:t• 

100° (280°) (-259°) 79° 101° (::?8 1°) (::?58°) 78° ~ 
l 

~ t 
' -----1;...._ . --·- - - -~.,,~~ -- -· .. . ; 



NATVHAL THIG O;','O;',IETIUC FUNCTIONS I' NATURAL TRIGONO:'IIETIUC Fill\CTIO::--lS 

(317°) 167° 13° (193°) (316°) 166 (3,15°) 165° 15° (195°) 

Ctn Cos 

0 . 2079 1 . 21256 4.7046 .97815 60 
1 .20820 . 21286 4.6979 . 97809 59 
2 . 20848 .21316 4.691 2 . 97803 58 
3 . 20877 .21 34 7 4 .6845 . 97797 57 .. .2090 5 .21377 4.6779 . 9779i 56 

5 . 20933 . 21403 4.6712 . 97784 55 
6 . 2 0'.}(.~ . 2: ~23 4.c ::-~u .97i"70 [,4 

· 7 . 20990 .21469 4. 6580 . 97772 53 
8 . 11019 . 21499 4. 6514 . 97766 52 

i 9 .21047 . 21529 4. 6H8 .97760 51 

1· 10 . 21076 . 21560 4.6382 .97754 50 

! 11 .21104 . 21~00 4.6317 . 97748 49 
12 .21 132 . 2162 1 4. 6252 . 97742 48 
13 .21161 .21651 4. 6187 .97735 47 
14 . 21189 .21 682 4.6122 . 97729 46 

I f-iin T nn Ctn Cos 
..:_1 - - - -- - -- - --

0 . 22495 . 23C87 4.3315 • 97437 6C i 
1 . 22523 .23117 4.3257 . 97430 ~i 2 . 22552 . 23148 4.3200 .97424 
3 . 225ao . 23179 4 . 3143 .9741 7 5--
4 . 22608 . 23209 4 . 3086 .97411 56 l 
5 . 22637 . 23240 4 . 3029 .97404 5\! 
G . 22GG5 . 2327 1 4.2972 . 97398 5., 
7 . 22693 .2330 1 4.'2916 . 9739 1 5~ . 
a . 22722 • 23332 4 . 2859 . 97384 5/ : 
9 . 22750 . 23363 4.2803 . 97378 5: I 

I 
10 .?.2778 . 23393 4.2747 . 97371 ,: ! 
11 . 22807 .23424 4.2591 • 97365 4,: 
12 . 2233 5 .234 55 4. 2635 . 97358 4 ') · 
13 .2:'8€3 3 . 23485 - 4.2580 .97351 -' i : 
14 . 22892 . 23516 4.2524 . $7345 ~! : 

- S:n Tan Ctn Cos ' 
-- -- - - - - - - - -
0 .24192 . 24933 4.0108 . 97030 GO 
1 . 24220 . 2·1964 4 . 0058 .97023 59 
2 , 24249 . 24995 4 .0009 .97015 58 
J . 24277 .25026 3 .9959 • 97008 57 
4 .2-;305 .25056 3. 99 10 . 97001 56 

5 . 24333 .25087 3 . 9861 .96994 55 
6 . 2'.362 . 251 18 3 . 981 2 .96% 7 54 
7 . 24390 . 25149 3. 9763 . 9G980 53 
8 .24418 . 25180 3.9714 . 9G973 52 
9 .24446 . 25211 3. 9665 . 96%6. 51 

10 . 24474 • 25242 3 . 96 17 . 96959 50 
:1 . 24503 .25273 3. 9568 . %952 49 

l 12 . 24531 . 25304 3.9520 , 96945 48 
13 . 24559 . 25335 3 . 947 1 . 96937 47 
14 . 24587 . 25366 3 . 9423 . 96930 46 

, Sin Tna Ctn Cos ' 
- --- -- -- --- -

0 • 25882 . 26795 3 . 7321 .96sn 60 
1 .259 10 . 2G826 3 . 7277 . 90Se5 59 
2 .25938 .2oc57 3 . 7234 . 96578 58 
3 . 25966 . 26838 3 . 7191 • 96570 57 
4 . 25994 . 2cno 3 . 7148 .%562 56 

5 . 26022 . 26951 3.71 05 ,96555 55 
6 . 26050 .26~82 3.7062 .96547 54 
7 . 2G079 . 27013 3. 7019 . 96540 53 
8 . 26107 . 27014 3. 6976 . 96532 52 
9 . 26135 . 27076 3 .6933 . %524 51 

10 . 26163 . 27107 3.6891 . 96517 so 
11 • 2619 1 . 27138 3 . 6848 . 96509 49 
12 . 26219 . 27169 3. Ge06 . %502 48 
13 . 26247 . 27201 3 . 676.; . 96494 47 
H . 26275 . 27232 3.6722 . 9G48G 46 

15 .21 218 .2 171 2 4.6057 . 97723 45 
16 . 21246 .21743 4 .5993 .97717 44 
17 . 21275 .21773 4.5,28 . 9771 1 43 
18 . 21303 .21 804 4 .5364 . 97705 42 
19 . 21331 . 21834 4 . 5800 . 97698 41 

15 .22920 .23547 4 . 245S . 97338 ◄ l ' 
16 . 2294S :m6:i 4. 24 13 . 9733 1 H : 
17 . 22977 4 . 2358 .97325 -'i, 
18 .23005 . 23639 4. 2303 .97318 ◄ :: : 
19 . 23033 . 23G70 4. 22•\8 . 9731 1 ◄ 1 

15 .24615 . 25397 3 .9375 .96923 45 
16 . 24644 , 25428 3 . 9327 . 96916 44 
17 . 24672 . 25459 3.9279 . 96909 43 
18 . 24700 . 25490 3 . 9232 . %902 42 
19 . 24728 . 25~21 3 . 9184 . 96894 41 

15 . 26303 . 27263 3 . 6680 . 96479 45 
16 .26331 • 27294 3.6638 . 9647 1 44 
17 . 26359 . 27326 3 . 6596 . 96463 43 
18 . 26387 • 27357 3.6554 • 96 456 42 
19 .26415 . 27368 3.6512 . 96443 41 

20 .21 360 . 2 1864 4.5736 .97692 40 
21 . 21338 .21 895 4.5673 . 97636 39 
22 .21417 . 21925 4 . 5609 .97630 33 
23 .21445 . 21956 4. 55.;5 .9767 3 37 
24 :21474 . 21 936 4.5483 . 97667 35 

20 .23062 . 23700 4.21 93 . 97304 4;• 

21 . 23M0 .2373 1 4. 2139 . 97298 l? 
22 .23118 . 23762 4.2084 . 97291 3~ 1 

23 . 23146 . 23793 4.2030 . 97284 j7: 

24 .23175 . 23823 4 . 1976 .97278 Jc. 

20 .2'1756 .25552 3.9136 • 96867 40 
21 .24784 • 25583 3. 9089 . 96880 39 
~2 . 24813 • 25614 3 . 9042 . %373 38 
23 . 24641 . 251j45 3.8'.)9 5 . 96366 37 
24 .24369 .25676 3. 8947 . % 858 ~6 

20 . 26443 . 27419 3.6470 . 96440 40 
21 .2647 1 .27451 3. 6429 . 96433 39 
22 .26500 • 27462 3. 6387 . 96425 38 
23 . 26528 . 27513 3.6346 .96-117 37 
24 .26556 . 27545 3 . 6305 . 9641 0 36 

25 .21502 .22017 4.5420 . 97661 35 
26 . 21 530 .220.;7 4 . 5357 .97655 ~4 
27 .21 559 . 22078 4 . 5294 . 97648 33 
23 .21587 . 22100 4. 5232 .9i'G42 32 
29 .21616 . 22139 4.5169 . 97635 31 

25 . 23203 . 23854 4.1922 .97271 3~ 
25 . 23231 . 23835 4. 18u8 . 97264 .1~ . 
27 . 23260 .239 16 4.1S14 . 97257 3; · 
28 . 23288 . 23946 4 . 1760 .97251 3~ 
29 . 233 16 . 23977 4 . 1706 . 97244 JI. 

25 . 2489 7 • 25707 3.8900 . 96851 35 
26 . 249?.5 • 25738 3. 8854 . 96844 34 
27 . 24954 • 25769 3.3807 • 96837 33 
28 . 24982 .25800 3. 8760 . 96829 32 
29 . 25010 . 25831 3.6714 . 96822 31 

25 .26584 ,27576 3 .6264 . 96402 35 
26 .2661 2 .27G07 3.6222 • 96394 34 
27 . 2G640 • 27638 3.018 1 . 96385 33 . 
28 . 26G6 S • 2"/670 3 .6140 . 96379 32 
29 . 26696 . 2770 1 3 .6100 . 96371 31 

30 .2i 644 .22169 4.51 07 .97630 30 
31 . 21672 .2"2200 4. 5045 . 97623 29 
32 . 21701 . 22231 4. 4983 .97617 28 
33 . 21 729 .22261 4. 4922 .9761 1 27 
34 . 21758 . 22292 4 . 4860 . 97G04 26 

30 . 23345 .24008 4.1653 . 97237 :;.:, 
31 . 23373 .24039 4 . 1600 -97230 
32 . 2340 1 . 24069 4.1547 . 97223 
33 . 23429 .24100 4. 1493 . 9721 7 
34 .23458 .2413 1 4 .1 44 1 . 97210 "' 

30 . 25038 .25862 3.8667 . 96815 30 
31 . 25066 • 25393 3.8G21 . 96807 29 
32 . 25094 . 25924 3 . 857 5 . 96800 28 
33 .25122 . 25955 3.8528 .96793 27 
34 . 2515 1 . 25986 3 . 8482 . 96756 26 

30 . 26724 • 27732 3. 6059 . 96363 30 
31 . 26752 .27764 3 .6018 . 9G355 29 
32 . 26780 . 27795 3 . 5978 .%347 28 
33 . 26808 . 27826 3. 5937 . 9G3.;0 27 
34 . 2G836 .27858 3. 5S97 . 95332 26 

,r 
35 .21786 . 22322 4. 47$9 . 97598 25 
36 . 21814 . 22353 4.4737 . 97592 24 
37 . 21843 . 22383 4. 4676 . 97585 23 
38 • 21871 .22414 4.4615 .97579 22 
39 .21899 . 22444 4. 4555 . 97573 21 

40 . 21928 . 22475 4.4494 . 97556 20 
41 . 219~6 . 22505 4.4 -\34 . 97500 19 
42 . 21385 . 22536 4. 4373 . 97553 18 
43 . . 2201 3 . 22567 4 . 4313 . 9754 7 17 
44 .22041 . 22597 4 . 4253 . 97541 16 

45 . 22070 . 22628 4.4194 . 97534 15 
46 .22098 . 22658 4 .4134 . 97528 14 
H .. 22126 .22689 4. 4075 . 97521 13 
43 .22155 . 22719 4. 4015 .97515 12 
~9 . 22183 . 22750 4 . 3956 . 97508 11 

35 . 23,e6 .241 62 4.1388 . 97203 .. 
36 . 23514 . 24193 4.1335 .971 96 : 37 .235-,2 . 2·1223 4.1282 . 97189 
38 .23571 . 2·1254 4. 1230 . 97182 
39 .23599 . 24285 4.1178 . 97176 

I 40 . 23627 .243 16 4 .1126 .97169 ~ 
41 . 23G~6 . 2',347 4. 1074 .97162 
42 . 23G34 • 2437.7 4.1022 .97155 I .. 
43 . 23712 .24408 4 . G970 . 97148 I 
44 .23740 . 24439 4.091S . 9714 1 

I 
.. 

45 .23769 . 24470 4.0867 . 97134 .. 46 . 23797 . 2450 1 4 .0815• . 97127 i 47 .23825 . 2~532 4 . 0764 .97120 I .. 
48 .23353 . 24562 4. 0713 .9711 3 ! 
49 .23882 . 24593 4.0662 . 97100 I ,. 

I 
I 

35 .251 79 .25017 3 .8436 . 96778 25 
36 . 25207 . 260·l8 3.8 39 1 . 96771 24 
37 . 25235 . 26079 3. 8345 . 96764 23 
38 . 25'.'G3 . 2G110 3.8299 .967 56 22 
39 . 2529 1 . 2614 1 3. 8254 . 96749 21 

40 .25320 .26172 3.820S . 96742 20 
41 . 25348 . 26203 3.8103 . %734 19 
42 .75376 . 26235 3.8118 . 9G727 18 
43 . 25404 • 26206 3.8073 . 96719 17 
44 . 25'.32 . 26297 3.8J28 . 967 12 16 

45 • 25460 • 26328 3 . 7983 .96705 15 
46 .25488 . 2G359 3.7938 .9G697 14 
47 . 255 16 . 26390 3.7893 . 96G90 13 
48 . 25545 . 26421 3. 78',8 .96682 12 
49 .25573 .26452 3.7804 .96675 11 

35 .26864 • 27889 3 . 5856 . 96324 25 
36 .2sz92 .27921 3 .5816 . 963 16 24 
37 . 26320 • 27952 3 . 5776 .96308 23 
38 .26948 . 27983 3. 5736 .95301 22 
39 . 26976 . 28015 3.5696 . 96293 21 

40 .27004 • 28046 3. 5656 .96285 20 
41 .27032 . ?8077 3.5516 • 96277 19 
42 . 27060 . 28109 3.5:,76 .96269 18 
43 . 27088 . 28140 3. 5536 . 96261 17 
44 . 27116 .28172 3.5497 . 96253 16 

45 . 27144 .28203 3 . 5457 . 96246 15 
46 . 27 172 . 28234 3.5418 . %238 14 
47 . 27200 . 28266 3 . 5379 . 95230 13 
48 .27228 . 28297 3 . 5339 . 95222 12 
49 . 27256 .28329 3.5300 . 962 14 11 

50 .22212 .22781 4 . 3897 . 97502 10 
5 \ . 22240 . 2231 1 4. 3833 .97496 9 
52 . 222G8 . 22842 4. 3i79 . 97439 8 

•' 53 . 22297 . 22872 4. 3721 . 97483 7 
5-4 . 22325 .22903 4.3662 . 97476 6 

55 . 22353 .22934 4.3604 . 97470 5 
56 . 22382 . 2296 4 4. 35,,5 . 97463 4 
57 . 22410 .22995 4.34 88 .97457 3 
58 . 22438 . 23026 4. 3430 • 97450 2 
59 . 22467 .23056 4.3372 . 97444 1 

60 .22495 . 23087 4.3315 . 97437 0 

50 .23910 . 24624 4.0611 . 97100 I ' 51 . 23938 . 2tiG55 4.0560 . 970~3 
52 . 23966 . 2·,G36 4.0509 . 97CCG I ' 
53 . 23995 . 2471 7 4 .0459 . 97079 

I : 54 .24023 .24747 4 . 0408 . 97072 

55 . 24051 . 24778 4. 035S . 97065 I : 

56 . 24079 . 24809 4 .0308 . 97059 I 
57 . 2-1108 . 24840 4. 0257 . 9705 1 i 

58 . 24 136 .2487 1 4. 0207 . 97044 I 59 .24164 . 24902 4.0158 . 97037 I 

4.0108 . 97030 i : 
60 .24192 . 24933 
- --- --- --- -

50 .2560 1 • 2G483 3.7760 . 96667 10 
51 . 25029 . 2G515 3.771 5 . 96GCO 9 
52 . 25G57 . 2654G 3. 7671 . 96·3 53 8 
53 . 25G85 . 2G577 3. 7627 . 9GG45 7 
54 . 25713 .26608 :;.7 583 .%638 6 

55 . 25741 . 26639 3.7539 . 96630 5 
56 • 25769 . 26670 ·3 . 7495 . 96623 4 
57 . 25798 . 26701 3. 7451 . 960 15 3 
58 .25326 . 26733 3. 7408 .96608 2 
59 . 25854 • 26764 3 . 7364 . 96600 1 

60 .25832 . 26795 3. 7321 . 96593 0 

50 .27284 . 28360 3.526 1 . 96206 10 
51 . 27312. . 28,9 1 3. 5222 . 96198 9 
52 . 273-10 • 28423 3 . 5183 . %100 8 
53 . 27368 . 28454 3. 5144 .96182 7 
54 .27396 . 28486 3 . 5105 . 96 174 6 

55 .27424 . 28517 3 .5057 .961 66 5 
56 • 27452 . 28549 3.5028 . 96158 4 
57 . 27480 . 28580 3. 4989 .96150 3 
58 . 27508 . 286 12 3 . 4951 . 961 42 2 
59 . 27536 • 26643 3.4912 ·. 96 134 1 

60 .27564 .28675 3 .4874 . 96126 0 
Cos Ctn T ua Sin ' Cos Ctn Tua Sin ; -- - --- -- - - - -- -

' Cos Ctn Tan Sin ' 
- - -- - - --- -- -
' Cos Ctn Tun Sin ' 

102° (282°) (257°) 77° - ' 103° (283°) - - 105° (285°) (251°) 74° 
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(3-13°) 163° 17° (197°) 
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1s• ( 198°) 
- Sin Tan Ctn Cos 

, 

N ATURAL THIGO:'\O;I I ETlUC FL:\'CTIO:'\S 

(311°) 161° 19° (199°) 
, Sin Tnn Ctn C ,-,s 

, Sin Tan Ctn Cos 
, 

- -- - - - - - - -- -
0 . 27% 4 • 28675 3.4874 . 96 126 60 
1 .27592 . 28706 3 . 4836 . 96 118 59 
2 . 27620 . 28738 3.4798 . 95 110 58 
3 . 27648 . 2$769 3 . 4760 . %102 57 
4 .27676 .28801 3.4722 • 96094 5G 

::u ·ran Ctn Cos ' - - - -- -- --- -· 0 . 29237 . 30573 3. 2709 . 95G30 C..:1 
1 . 29265 .30G05 3. 267 5 . 95622 ~ ·, . 
2 . 29293 , 30637 3. 2G41 .9:JG1 3 ; , 
3 . 2932 1 . 30Go9 3 .2607 . 95605 ~ ~ . 
4 .29348 . 30700 3.2573 .\)5596 Y~ • 

.. -- -- -- -- -
0 ,30902 .3?.492 3.0777 . 95106 60 
1 ,30929 .32524 3 .07 46 .95097 59 
2 . 30%7 . 32556 3 .07 16 . 950e8 58 
3 . 30985 . 32588 3.0686 . 9507 !) 57 
4 . 31 012 . 32G2 1 3 .0655 . 95070 56 

5 .31040 .32653 3.0G2 5 . 95061 55 

- - -- -- - - - - -
0 . 32557 .3..433 2 .90·12 . 94552 60 
1 .112 58 4 .3•H6 5 2 .901 5 • 94542 59 
2 .·12012 . 34-:98 2 . 8')87 ,94 533 53 
3 .i;::r,39 ,34530 2. 8% 0 . 94523 57 
4 ·, 3.C67 .34!:.03 2 . 8933 . 9451 4 56 

5 · ~ 32G9 4 . 34596 2.8~05 ,94504 55 
5 . 27704 . 28832 3 .4684 . 96036 55 
6 .27 731 . 2tSG, i 3.4646 . 96078 54 
7 . 27759 . 23395 3 ,4603 ,96070 53 
8 .27787 . 28927 3.4570 . 96062 52 
9 . 27815 . 28958 3 .4533 . 96054 51 

5 .29376 .30732 3.2539 . 95538 " 
6 • 29404 .30764 3.2506 . 95579 !-4 
7 , 29432 .307% 3.2472 , , 9557 1 t; 
8 . . 29460 . 30S28 3. 2438 . 9556?. ~i 
9 . 29487 . 30850 3.2 •105 .95554 ~1 

6 .31 063 . 32685 3. 0f>9 5 .~f>Of12 54 
7 .3i0~!i . 327 17 3.0:,ti S . 95(H3 53 
8 . 31 123 . 32749 3. 053 5 .95033 52 
9 .31151 . 32782 3 . 0505 .95024 51 

10 . 31178 .328 14 3 .0475 . 95015 50 

6 . 32722 .J4o,8 2.8878 . 9 449 5 54 
7 . 3~749 .34661 2. 8351 . 94J85 53 
8 . 32777 .34693 2.E324 . 94476 52 
9 . 32804 . 34726 2 .8797 . 94466 51 

10 . 32832 . 34758 2.8770 _9.;457 50 
10 . 27843 ,28990 3.4495 • 96016 50 
11 . 27d71 . 29021 3.4458 . 96037 49 
12 . 27839 . 2,>053 3 .4 ·'t 20 . 96029 48 
13 . 21n1 . 29064 3. 4383 . 9C021 47 
14 .27955 .2~116 3. 4346 . 9601 3 46 

15 .27983 . 29147 3.4308 . 96005 45 
16 . 28011 .29179 3.427 1 . 95997 44 
17 . 28039 . 292 10 3 .4234 . 95989 43 
18 . 28057 . 292 42 3. 41 97 . 9598 1 42 
19 .2ao95 . 29274 3.41 60 . 95972 41 

20 . 28123 . 29305 3.4124 . 95%4 40 
21 . 28:50 . 29337 3 . 4037 . 55955 39 

. 22 . 28 178 . 29363 3. 4050 . 95948 3~ 
23 .28206 .29400 3 . 4014 . 9,9·\0 37 
24 . 28234 .29·1 32 3 . 3977 . 9593 1 36 

25 .28262 . 29453 3.3941 . 95923 35 
26 . 28290 _29.;9 5 3 .3904 . 9591 5 34 
27 . 28318 . 23~?.6 3.3858 • 95•)07 33 
28 . 283 46 . 295~3 3 . 3332 . 9589S 32 
29 . 28374 . 29590 3.3796 .95890 31 

30 .28402 .2962 1 3 .3759 . 95882 30 
31 . 28429 . 29G53 3.3723 ,95674 29 
32 .2 3457 . 29625 3 . 3587 . 958•35 28 
33 . 284 85 . 29716 3. 3.;52 . 95857 27 
34 .23513 . 29743 3.361Q . 95S~9 26 

35 .28541 • 29780 3.3580 .9 584 1 25 
36 . 28569 .21)811 3 . 3544 . 95S32 24 
37 .285:1 7 . 2~e 43 3. 3509 . 95824 23 
38 .28625 . 29875 3 . 3473 . 95$16 • 22 
39 . 2eG52 . 2lJ S0G 3 . 3438 . 95307 21 

40 .2SC80 . 29938 3. 3402 . 95799 20 
41 . 23708 . 29970 3 . 3:l67 . 95791 19 
~2 . 28735 . 3000 1 3. 3332 . 95752 18 
43 . 2S7G4 , 30033 3. 3297 .95774 17 
44 . 28792 , 300G5 3.3251 . 95766 16 

45 . 28820 . 30097 3.322G .95757 15 

i 46 . 288 47 . 30128 3.3 19 1 . 95749 14 
47 . 28375 .30 160 3 . 3156 . 957 ~0 13 
48 . 23903 . 30192 3.31 22 . 95732 12 
49 . 28931 .30224 3 . 3087 . 95724 11 

50 . 23959 . 30255 3.3052 . 95715 10 
51 . 28937 . 30287 3. 3017 . 95707 9 
52 . 29015 . 303 19 3.298 3 . 95G98 8 
53 . 290,2 .30351 3. 2948 . 95690 7 
54 ,29070 . 303S2 3 . 2914 . 9568 1 6 

55 . 29098 .304 14 3.2879 .95673 5 
56 .29126 .30445 3.2845 . 95GG 4 4 
57 . 29154 . 30-l78 3.2811 . 9565G 3 
58 .29182 .305C9 3. 2777 . 9564 7 2 
59 . 29209 , 3C5-l1 3.27-l3 . 95639 1 

GO . 29237 .30573 3.2709 . 95630 0 
- --- --- --- -- -, 

C<.>s Ctn Tnn Sin ' 

106° (206°) (253°) ,3° 

10 . 29515 . 3069 1 3 .2371 .95545 ,, , . 
11 .2954 3 .30923 3. 2338 . 95536 •• 
12 . 29571 , 30955 3.2305 .9 5:.i28 ' I 
1' . 295•.)9 .301)67 3 . 2272 .95519 <; -~ 
14 . 29626 . 31019 3 . 2238 . 955 11 ,, 
15 . 2%54 / . 31 05 1 3 .2205 . 95502 ,, 
16 . 29682 .31083 3.2172 . 95493 " 17 . 20 71 0 . 31115 3 . 2139 . 95·\85 • ! 
18 .2~137 .3 1147 3 . 2106 • 95476 • , 

19 . 29765 . 31178 3. 2073 . 95467 " 
20 .29793 ,31 2!0 3.2041 . 95459 4: 

21 . 2962 1 . 31242 3 . 2008 . 95450 J'! 

22 . 29840 , 31274 3 .1 975 , 95-141 j~ 

23 , 29S76 .31 306 3. 1943 . 95•\33 
24 .29904 . 31338 3.1910 . 95424 ;~ 

25 .29932 .31370 3. 1878 . 954 15 j~ 

26 . 29960 .31'.02 3 . le45 . 95407 ~· 
27 . 29987 . 31434 3 . 181 3 . 95398 J; 
28 . 30015 . 31466 3.1780 . 95389 J? 
29 . 30043 . 31498 3 . 1748 • 95380 J; 

30 . 30071 .31530 3.1716 . 95372 ): 

31 . 30098 . 31 562 3.1 684 . 95363 :,-; 

32 . 30125 . 3 1594 3 . 1652 . 9535 4 21 

33 .30154 .3 1626 3.1G20 . 953·15 
34 . 30 182 .31 658 3 . 1588 . 95337 :': 

35 .30209 . 31G90 3.1555 . 95328 1: 
35 . 30237 .31 722 3 . 1524 .9 53 19 '. • 
37 . 30265 . 31754 3 . 1492 . 95310 ,. 
38 . 30292 .31786 3.1460 . 95301 
39 . 30320 .31818 3. 1429 . 95293 

40 . 30348 .31850 3.1397 . 95284 :,-

41 . 30376 .3 1882 3.1 366 . 05275 " • 

42 . 30•\03 . 31014 3.1334 . 952G6 " 43 . 30431 ,31 9-16 3.1303 . 95257 
44 . 304 59 '. 31078 3 . 1271 . 952·18 :1 

45 .30·\86 .32010 '3.1 240 . 95240 ! ~ 

46 . 305 14 .320 42 3. 1209 . 95231 
.. 

47 . 3054?. . 32074 3. 1178 . 95~22 : ; 

48 • . 30570 .32106 3.1 146 .9521 3 .. 
49 . 30597 . 32 139 3. 1115 . 95204 1' 

50 . 30625 .32171 3.1084 . 95 195 
,. 

51 . 30653 . 3220 3 3 . 1053 . 05 186 I 

52 . 30680 . 3223 5 3. 1022 .95177 I 

53 . 30708 . 3226 7 3.099 1 . 951G8 
I 

54 .30736 . 32299 3,09G 1 . 9515'.l 

55 .30763 . 32331 3 . on3o . 95 150 \ . 
56 . 30791 .32363 3.0899 .95142 , 
57 . 306 19 . 32396 3.08G 8 .95 133 
58 . 30846 . 324~8 3.0838 _951 :,1 

59 . 30874 . 32•160 3.0807 . ~51 15 

3. 0777 . 95 106 
1 

60 .30902 . 32492 .. - -- --- --- -, Co .. ~ Cta Jan Sin ... 
107° (287°) 

11 . 31206 . 32846 3. 0445 . 95006 49 
12 . 31 233 . 32878 3 .0415 . 94997 48 
13 .31 26 1 , 329 11 3. 0385 . 94988 47 
14 . 31289 .32943 3 .0356 . 94979 46 

15 . 31316 , 32975 3.0326 .94970 45 
16 . 31344 . 33007 3 .0296 . 94961 44 
17 . 31372 . 33040 3.0267 . 94952 43 
iS . 31 399 . 33072 3. 0237 . 94943 42 
19 . 31 427 .331 04 3 .0208 . 94933 41 

20 . 31454 .33136 3.0178 . 94924 40 
21 . 31"82 . 33169 3. 0149 , 9'.91 5 39 
22 . 315 10 . 33201 3.0120 . 9·1~06 38 
23 . 31537 , 33233 3. 0090 . 94807 37 
24 , 31565 .33266 3. 006 1 . 94888 36 

25 . 31593 .33298 3 .0032 .94878 35 
26 . 31620 . 33330 3. 0003 • . 94SG9 34 
27 .31 648 . 33353 2 .9974 .94860 33 
28 . 31675 . 33395 2 . 994 5 , 9.;3 51 32 
29 . 31703 .33427 2 .9916 . 94842 31 

30 . 31730 . 33 4GO 2. 9887 .94832 30 
31 .31758 . 33492 2 . 9658 . 94823 29 
32 . 31786 . 33524 2. 9S29 _9.;514 28 
33 . 318 13 , 33557 2 . 9800 . 94805 27 
34 .3184 1 . 33589 2 .9772 .94795 26 

35 . 31 868 . 33621 2. 9743 . 94786 25 
36 . 31896 . 33554 2.97 14 . 94777 24 
37 .3 1923 . 33686 2. 9686 . 9•\768 23 
38 . 31951 .3371 8 2. 9G57 . 9.\758 22 
39 .31979 . 33751 2.9629 . 947 49 21 

40 . 32006 . 33783 2. 9GOO . 9.\740 20 
41 . 32034 . 33816 2 . 9572 .94730 19 
42 . 3206 1 .33848 2. 9544 . 9·172 1 18 
43 . 32089 . 3388 1 2 . 951 5 .94712 17 
44 . 32116 .33913 2.9487 .94702 16 

45 .32144 . 33945 2 . 9459 .94693 15 
46 .3217 1 . 33978 2 . 943 1 , 94684 14 
47 . 321 99 . 3401 0 2 .9403 _9.;574 13 
48 . 32227 .34043 2 . 9375 . 94665 12 
49 . 32254 . 34075 2. 9347 . 94656 11 

50 . 32282 . 34108 2 . 9319 . 94646 10 
51 . 32309 • . 34140 2. 929 1 . 94637 9 
52 . 32337 . 34173 2 . 9263 . 9·\G27 8 
53 . 32364 . 34205 2. 9'35 .9461 8 7 
54 .32392 . 34238 2. 9208 .94609 6 

55 .3241 9 .34270 2.9180 . 94599 5 
56 . 32447 . 34303 2. 9152 , 94590 4 
57 . 32474 . 34335 2. 9 125 . 94580 3 
58 . 32502 .34368 2 . 9097 , 94571 2 
59 . 32529 . 34 ·100 2 . 9070 .94561 1 

60 . 32557 . 34133 2 .9042 . 94552 0 - --- - - -- --- -, 
Cos Ctn Tan Sin ' 

108° (288°) . ·, (251 °) 71 ° 

11 . 32859 , 34791 2 . 8743 . 94447 49 
12 . 32887 . 34 824 2. 87 16 . 94438 48 
13 . 32914 • 34 356 2 . ~689 . 94-l 2S 47 
14 .329 42 _3433g 2.8662 . 9441S 46 

15 • 32369 . 34922 2 . 8636 . 94409 45 
16 . 32997 . 3'1 !)54 2. 8609 , 9•399 44 
17 .33024 .34987 2. 8582 . 94390 43 
18 . 33051 ,3 5020 2. 8556 . 943EQ 42 
19 . 33079 . 35052 2 . e529 . 94370 41 

20 .331 06 . 35085 2 . 8502 .94361 40 
21 . 33134 .35118 2. 8 .. 76 . 9435 1 39 
22 . 33\6 1 . 35150 2. 8449 . 943.;2 3S 
23 . 33189 . 35183 2. 8J23 . 94332 37 
24 . 33216 . 35216 2 . 8397 _g4322 36 

25 . 33244 . 35248 2. 8370 .94313 35 
26 . 3327 1 . 3528 1 2. 8344 . 9~303 34 
27 .33298 . 353 14 2. 83 18 . 94'29 3 33 
28 . 33326 . 35346 2.829 1 . 9428 4 32 
29 . 33353 .35379 2.8265 . 94274 31 

JC . 3338 1 . 354 12 2. 8239 . 9J264 30 
31 .3 3408 .35445 2 .82 13 . 94254 29 
32 . 33436 . 35-l77 2. 3187 . 9424 5 28 
33 . 334G3 . 355 10 2. 816 1 .94235 27 
34 . 33490- ,35543 2. 8135 . 9-i225 26 

35 . 3351 8 ,35576 2 . 8109 . 942 15 25 
36 . 33545 . 35608 2 . E083 .94206 24 
37 . 33573 . 35G 41 2. 8057 - 9~1 ~6 23 
38 . 33600 , 35674 2 . 8032 , 941 86 22 
39 .33627 .35707 2.800G , 94176 21 

40 .33655 . 35740 2. 79S0 .9-1167 20 
41 . 33682 , 35772 2. 7955 , 941 57 19 
42 .3371 0 . 35S05 2. 7929 .941 47 18 
43 . 33737 .35838 2. 7~03 .94 137 17 
44 . 33764 . 358 71 2. 7~78 .94127 16 

45 .33792 .35904 2. 7852 .94118 15 
46 . 338 19 . 35937 2. 7827 . 94108 14 
47 . 33846 .35969 2. 780 1 . 94098 13 
48 .3387 4 . 36002 2. 7776 . 94088 12 
49 . 33901 . 36035 2 .7751 . 94078 11 

50 . 33929 .360G8 2. 77 25 ,940G 8 10 
51 .33956 . 3010 1 2 . 7700 , 9-l058 9 . 
52 . 33983 . 3613 4 2.7675 , 9404 9 8 
53 .340 11 . 31:

0

167 2. 7650 . 94039 7 
54 .34038 .36199 2. 7G25 . 94029 6 

55 .3406 5 .36232 2. 7600 .94019 5 
56 .34093 .36265 2. 7575 . 94009 4 
57 . 341 20 . 36298 2 . 75~0 . !)3'.)9 9 3 
58 . 34147 . 36331 2.7525 . 93n9 2 
59 . 34175 . 3636 4 2.7500 , 93979 1 

60 . 34202 .36397 2. 7475 . 93969 O· - -- --- --- --- -, 
Cos . Ctn T an Sin ' 

109° (289°) (250°) ,0° 

\ 
\ 



..,-- - -

NATUHAL THIGO:',O::\IETHIC FUJ\'CTIONS 

(339°) 159° 21 ° (~01 °) 
- ~ lt~ -------------:----: ,----,-----------

Tnn Ctn Co., Sin T uo Ctn 

0 . 34202 .35397 2 . 7475 . 93%9 60 0 .35837 . 383S6 2. 60 51 . 93353 
1 . 34229 . 36430 2. 7450 . 93959 59 1 . 3586 4 . 38420 2 .6028 . 933·18 
2 . 34257 . 364 63 2. 742 5 . 93949 58 2 . 3589 1 . 38453 2. 6006 . 93337 
3 .34284 . 3ti4% 2.7-:00 . 93939 57 3 . 359 18 . 38487 2.5983 
4 . 3431 1 . 36529 2 . 7376 . 93929 56 4 .35a45 . 38520 2.5961 

. 93327 

. 93316 

5 .34339 .36562 2. 7351 . 93919 55 5 . 35973 .38553 2.5938 . 93306 
6 . 34366 . 36595 2. 7326 . 93909 54 6 . 36000 . 38587 2 . 59 16 . 93295 
7 . 34393 .36628 2. 7302 . 93899 53 7 . 36027 . 38620 2 . 5893 . 93285 
8 .31421 . 356 61 2, 7277 .93889 52 8 .36054 .33654 2.587 1 . 93274 
9 .34448 .36694 2. 7253 . 93879 51 9 . 36081 . 38687 2. 5848 . 93264 

10 .3"1475 . 36727 2. 7228 . 93859 50 10 · .3610S . 3872 1 2.5826 • 93253 
11 .34 503 . 35760 2 .7204 . 93359 49 11 .36135 . 38754 2. 5604 . 93243 
12 .34530 . 36793 2. 7179 • 93849 48 12 .36162 . 38787 2. 5782 . 93232 
13 .34557 .36326 2.7155 . 93839 47 13 . 36190 . 3382 1 2, 5759 . 93222 
14 . 34584 .36359 2.7130 . 93829 46 14 .36217 . 38854 2. 5737 .93211 

15 . 34612 . 368n 2.710G .9381 9 45 15 . 36244 .38888 2.5715 . 93201 
16 . 34639 . 36925 2. 70S2 . 93809 44 16 . 3G27 1 . 38921 2 .5G93 .931 90 
-17 .3,G65 . 36958 2 . 7058 . 93799 43 17 . 36298 .38955 2 .5671 
18 .3, G9 4 .3699 1 2. 703 4 . 93789 42 18 . 36325 . 38988 2. 5649 

. 931 80 

.93169 
19 . 34721 . 37024 2 . 7009 . 93779 41 19 .3G352 .39022 2.5627 . 93159 

20 . 34748 . 37057 2. 6985 . 93769 40 20 . 36379 .39055 2 . 5605 . 931 48 
21 . 34775 . 37090 2. 695 1 . 93759 39 21 . 36~0G .39089 2.5533 . 93137 
22 . 3'. 803 .371 23 2 . €937 . 93748 38 22 . 36-13 4 . 39122 2.556 1 .93127 
23 . 34 830 .371 57 2. 691 3 .93738 37 23 . 3646 1 .39156 2.5539 . 93 11 6 
24 . 3,S57 . 37190 2.6889 . 93728 36 24 . 364S8 .39190 2.5517 . 93106 

25 .34 884 . 37223 2 . 68~ 5 . 93718 35 25 . 36515 .39223 2.5495 . 93095 
26 .34912 .3 7256 2.6841 . 93708 34 26 . 36542 .39257 2.5473 .93034 
27 . 3.;939 . 37269 2 . 6818 . 9,698 33 27 .365C, 9 . 39290 2. 5·152 . 93074 
28 . 34%6 .37322 2. 6794 . 93C88 32 28 . 36596 . 39324 2. 5430 . 93063 
29 . 34993 .37355 2 . 67 70 • 93677 31 29 . 3G623 . 39357 2 . 5403 . 93052 

30 . 3502 1 . 37388 2.67-16 .93667 30 30 . 36G50 .39391 2. 5386 . 93042 
31 .35048 . 37,22 2. 6723 . 93657 29 31 . 36677 . 3942 5 2.5365 . 93031 
32 . 35075 .37,55 2.6G99 . 93547 28 32 . 36704 . 394 58 2 . 5343 
33 . 351 02 . 374 88 2. 6675 . 93637 27 33 . 36731 . 39492 2.5322 
3-~ . 35130 . 37521 2. 6652 . 93626 26 34 .36758 .39526 2.5300 

. 93020 

. 9301 0 

. 92999 

35 . 35157 . 37554 2.6628 .9351 6 25 35 . 36785 . 39559 2.5279 
36 . 35184 . 37568 2. 6505 . 93606 24 36 . 368 12 . 39593 2.5257 
37 . 352 11 . 37621 2. 658 1 .93 5% 23 37 . 3G339 . 39G2G 2.5236 
38 . 35239 . 37654 2 . 6556 . 93555 22 38 . 36867 . 39660 2.5214 
39 . 35266 . 37687 2 . 6534 . 93575 21 39 .3G894 . 3969 4 2.5133 

. 9~'i88 

. 92973 

. 92%7 

. 92956 

.92945 

40 .35293 .37720 2. 6511 . 93565 20 40 . 3G921 .39727 2.5172 
41 . 35320 . 37754 2.G, 88 . 93555 19 41 .3G9·1S . 3976 1 2 . 5150 
42 . 3534 7 .37787 2 .6 ·1 64 . 93:, 04 13 42 . 3G9 75 .39795 2.5129 
43 . 35375 . 378~0 2 . 64 41 .93534 17 43 . 37002 . 39829 2.5103 
44 .35402 . 37853 2. 6-118 . 93524 16 44 .37029 .39862 2.50S6 

. 9?935 

. 9292 4 

. 92913 

. 92002 

. 92892 

45 . 35429 . 37887 2.6395 . 9351 4 15 45 . 37056 . 39896 2 .5065 
46 . 35456 . 37920 2 .6371 .93503 14 4o . 37083 . 39930 2 . 5044 
47 .35484 . 37953 2 . 6348 . 9349 3 13 47 . 37110 . 3'.lcG3 2 . 5023 
48 . 3551 1 . 379BG 2. G325 _93.;33 12 43 . 371 37 . 39~97 2 . 5002 
49 .35538 . 3S020 2.6302 . 93472 11 49 .37164 .40031 2.498 1 

. 92881 

. 92870 

. 92359 

. 9?8~0 

. 92836 

50 . 35565 .33053 2. 6279 . 93462 10 50 .371 91 . 40065 2.1,% 0 
51 .3 5592 . 38036 2 .62 56 . 93452 9 51 .37218 . 40098 2.4939 
52 . 35619 . 38120 2 . 6233 . 9344 1 8 52 .3724 5 . 40132 2.4918 
53 . 35647 . 38153 2.6210 . 93·1 31 7 53 . 37272 . 40166 2 . 4897 
54 .35574 . 38186 2 . 6187 . 93',20 6 54 .37299 .·10200 2.48 76 

. 92827 

. 9?8 16 

. 92SU5 

. 9279 4 

. 9278 4 

55 . 35701 . 38220 2. 6165 .93410 5 55 . 37326 . 40234 2.4 e55 
56 • 35728 . 33253 2. 6142 . 93400 4 5G . 37353 . 40267 2.4 834 
57 . 35755 .38286 2.61 19 .93369 3 57 . 37380 .4030 1 2 . 4813 
58 . 35182 . 33320 2.60% . 93379 2 58 . 37407 . 40335 2. 4792 
59 .358 10 .• 38353 2.6074 .93368 1 59 . 37434 .40369 2. 4772 

. 92773 

. 927,;? 

. 92 7!".il 

. 9~740 

. 9272') 

60 .35337 .38356 2.6051 . 93358 0 60 . 37461 .40403 2.4751 

Cos Cta T ,m Sin Coo Cta Tun 

110° (290°) (2-19°) 69° 111° (291°) 
"' 

\ 
I 

60 
5, 
5? 
5-. . 
5(, ., 

l 
55 ' I 
5• : 5] I 
5~ t 
51 i 

! ·_ Sia 
--

i 
0 .37461 
1 . 37488 
2 . 37515 
J . 375-12 

I 4 .37569 

5 . 37595 
6 . 37G22 
7 . 37649 
8 .37676 
9 . 37703 

5() ~ ., 
i s . 
47 t 
4; l 

I 
1, 

I 10 . 37730 
,1 : . 37757 
• 12 . 37784 

1
13 . 37811 
14 . 37838 ·~ i •• ' <J 

,. 
l ? f, 
41 

I 

I' 
i o 

i! ,, 

~~ f I: 
1, 

JI I L Ju 

3\ I ii ,, 
''I J l 
3: I 
Ji • 

3J I 
·• 1 ., 
" 

i 15 . 37865 
I 16 . 37892 

i :~ .37919 
. 37946 

I 19 . 37973 

: :o . 37999 
:21 . 38026 
In . 38053 

) ) . 38080 
Z4 . 38107 

/5 . 38134 
)6 .38161 
17 . 38188 
!S . 38215 
Z9 . 38241 

JO . 382G8 
11 . 33295 .. . , 

., i 
:,! 
; , 

l2 .38322 
!J . 383-;9 
H .38376 

35 . 38·103 ., 

·,: ; 
Jr, . 38430 

; l7 . 38456 
38 . 384S3 

; )9 .3351 0 
:':, 1 1 

1 <O . 38537 

" ' 41 .385G 4 ,· 
I H, 

I n l 

I 
., 

I 42 .38 59 1 
q .386 17 

: 4,4 .386 44 
I 
: ,5 .336 71 

I • :, 

i 

I " 

, r, . 38698 .,, 
.38725 

: '! .38752 
' <? .38778 

I 
I 

, . ·,1 .38805 
I I II .38332 : ~~ .38859 

' \] . 38886 
' '.-4 .38912 ; 
• 15 .38939 

·.1; , 38966 : •., . 38993 
: ' ·1 . 3~020 :.r, .39046 
I 

i 11'.l .39073 
: - --

C:(,~ - ., 

. NATUll-\L THIG0;,'1;0::\IETHIC n ;;:,;cnoNs 1!S 

0
) 156° (337°) 157° 

Tan Ctn Cos ' --- -- -- -
. 40403 2 .4751 . 927 18 GO 
. 40•136 2.4730 . 92707 59 
.40470 2. 4709 . 92697 58 
. 40504 2. 4689 . 92686 57 
.40538 2 . 4668 . 92675 56 

. 40572 2.4648 . 92664 55 

.40606 2. 4627 . 92653 54 

. 40640 2. 4605 . 92642 53 

.40074 2.4 586 .92631 52 

.40707 2.4566 . 92620 51 

. 40741 2. 4545 .92609 50 

.40775 2,4525 . 92598 49 

.40809 2.4504 • 92587 48 

. 408 43 2.44 84 . 92576 47 

. 40877 2.4464 . 92565 46 

.4091 1 2. 4443 . 92554 45 

. 40345 2.4423 . 92543 44 

. 40979 2. 4403 .92532 43 

.41 01 3 2.4383 . 9252 1 42 

. 41047 2.4362 .92510 41 

.41081 2.4342 . 92499 40 

.41115 2. 4322 . 92-158 39 

. 41149 2. 4302 . 92477 38 

. 41183 2 . 4232 .92•166 37 

. 41 217 2.4262 . 92455 36 

.41251 2, 4242 .9244 4 35 

.41 285 2.4222 . 92432 34 

. 41319 2 . 4202 . 9242 1 33 

.4 1353 2.4182 . 9241 0 32 

.4 1387 2.4162 . 92399 31 

. 4142 1 2.4142 .92388 30 

.414 55 2.41 22 . 92377 29 

.414 90 2 . 41 02 .92366 28 

.41524 2 . 4083 . 92355 27 

. 41558 2.4063 .92343 26 

. 41592 2.4043 . 92332 25 

. 41 626 2.4023 . 92321 24 

.41 660 2.4004 . 92310 23 

.4 1694 2. 3984 . 92299 22 

.41728 2.3964 . !l2287 21 

. 41763 2. 3945 .92276 20 

.41797 2. 3925 . 02265 19 

.4 1831 2 . 390C, . 92254 18 

. 41 865 2 . 3U86 . 92243 17 

. 41899 2. 3867 . 922 31 16 

.41 933 2. 3847 .92220 15 

.41 968 2 . 3828 .92209 14 

.42002 2.3808 . 92198 13 

.42036 2. 3789 .92186 12 

. 42070 2. 3770 .92175 11 

.42105 2.3750 .92164 10 

.42139 2 . 373 1 . 92152 9 

.42173 2.3712 .92141 8 

.42207 2. 3G93 .92130 7 

.42242 2.3673 .92119 6 

. 42276 2 . 3654 . 92 107 5 

.42310 2.3635 . 92096 4 

.42345 2 . 3616 . 92085 3 

. 42379 2.3597 . 92073· 2 

.4241 3 2.3578 . 92062 1 

. 42447 2.3559 . 92050 0 
--- -- --- -

Ctu Tan S,n ' 

0 . 39073 
1 .39100 
2 .39127 
3 .39153 
4 . 39180 

5 .39207 
6 . 39234 
7 .39260 
8 .39287 
9 .393 14 

10 . 3934 1 
11 . 3~357 
12 . 39394 
13 .3942 1 
14 .39448 

15 
16 
17 
18 
19 

20 
21 
22 
23 
24 

25 
26 
27 
28 
29 

30 
31 
32 
33 
34 

35· 
36 
37 
38 
39 

40 
41 
42 
43 
44 

◄ 5 
46 
47 
48 
49 

50 
51 
52 
53 
54 

55 
56 
57 
58 
59 

60 

. 39474 

.39501 

. 39528 

. 3,555 

.3958 1 

.39608 

.39635 

. 39661 

.39568 

. 39715 

. 39741 

.39768 

. 39795 

. 39822 

. 3S848 

.39875 

.39902 

.39928 

.39955 

.33982 

.40008 

.40:i35 

. 4JJ62 

. 40088 

. 40115 

.40141 

. 40168 

.40 195 

. 40221 

.40248 

.40275 

.40301 

.40323 

. 40355 

.40381 ' 

. 40408 

.40,34 

.4046 1 

.40488 

. 40514 

.405·11 

. 4056 7 

. 40594 

.406 21 

. 40647 

.40674 

Cos 

T ou 

.42.;.;7 

. 42482 

. 42516 

. 4255 1 

.42!>85 

.4261 9 

. 42654 

.42G88 
. 42722 
.42757 

. 4279 1 

.42826 

.42660 

. 42894 

.42929 

. 42963 

. 42998 

.43032 

. 4306 7 

.4310 1 

. 43136 

.43 170 

.4 3205 

. 43239 

. 43274 

.43308 

. 4334 3 

. 433 78 

.434 12 

.43447 

.43481 

.43516 

. 43550 

. 4358 5 

. 43620 

.43654 

.43639 

. 43724 

.43758 

. 4:793 

. 43828 

. ~38G2 

. 4339 7 

.4 3932 

.43£156 

.4 4001 

. 44036 

. 44071 

. 441 05 

. 44140 

.44 175 

.44210 

. 44244 

.44V9 

. 44'314 

• 44349 
. 44384 
.44418 
. 44453 
. 44488 

.44523 

Ctn 

Ctu 

2.3559 
2. 3539 
2. 3520 
2.350 1 
2.3•\C3 

2.3464 
2 .3445 
2.3426 
2.3-107 
2.3388 

2 .3369 
2.3351 
2. 3332 
2 .331 3 
2 .3294 

2.3276 
2.3257 
2.3238 
2.3220 
2.3201 

2.3183 
2.31 64 
2.3146 
2.3127 
2.3109 

2 . 3090 
2. 3072 
2. 3053 
2.3035 
2.3017 

2.2998 
2 .2980 
2 . 2962 
2.2944 
2. 2925 

2 .2907 
2. 2839 
2 . 28 71 
2. 2553 
2. 2835 

2 . 2817 
2 . 2799 
2 .2781 
2.2763 
2 .2745 

2. 2727 
2. 2709 
2. 2G91 
2. 26 73 
2, 25 55 

2. 2637 
2. 2620 
2. 2-:;02 
2. 2584 
2. 256G 

2 . 2549 
2 . 2531 
2.2513 
2. 2496 
2. 2478 

Cw 

. 92050 

. 9'.?030 

.92028 

.92016 

. 92005 

. 91994 

.91 982 

.91 971 

. 91959 

.91948 

. 91936 
•. 91 925 

. 91914 

.91 902 

. 9189 1 

.91879 

. 91 868 

.91 856 

. 918<5 

. 91833 

. 91322 

. 91810 

. 91799 

.91787 

. 91775 

.9 1764 

.91752 

. 91 741 

. 91729 

. 91718 

. S1706 

.91694 

. 91683 

.91 671 

.91 660 

. 91648 

. 91635 

. 9ICc5 

. 916 13 

.91601 

. 91590 

.9 1578 

.91566 

.91555 

. 91543 

. 91531 

. 91519 

.91508 

. 91496 

. 91484 

. 91472 

. 91461 

.91449 

.914 37 

.91425 

.91414 

. 9 1402 

.91390 

.91378 

. 91366 

2.2460 .91355 

Tan Sin 

60 
59 
58 
57 
56 

55 
54 
53 
52 
51 

50 
49 
48 
47 
46 

45 
44 
43 
42 
41 

40 
39 
38 
37 
36 

35 
34 
33 
32 
31 

30 .-
29 
28 
27 
26 

25 
24 
23 
22 
21 

20 
19 
18 
17 
16 

15 
14 
13 
12 
11 

10 
9 
8 
7 
6 

5 
4 
3 
2 
1 

0 

...... 
~ - -.•·, 
~ ~ -•• 

t' 



NATUHAL TRiGONO:\IETHIC FlTNCTIONS 

(335°) 155° 25° (~O.S0) 

:,u , T nn Ctn Co~ Siri Tan Ct.n 

0 . 40G 74 .44523 2 .2.;60 . 91355 60 0 .4 2262 . 466 31 2. 1445 
1 .40700 .44553 2. 2443 . 91343 59 1 .42288 . 46666 2 .1 429 
2 . 40727 . 44 593 2. 2425 . 9133 1 58 2 ,42315 .46702 2.1413 
3 .40753 . 44627 2. 2-,os , 9 131 9 57 3 . 4234 1 . 46737 2.1 396 
4 . 40780 . 44 662 2 .2390 . 9 1307 56 4 .42367 . 46772 2.1 380 

5 .40806 .44G97 2 . 2373 .91295 55 5 . -12394 . 4G808 2 .1 364 
6 . 40833 .4 4732 2. 2355 . 91283 54 6 . 424W . 4G843 2.1 348 
7 . 403GO . 44 767 2. 2338 . 91272 53 7 , 42446 . 46879 2.1 332 
8 .408SG . 44802 2. 2320 . 91260 52 8 . 42.;73 .4 69 14 2 . 1315 
9 . 409 13 . 44837 2. 2303 , 912 .;3 51 9 . 42 499 . 46950 2 . 1299 

10 .40939 . 4 43 72 2 . 2285 . 91236 50 10 .42525 , 46985 2.1283 
11 . 409G6 . 44907 2. 2?68 , 91224 49 11 . 42552 . 4702 1 2.1267 
12 . 409n . 44912 2 .225 1 , 91212 48 12 . 42578 , 47056 2, 1251 
13 . 41019 . 4<977 2 . 2234 . 91200 47 13 , 42604 . 47092 2.1 235 
14 .4 1045 . 45012 2 .221 6 . 9 11 88 46 14 .4263 1 .471 28 2.1 219 

15 ,4 1072 ,4 504 7 2 .2199 .91176 45 15 . 426 57 . 471 63 2.1 203 
16 .41 098 .4 5082 2.2182 . 9116 4 44 16 . 42683 

1
471 99 2 , 1187 

17 . 41125 .4 511 7 2. 216 5 . 91 ;52 43 17 ,42709 4723 4 2.1 171 
18 , 41 151 . 45152 2 . 2148 . 9 11 40 42 18 . 42736 . 47270 2.11 55 
19 .411 78 .45187 2 .2130 .91128 41 19 . 42762 .47305 2. 11 39 

20 . 41204 . 45222 2. 2 113 . 91116 40 20 . 42788 .47341 2 . 1123 
21 . 41231 .4 5257 2 . 2096 . 9110 -l 39 21 . 4281 5 . 47377 2.11 07 
22 .4 1257 . 45292 2. 2079 . 91092 JS 22 . 4~3~ 1 .4 741 2 2. 1092 
23 .4 1284 . 45327 2. 20G2 . 91080 37 23 . 423G 7 .47448 2. 1076 
24 .4 13 10 . 45352 2 .20-! 5 .910'36 36 :C4 . 42894 .47483 2 . 1060 

25 . 41 337 . 45397 2 . 2028 .9 1056 35 25 .42920 • 47519 2.1 044 
26 .4 1363 . 4~-!32 2 .2011 . 9104 4 34 26 .429t.S . 47555 2. 1028 
27 . 41390 .45~67 2.1 994 . 9i 032 33 27 . 42972 . 47590 2.1013 
28 .4 , 416 . 45502 2 . 1977 . 91 020 32 28 . .;2999 . 47626 2 . 0997 
29 . 41443 . 45538 2 . 1960 .91008 31 29 . 43025 . 47662 2 .0981 

30 .41469 . 45573 2.1 943 . 90996 30 30 .43051 . 47698 2. 0%5 
31 . 41495 . 45608 2. 1926 . 90984 29 3 1 . 43077 . 47733 2. 0950 
32 .41 522 . 4554 3 2 . 1909 . 90972 28 32 . 431 04 . 47769 2 .0934 
33 . 41549 . 45678 2 .1892 . 909G O 27 33 .43130 . 47805 2 .09 18 
34 .41 575 .45713 2. 1876 . 909.;8 26 34 . 43156 .47840 2 .0903 

35 .41602 • 45748 2.1 859 .90936 25 35 . 43 182 . 47876 2 .0887 
36 . 41 623 . 4 5784 2.1 8'- 2 , 9092 4 24 36 , 43209 .-47912 2 .0;)72 
37 . 41655 . 4~3 19 2 . 1825 .909 11 23 37 . 43235 .4 7948 2.0856 
38 . 11 ce 1 . <5354 2 . 1808 . 90R9 9 22 38 ,43~61 . 47084 2.0040 
39 . 41707 . 45889 2.17 :12 . D0t:37 2 1 39 . 43287 . 480 19 2. 082 5 

40 . 41734 , 45924 2. 1775 .9on75 20 40 .43313. . 48055 2 .0U09 
41 . 41 760 .4 S%0 2. 1758 .90863 19 41 . 433•10 . 4809 1 2. 0794 
42 . 41 787 .4 5995 2 . 1742 . 0oe5 1 18 42 . 43366 . 48127 2 .0778 
43 . 41 613 . 4G030 2. 1725 . ll0d39 17 43 . 43392 . 48163 2 .0763 
44 .41 840 . 46065 2 , 1708 . UOS26 16 44 .43418 . 48198 2. 074 8 

45 . 41366 .4610 1 2 .1692 . 908 14 15 45 .43445 .4 8234 2. 0732 
46 . 41S92 .46136 2. 1675 . S0302 14 46 . 43-'i, 7 1 . 48270 2. 071 7 
47 .41 919 • 46171 2. 1659 . 90790 13 47 . 43497 , 48306 2 .0701 
48 . 41945 . 46206 2. 1642 . 9,1778 12 48 . 4352 3 . 48342 2. 0686 
49 . 41 972 . <G2.; 2 2 . 1525 . 9U766 11 49 . 43549 . 48378 2 . 0671 

50 .41 998 . 46277 2 . 1609 . 90753 10 50 . 43575 .48·1 14 2. 0655 
51 . 42024 . 4631 2 2 .1592 . 90;·41 9 51 . 43G02 . 48450 2 .0640 
52 . 4205 1 . 463 48 2.1576 , 00729 8 52 .43628 .4 8486 2 .0625 
53 . 42077 . 46333 2 . 1560 . 90717 7 53 .43654 .4852 1 2. 0609 
54 .421 04 .464 18 2 . 1543 . 9070 4 6 54 . 43660 . 48557 2. 0594 

55 .42130 .46454 2 . 1527 . 90692 5 55 . 43706 . 4e593 2. 0579 
56 .42156 .4 6489 2. 1510 , 90680 4 56 .43733 , 48629 2 . 0~13 4 
57 .42183 . 46525 2 , 1.;94 . 906(;8 3 57 .43759 . 48665 2 . 0549 
58 . 42209 • 46560 2 . 1478 . 906!:1 5 2 58 . 43785 .48,01 2 ,0533 
59 . 42235 . 46595 "2.1461 . 90643 1 59 .43811 .48737 2.0518 

6::l . 42252 .46631 2.1445 .9063 1 0 60 . 43837 .48773 2 .0503 

Cos Ctn Tan Sin Cos Cta Tnn 

114° (29i0
) (2·15 '') 65° 115° (2%0) "' 

C os 

. 90507 

. 90495 

. 90483 

. 90·\70 

. 90458 

.90•M 6 
, 90 433 
. 90421 
. 90·108 
. 90396 

. 90383 

. 903 71 

. ~0358 

. 90346 

. 9033 4 

.90321 

. 90309 

. 902% 

. 90284 

. 90271 

. 90259 

. 90246 

. 90233 

.902 21 

. 90208 

. 901 96 
,901 83 
.90 171 
,90158 
. 90 146 

, 901 33 
. 90 120 
. 90 108 
. 900, 5 
. 90082 

. 90070 

. 90057 

. 9004 5 

. 90032 

. 900 19 

. 90007 

. 8999 4 

. 8998 1 

.69%8 

. 899 56 

. 899 43 

. 89930 
, 8(lY 18 
. 89905 
. 89892 

.89879 

Sin 

◄' ' 

i i . ' ,, 
i 

~ : 

i 

' i 
i 
! 
l . 

Table V 

26° (206°) 

Sin 
-- --
0 .43837 
1 .43863 
2 . 43889 
3 . 439 16 
4 . 43942 

5 . 43%8 
· 6 .4 3<'1() 4 
7 .44020 
8 .44 046 
9 . 44072 

10 •◄ 409S 
11 .44124 
12 . 44151 
13 .4 -\177 
14 . 44203 

15 . 44229 
16 . 44 25 5 
17 . 4428 1 
18 . 44307 
19 .44333 

20 . 44359 
21 , 44385 
22 .44411 
23 .44437 
24 . 44464 

25 . 44 490 

1

26 ,44516 
27 . 44 542 
28 . 44563 
29 .4-159 4 

30 .446 20 
31 . 44646 
32 . 41G72 
33 . 44698 
34 , 44 724 

35 . 44750 
36 . 4·1 776 
37 , 4-1802 
38 . 44828 
39 . 44854 

10 . 44880 
◄ 1 .44906 

I

. :i . 44932 
.44958 

◄ 4 . 4498 4 

' !5 . 45010 
/ l6 . 45036 
; <7 • 450G2 
; <a .45088 
' <9 . 45114 

i so .45140 
' I I . 451 66 

12 ,45192 
. ~) .4 52 18 
~ . 45243 

I 
• II . 45269 

'ii , 45295 . ~, . 45321 
,.1 . 45347 
\) .45373 

•,-0 .45399 - --
! - C.os 
) 

(24 1°) ol ' 16' (296°) 

I 
~ 

NATURAL 'rlUGO.NO~lETRIC FUNCno;-;s 

(333°) 153° 27° (~07°) 

- 187 

. -152° 
T on Ctn Cos , , 

Sin T nn Ctn C o!-l -- --- - - - - - --- --- --- --- -. 48773 2. 0503 .89879 60 0 . 45399 .5oq 53 1. 9626 .89101 60 . 48809 2.0/488 . 898fi7 59 1 .45425 .50989 • 1. 96 12 . 89087 59 
. 4684 5 2. 0473 .89854 58 2 . 45451 . 51 026 1. 9598 . 890H 58 
.48881 2 .0458 . 698 41 57 3 . 45477 .51 063 1.958 4 .8G06 1 57 . 489 17 . 2 . 044:, .89828 56 4 .45503 .51099 1. 9570 . 890 48 56 

. 48953 2.0428 . 8~81 6 55 5 .4552!) ,51136 1.9556 .8903 5 55 . ..:1e!)e9 ~. 0-113 . 89:C3 54 G . 4[,5)4 .51173 1.9 542 .8~02 1 54 

. 49026 2 . 0398 . 89790 53 7 .4 5560 .51209 1. 9528 . 8'.i008 53 .4 9062 2 .0383 . e9777 52 8 .45606 . 51246 1. 9514 . 88995 52 . 49098 2. 0368 .69764 51 9 .45632 . 51283 1.9500 .88981 51 

.49134 2.0353 .89752 50 10 .4 5558 . 51319 1. 9486 .88968 50 . 49170 2. 0338 . 89739 49 11 . 45684 . 51356 1. 9472 .88955 49 

.4nOG 2 .0323 . e9726 48 12 .45710 . 51393 1. 9458 . S89 -l2 48 .49242 2 .0308 . 8971 3 47 13 . 4573G . 514 30 1. 94 44 . 8S928 47 . 49278 2 .0203 , 89700 4G 14 • , 45762 .5 1t.6 7 1. 9430 .389 15 46 

,49J15 2 .0278 . 89687 45 15 .45787 .51 503 1. 94 16 , 88902 45 . 49351 2 . 0263 . 89674 4 4 16 ,45813 .51 540 1. 9402 . 88888 44 
. 49387 2 . 0248 . 8%62 43 17 . 45839 .5 1577 1. 9388 . 88375 43 .494?.3 2. 0233 .89549 42 18 , 45365 . 51 61 4 1. 9375 . 888~2 42 . 494 59 2 . 0219 . 89636 41 19 .458_91 . 51651 1. 9361 . ses-1 3 41 

. 49 495 2 . 0204 . 8%23 40 
, 49532 ·2. 0189 . 896 10 39 

~ 20 .45917 . 51 688 1. 9347 . 88835 40 
21 • 45942 .51 724 1. 9333 . 88322 39 .49563 2. 0174 . 89597 38 

, 49G04 2 . 0160 . 89584 37 
22 .4 5%8 .51701 1. 93 19 . 88308 ZS 
23 .4 5'.i9 4 .51758 1. 9306 . 88795 37 .49640 2.0145 . 89571 36 24 .46020 .51835 1. 9292 .88782 Z6 

. 49677 • 2.0130 . 89558 35 

.49713 2.01 15 . 89545 .14 
25 . 4G046 .51872 1. 9278 .88758 35 
26 .46072 . 51 909 1, 9265 . 88755 3.; . 49749 2 . 0101 . 89532 33 

. 49786 2 . 0080 . 895 19 32 

. 49822 2.0072 . 89506 31 

27 . 45C97 . 519.;6 1. 9'251 . 587-ll 33 
28 . 46123 .51983 1 . 9237 . 88728 32 
29 .46149 . 52020 1.9223 . 88715 31 

. 49858 2. 0057 . 89493 30 

.4989 4 2. 0042 .89480 29 
30 .46175 .52057 1.9210 .88701 30 
31 ,46201 . 52094 1. 91 96 .88688 29 . 499 31 2. 0028 .89467 28 

. 49967 2. 0013 . 89454 27 
32 . 46226 . 52131 1. 9183 . 88674 :;,a 
33 . 46252 .52168 1. 9169 .86661 27 . 50004 1. 9999 . 89 441 26 34 . 46278 .52205 1. 9155 .886 47 26 

.500 40 1.9984 .89428 25 

.50076 1.9970 . 89-115 24 
, 501 13 , 1. 9955 . 89402 23 
. 50 149 1.99·11 . 89389 22 
. 50185 • 1. 9926 .893 76 21 

35 . 46304 , 52242 1. 9142 . 8863 4 25 
36 . 46330 , 52279 1, 9128 .88620 24 
37 . 46355 . 52316 1. 9 I 15 . 8~!:07 23 
38 ,46381 . 52353 1 . 9101 . 88:/J3 22 
39 . 45407 • 52390 1.9088 . 83580 21 

.502?.2 1. 991 2 .89363 20 

. 50258 1. 9897 . 89350 19 

. 50295 1 .9883 . 89337 18 

. 50331 1. 9868 .8932 4 17 

40 . 46433 . 52427 1. 9074 • . 885G6 20 
41 . 46458 . 52464 1. 90G 1 . 8~553 19 
42 . 46484 .52501 1 .904 7 . 88539 18 
43 . 465 10 . 52538 1. 903 4 . 68526 17 . 50368 1. 9854 . 89311 · 16 44 . 46536 .52575 1. 9020 . 6851 2 16 

. 50404 1. 98 40 . , 89298 15 

. 50441 1 . 9825 .89285 14 

. 504 77 1.9311 . 89272 13 

. 50514 1 . 9797 . 89259 12 

.50550 1.9782 . 89245 11 

45 . 4656 1 . 526 13 1 . 9007 .ee~gg 15 
46 . 46587 . 5~650 1 , 8993 . 88 485 14 
47 . 466 13 .52687 1. 8980 . 8e.;72 13 
48 . 46639 . 52724 1.8167 . 88458 12 
49 . 46664 .52761 1. 8953 . 88-HS 11 

J 
• 50587 1. 9768 . 89232 10 
.50G23 1. 975•\ .892 19 9 
, 506GO 1 . 9740 . 89206 8 
. 50G95 1 .9725 .89193 7 
. 50733 ·1.97 11 .89180 6 

50 . 46690 . 52798 1.8940 .88431 10 
51 . 46716 . 5'.?836 1.8927 , 8£ 417 9 
52 .46742 . 52873 1 ,89 13 . 88404 8 
53 .46767 ,529 10 1. 8900 .88390 7 
54 .46793 .5~94 7 1. 8887 .S8377 6 

. 50769 1, 9697 . 89 167 5 

. 5080G 1. 9683 . 89153 4 
55 ,46819 . 52985 1. 8873 . 88363 5 
56 .46844 . 53022 1. 8860 . 883·19 4 .50843 1. 9GG9 .89140 3 

. 50879 1. 9654 .89127 2 

. 50916 1. 9640 . 89114 1 

57 .4 6870 . 53059 1 .se,1 , 8833G 3 
58 .4 6896 , 53096 1.8834 . 88322 2 
59 ,46921 .53134 1.8820 .88308 1 

. 50953 1. 9626 .89101 0 60 .46947 .53171 1.8807 . 88295 0 -- --- --- - - - -- --- --- --- -Ctn Tuu Sin , , 
Coo Ctu Ton S in , 

(2-13°) 63° 117° (297°) -



-

J..:_~ 
0 . 46947 
1 .4G973 
2 .46999 
3 . 47024 
4 .47050 

5 . 47076 
6 .4710 1 
7 . 47127 
8 . 47153 
9 . 47173 

10 . 47204 
11 . 47229 
12 . 47255 
13 .47281 
14 .47306 

15 
16 
17 
18 
19 

20 
2 1 
22 
23 
24 

25 
26 
27 
28 
29 

. 47332 

. 47358 

.47333 

. 41.; 09 
• .:.7434 

. 47460 

.4 7425 

. 4751 1 
• 4 753 7 
.47562 

. 47538 

.4 75 14 

.47G3 9 

. 47G65 

. 476$0 

30 . 47716 
31 . 47741 
32 . 477G7 
33 • 47793 
34 .47818 

35 .4784 4 
36 .478G9 
37 .478S5 
38 . 47920 
39 . 47946 

40 .47971 
41 .47997 
42 .480?.2 
43 . 43048 
44 . 48073 

45 .48099 
<6 .<s; 24 
47 .4 8150 
48 .481 75 
49 .48201 

50 .48226 
51 . 48:>52 
52 . 48277 
53 .48303 
54 .4 8328 

55 . ~33 ~4 
56 .4 eJ79 
57 . 4s-;05 
58 . 48430 
59 . 48456 

60 . 4848 1 

Cos 

ns· (298°) 

NAT UIUL T HIG0 :\0:\IET HIC F UNCTIONS 
,,..,. .. 
K 

Tau 

.53171 

. 53 208 

. 53246 

. 53283 

. 53320 

. 53358 

. 53395 

. 53432 

. 53470 

. 53507 

. 53545 

. 53582 

. 53G20 

. 53G5 7 

.5359 4 

Ctn 

1. 8807 
1. 8794 
1 . 8781 
1.8768 
1 . 8755 

1 . 8741 
1 .8728 
1 . 8715 
1. 3702 
1 .8689 

1.e576 
1. 8663 
1. 8650 
1 . 3G37 
1.8624 

. 53732 1 . 86 11 

. 53769 1 . 85~8 

. 53607 1 . 8535 

. 53844 1. 8572 

. 53832 1 . 8559 

• 53920 1. 8546 
. 53957 1. Z533 
.53% 5 1. 8520 
. 54032 1 . 8S07 
. 51,070 1. 8495 

. 54107 1.8-182 

.54145 1 .3469 

. 54183 1. 8456 

. 54 220 1 . 8443 

. 54258 1 . 8430 

. 54296 

. 54333 

.54 371 

.54409 

. 54446 

. 54484 

.54522 
• 5.;550 
.54 597 
. 54 635 

. 54 673 

. 54711 

. 547~ 8 

.54786 

. 54324 

. 54S 62 

. 51900 

. 54 938 

. 54975 

. 5501 3 

. 55051 

.550S9 

. 55127 

. 55 165 

. 55203 

. 55241 
• 55~79 
.55317 
. 55355 
. 55393 

1. 84 18 
1 .8405 
1. 83~2 
1.8379 
1. 8367 

1.8354 
1 . 834 1 
1. 6329 
1. 83 16 
1.8303 

1. 829 1 
1.8278 
1 . 826 5 
1 . 8253 
1 . 8240 

1.s22e 
1 . 821 5 
1. 6202 
1. 5; 90 
1.8177 

1.81 65 
1. 8152 
1. 8140 
1.e1 21 
1 . 8115 

1. 8103 
1 . 8090 
1 . 6078 
1. 8065 
1.8053 

(331°) l51° 

Cos 

. 8823 5 

.sen, 

. S82G7 

. 86254 

. 68240 

.882~6 

. 882 13 

. 831~9 

. ee185 

.68172 

. 83158 

.88144 

. 88 130 

.88117 

. 88103 

. 83039 

. 680 75 

.80052 

. 880-18 

. 8e03 4 

. 88020 

. 66006 

. 87993 

.an 19 

. 87SG 5 

. 87951 

. 87937 

. 8i923 

. 87909 

. 87S96 

. 87882 

.87868 

. 87S54 

. 878 -10 

. 87326 

. 87812 

. 87798 

. 87784 

. 877 70 

.37756 

. 8774 3 

. 87729 

. 87715 

. 87701 

. 87G87 

. 87673 

. 87G59 

. 876 45 

. e7631 

.876 17 

. 87603 

. S7 589 

. 87575 

. 875G 1 

.875',6 

. 87532 

. 87518 

. 87 504 

. 87490 

. 87476 

60 
59 
58 
57 
56 

55 
54 
53 
52 
51 

50 
49 
48 
47 
45 

45 
44 
43 
42 
41 

40 
39 
38 
37 
36 

35 
34 
33 
32 
31 

30 
29 
28 
27 
26 

25 
24 
23 
22 
21 

20 
19 
18 
17 
16 

15 
14 
13 
12 
11 

10 
9 
8 
7 
6 

5 
4 
3 
2 
1 

. 55431 1. 8040 , 87462 0 

Ctn Tun Sin 

(2-11 °) 61 ° 

,--o-,-- :-~-~~- R- 1--. 5-.:-: _: _1_ 1_~-a-~-:.o- -. -~-;:_: _2_ ] · 

1 .48506 . 55~69 1. eo20 . 87448 ~, I 
2 . 48532 .55507 1. 80 16 . 87434 , 
3 • ,s557 • 55545 1. 3003 . eH20 ~\ J 
4 . 48583 .55583 1. 7991 . 87406 ..,, 

5 . 48608 . 55G2 1 1. 7979 . 87391 ,, I 
6 . 48634 . 55659 ,. 7966 . 87377 ~; I 
7 . 48G59 .55697 1 . 7954 . 87363 5 1 

8 . 48684 • 55736 1 . ·7942 . 87349 Ii I 

9 . 48710 . 55774 1. 7930 . 87335 51 1 

:~ :~~m Jm~ 1:m~ ::mi ~1 
12 . 48786 . 55B88 1.7893 . 872"2 <! 
13 . 4881 1 . 55926 1. 738 1 . 87278 47 
14 . 48837 . 55%4 1. ?SGS . 87264 • ,, 

41 
4< 

15 
16 
17 
18 
19 

. 4SeG2 

. 48888 

. 439 13 

. 48938 

. , 8%4 

. 56003 

. 56041 

. 56079 

. 5G 117 

. 56 156 

1 . 7856 
1. 7844 
1. 7832 
1 . 7820 
1. 7803 

. 87250 

. 87235 

. 87221 

. 87207 

. 87193 

◄ j. \ 

20 
21 
22 
23 
24 

25 
26 
27 
28 
29 

. 48989 

. 490 14 

. 4S0·10 

. 4, 0G 5 

. 49090 

. 49 116 

.49141 

. 491G6 

. 49192 

. 49217 

30 . 49242 
31 . 49268 
32 . 4~n3 
33 . 493 18 
34 .493 44 

35 . 49369 
36 . 4939 4 
37 .4 ~H 19 
38 . 494-15 
39 . 49'170 

.56194 

.56232 

. 56270 

. 56 309 

. 56347 

. 56385 

. 56424 

. 56462 

. 56501 

.56539 

. 56577 

. 566 16 

. 5GG54 

. 56693 

.56731 

. 56769 

.56eos 

. 568-:6 

.5688 5 

. 5G923 

1 . 7796 
1. 7783 
1 . 7771 
1. 7759 
1.- 7747 

1. 7735 
1. 7723 
1. 771 1 
1.7699 
1.7687 

1. 7G75 
1.7663 
1. 7651 
1.7C39 
1. 7627 

1. 7615 
1.7603 
1 . 7591 
1. 7579 
1. 7567 

40 .49195 .56962 1. 7556 
41 . 4952 1 . 57000 1. 7544 
42 . 49546 . 57039 1 . 7532 
43 . 4957 1 .57078 1.7520 
44 . 49596 . 57116 1. 7508 

. 37178 

. 87 164 

. 87150 

. 87136 

. 87121 

.87107 

. 87093 

. 87079 

.87064 

. 87050 

. 67036 

.87021 

. 87007 

.8GS93 

. 86978 

.85964 

. 869 49 

. SG,35 

. 86921 

. 86906 

.86302 

. 86878 

. 86863 

.8G8 t\9 

.86834 

45 . 49522 . 57155 1 . 7496 . 8G820 
46 . 4%47 . 571 93 1.74_85 . 85305 

4? 
◄ l 

47 .4 96 72 . 57232 1. 7473 . eG791 

4
4~ .49697 .57271 1.7461 .66777 I ' ;i 

• . 49723 . 57303 1. 7449 . 8G762 1 

;
5
°
2
1 : : ~;;~ :m:~ um ::~m 1! .:'. 

. 49798 .57'>25 1.74 14 .86719 i 
;~ ::m; :mg; 1 :;;gf Jmi 1 
55 . 49874 . 57541 1.7379 . 86675 • :I 
;~ : : ~~~~ J~m 1:~m :mn ;·1 58 . 49950 .57657 1 . 7344 . 86632 
59 . 49975 . 57696 1.7332 . 86617 I 

l 
60 • 50000 • 57735 1. 7321 . 86603 ! 

C:os C tn T a n Si11 i 
'-------- 1 

" (2-100) ~ ,i 119° (299°) 
•! 

Ii 

NATURAL THIGOiSO'.\lETIUC FUNCTIO'.'.S 

,• (210°) (329°) H 9° 31 ° (211 °) 
..---,--------------,---,. 

Siu Tan Ct11 Cos I 
, 

- - - - - - - - - - - -
, Si n Tan Ctn C c,s 
- --- -- -- --- -

0 . 50000 . 5773 5 1. 732 1 .86603 60 · o .51504 . 60036 1. 6643 . 8571 7 60 
1 . 50025 . 57774 1. 7309 .86588 59 1 . 51529 .60126 1.6G32 .85702 59 
2 .50050 . 5i' tl 13 1. 7297 .86573 58 2 .5 15~4 . 601 G5 1. 662 \ . 65687 58 
3 . 50076 .57851 1. 7286 . 86559 57 3 .51579 . 60~05 1.6610 . 85672 57 
4 .50101 . 57890 1. 7274 .86544 56 4 .51604 . 60245 1 . 6599 . 85657 56 

5 . 50126 . 57929 1. 7262 . e6530 55 5 .51628 .60284 1. 6588 . 85642 55 
6 . 50 151 . 57%8 1. 7251 .865 15 54 6 . 51653 . 60324 1.6577 . 85627 54 
7 . 50 176 . 58007 1. 7239 .86501 53 7 . 51678 . 60364 1. 6566 .8561 2 53 
8 . 50201 .58046 1. 7228 . 86486 52 8 .5 1703 • 60403 1. 6555 . 85597 52 
9 . 50227 . 58085 1. 7216 .8G47 1 51 9 . 51728 . 60443 1. 654 5 . 85532 51 

10 . 50252 . 58124 1.7205 . 86457 50 10 . 51753 .60483 1 .6534 . 85567 50 
11 • 50277 . 58162 1. 7193 . 86442 49 11 .51778 . 60522 1.6523 . 85551 49 
12 . 50302 .5820 1 1. 7182 . 8G•l27 48 12 . 51803 .605G 2 1.6 512 . 85536 48 
13 • 50327 .58240 1. 7170 .864 13 47 13 . 51 828 . 60602 1. 650 1 .8552 1 47 
14 . 50352 . 58279 1. 7 159 . 86398 46 14 . 51652 .606 42 1.6490 .85506 46 

15 . 50377 .583 18 1.7147 . 86384 45 15 .51877 . 6068 1 1. 6479 . 85491 45 
16 . 50403 .58357 1. 7136 . e6369 44 16 . 51902 .60721 1. 6469 . 85476 44 
17 .50428 .58396 1.7124 . 86354 43 17 . 51 927 . 6076 1 1 .6458 . 854 G1 43 
IS . S0·i53 . 58435 1. 7113 . 86340 42 18 . 51 952 . 6080 1 l . 6•H 7 . 854 46 42 
19 .50478 . 5S1,74 1. 7102 . 86325 41 19 . 51977 .6084 1 1 . 6436 . 3543 1 4 1 

20 . 50:,03 . 585 13 1 . 7090 . 86310 40 20 .52002 .6083 1 1.6426 .85416 <O 
21 . 50528 . 58552 1. 7079 . 86295 39 21 . 52026 . 609'.? I 1. 641 5 .85401 39 
22 . 50553 . 5859 1 1. 70G7 . 86281 38 
·23 . 50578 . 5863 1 1. 7056 . 86266 37 
24 . 50603 . 58670 1. i 045 . 8C251 36 

22 . 5205 1 . 60960 1 .6404 . 85385 38 
23 . 52076 . 61000 1.6393 . 85370 37 
24 . 52 101 . 61040 1. 6383 . 8:,355 36 

25 . 50628 .58709 1 . 7033 . 86237 35 
26 . 50G54 . 587•18 1.7022 .66222 34 
27 . 50679 . 58787 1. 7011 . 85207 33 
28 . 50704 .58826 1.6999 . 86 192 32 
29 . 50729 . 58865 1. 6988 . 86 178 31 

25 . 52126 .61080 1. 6372 . 853 40 35 
26 .521 51 . 61120 1 . 6361 . 85325 34 
27 .52175 . 61160 1. 6351 . S5310 33 
28 . 52200 .61 200 1. 6340 .8529 4 32 
29 . 52225 .61240 1. 6329 . 85279 31 

... - ' 

30 . 50754 . 58905 1.6977 . 86163 30 
JI . 50779 . 5894 4 1.6965 . 861 48 29 
32 . 50?.0 4 .58983 1 .695·1 .86133 28 
33 . 50829 . 59022 1.6943 . 86 11 9 27 
34 • 50854 . 59061 1. 6_932 . 86104 26 

30 . 52250 . 612eo 1.6319 . 85264 30 
31 . 522 75 . 61320 1. 6308 .8:,249 29 
32 .52299 . 61300 1. 6297 . 8523 4 28 
33 .52324 . 61400 1 . 6?87 .852 18 27 
34 . 52349 .61440 1.6276 .85203 26 

35 . 50879 .591 01 1 .6920 . 86089 25 
JG .50904 . 59 140 1. 6909 .86074 24 
37 .50929 . 59179 1 . 6S98 • 86059 23 
38 • • 50954 . 59218 1.6887 .86045 22 
39 . . 50979 • 59258 1. 6875 . 86030 21 

35 . 52374 . 61430 1.6265 . 85188 25 
36 . 52399 . 61520 1. 6255 .85173 24 
37 . 52-123 . 61 56 1 1.6244 .85157 23 
38 . 52448 .61601 1 . 6234 .85142 22 
39 . 52473 .616',1 1. 6223 .85127 21 

40 . 51004 . 59297 1:se64 . 860 15 20 
◄ I . 51 029 . 59336 1.6853 . 80000 19 
42 . 51054 .59376 1.6842 . 8598 5 18 
43 . 51079 . 59 415 1. G63 1 . 85970 17 
H . 51104 . 59454 1. 6820 .85956 16 

40 . 52498 .61681 1.62 12 ·.85112 20 
41 . 52522 . 6172 1 1 . 6202 .850% 19 
42 .525-17 , 61761 1.6 191 .850S 1 18 
43 . 52572 .61 80 1 1. 6181 . 85066 17 
44 . 52597 .61842 1.61 70 . 65051 16 

45 .51129 . 59494 1.6808 .859 41 15 
◄ G .51154 . 59533 1. 6797 . 859?6 14 
47 . 51179 . 59573 1. 6786 .859 11 13 
◄ 8 . 51204 . 596 12 1. 6775 . 85896 12 
49 .51229 . 5955 1 1.6764 . 85881 11 

I 

45 .52621 .61882 1 .6160 . 8503 5 15 
46 . 526 46 . 61n2 1.6149 .85020 14 
47 . 52671 . 61 962 1.61 39 .85005 13 
48 . 52696 .62003 1 .6128 . 84989 12 
49 . 52720 .62043 1 .6118 . 84974 11 

!,O . 51254 .59691 1 .6753 . 85866 10 
~1 . 51279 .59730 1 .6742 .85851 9 
52 . 51 304 . 59770 1.6731 . 85836 8 
~3 . 51329 .59609 1.6720 .8582 1 7 
~4 . £>13 54 . 59849 ·1.6709 . 85806 6 

50 : 52745 .62083 1 . 6107 . 84959 10 
51 .52770 .621 24 1 .6097 . 84543 9 
52 . 52794 .621 64 1.6087 .84928 8 
53 . 52819 . 6~204 1.6076 .84913 7 
54 . s2e 4-1 . 62245 1. 6066 . 84897 6 

5~ .51379 .59888 1. 6698 .85792 5 
',(; . 51404 . 59928 1 . 6687 . 85777 4 
57 .51429 . 59967 1 .6676 . 85762 3 
56 .51 454 . 60007 1. 666 5 .85747 2 
5~ • 51479 . 6004 6 1. 6654 . 85732 1 

55 .52869 . 62285 1.6055 . 84382 5 
56 . 52893 . 62325 1.60-15 . 84 8G6 4 
57 .529 18 . 623G6 1.6034 . 84851 3 
58 .52943 . 62406 1. 6024 . 84836 2 
59 . 52967 . 62446 1.6014 . 84620 1 

~o . 51 504 . 600S6 1.6643 . 85717 0 - --- --- --- --- - 60 . 52992 . 624 87 1.6003 .84805 0 - --- - -- --- --- -Cos Ctn T,.rn Sin ' 
, C,,s Cta T un S in , 

120° (:ioo0) (239°) 59° (2:l8°) 58° 
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(3'.:7°) 1-17° ' 33° ('.!13°) ~· (21-tci) (325°) 1-15° 35° (215°) i~o 

Sin T nn C tn Cos Sin Tllll Ctn Cos Sin Toa Ctn Co,q Sin T u11 C t n c, .... 

0 . 52992 .62487 1. 6003 .84305 60 0 .54464 _54 9.;1 1. 5399 • 83867 f,() 0 . 55919 . 67451 1. 4826 .82904 60 0 .57353 • 7002 1 1 .4281' .81915 60 

1 .530 17 . 62527 1 . 5993 . 34 789 59 1 . s-1~ ae .64982 1.5359 . 83851 !...- 1 . 55943 . 67493 1 .4816 . 82387 59 1 .5738 1 .70064 1. 4273 . 81 899 59 

2 .53041 . 62563 1 .5983 .84774 58 2 . 5451 3 .65024 1 .5379 .83835 ~~ 
2 . 55968 .67536 1. 4807 . 8287 1 58 2 . 57405 . 70107 1.4264 . 81852 53 

3 . 53C66 .G~G03 1 . 59 , 2 .8 i75') 57 3 . 54537 .650G5 1. 53G9 . 83819 ;1 3 . . 55992 .67578 1. 4798 . 82855 57 3 , 57429 .70151 1 . 4255 , 81 86 5 57 

4 .53091 .62649 1 . 5962 . 847-:3 56 4 . 54561 .651 06 1.5359 • 8330', 5i, 
4 . 5G016 . 67620 1. 4788 . 82839 56 4 . 57453 .70194 1. 4246 .s13.;3 56 

I 
. 56040 1 .4779 

5 .53115 .62689 1.5952 .84728 55 5 . 54586 . 65148 1 . 5350 .83788 II I 
5 . 67663 . 82822 55 5 . 57477 .70238 1 .4237 .81 832 55 

6 .53140 .62730 1.5941 .3.;112 54 6 . 54610 . 65189 1. 5340 .~3772 >I 6 . 56064 .G7705 1.4770 . 82806 54 6 .57501 .7028 1 1 .4229 .8 18 15 54 

7 .53164 . 62770 1 .593 1 . 8469: 53 7 . 54635 . 65231 1 . 5330 . 83756 ;, 7 . 5G088 . 67748 1 .476 1 . 82790 53 7 . 57524 .70325 1, 4220 .81798 53 

8 . 53 189 . 628 11 1 . 5921 . 84631 52 8 .5-1659 .65272 1. 5320 . 83740 5! 8 . 56112 .6 7790 1. 475 1 . 82773 52 8 • 57548 .70368 1.42 11 . 81782 52 

9 . 53214 .62852 1. 59 11 . 84 6G6 51 9 .54G83 .65314 1. 5311 . 83724 ; 1 9 . 56 136 . 67832 1.4742 . 82757 51 9 .57572 ,704 12 1.4202 .81765 51 

10 . 53238 , 62892 1 . 5900 . 84650 50 10 . 54703 . 65355 1 ,5301 .83708 ~ 
10 . 56160 .67875 1. 4733 . 8274 1 50 10 .57596 .704 55 1.41 93 .81 743 50 

11 .53263 . 62933 1 . 5890 .84635 49 11 . 54732 . 65397 1. 5291 .83692 ... I 11 .56184 . 67917 1.472 4 . 82724 49 11 . 57619 . 70499 1.418 5 . 8173 1 49 

12 . 53288 . 62973 1. se8o . 84619 48 12 . 5-1756 . 65438 1.5282 .83G76 ,,. I 12 .5G208 . 67%0 1 .4715 . 82708 48 12 . 57643 . 70542 1. 4176 . 817 14 48 

13 . 53312 . 63014 1. 5B09 . 8,604 47 13 . 5473 1 . 65480 1. 5272 . 83GGO 4; ! 13 . 56232 . 68002 1. 4705 . 82692 47 13 . 57667 .70586 1 .4167 . 81698 47 

' 14 .53337 . 53055 1. 5859 . 84588 46 14 . 5.;305 . C552 1 1. 5262 . 83645 '• l 
14 . 50256 . 680·15 1. 46% . 8:;!675 46 14 . 5769 1 . 70629 1. 4158 .81681 46 

15 .53361 . 63095 1 .5849 . 84573 45 15 . 54829 . 65563 1 .5253 . 83629 41 ! 
15 . 56280 . 68088 1.4687 . 82659 45 15 . 57715 .70673 1.4150 .81 664 45 

16 .53386 . 63136 1. 5839 . 84557 44 16 • 54 854 . 65604 1 .5243 .8361 3 ◄• 
16 . 56305 . 68130 1.4678 . 82643 44 16 . 57738 ,70717 1. 4141 .81647 44 

17 . 534 11 .63177 1 . 5829 . 84542 43 17 . 5,878 . 65646 1. 5233 .83597 ' l 
17 . 56329 . 68173 1 . 4569 .82626 43 17 . 57762 . 70760 1 .4132 . 8163 1 43 

18 . 53 435 . 63217 1 . 5818 . 84 526 42 18 . 54902 . 65688 1 ,5224 .83581 ◄' 
18 .56353 . 63215 1. 4659 . 8261 0 42 18 . 57786 .70804 1 ,4124 .8 161 4 42 

19 .53460 .63258 1.5808 .84511 41 19 . 54927 . 65729 1. 5214 .83565 <I t 19 . 56377 . 68258 1.•650 . 82593 41 19 . 57810 ,70848 1. 41 15 .81597 41 

20 . 534 84 .63299 1. 5798 . 84495 40 20 .54951 .65771 1 . 5204 . 83549 <O ! 20 .5640 1 .6830 1 1 .464 1 . 82577 40 20 .57833 . 7089 1 1.4106 .81590 40 

21 . 53509 . 63340 1. 57S8 . 8·1480 39 21 . 5.;975 . 6581 3 1. 51 95 .83533 .,.; I i 
21 . 56425 . 68343 1 . 4632 . 8256 1 39 21 .57857 .70)35 1.4097 . 815C3 39 

22 . 53534 . 63330 1. 5778 . 3.;.;c4 38 22 . 54999 . 65854 1.51 85 .83517 ~a I 22 . 56•149 . 68386 1. 4623 . 82544 38 22 . 5788 1 . 70979 1.4089 , 81 5·16 38 

23 . 53558 . 63421 1 . 5768 . 844 ~8 37 23 . 55024 . 65396 1 . 5175 . 83501 37 I ' 23 . 56473 .68429 1. 4614 . 82528 37 23 . 57 904 .7 1023 1 . 4080 . 81530 37 

24 • 53583 . 63462 1. 5757 . 84433 36 24 .550•\S .65938 1.51 66 . 83485 ,; I !, 24 .56497 . 60471 1. 4605 . 825 11 J r- 24 .57928 . 71066 1. 4071 . 81513 36 

25 . 53607 . 63503 1 .5747 . 84417 35 25 . 55072 . 65980 1 . 5156 . 83469 ii i I· 25 . 5652 1 . 68514 1 .4 596 .8249 5 35 25 .57952 .71110 1.4063 .81 496 
1! 

35 

26 . 53032 . 63544 1. 5737 .84402 34 26 . 55097 .66021 1 . 51 47 , 83·153 3, 1 ,. 26 • 5654 5 . 68557 1 .4 586 . 82478 34 26 . 57976 .71154 1.4054 .81479 34 

27 . t3G56 . 6353·\ 1. 5727 . 8-13S 5 33 27 .55121 .66063 1. 5137 . 83437 l!i i 27 . 56569 . 68600 1 .4 577 . 82 462 33 27 .57999 .71198 1.40'. 5 . 81462 33 

28 . 53681 . 63G25 1. 5717 . d-1370 32 28 .55145 .60105 1.51 27 .83421 J.' l 
,. 28 . 56593 , 68642 1. 4568 . 82446 32 28 , 58023 .7 1242 1.4037 , 81 445 32 

29 . 53705 . 63666 1 .5707 . 84355 31 29 .55169 . 66147 1. 5118 . 83405 j: j •! 29 , 5661 7 .68685 1.4559 . 824i9 31 29 . 5804 7 . 71285 1.4028 .81 428 31 '·' I 
,. ,, .-

30 • 53730 . 63707 1.5697 . 84339 30 30 . 55194 .66189 1.51 08 .83389 :;.~ ! u JO .5664 1 .68728 1. 4550 . 82413 30 30 . 58070 .71329 1 . 4019 .81412 30 

31 . 53754 . 63 748 1. 5687 . 84324 29 31 .55218 .66230 1 . 5099 . 83373 

I 
':•' ij 31 • 56665 . 68771 1 .4 541 .82396 29 31 . 58094 . 71 373 1.40 11 . 81395 29 

32 .53779 . 53789 1. 5677 . 84308 28 32 . 55242 . 66272 1 . 5089 ,83 356 '; C • 32 .5GG89 . 6881 4 1.4532 . 82380 28 32 . 58 118. • 71417 1.4002 .81378 28 

33 .53S04 . 63830 1 .5GC7 ,84292 27 33 . 55266 . 653 14 1. 5080 . 83340 ~; ! il 33. . 567 13 . 68857 1.4523 . 82363 27 33 .5814 1 .71461 1 . 399 4 .81361 27 

34 • 53828 . 63871 1.5657 . 84277 26 34 . 55291 . 66356 1,5070 . 83324 :,1 ti 34 . 56736 . 68900 1 . 4514 .82347 26 34 , 58165 .7 1505 1.3985 .81344 26 
I H 35 . 567GO 

35 .53853 .63912 1. 5647 .34261 25 35 . t 5315 . 66398 1. 5061 . 83308 I :'! i .68942 1. 4505 . 82330 25 35 . 58189 .71549 1. 3976 . 81 327 25 

36 . 53377 . 63953 l. 5G37 .84245 24 36 . 55339 . 66440 1 . 505 1 . 83292 I i i JG . 56784 . 68985 1. 4496 . 82314 24 36 .58212 .7 1593 1. 3968 .81310 24 
37 . 53 902 . 63994 1 . 5627 . 84 230 23 37 . 55363 .6G·182 1 . 5042 . 83276 I 

" . :1 37 . 55808 .69028 1 . 4487 . 82297 23 37 . 58236 .71 637 1 .3959 .81 293 23 

38 . 53925 . 5.;035 1. 5G17 . 842 14 22 38 . 55388 . 66524 1.5032 . 83260 I .. ' 

ii 
38 . 5G832 . 6907 1 1.4478 , 82281 22 38 .58260 • 71681 1. 3951 .81 276 22 

39 .53951 . 64076 1. 5607 . 8·1 198 21 39 . 55·\12 . 66566 1. 5023 .83244 

I 
.:l ' 39 . 5G856 . 691 14 1.4469 . 82264 21 39 . 58283 • 71725 1 .3942 .8125'.l 21 

40 . 53975 . 6411 7 1. 5597 . 84182 20 40 . 55436 . 6G608 1.50 13 . 83228 . . 10 . 56880 .69157 1 . 4460 . 82248 20 40 . 58307 .71759 1. 393 4 . 81242 20 

41 . 54000 . 64158 1.5587 .8, 167 19 41 . 55460 . 66650 1.5004 .83212 ! 
11 . 56904 . 69200 1. 4451 .8223 1 19 41 . 58330 .71813 1.3925 . 81225 19 

42 . 54024 .64199 1. 5577 . 8·1151 18 42 . 55-184 . 66692 1 .4994 . 83105 

I 
:1 ◄ 2 . 56028 . 69243 1 ,4442 . 8221 4 18 42 .58354 .7 1857 1. 3916 . 81208 18 

'43 . 54 049 , 64240 1. 5567 ,84135 17 43 . 55509 . 6G 734 1.4985 .83179 1.' ' I, ◄ J . 56952 . 69286 1. 4433 . 82198 17 43 . 58378 .71 901 1. 3908 . 81191 17 
:! • JI H _. 56976 . 69329 1. 4424 

44 .54073 . 64281 1. 5557 . 84120 16 44 .55533 .66776 1.4975 . 83163 

Ii 
. 82181 16 44 .58401 • 71 946 1 . 3899 .81174 16 

45 . 54097 . 64322 1 .5547 .8-1104 15 45 . 55557 . 6G8 18 1. 49G6 ,831 47 i ◄ 5 .57000 .69372 1. 4415 .821 65 15 45 .58425 . 71 990 1. 389 1 . 81157 15 

45 . 5,122 . 64363 1.5537 . 84088 14 46 . 55581 .oceco 1 . 4,57 . 8313 1 i 
, . : i , <G .57024 . 69416 1 .4 406 . 82148 14 46 . 58449 . 7203 4 1 .3882 , 811<0 14 

47 . 54146 ,c;.;.; 04 1. 5527 . S4 072 13 47 .5!:G0 5 .66902 1 . 4947 . 831 15 ' j. <I . 57047 .G9·l59 1.4397 .82132 13 47 .58472 . 72078 1 . 3874 .81123 13 
.· J •a 

48 .5-1171 .644'.G 1. 5517 . 84057 12 48 . ~5G30 . 6G9 44 1 .493S . 83008 I ;I . 57071 . 69502 1. 4388 . 82 11 5 12 48 .58496 . 72122 1 .3S65 . 811 06 12 

49 . 541 95 . 64487 1 .5507 . 8,04 1 11 49 . 55654 . 66936 1 .4928 . 83082 1· ◄ 0 .57095 .69545 1 ,4379 . 82098 11 49 .5851 9 .721 67 1. 3ij57 . 81089 11 

50 . 54220 . 64528 1. 5497 . 84025 10 50 . 55G78 . 67028 1 .4919 . 83066 

I 

11 '.,Q •• 57119 . 69588 1 '. 4370 . 82082 10 50 . 58513 . 72211 1.3848 . 81072 10 

51 . 54244 .6<569 1. 5·\87 .8·1009 9 51 .55702 . 67071 1.4()1 0 . 83050 tr 51 .571 43 . 6963 1 1.4361 .8206 5 9 51 . 58567 • 72255 1 . 38.;o ,81055 9 

52 .s.: :?G9 . 64610 1. 547 7 . 839~4 8 52 . 5572G . 67 113 1 .4900 .8303·1 I · • ;2 . 57167 .69675 1 . 4352 . 82048 8 52 . 5a590 • 72299 1. 383 1 .81038 8 '. . 11 
•' 53 . 5-:293 . 64G52 1 ,5'.nS . 83978 7 53 . 55750 . 67 155 1 .489 1 . 8301 7 .57191 .G9718 1.4344 .82032 7 53 . 5861 4 • 72344 1 . 3823 .81021 7 

54 . 5431 7 . 64GJ3 1. 5.; 55 . 83962 6 54 . 55775 . 67197 1. 4882 .83001 I I '>I .5721 5 . 69761 1 . 4335 .8201 5 6 54 . 58637 . 72388 1. 3814 .81004 6 

55 . 54 34 2 .64734 1. 5448 .83946 5 55 . 55799 . 67239 1 .4872 .S2~85 I II . 57238 .69804 1.4326 • 81999 5 55 . 5866 1 • 72432 1.3S06 . 80987 5 

56 . 54366 .64775 1. 5433 . 83~30 4 56 • 55823 . 67282 1. 4S63 .8'2%9 I :.,; . 57262 . 69847 1. 4317 , 81982 4 56 .53684 . 72477 1. 3798 . 80970 .4 

57 . 54391 . 6481 7 1. 5•128 .83915 3 57 .558-17 . 67324 1. 4854 . 82953 \I · . 57286 . 6939 1 1 . 4308 .8 1965 3 57 .58708 • 7252 1 1 . 3789 . 80953 :r 
58 .5-1415 . 64858 1. 5418 . 83899 2 58 . 553 71 . 67366 1 . 4844 . 82~l3U I 

~.~ . 5731 0 .6993 4 1. 4?.99 .81 949 2 58 . 58731 . 72565 1 . 3781 .80936 2 

59 . 54440 . 64899 1 .5408 . 83883 1 59 . 55895 . 67409 1 .4835 . 82920 11 .57334 . 69977 1. 4290 . 81932 1 59 . 58755 .72610 1.3772 ."8091 9 1 
!• ' 

60 . 54 464 . 64941 1. 5399 . 83867 0 GO . 55919 .67451 1. •\826 . 82904 
I f,Q .57358 .70021 1. 4231 . 819 15 0 60 . 58779 t . 72654 1 . 376 4 .80902 0 

Cos C:n Tan Sin C:os Ctll Tan Si11 l ! , Cos Ctn Tau Sin Co.s 
).. 

Ctn Tan Sin 

122° (302°) (237°) 57° 123° (303°) 
..., (236' 1:.. 

ti 
1W (301°) (235°) 55° 125° (303°) (231°) 51° 

"""' 
- -

_ __....-1 ._ \ ·------· ' 
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(:12.1°) H:1° :11° ('.! 17°) 

T a n Ctn Cos , Sin Ton Ctn - --- --- ---
0 . 58779 , 72654 1. 3764 .80902 60 0 . 60182 .75355 1 ,3270 
1 . 58£02 . 72G9? 1.3755 . 80~35 59 1 .G0205 . 75~0 1 1.3,G2 
2 . 58 32G • 72743 1. 3747 . 80~G7 58 2 .Gone . 75,: 17 1 . 3254 
3 . 588,9 • 72788 1 . 3739 . eOG 'iO 57 3 . G0~5 1 _75.;92 1. 32•16 
4 . 5Bd73 . 72832 1. 3730 . 80833 56 4 . 60274 .75533 1 ,3238 

5 . 5889G .72877 1.3722 .80~1G 55 5 . cone . 75534 1.32~0 
6 . 58920 . 72921 1. 37 13 .80799 54 6 . 60321 ,75G29 1 .3222 
7 . 58943 .729G6 1.3705 .80752 53 7 .603<4 . 75G75 1. 3214 
8 . 589G7 . 73010 1. 3697 .807G5 52 8 . 603G7 . 75721 1. 3206 
9 . 56990 . 73055 1. 3688 . 80748 51 9 . 60390 • 75767 1. 3198 

10 .590 14 .731 00 1. 36S0 . 80730 50 10 .604 14 . 75812 1. 3190 
11 . 59037 , 73 144 1. 3G 72 . eo,13 49 11 . 60437 .75358 1,3182 
12 . 5130G 1 . 73189 1 . 3663 . 80695 48 12 . G0460 , 75904 1. 3175 
13 . 59084 . 73234 1. 3655 • 80679 47 13 . G04 83 . 75950 1.31G7 
14 . 59103 • 73273 1.3647 .80G62 46 14 . 60506 .75996 1.31 59 

15 .59131 . 73323 1. 3638 ,80644 45 15 . 60529 . 76042 1. 3151 
16 . 59154 .73368 1. 3630 . 80627 44 1G . 60553 .76088 1 .31-13 
17 .59178 . 73413 1.3622 . 80G1 0 43 
18 .59201 . 73457 1 . 361 3 , £0593 42 

17 . G0576 r76134 1 . 3135 
16 .60599 . 761 80 1. 3127 

19 .59225 • 73502 1. 3605 .8057G 41 19 . 60522 .76226 1.3119 

20 . 59248 . 73547 1. 3597 , 80558 40 20 . 60G,5 .76272 1. 3111 
21 .5n12 . 73592 1. 35GB .scs.;1 39 21 . 60·36 8 . 763 18 1. 3103 
22 . sc;~95 , 73537 1. 3530 . 80524 38 22 . GU591 . 7G354 1. 3095 
23 . 59318 • 73681 1. 3572 .80507 37 23 .60714 .7641 0 1. 3037 
24 .sn42 • 73726 1.3564 . 80489 36 24 .60738 • 76456 1.3079 

25 . 59365 . 73771 1. 3555 , 80',72 35 25 . 60761 , 7G502 1. 3072 
26 . 59389 . 73816 1.3547 , 30.;55 34 2G , 60784 . 76 548 1. 3064 
27 .59,12 .7386 1 1.3539 ,80.\38 33 2 7 .60307 .7G59 4 1 .3056 
28 , 59.; 35 .73906 1.353 1 . 80420 32 28 • 60330 . 7GG4 0 1.3048 
29 . 594 ~9 .7395 1 1. 3522 . 80-:03 31 29 . 60853 . 76636 1 .3040 

30 . 59482 .739% 1.3514 . 80386 30 30 . 60376 .76733 1. 3032 
31 . 59506 . 7.;041 1.3~0(; .80308 29 31 . 60899 . 7G779 1.3024 
32 . 59529 . 74086 1.34~8 . 8035 1 28 32 .60922 • 76825 1.3017 
33 • 59 552 , 74131 1. 3490 . 30334 27 33 .6094 5 • 7687 1 1. 3009 
34 . 59576 • 74176 1. 3481 , 80316 26 34 . 60%8 .769 18 1. 3001 

35 • 59599 .74221 1 .3473 . 80299 25 
36 . 59G 22 . 7,267 1. 3465 ' .80282 • 2-; 

35 . 60991, . 76964 1. 2993 
36 . 610 15 . 77010 1 .2985 

37 . 5954 6 , 74312 1. 3457 . 802G 4 23 37 . 61038 . 77057 1 .2977 
38 • 59GG9 , 74 357 1 . 34 49 . 802 47 22 38 .GIGG1 , 77103 1. 2970 
39 , 5%93 . 7H02 1. 3440 . 80230 21 39 . C1084 • 77149 1. 2962 

40 .59716 . 74447 1. 3432 . 80212 20 40 . 61107 .771 96 1 . 2954 
4i . 59739 . 74,9'.! 1. 3424 , 80 195 19 41 .61130 . 77 242 1. 2946 
42 . 59753 . 7, 538 1. 34 16 , 80178 18 42 . 61153 . 77289 1 .2938 
43 . 597dG .7-158 3 1. 3408 .801GO 17 43 .Gl 176 . 77335 1. 293 1 
44 .59809 , 74628 1.3400 . 80 143 16 44 . 61199 • 77382 1 . 2923 

45 . 5n32 ,74G74 1. 3392 . 80125 15 45 .61222 .77428 1. ?9 15 
4G . 59856 , 747 19 1. 3384 .80103 14 <G ,Gl245 . 77475 1. 2907 
47 .59879 ,747G4 1. 3375 . 8009 1 13 47 . 61 2G8 , 7 /52 1 I. 2900 
48 . 59902 .748 10 1. 33G7 ,80073 12 48 ,6 1291 . 77 5G B 1.2892 
49 . 5992G . 7.; €55 1. 3359 . 80056 11 ✓.9 . 61314 , 77615 1. 2884 

50 , 59949 .74900 1. 3351 . 80038 10 50 . 61337 • 7766 1 1. 2876 
51 .59972 .1.;945 1. 33·\3 . 80021 9 51 . 61360 , 77708 1. 2869 
52 .59995 .7499 1 1.3335 ,80003 8 52 .61383 ,77754 1. 2861 
53 .6001 9 .75037 1. 3327 .79986 7 53 .61406 . 77801 1.2853 
54 ,60042 . 75082 1.3319 ,799G8 6 54 . 61429 • 77848 1. 2846 

55 .600G 5 ,75128 1. 3311 .7995 1 5 55 .61451 • 7789 5 1.2838 
56 . 60089 , 75173 1.3303 .7993 4 4 56 . 61474 . 77941 1. 2830 
57 .GOl 12 , 75219 1. 329 5 .79916 3 57 , 61497 • 77983 1.282'2 
58 . 60135 • 75264 1. 3287 , 79899 2 58 . C1520 . 78035 1.2815 
59 .60158 .75310 1.3278 • 79881 1 59 . 61543 . 78082 1.2807 

60 . 60162 • 75355 1. 3270 .79864 0 GO .61566 .78129 1.2799 - --- --- - --
Cos Cta Ton Si11 

, \.os Ctn Tun 

126° (306°) (233°) 53° 127° (307°) ... 

\ 

\ 

·co~ 
--- -, 7936 4 60 
• 79U •l6 01 
.79 0~9 ,a 
. 7~8 1 i 51 
• 79793 ¼ 

.7~776 ~5 

.79758 5 ◄ 

.7974 1 53 
• 79723 • 52 
.79706 51 

.79688 M 

. 7% 71 4ry 

. 7%53 43 

. 79635 47 
,79G 18 46 

, 79600 ◄ I 
.79583 44 
. 79565 4] 
.n547 41 
. 79530 ~1 

. 795 12 ~o 

. 7949 4 31) 

. 79477 33 

. 794 59 31 

.7944 1 JG 

.79424 35 

. 79406 34 

. 79388 3.1 

. 79371 32 

.79353 31 

• 79335 30 
. 793 18 29 
. 79300 n 
• 79282 21 
• 79264 2( 

.79247 ZI 

. 79229 i ' 

. 79211 21 
• 79193. n 
,79176 21 

. 79158 2l1 

. 79140 19 

. 79122 1d 

.79105 17 
• 79087 16 

.79069 11 
', 790:,1 1, 
. 79033 1.1 
.7901G i :? 
. 789~8 1; 

. 78980 10 

. 78%2 : I . 789 -14 

.73926 ! I 

. 78908 : I . 7889 1 

. 73373 'I 

. 78~:.5 ~ I 

. 78837 i i . 78319 I 

.78801 o I 
--- -:-1 Sin -r:_,,. 

Tal,lc JI 

311° (218°) 

t, 
1 , 
ii 

ii 
H d 

. 

-
0 
1 
2 
3 
4 

5 
6 
7 

.3 
9 

10 
11 
12 
13 
14 

15 
16 
17 
18 
19 

20 
21 
22 
23 
24 

25 
26 
27 
18 
29 

10 
31 
12 
l3 
34 

I 
)5 
i 6 
JI 

jlB 
I 39 

<O 
41 
42 
4J 
•1 . 

45 
.c,:j 
<7 
,3 
<'.) 

\0 
',I 

' '2 i11 
i~ 
; \I 
, '1; 
'\I 

i ''..G l i :~ 

l ! I,'.) 
i -
~ ' . 

~ 

Sin --
. 615(;6 
. 61 583 
. 616 12 
. 61635 
. 61658 

. 6168 1 

.6 1704 

. 61726 

.61749 

. 61772 

.61795 

.61818 

. 61841 
,618G4 
. 61887 

.61 909 
,61932. 
. 61955 
,61978 
. 62001 

. 62024 

. 62046 

. 62069 

.62092 

.62115 

.62138, 
,621GO 
.62183 
,G220G 
.62229 

. 62251 

.62274 

.62297 

. 62320 • 

.62342 

.62355 

. 62388 

. 62·1 11 
, 62433 
.62456 

, 62479 
. 62502 
.62!:>21, 
. C2547 
.62570 

.62592 

.626 15 

.62638 

. 62GGO 

.62683 

,62706 
. 62728 
.62751 
.62774 
, 62796 

,62819 
. 62842 
. 623G 4 
, 6281l7 
, 62909 

,62932 --
Cos 

NATUHAL THIG0:'\0::\lETHIC FUNCl'IO:'\S 

(321 °) Hl O 39° (~19°) 

·Tan Ctn Cos ' Sin Tnn Ctn -- -- -- -
.78129 1. 2799 . 78801 60 0 . 629.32 .80978 1.2349 
. 78175 1.2792 . 78783 59 1 .62955 . 81027 1.2342 
. 7P,222 1. ?784 . 787G5 58 2 . G2977 .8 :075 1.2334 
,78'269 1 . 2776 . 78747 57 3 .G3000 .81123 1,2327 
. 78316 1.2769 . 78729 56 4 .63022 .81171 1.2320 

. 78363 1.2761 , 78711 55 5 . 63045 .'81220 1.2312 
• 784 10 1 .2753 . 78694 54 6 , 63068 .81268 1. 2305 
, 78457 1. 2746 . 78676 53 7 .63090 . 81316 1.2298 
. 78504 1. 2738 .78658 52 8 .631 13 ,81 36 4 1 .2290 
, 7855 1 1. 2731 .78640 51 9 .63135 ,81413 1. 2283 

.78598 1,2723 . 78622 50 10 .63158 ,81451 1 .2276 

. 78645 1. 2715 .76G0 4 49 11 .63180 , 815 10 1,2268 

. 78692 1.2708 . 78586 48 12 .63203 . 81558 1. 2261 
• 78739 1. 2700 ,735G8 47 13 . 63225 .81606 1. 2254 
. 78786 1.2693 , 78550 46 14 ,63248 . 81655 1. 2247 

.78834 1. 2685 . 78532 45 15 , 63271 .81703 1.2239 

. 78881 1 . 2677 . 78514 44 16 . 63293 . 81752 1.2232 
, 78928 • 1 ,2670 .784% 43 17 , 63316 , 81800 1.2225 
. 78975 1.2662 .78478 42 18 . 63338 .81e.;9 1. 2218 
• 79022 1. 2655 .784 60 41 19 .63361 . 81898 1. 2210 

.79070 1. 2647 . 78442 40 20 . 63383 .81946 1.2203 

. 79117 1. 2s-:o , 73424 39 21 . 63405 .81995 1.2196 

.7916 4 1. 2G 32 . 78405 38 22 .63-128 ,820-14 1.2189 
,79212 1. 2624 . 78367 37 23 , 6345 1 , 82092 1.2161 
,79259 1. 2617 , 7S369 36 24 . 63473 .82141 1. 2174 

. 79306 1.2609 . 78351 35 25 . 63496 .82190 1,21 67 

. 79354 1. 2602 . 78333 34 26 . 63518 .82238 1.2160 
, 7940 1 1.2594 .78315 33 27 . 63540 . 8?287 1. 2153 
. 79449 1 .2587 .78297 32 28 . 63563 . 82336 1.2145 
. 79496 1. 2579 , 78279 31 29 . 63535 . 82385 1.2138 

. 7954 4 1.2572 . 78261 30 30 .63608 . 82-;34 1.2131 
, 7959 1 1. 2564 ,78243 29 31 .63630 . 82483 1. 2124 
. 79639 1 . 2557 . 78225 28 32 .63G53 .8253 1 1.2117 
. 79686 1.2549 • 78206 27 33 . 63675 . 82580 1. 2109 
, 79734 1. 2542 , 78188 26 34 • 636g8 .82629 1.2102 

, 79781 1. 2534 . 78 170 25 35 . 63720 .82678 1.2095 
.79829 1. 2527 . 78152 24 36 . 63742 . 82727 1.2088 
. 79877 1 .2519 . 78134 23 37 .637G5 ,82776 1.208 1 
. 7992 4 1 . 2512 , 78116 22 38 .63787 ,82825 1. 2074 
• 79972 1. 2504 .78098 21 39 . 638 10 . 82874 1. 2066 

. 80020 1 . 2497 .78079 20 40 . 63 83 2 . 82923 1. 2059 
,80067 1. 2489 • 7806 1 19 41 . 63854 . 82972 1. 2052 
.80115 1.2482 . 780·13 18 42 . 63377 . 83022 1. 20·15 
. 80163 1. 2475 .1sn s 17 43 . 63899 ,830 71 1. 2038 
.8021 1 1 , 2467 , 78007 16 44 . 63922 . 83120 1.203 1 

.80258 1 ,24GO • 77988 15 45 .63944 .831G9 1. 2024 

. 80306 1. 2452 . 77970 14 46 .63%6 .83218 1.2017 

. 80354 1. 2445 . 77952 13 47 . 63989 . 83268 1.2009 
, 80'. 02 1. 2·137 . 77934 12 48 . 64011 . S3117 1. 2002 
. 80450 1. 2430 , 77916 11 <9 , 64033 . 83366 1.1 995 

.8049J 1.2423 .77897 10 50 . 640~6 . 834 15 1.1 988 

. 80546 1.2415 • 77879 9 51 .64078 . 83465 1.1981 

. 80594 1 .2408 . 77861 8 52 .64 100 . 83514 1. 1974 

. 806 42 1. 240 1 . 77843 7 53 .64 123 , 8356 4 1. 1967 

.80690 1. 2393 ,77824 6 54 . 64145 .83613 1.1 960 

. 80738 1. 2386 . 77806 5 55 .64167 . 836G2 1.1953 

. 807e6 1.2378 , 77788 4 56 . 641 GO .83712 1. 1946 

. 8083 4 1. 237 1 . 77769 3 57 . 64212 . 837G1 1. 1939 

. 80882 1. 2364 . 77751 2 58 . 64234 . 83811 t. 1932 

. 80930 1. 2356 . 77733 1 59 . 64256 . 83860 1. 1925 

.80978 1. 23 49 .77715 0 60 . 64279 .839 10 1.1918 --- -- --- -
Ctn T un Sin , 

Cos Ctn T on 

(231 °) 51 ° 129° (309°) 

C,,~ 

193 
0

) 1-10° 

. 77715 GO 

.77C'.)G 59 

. 77678 53 

.7,660 57 

. 77641 56 

. 77623 55 

.77605 54 

.77586 53 
, 77568 52 
• 775~0 51 

, 77531 50 
.77513 49 
, 7749 4 48 
. 77476 47 
. 77458 46 

.77439 45 

.77421 44 
, 77402 43 
. 77384 42 
.77366 41 

. 77347 40 

. 77329 39 

.77310 38 

. 77292 37 

. 77273 36 

. 77255 35 

. 77236 34 

. 77218 33 
,77199 32 
.771 81 31 

, 77162 30 
. 77144 29 
, 77125 28 
. 77107 27 
. 770ee 26 

,77070 25 
. 77051 2.; 
. 77033 23 
. 77014 22 
. 76996 21 

, 76977 20 
,76959 19 
. 7&940 18 
. 7Gn1 17 
.76903 16 

. 76384 15 

.7GSG6 1.; 

. 76317 13 

. 7G3l8 12 

. 76810 11 

• 7679 1 10 
. 76772 9 
, 76754 8 
. 76735 7 
. 76717 6 

. 76G08 5 
, 7G679 4 
. 76t~Gl 3 
, 76642 2 
, 76623 1 

. 76604 0 

Sin 

(230°) 50° 

.-

~c 

........ 

t .: .. , ... 
~ -
(::i 



( 
NATURAL TRIGO:',O::\IETRIC FUNCflONS NATURAL TIUGONO:.'\IETHIC FUNCTIONS 

I 
TclJlc J' 

195 

I (319°) 139° 41° (2 ::! 1°) 42° (222°) (31 i 0) 137° 43° (223°) , 36° 
I 
( - -- ! Sin T nu Clo Cus Sin Tan C tn C o:i .:.1 1

1 ' :O,in Tuh Ctn Cos Sin 'fan Ctn Co, 

1-
0 .64279 .839 10 1.1918 . 76504 60 0 .6~G06 .8G9?9 1.1 504 . 7547 1 

GO I ' 0 .66913 . 90040 1. 1106 .743 1-1 60 0 .GU200 . 93252 1. 0724 • 73135 60 

1 . 64301 . 839GO 1.1 910 .76536 59 1 . 65628 . 8G980 1.1497 . 75452 ~; 

l 
1 .60035 . %0~3 1. 1100 . 7•i2·j 5 59 1 . G!:?22 1 . 03J06 1. 07 17 . 73116 59 

2 . 6·1323 . 84009 1.1 903 . 765ij7 -58 2 .G56GO .87031 1.1190 . 75-\33 ~r. 2 .66956 .9014 6 1.1 093 . 74276 58 2 . 68242 . 93360 1. 07 11 ,730% 58 

3 . 643'iG .8-:059 1. 1896 . 76548 57 3 . 6~672 . 87082 1. 1483 • 754 14 ~1 J . 66978 . 90199 1.1 087 • 74256 57 3 . 68264 .934 15 1.0705 .73076 57 

'4 .64368 . 84 108 1.1 8S9 . 76530 56 4 . 6569 4 .87133 1.1477 .75395 

56 1 I I 

4 . 66999 .9025 1 1.1 080 .74237 56 4 . 68285 .93469 1.0699 . 73056 56 

5 . 64390 .84158 1. 1882 . 765 11 55 5 . 65716 .871 84 1 . 1470 • .75375 5~ 5 .67021 . 90304 1.1074 .74217 55 5 . 68306 . 93524 1.0692 . 73036 55 

6 . 64412 . 84208 1. 1875 .76492 54 6 . 65738 . 87236 1 . 1-463 . 75356 51 6 . 67043 . 90357 1.1 067 .7 4198 54 6 . 68327 . 93578 1. 0686 . 730 16 54 7 

7 . 64435 . 84258 1.186S . 76473 53 7 .6 57!')!) . 87287 1.1 456 . 75337 
~l I 7 .6706 4 . 9041 0 1.1 06 1 .74178 53 7 . 683·19 . 93633 1. 0680 . 729J6 53 

8 . 6-1457 .84307 1.1 86 1 . 76·1 55 52 8 . 65781 .87338 1, 1450 . 75318 5/ 8 . 67086 • 904G3 1. 1054 . 74159 52 8 .G8370 .93688 1. 0G 74 . 72976 52 

9 .64479 .s.;3!'.>7 1.1854 • 76-t36 51 9 . 65803 . 87389 1.1 443 . 75299 51 9 .67107 ,90516 1.1 048 .74139 51 9 .68391 . 93742 1. 0GG8 • 72957 51 
l 

10 . 6450 1 . 84407 1.1 847 . 76417 50 10 . 65825 . 87441 1.1436 . 752BO '.,() 

J 10 .67129 • 905G9 1.1041 .741 20 50 10 .68412 . 93797 1. OG6 1 . 72937 50 

11 .64 524 . 844 57 1. 1840 . 7639S 49 11 . 65847 . 87492 1.H30 . 7526 1 41 11 . 67151 . 90~2 1 1.1 035 .74100 49 11 .68434 . 93852 1.0655 . 729 17 49 

12 .64546 . 84507 1 . 1833 . 76380 48 12 . 65869 . 87543 1.1423 . 7524 1 4X t 12 . 67172 . 90674 1. 1028 .74080 4S 12 .68455 . 93906 1 .0649 . 726'l7 48 

13 . 64568 . 84556 1.1 826 . 7636 1 47 13 .65891 ,87595 1 .1416 . 75222 41 13 .671 94 .90727 1.1 022 • 740G1 47 13 .68476 . 9396 1 1.0643 • 72~77 47 

14 . 64590 . 84606 1.1 819 • 75342 46 14 . 6591 3 . 87646 1 .1410 . 75203 ◄• I 14 . 67215 . 90781 1.1 016 .74041 46 14 .• 68497 .94016 1. 0637 .72857 46 

15 .64 612 . 84 656 1. 1812 . 76323 45 15 . 65935 . 87698 . 1. 1403 . 75184 4\ i . 15 . 67237 , 90S34 1.1009 . 74022 45 15 . 6851 8 . 9407 1 1.0530 . 72837 45 

16 . 64 635 . 84705 1 . 1806 . 7630 4 44 16 . 6SCISG . 87749 1. 1396 . 75165 4~ l I 16 . 67258 . 90887 1. 1003 . 74002 44 16 . 68539 , 94125 1.0624 . 72S17 44 

17 . 64657 .847 56 1. 1799 . 76286 43 17 . 65978 .!87801 1.1 389 . 75146 4J 

l
' , 17 .67280 . 90940 1. 0996 • 73983 43 17 . 6856 1 . 94180 1. 0618 • 72797 43 

18 .64 579 . 84 306 1.1792 . 76167 42 18 .66000 . 87852 1 . 1383 .75126 4! I 18 , 67301 . 90933 1. 0990 .73%3 42 18 . 68582 . 94235 1. 0G12 • 72777 42 

19 . 64701 . 84856 1. 1785 .70248 41 19 . 66022 .S7904 1.1 37G .75107 41 I 19 . 67323 . 91046 1. 0983 • 73944 41 19 .6S603 . 94290 1. 0606 .72757 41 

. 76229 40 20 . 660 44 . 87955 1.1 369 • 75083 40 l 1.0977 . 68624 1. 0599 , 72737 40 

20 .64723 .84906 1 . 1778 ~ I 20 . 67344 .91 099 .73924 40 20 .94 345 

21 . 647,6 , 84956 1 . 1771 . 76210 39 21 . 6GOG6 . 88007 1. 13G3 . 75069 3': I 21 .673G6 . 91153 . 1. 097 1 . 73904 39 21 . 68G 45 . 94400 1. 0593 . 72717 39 

22 . 64768 .S SVOG 1. 17G4 . 76192 38 22 . 66088 . 88059 1.1 356 . 75050 Jc , In . 67387 . 91206 .1. 0%4 .73885 38 22 . 68ri GG . 944 55 1.0587 .72$')7 38 

23 . 64790 . 8~05 7 1. 1757 . 76173 37 23 . G6 109 . 88 110 1.1 349 . 75030 31 )123 .G7409 . 91259 1.M58 .73865 37 23 .68688 . 94510 1 .0581 • 72G77 37 

24 . €4512 .55107 1 .17 50 . 7G154 36 24 . 66 13 1 . 88162 1. 1343 .7 5011 3~ I I 24 . 67430 . 91313 1. 0951 . 73646 36 24 .68709 • 94565 1. 0575 • 72657 36 

25 .64e34 . 85157 1.1743 .76135 35 25 . 66153 .88214 1. 1336 . 74992 31 
I. ' 25 .67452 .91366 1.0945 .73826 35 25 .68730 . 94620 1 .0569 • 72637 35 

26 .64856 • 85207 1. 1736 . 761 16 34 26 . 66175 . 88265 1.1329 . 74973 J• 1 I 2s , 67473 . 914 19 1. 0939 .73806 34 26 .68751 ' .9·1676 1.0562 .nG1 7 34 

27 . 64 878 . 85257 1.1 729 . 7G097 33 27 . 66197 . 88317 1 .1 323 . 74953 JJ (' I 27 . 67495 . 91473 1.0932 . 73787 33 27 . 68772 .94731 1. 0~5G .72597 33 

23 . 6490 1 . 85303 1.1 722 . 7G078 32 28 . 66218 . 88369 1.1316 . 74934 3) 1 tn .67516 . 91526 1.0926 .73767 32 23 . 68793 . 94786 1.0550 . 7'2577 32 

29 .64523 . 85358 1.17 15 . 7ti059 31 29 . 66240 . 8842 1 1.13 10 .749 15 3: I I 29 . 67533 .91 580 1.0919 .73747 31 29 .6881 4 .9,841 1.0544 .72557 31 

30 . 6494 5 .85408 1. 1708 . 7604 1 30 30 . 662G2 . 88473 1.1303 . 74896 30 I ! t1 
.67559 . 91 633 1.0913 . 73728 30 30 .68835 .94896 1.0538 .72537 30 .. 

31 . 64%7 . 854 58 1. 1702 . 76022 29 31 . 66284 .8852 4 1. 1296 . 7487G ?·! . 67580 .91 687 1. 0907 . 73708 29 31 . 68857 • 94952 1. 0532 . 725 17 29 

32 . 64989 . 85509 1 . 169 5 .76003 28 32 . 66306 . 88576 1. 1290 • 7·1857 ?8 .67G02 , 91740 1. 0900 • 73G6 8 28 32 . 68878 . 95007 1.0526 • 72497 28 

33 . 6501 1 . 8~559 1 . 1688 .7 :/rn4 27 33 . 663?.7 . 88G28 1.1 283 . 7-183 8 
~;, 1' ! ;n . 67623 ,9179A 1. 0894 . 736f.9 27 3'3 .68899 . 95062 1. 0519 • 724 77 27 

34 . 65033 .85G09 1.1 681 .75965 26 34 . 66349 .88G80 1. 1276 • 748 18 .67G45 .91847 1.0388 • 73(;49 26 34 . 68no ,95118 1. 0513 • 72457 2G 

35 .66371 . 85732 1. 1270 . 74799 " l I;; \ 
35 .65055 . 855130 1.1674 . 75946 25 •·' .676fi6 .91 90 1 1. 088 1 .73629 25 35 .6894 1 . 95173 1. 0507 .72437 25 ,r.. 

36 . 65077 . 85710 1 .1 667 . 75927 24 36 . GG393 . 88784 1.1 263 . 74780 Li : . 67688 . 91955 1. 0875 .73610 24 36 .68962 . 95229 1. 0:iO l • 72 -\ 17 24 ,,. , 
37 . 65 100 .8 576 1 1. 1660 .75908 23 37 . 664 14 . 8883G 1. 1257 . 74760 ., . 

I 
; J7 .67709 . 92008 1. 0369 . 73590 23 37 . 63~83 . 95284 1 .0495 • 72397 23 

3S .65122 . 8531 1 1. 1653 . 75539 22 38 .6G436 . a3eB3 1. 1250 . 74741 :: I I )8 . 67730 . 92052 1.08G2 . 73570 22 38 . C(,004 . 953•0 1.0-189 • 72377 22 

39 . 65144 . 85862 1.1 647 .75870 21 39 . 66453 . 88940 1.1 243 . 74722 z: I !n .67752 . 92 116 1. 0856 .73551 21 39 . 69025 . 95395 1. 0483 .72357 21 

40 .G516G ,85912 1 .1 640 • 75851 20 40 . 66480 .83992 1.1 237 . 74703 ~1 l ! :~ . 67773 .92170 1.0850 .7353 1 20 40 .69046 .95·151 1.0477 • 72337 20 
1i ' 

41 . 65188 .85963 1. 1633 . 75832 19 41 . 6650 1 . 8904 5 1.1 230 . 746d3 . 67795 . 92224 1. 0343 • 73511 19 41 . 69067 . 95506 1.0470 .72317 19 

. 65210 . 86014 1.1 626 .7581 3 18 42 . 6G523 . 89097 1.1 224 . 746G·l ~ ~ 

42 1:: ~ ' (2 : 678 16 . 92277 1. 0337 . 73491 18 42 . G9088 .955G2 1. 041j .\ • 72297 18 

43 . 65232 . 86064 1. 1619 . 75794 17 43 . 66545 . 89 1~9 1.1217 . 74 6-1 4 1 - <] . G7837 . 9233 1 1. 0831 • 73472 17 43 ,691 09 . 95G18 1, 0453 • 72277 17 
1;, 

44 . 65254 . 86115 1.1 612 . 75775 16 44 . 6G566 .89201 1 .1211 . 74G25 
I ! ' <4 . 67859 . 92385 1.082 4 • 73452 16 44 . 69130 . 95673 1. 0402 • 72257 16 

. I 

.5 5276 . 8G166 1.1 606 . 75756 15 45 .66588 . 89253 1.1204 . 74606 1 ~ i ! i <5 
45 

,, : .67880 .92439 1.081 8 .73432 15 45 . 69151 . 95729 1. 0446 . 72236 15 

46 . 65298 , 8G216 1 . 1599 .7 5738 14 46 . 6GG10 . 89306 .1 .1 197 . 7-1586 i : •s .67901 . 92493 1 .0812 .73413 14 46 .69172 . 95785 1 . 0•140 • 72216 14 

47 . 66632 . 89358 1.1 191 • , . 74567 :J . 

47 .65320 . SG::!67 1.1592 . 75719 13 L' I J
; H .6 7923 . 92547 1. 0305 .73393 13 47 . 69193 .95241 1.0434 . n195 13, 

48 . 65342 .86318 1.1585 . 75700 12 48 .66653 . 894:0 1.11 84 . 74 548 

l 
! :i , 6794 4 .9260 1 1.0799 . 73373 12 48 .692 14 • 95e97 1.0428 . 72176 12 

49 ,6G675 , 89463 1.1178 . 74528 1 ~ ; 

49 .65364 . 86368 1. 1578 . 75680 11 I .67965 ,92G55 1. 0793 .73353 11 49 .69235 . 95952 1.0422 .72156 11 

50 . 65386 .86419 1.1571 . 75G61 10 50 . 66697 . 89515 1.1171 . 7·1509 1r 1 ! IQ .67987 . 92709 I 1 . 0786 • 73333 10 50 .69256 • 9G008 1.0416 • 72136 10 . ' 
51 . 65-108 . 8G470 1.1565 . 75G-n 9 51 .66718 . 895G7 1.11 65 . 71 •\89 ' \1 .G8008 . 92763 1.0780 . 73314 9 51 .69277 , 9606 4 1. 0410 . 72116 9 

52 . 65·130 ,8ij521 1.1558 .75G23 8 52 .65740 . 8!)620 1.11 58 . 74-170 . . '1 • .2 • G8029 . 928 17 1.0774 • 73294 8 52 .69298 .%1 20 1. 0404 . 720~5 8 

53 . 65452 .8G572 1.1551 . 75G0 4 7 53 .Gfi7G2 . 89672 1.11 52 . 74451 i ! l ~] . G8051 • 92872 1.0768 .73?.74 7 53 .69319 . 961 76 1. 0393 . 7207 5 7 

54 .65474 . 86623 1.1 544 .75585 6 54 .66783 . 89725 1.11 45 • 74-1 31 i l ~ . 68072 . 92926 1.07Gl . 73254 6 54 .69340 . 96232 1.0392 • 72055 6 
I 

1.1 538 . 75566 5 55 .66805 . 89777 1.1139 • 74 412 ~: 1 j ·~~ 
55 .65495 .86674 ,4. t ,68093 .92980 1.0755 .73234 5 55 .69361 . 962S8 1. 03S5 . 72035 5 

56 . 65518 .66725 1. 1531 .75547 4 56 . 66827 . 89830 1.11 32 • 74392 J . • , : •.,~ . 68115 . 9303 4 1.0749 .73215 4 56 . 69382 . 963 44 1. 0379 . 72015 4 

57 . 655•10 . 86776 1 . 1524 • 75:,28 3 57 .668;8 . 89333 1.11 26 . 74373 
: f 

· '. / ,68 136 . 93088 1. 0742 .73195 3 57 . 6G403 . 96400 1. 0373 ,71 S95 3 

58 . 65562 .86827, 1.1517 . 75509 2 58 . 6G870 . 89935 1 .1 119 . 74353 . ~I ,68157 .93143 1. 0736 .73175 2 5S • . 6942 4 • 96457 1. 0367 • 71 974 2 

59 .65584 . 86878 1.1510 . 75190 1 59 .6689 1 .89988 1.1113 • 74334 >l , 68 179 .931 97 1.0730 .73155 1 59 .69445 .96513 1 .036 1 .71954 1 

.75471 0 60 ,66913 ,90040 1.1106 .74314 ~ l '. '.O 
60 .65606 .86929 1.1504 -· : , 68200 .93252 1.0724 .73135 0 60 .69466 ,965G9 1.0355 .71934 0 

I :~ 

COd Ctn Tuu Si n Cos Ctn Tan Sin ) 

~ (;(\8 Ctn Tnn Sin Cos Ctn T an Sin 
, ~ 

130° (31Oey) (229°) ·19° 131° (311°) ·" 
(221!•) IS' l : :.?· (312°) (227°) ,no 133° (:H3°) (2::!6°) •16° 
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40 
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NATUIUL THIGOi'/0:-.IETHIC 
FUNCTIONS 

Sin T nn Ctn Cos ' 
-- -- --- ---- --
. 69466 . 96569 1. 0355 • 71 93 4 60 
.69487 . 96625 1.0349 . 71 914 59 
. 69508 . 9G68 1 1. 0343 . 71 &9·1 08 
. 69529 . 9G738 1. 0337 . 71 873 57 
. 69549 . 9679 4 1 .0331 • 71353 56 

. 69570 . 96850 1. C,325 . 71833 55 

.6959 1 . 96907 1. 0319 .71U 13 54 

. 696 12 • 96963 1. 0313 · . 71792 53 

. 69633 . 97020 1.0307 .71772 52 

. 69654 . 97076 1.0301 .71752 51 

. 6,675 .97133 1. 0295 . 71732 50 

. 69696 . 97 189 1. 0289 . 717 11 49 

. 69717 . 97246 1. 0283 . 71691 48 

.69737 .97302 1.0277 . 7157 1 47 

. 69758 • 97359 1.0271 .71 650 46 

.69779 .97416 1.0265 . 71 630 45 

. 69800 . 97472 1.0259 • 71 610 44 

. 6982 1 . 97529 1. 0253 .71 590 43 

. 69842 . 97585 1. 0247 . 71 569 42 

. 69862 . 97643 1. 024 1 . 71 549 41 

.69883 . 97700 1.0235 . 71 529 40 

.69(;04 . 97756 1. 0230 .71508 39 

.69925 . 978 13 1. 0224 .11 , ea 38 

.69946 . 97870 1.0218 • 71 468 37 

.69966 . 97927 1. 02 12 .71447 . 36 

.69987 . 9798 4 1. 0206 . 71 427 35 

. 70008 . 98041 1. 0200 .714 07 34 

.70029 . 98098 1. 0194 .71386 33 

. 70049 .93155 1. 0188 .71366 32 
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lo: DI S"(RIBUTJ.O l'J Ll 1'1K DIVIS!O i'\! 

trom: C. Latady 1r{Nto CL- 71 --342 

r.cibjcc: t: Progrx::me s i·tin i.~ l Updde #33 date: October 12~ 1971 

Pl ease r ep la~2 or add the foll ovin~ to your Programmer' s On-Li ne Manual: 

l . Co ~o r pan2 - showing Update #13. 

2 ~ •• f •'l'"(< •E ( ' ) . 1;r:>p 1acc ,·!".c.i•/.\C· 1 page , . 

~ ~::-'p l ace "(}lCI..E OF CO '.ffEiHS (4 pages) . 

4. Replace pages ·1 and 3 o-F your HARD\l.:J\RE UWOUT. 

r; 
v • Rep lace pa~es ·1 anr 2 o your COfH:' L. AYOUT. l}> 
6. Replace youi· 5 p.:iges of COMPUTE[~ FJ\JLURE 1:r i th the c1ttacl1ed 3 pages . 

7. Re1 1 c1ce yeiur Ma.-i nten;rnce Test Fixture \vi th SPEC,IAL H/\RD1//\RE FEA1 Uf-/.E S ( 2 pages ) . 

8 . Replace -U1-2 2 pc.1ges of T"irning Study Procedure 1:1ith 2 rages of Tilli l NG. 

ON - lI NE UTILI ZATION 

9. Replace your 9 pages on PRIMARY 0S FUNCTION with the attached 5 pages . 

10. Rep l ace you r 3 pages on TYPU-JRlTER CODES \'Jith the attacheq 2 pages . 

11 . Replace all 4 pages on CO MP UTER-STORE/SAFE-STORE LOGGING & WR ITE-RESET . 

12 . Replace pag s 1 and 2 of your RESIDENT UTILITIES . 

13. Throv.' away PROCEDURE FOR TYPING IN MAL FUNCTION LEAKAGE RATES (l page ) . 

14. Replace your PERCDlTAGE MALFUNCTION pages (6 pages ). 



P~ge 2 
, CL--71 -31! 2 

October 12~ El71 

LOADING PROC EDUR ES 

15. Repla ce the UNIFIED SU·; UL,~TION SYSTEM: Phase 2 (USS 2) (15 pa.ges), 

16. Replace your three pages on HEADER CARD FORMATS. 

17. Rep 1 ace y our OCTUlOOT page Cl page ). 

DP,TA OUTPUT~ 

18. Replace your 4 pages on REAL Tl ME PRINT. 

19. Rep lace your DEP (D[DA ENTER PRINT) (l µoge ). 

20. Replace you r I age on DATA RECO RD JNG ("! page ). 

21. Rep l ace your GSSC RECORD/ READ page. 

SOU !1CE DECKS 

22 . Hep l ace you r entfre UiS IN DEX ( 8 pages ) . 

Concurrence: 
' K. R. A "It.om 
Senior Supe rvisor - LMS Programming 

CHL/mmm 
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Memorandum SI I GE 
l!DUCATION .& Tll•ININq PR~OUCTS 

to : Dis tri buti on LINK DIVISION 

f rom : 

subject : 

K. R. Altom 
re fer to : KRA-71-354 

LMS User's Manual Update #34 date : October 22, 1971 

Please change the following in your Programmer •s rlanual: 

l. 

2. 

Replace the cover page showing the latest update, Update #34. 

Replace IOS DOCKING AND UPDOCKING PROCEDURES in "S pe~ial On- Line 
Operating Procedures", section C. (l page} 

/~a!J;; K. R. tom 
Senior Supervisor - LMS Programming 

KRA/mmm 



Memorandum 

to : Distribution 

from : L. Owens 

subject : LMS User's Manua 1 Update #38 

SI N G ER 
EDU C A TIO N&. TR A JN JN G PRODUCTS 

LINK DIVISION 

refer to L0-71-414 

date December 22, 1971 

Please make the following changes to your LMS User's Manual: 

1. Replace your cover page showing the latest update. 

2. Replace page 3 of your Table Of Contents. 

3. Replace page 1 and 2 on PRIMARY FUNCTIONS in the Operating System section 
of your manual. 

4. Add the page titled PCM FORMAT LOADER to the back of the section labeled 
Other Utilities. 

L. Owe • 
LMS Flight Mechanics Programmer/Analyst 

LO/mrrrn 

Concurrence: 
K. R. Altom 
Senior Supervisor - LMS Programming 
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8. DDP-224 SUMMARY 

8.1. REPERTOIRE 

8.2. CHARACTER CODES 

8. 3. LMS SKS & .0CP CODES 

9. OTHER UTILITIES 

9. 1 ASSEMBLY PROCEDURES 

9~2. FILL DECK PROCEDURES 

9.3. ABSL0AD OPERATING PROCEDURES 

9.4. P DUMP OPERATING PROCEDURES 

9.5. SEARCH & DUMP ROUTINE 

9.6. VLRTCC 

9.7. AUT0L0AD/DUMP/VERIFY 

9.8. READ/WRITE/VERIFY 

9.9 PCM FORMAT LOADER 

10. LGC 

10. 1 OPERATING PROCEDURES 

10.2 OCTAL DUMP 

10.3 CLOG 

10.4 AUXILARY OPTIONS 

11. SPECIAL ONLINE OPERATING PROCEDURES 

11.1 BIASING THE LUNAR TERRAIN BY A SLOPE 

11.2 I~S CSM CONTROL PANEL OPTIONS 

11.3 I0S DOCKING AND UNOOCKING PROCEDURES 

Table of Contents 
Page 3 



PRIMARY FUNCTIONS 

l. Initial Startup: 

l. l P-Register: 1 100:SIM mode - all three computers or A&B computer only. 

1 101:SYS mode - all three computers or A&B computer only. 

'102:Interactive Initialization (DCE setup, A&B Log, E0F, 
Safe-Store/Write Reset Initialization) - All three 
computers or A&B computer only. (After all responses 
are made will go to SYS mode.) 

1.2 A-Register: Set to 'l to wait on minute pulse before transferring to 
SIM mode - A computer only 

1.3 Index Registers: Xl: Set to 'lnn (where nn is · reset point desired) to cause 
an automatic reset on transfer to SIM mode. - All 
three computers or A&B computer only. 

X2: Set to ~1 to set Q775 for GSSC Logging (must set X3 to 'O) 
- A computer only. 

X3: Set to 'l to set Q776 for GSSC Log Playback (must set X2 
to ~a) - A computer only. 

2. Sense Switch Options (SIM Mode): 

2.1 A & B Computers Only: 

2.1.l SSWl: spare 

2.1.2 SSW2: spare 

2.1.3 SSW4: forces the complex to clear-and-halt at end of current major cycle 
( 16 frames) . 

2.2 A Computer Only: 

2.2.l SSW3: Real Time Print 

2.2.2 SSW5: To load PCM buffer in real-time 

l. 

2. 
3. 

4. 

Neither Q775 or Q776 are set, 
Computers are in SIM mode, 

Mount PCM format tape on Drive 4, 

Push PCM INVALID button on the PCM buffer box located next to the 
A-Computer CPU, 

5 .- Raise SSW5, 

6. One minute later, the PCM format tape is read and PCM INVALID 
light goes out. Lower SSW5. 

To load PCM buffer in non real-time see the Other Utilities section. 

. I 



2.2.3 SSW6: Real Time I/0 bypass. 

2~3 B ·Computer Only: 
2.3.1 SSW3: A & B Log. 
2.3.2 SSW6: Line Printer activity bypass for entire complex. 

3. Executive Philosophy 

Primary Functions 
Page 2 

3,1 The programs are divided into three classes: high priority (those programs with 
a function of time}, low priority (those not using Delta T), and Data Displays 
(X-Y/X-T/Event, Digital Readout, and Parameter Display} . 

3 . 2 There are two options for calling these three groups of programs. Either 
option may be selected at any time. The sequence in calling priority is 
shown below for both options. 

WSELECT = 1 

WSELECT = 2 

High Priority 
Data Displays 
Low Priority 

High Priority 
Low Priority 
Data Displays 

3,3 There are two different call table executors for high priority and low 
priority programs similar to the following instructions: 

L~0P IRX CALLPNTR , 1 
LDA CALLTABL, 1 
STA CALL 
XEC CALL 
SKS 140700 
N0P 
N0P 
JMP L00P 

3.4 The high priority programs should be completed every frame. Should they 
fail for any reason to be completed the executive will set a flag which will 
type out the data associated with the interrupt (see RTI typeout) . The 
executive will then complete the interrupted high priority program and all 
remaining high priority programs in the interruptd frame. The executive 
will then do the next frame's High Priority Programs. This means that the 
execution of the Dat~ Di splay Programs in the interrupted frame will be 
omitted. The necessary controls, however, will be set such that the Low 
Priority Programs remaining in the interrupted frame will, time permitting, 
catch up with the High Priority Programs. 

3.5 If WSELECT = 1, the Data Display programs should be completed in every 
frame . Should they f ail for any reason to be completed the executive will 
set a fl ag which will type out the data associated with the interrupt. The 
executive will then do the next frame's high priority programs. This means 
that the interrupted Data Display program as well as the remaining Data 
Display programs in the interrupted frame willnot be executed . The necessary 
controls, however, will be set such that the Low Priority Programs remaining 
in the interrupted frame will, time permitting, catch up with the High 
Priority Programs . 

• 1 
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PCM FORMAT LOADER 

1. Mount PCM format tape on Drive 1. 

2. Fill input deck at SOK in A-Computer. 

3. Master clear. 

4. Push PCM INVALID button on PCM buffer box. 

5. Start at SOK. 

6. Computer halts with A-Reg. = '77777770. 

7. Press START. 

8. Computer halts with A-Reg.= B-Reg. = ~22222222. 

9. PCM format tape loaded. Reload On-Line load. 



Memorandum 

to : Dis tri buti on 

from : L. Owens 

subject LMS User's Manual Update #39 

-~ f I' 
1 Gp;:' O ,,....,; l _, , .. 

EOU C AT 10 -... .i. 1 <'4 , ..._,..._ .._. , . · !l.) • a 

LINK DIVISI ON 

refer to: L0-72-006 

date January 5, 1972 

Please make the following changes to your LMS User's Manual: 
l. Replace your cover page to show the latest update. 
2. Repl ace page l of PRIMARY FUNCTIONS located in the Operatina System 

section of your manual. 

LMS Flight Mechanics Programmer/Analyst 

LO/mmm 

Concurrence: 
K. R. Altom 
Senior Supervisor - LMS Prograrrming 
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1. Initial Startup: 
1.1 P-Register : 

PRIMARY FUNCTIONS 

'100:SIM mode - all three computers or A&B Computer only. 
1 101:SIM mode - all three computers or A&B Computer only. 
1 102:Interactive Initialization (DCE setup, A&B Log, E0F, 

Safe-Store/Write Reset Initialization) - all three 
computers or A&B Computer only. (After all responses 
are made will go to SYS mode.) 

1.2 A-Register: Set to '1 to wait on minute pulse before transferring to 
SIM mode - A Computer only. 

1.3 Index Register: Xl: Set to 'lnn (where nn is reset point desired) to cause 
an automatic reset on transfer to SIM mode. - All 
three computers or A&B Computer only. 

X2: Set to 1 1 to set Q775 for GSSC Logging (must set X3 to 'O) 
- A Computer only. 

X3: Set to 1 1 to set Q776 for GSSC Log Playback (must set X2 
to 10) - A Computer only. 

2. Sense Switch Options (SIM Mode): 

2.1 A & B Computers Only: 
2.1.l SSWl: Spare 

2.1.2 SSW2: Spare 

2.1.3 SSW4: Forces the complex to tlear-and-halt at end of current major 
cycle (16 frames). 

2.2 A Computer Only: 
2.2.1 SSW3: Real Time Print 

2.2.2 SSW5: To load PCM buffer in real-time: 

1. • Neither Q775 or Q776 are set, 

2. Computers are in SIM mode, 

3. Mount PCM format tape on Drive 4, 

4. Push PCM INVALID button on the PCM buffer box located next 
to the A-Computer CPU, 

5. Raise SS~JS, 
6. One minute later, the PCM format tape is read and PCM INVALID 

light goes out. Lower ssws ~ 
To load PCM buffer in non real-time see the OTHER UTILITIES section. 

GSSC inputs are logged on drive 4 when Q775 is set and the LMS 
mode switch is in LMS/GSSC. or LMS/CMS/GSSC posi ti ans. 

GSSC data stored on drive 4 is read to simulate GSSC inputs 
when Q776 is set and the LMS mode switch is in LMS ONLY or 
LMS/CMS positions. 



r-.,1emorandum 

to : Dis tri but ion 

trom: C. Latady 

sub ject LMS User's Manual Update #40 

LINK DIVIS ION 

refer to . CL-72-012 

date January 14, 1972 

Pl ease make the fo 11 owing changes to your manual: 

l. Replace cover page to show the latest update. 

2. Replace pages l and 3 of your TABLE OF CO NT ENTS. 

3. Add SI MULATOR 1/0 FAILURES behind Computer Failures in the LMS COMPLEX 
section. 

4. OTH ER UTILITIES SECTION 

4.1 Ta ke out SYSTEM TAPE UPDAT E. 

4.2 Ta ke out ASSE MB LY PROCEDURES. 

4.3 Tape out FILL DECK PROCEDURES. (2 pages) 

4.4 Repl ace ABSL~AD - PDUMP Operating Procedures with ABSL0AD. (1 page) 

4.5 Add 1 page on PDU MP. 

4.6 Take out 2 pages on Search and Dump and replace with l page on SEARCH & DUMP. 

4.7 T~ke ou t l page on UT l Ol( VLRT CC ). 

4.8 Replace l pa ge on C-L~3 orLCG 

5. LGC SECTION 

5.1 Ta ke ou t the 6 pages on C- CO MP UTER and replace it with 5 pages on ISLGC. 

C. H. Latady 
OBS Programmer/Analyst 

Concurrence: 
---v/ I ./J a /4G-7(- V ' /i F 

,, / \ t .,,\ , <✓ . ( /77/ 
K. R. AHom 
Senior Su pervisor - LMS Programming 

CHL/ mmm 



LMS USER'S MANUAL 

VOLUME I: ON-LINE 

January 1 3 , 1 9 72 
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l. COMPUTER COMPLEX 

1.1 HARDWARE LAYOUT 

TABLE OF CONTENTS 

l . 2 COf ;MON CORE LAYOUT 

1.3 COMPUTER FAI LURES 

1.4 SIMULATOR I/0 FAILURES 

1.5 SPECIAL HARDWARE FEATURES 

l. 6 TIMING 

2. OPERAT ING SYSTEM 

• 2. l PRIMARY FUNCTIONS 

2.2 TYPEW RITER CODES 

2.3 COMP UTER-STORE, SAFE- STO RE, & WRITE-RESET 

2.4 RESIDENT UTILITIES 

2.5 CI RCU IT BREAKER MALF UNCTIONS 

2.6 PERCENTAGE MALFUNCTIONS 

3. LOADING 

3.1 UNIFFD srnuLATION SYSTEM 

3. 2 DECK REQUEST NUMBE R AND TRA NSMITTAL CARD FORMATS 

3.3 OCTL B0JT, BINBP~T 

4. DATA ACQUISITION SYSTEM 

4.1 DECI MAL READOUT 

4.2 X-Y/X-T/EVENT RECORDERS 

4.3 PARAMETER DISPLAY 



· 8. DDP-224 SUMMARY 

8. 1 REPERTOIRE 

8.2 CHARACTER CODES 

8.3 LMS SKS & 0CP CODES 

9. OTHER UTI LIT! ES 

9. 1 ABSL0AD 

9.2 PDUMP 

9.3 SEARCH AND DUMP 

9.4 C-LOG DELOG 

9.5 AUT0L0AD/DUMP /VE RIFY 

9.6 READ/WRITE/VERIFY 

9.7 PCM FO RMAT LOADER 

10. ISLGC 

10.1 SPECIAL OP ERATING PROCEDURES 

10. 2 OCT AL DUMP 

10.3 CLOG 

10.4 OPERAT ION OF CLOCKS 

10 .5 ISLGC CORE LAYOUT 

11. SPECIAL ONLIN E OPE RATING PRO CEDURES 

11.1 BIASING THE LU NAR TERRAIN BY A SLOPE 

11.2 I0S CSM CONTROL PANEL OPTIONS 
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SIMULATOR I/0 FAILURES 

These failu res are annunciated by one of the following messages being printed 
on the line printer, together with a count (nnnn below) of how many failures 
have occurred since the last annunciation. 

PCM FAILED nnnn PCM Telemetry 

GTL FAILED nnnn GSSC-to-LMS 

LTG FAILED nnnn LMS-to-GSSC 

SCS FAILED nnnn Special S&C hardware 

A/D FAILED nnnn Analog-to-digital 

DBI FAILED nnnn Discrete bit input 

DWI FAILED nnnn Digital v,ord input 

DWR FAILED nnnn Dig H al word output (relay) 

DB0 FAILED nnnn Discrete bit out put 

D/A FAILED nnnn Digital to analog 

FBC FAILED nnnn Fully Buffered Channel 



ABSL0AD 

ABSL0AD ·is used to load an absolute binary (tape or deck) produced by ASM: 

Operating Instructions: 

l. Fill ABSL0AD at address specified on fill deck. 

2. Set the first three bits of the A-Register to the tape drive to be used 
or to zero if the absolute binary deck is to be read instead of the tape. 

3. Set P09 if load ing into upper bank. 

4. Start at add ress specified on fill deck. 

5. 1 L0ADI NG C0MPLETE' and the last address used +l will be typed out when 
the process has f inished. 



PDUMP 

PDUMP is used to dump core to the line printer in several different 
formats: 

Operating Instructions: 

1. Fill PDU MP at address specified on fi 11 deck. 

2. Set the A- Reg ister to the starting address for the dump. 

3. Set the B-Reg i s t er to the ending address for the dump. 

4. Set Index Reg ister l to one of the foll owin9 formats: 

4. l I l for octal , 

4.2 '2 for OAP, 

4. 3 '3 for BCD, 

4.4 '4 for nume ric (deci ma l, B23). 

5. Sta rt at add res s specifi ed on fill deck. 



SEARCH AND DUMP 

SEARCH AND DUMP is used for two purposes: 

l. Search core for words with certain bit patterns and output these words 
and their absolute addresses to the line printer in octal format. 

2. Dump core to the line printer in octal format. 

Operating Instructions: 

l. Fill SEARCH AND DUMP at address specified on fill deck. 

2. Set the A-Reg i ste r to the bit pattern to be searched for or set to 'O 
for dump . 

3. Set the B- Register to the mask to be used in the search or set to 10 
for dump . 

4. Set Index Register l to the starting address for the search or dump. 

5. Set Index Register 2 to the ending address for the search or dump. 

6. Start at address specified on fill deck . 

Example of Mask: 

Set each bit of the B-Register to 11 1" for each bit of the A-Register that 
you want ch ecked . 

If I want to determine wh ich instructions store into location ' 62071, I 
could perform two (2) Sea rches: 

SEARCH l 

SEAR CH 2 

A-Register= 10 '"f:..0 Tl 

C- Re gister = 1 77777777 

A- P~g ister = 100362071 
B-Register = 1 77777777 

or I could perform one (l) Search opera tion if I set up th e register accordingly: 

A-Register = '00062071 
B- Register = 1 77077777 

Thus, all STA (OP CODE = 1 05) and STB (OPCODE= 103) would be determined 
in one (l) Search as well as STC (OP CODE= 104) and STD (OP CODE= 106). 



C-L0G DEL0G 

1. Mount system tape on drivel, delog tape on drive 2, initialize system. 

2. Load job control deck in card reader. 

3. When computer goes to I/0 hold, type 11 $, tab, C0N, tab, CARDS", carriage 
return. 

4. The delog program types a message at each end of file. Press start each 
time to delog the number of files desired. 

ISLGC DELOG JOB CONTROL DECK 

6 

$ J0B 

6 12 

$ P0STPR0C,2,,,,,,,,l 

l 5 12 15 

J0B 00000 3 99999 

I DELOG DECK 

1 

END 

l 6 
-------•-~ 

, ; E0J 



1. Special Operating Procedures 

1.1 Special Switch Checklist 

l . l . l C Enable - on. 

ISLGC 

1.1.2 Common core lockout - disabled. 

1.1.3 DDP/S GC configuration - SGC 

l . l. 4 A 11 speci al SGC switches - norma l 

1.2 Special Start- Up Procedures 

1.2.l Cl ear E- Memory on Start-Up 

1.2.1.l Of questionable value since overridden by reset 

1 .2.1.2 Start at '103 

1.2 .2 Calcul ate Banksum 

1.2.2.l Seldom used option to recalculate banksums when F Memory patch 
made. 

1.2.2.2 Start at '105. 

2. Octal Dump 

2.1 The pJJrpose of octal dump is to allow a line printer dump of any select­
able c., ;.:·.· ·::: i ve core area in C-Lower (0- 1 57777) or common ('60000-'77777). 
Eight wor s per line are dumped. 

2. 2 Ooerating Instructi ons 

2. 2.1 u L: ·,..) ,.; -;1 ,·l-"' r in FREEZE. 

2.2.2 Raise SSH2 on C (C wi'll l. lt ). 

2.2.3 A-Reg and B-Reg may be chan ged to lowe r and upper dump limits. 
('53700- '57777 which include LGC channels and E-Memory are standard 
dump limits. ) 

2.2.4 To avoid suppressing lines of all zero, rai se SSWl. 

2.2 .5 Put SSW2 down. 

2.2.6 Press START (after print comp letion, C w·ill return to FREEZE). 
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3. C-Log 

3.1 Description 

C-Log is the counterpart of A/B Log. Up to 100 variables may be logged at rates up to 20 ti mes/sec. Fifty-seven of the variables to be logged are selectable. Channels and counters are always sel ected. Processing of the tape produced On-Line is accomplished 
via the ISAGC post-processor. 

3.2 Manua l Log Initi aliza tion 

3. 2. l Pl ace LMS in FREEZE. 

3.2.2 Raise SSW4 on C (C will halt). 

3.2.3 Index Register l identifies the selectable log variable (l-'71). 

3.2.4 The B-Reg contains the address of the variable presently to be 
logged. 

3.2.5 To select a different var iable for logging, key address into A-Reg. 

3.2.6 Push START. 

3.2.7 Continue. 3.2.3 through 3.2.6 until all desired variables (up to '71) have been keyed in. 

3.2.8 Mount log ta pes. 

3.2.9 Lower SSW4 , set bit l of A-Reg, pu sh START. 

3.2.10 Set A-Reg as f oll ows on halt. 

3.2.10 l Bit= l rewind 1st log tape. 

3.2.1 0.2 ~-.. ·_ , 2-9 log interval (50 millisec per bit) i.e., l sec= 20 X 50 milli sec . , set 2-9 = '024 (20 decimal). 

3.2.10.3 Bits 13-24 (in groups of 3) represent l og driVes l, 2, 3, & 4. 
3.2.ll If log header print i s desired put SSW l up. 

3.2.12 Push START, fir st log tape will be initialized, C will return to FR EEZE. 

3.3 Standard DSKY Log 

3.3.l Mount log tape on Drive 4. 

3.3.2 If log header pr int is desired , raise SSWl. 

3.3.3 Rai se and them immediately lower SSW6. 
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3.4 Log Initialization Card Format (See "Loading Procedures" for instructions). 

3.4.1 First Card 

Column s 1 - 3 

Column 6 

Columns 7 - 13 

Columns 15 - 18 

Column s 21 - 80 

3.4.2 Sel ecti on Cards · 

Columns 

Column s 

Column 

1 - 3 

5 - 12 

14 

Columns 16 - 20 

3.4.2 Last Card 

Columns 1 - 3 

3.5 Operating Procedures for Log 

L0G 

Blank or R for rewind 

Log tape drive specifications starting 
with the first through the last. 
4, 2 would specify Drive 4 as the 1st 
and Drive 2 as the 2nd tape drive. 

Log interval specified in seconds and 
hundredths of seconds. I.E. 1 .01 would 
requEst a log every 1 .01 seconds. 

Comme nts for tape i dentifi cation. 

S01 through S57 (logging location 
assi qnme nt must be in sequence with no 
omissions). 

Name of parameter. 

Success ive locati ons (DP = 2, TP = 3, etc.) 

Address 

END 

3.5.1 Turn .QB_ initialized log v1ith SSW5 up or C-Log enable. 

3.5.2 Data separation is effected by writi ng an E0F on the log tape upon 
reset if C- Log is on (S SW5 or C-Log enable). 

3.5.3 Upo t c- i11inating, run sc . ~,,:;l E.f)F's should be written on th2 log t ar2 . 

Sho ul d the log ta pe be on unit 4, raising and lowering SSW6 will 
accomp h sh thi s . 



4. Operation of C-Computer Clocks and Interrupts 
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When ~he LMS is operated with the Central Timing Equipment, CTE, switched 
to "half-time" the A, B, and C-Computer interrupts and clocks function 
as follows: 

4.1 A, B, and -C- Comp uters 

4.1.l The minute pulse is not affected by changing the CTE timing. 

4.1.2 The 50 millisecond pulse is extended to 100 milliseconds. 

4.2 C-Computer 

4.2.l The 10 millisecond pu ls e which is used to increment the Tl, T2, T3, 
T4, and T5 readable/programmable clocks is extended to 20 milliseconds. 

4.2 The 20 mi lli second interrupt is extended to 40 millisecond. 

4.3 The T6 clock whi ch counts at 6.4. KC is not affected by the CTE. 

A functional diagram of the hardware used to develop the timing clocks follows: 

J KC f MULiIP LIER J MC . I DI VJDER 
- - - ---

51 ,2 KC 

1 MULTI PLIER _____ 6 ....... 4..___,_,KLt.o.. Computer 

!)IV IDER 
' --11 ______ 

w DIV IDER 1.5KC , 

Half Ti r;·, S· ·i t ch 



5. ISL GC CORE LAYOUT 

0 
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2 
17 

20 

lo 
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PFI 

UNUSED 

I NTERRU?T 
TRAP /TRANSFER 

-·--
UNUSED 

PART IV 

UNUSED 

MP.LFUNCTION 
TABLE 
PART IV -
SAFE STORE . 
BUFFER 
IV 

PART I 
-··-~· 

p;1rr II 
. 

f DECIAL 
DATA 
PCOL 

PART II 
-- -

PAR'r III 
. - -··-·· 

'. .. - -- ~ 
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-- ·- -·- ·-

PART III -

PART I ( good sized 

FIXED 

MTP 

LOA.DER 

TM PARITY 'J'ABLE 
IV 
?RIV.fl. :-E CHANNELS 
E- ;.:_:~;/~:~:~~ 
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Memorandum 

to : Dis tri buti on 

from: K. R. Altom 

subject : LMS User's Manual Update #41 

SINGER 
•ouCATION A TlltA IN INO ,.ROOUCTS 

LINK DIVISION 

refer to : KRA-72-019 

date : January 24, 1972 • 

f 

Please make the following changes to your LMS User's Manual: 

1. Change your cover page to show the latest update. 

2. Replace pages 3 and 4 of the Pre-Programmed Data Outputs in the DATA 
ACQUISITION SYSTEM section of your manual. 

3. Add 2 pages, LMS UP-DATA LI NK CHECKOUT directly behind "Up-Data-Link 
(UDL) Via Communication Link 11 in your Special On-Line Operating 
Procedures section of your User's Manual. 

K. R. Altom 
Senior Supervisor - LMS Programming 

KRA/mmm 

I 
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LMS UP-DATA LINK CHECKOUT 

Checkout of the LMS Up-Data Link (UDL) interface can be accomplished with 
one of the following procedures: 

1. Complete command interface must be checked but GSSC isn't available. 

1.1 Set Mode Select Switch to LMS/MCC. 

1. 2 Set Q750 to 11 1" by typewriter entry. J 
1.3 S-Band communication equipment in normal up-data mode (Panel 12). 

1.3.1 All power and communication ~ircuit breakers closed. 

1.3.2 UPDATA LINK switch -- DATA position. 

1.3.3 XMTR/RCVR switch -- PRIM or SEC (requires 16 second warm-up). 

1.3.4 S-Band antenna switch -- FWD or AFT, whichever position gives 
best signal strength. If signal strength is approximately .5 
volts in either position, the LM is occulted, or Q750 (Earth 
station transmitting) is zero. Verify that Q750 is "l ". Set 
T067 (A-Uppe r ) to "l"to cancel occulting effects. Or, set 
SNOCHECK TO "l" and bypass all on-board configuration requirements 
for communication. 

1.4 APCU (support complex in building 30) can complete the loop and 
send commands and receive MAP's (message accepted pulses) as appro­
priate. 

2. Up-Link feature is to be tested but GSSC is not available. 

2. 1 Set Mode Se 1 ect Svli t ch to LMS/MCC. 

2. 2 Set SNOCHEC K to "l " by typ el'✓ riter entry . 

2.3 APCU can send cormar.ds ; ho'1eve r , no valid 1'.AP's will be sent by LMS. 

3. GSS C is available for test and can ass ist: 

3. l Set f·'. od2 Se 12ct S·;1i tch t o L 1S/MCC. 

3.2 Sync LMS vith GS SC. 

3. 3 S- Ban~ commun ·ca Mion equip~en t in norma l up-dat e mode. (Reference 1 . 3) . 

3.4 GSSC can t urn - on a groLnd stat ion by MED to set GSSC-to- LMS word 31, 
bit 24 to a "1 " . 

3. 5 ;\? CU can cc;;;p I et,, t :·2 loop ar:d send commands and recei ve Mfa,P I s as 
c. pprc,pri 21:e. 
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4. GSSC is available for the test, but for some reason is unable to assist. 

4.1 Set Mode Select Switch to LMS/MCC. 

4.2 Sync LMS with GSSC. 

4.3 GSSC cannot turn-on a ground station. Using the Daisy Chain Monitor, 
LMS cabinet 50, dial 05 into device digiswitches to select CCBI, 
dial 031 into number digiswitches to select CCBI word 31, set bit 
24 of selected I/0 display register to •1 11

, and depress dump. ~This 
bypasses GSSC's inability to select a ground station. ) 

5. S-Band Communication equipment to normal up-data mode. (Reference 1.3) 

6. APCU can complete loop and send commands and receive MAP's as approp­
riate. 

NOTES: 

Auto Up-Link SPRIL on the Instructors Console must be in the Auto Up-Link 
state. 

The aforementioned procedures checks the hardware up-link .. It does not 
check the simulated Auto Up-Link simulation. 

Message Accepted Pulses (MAP's) are generated by OCP '3212 and cause a pulse 
of 70 ms duration to be sent to building 30 via TM. 

Setting S160 to 11 111 causes the commands from APCU to be displayed on the 
line printer in Real Time. 



XT Channel No. Symbol 

Table B (Rendezvous) 

17 PROTECTED 

18 VARCDIST 

19 PROTECTED 

20 VRADDIFF 

21 PROTECTED 

22 VXRELH 

23 PROTECTED 

24 VZRELH 

Range · 
Recorded 

+ 500 

+ 150 

+ 300 

+ 300 

Description 

PRE-PROGRAMMED 
Page 3 

ORB. ARC DIST WTO CSM (NAUT.MI.) 

RAD. VEC. DIFF WTO cs~ (NAUT.MI.) 
)' 

RANGE ALONG ORBIT AXIS (NAUT. MILES) 

RANGE-VERTICAL AXIS (NAUT. MILES) 

The following parameters have been programmed for the EVENT RECORDERS: 

Channel No. Symbol Description 

25 R950 RCS TH RUST ER NO. l (4U) 

26 R951 RCS THRUSTER NO. 2 ( 4D) 

27 R952 RCS THRUSTER NO. 3 (4F) 

28 R953 RCS THRUSTER NO. 4 (4S) 

29 R954 RCS THRUSTER NO. 5 (3U) 

30 R955 RCS THRUSTER NO. 6 (3D) 

31 R956 RCS THRUSTER NO. 7 (3F) 

32 R957 RCS THRUSTER NO. 8 (3S) 

33 R958 RCS THRUSTER NO. 9 (2U) 

34 R959 RCS THRUSTER NO. 10 ( 20 ) 

35 R960 ;:,.\,.,. THRUSTER NO . 11 (2F ) 

36 R961 RCS THRUSTER NO . 12 (2S) 

37 R962 RCS THRUSTER NO. 13 ( l U) 

38 R?6 3 RCS THRUSTER NO . 14 ( 10 ) 

'<0 R964 RCS TFr' ~ST:R :.;o . 15 ( lF ) . ...,. _., 



Channel No. 

40 

41. 

Symbol 

MOll 

Descrintion 

PRE- PROGRAMMED 
p_ge 4 

RCS THRUSTER NO . 16 (lS) 

I OS MARK DISCRETE 

The Parameter Display Initialization Routine has been programmed to display 
the following variables when the corresponding number is dialed: 

Parameter No. Symbol 

01 VARHOLS 

02 ARHODLS 

03 ARHONM 

04 AllliPl 

05 AllliAl 

06 AULAT 

07 GEDELE 

08 TPPC 

09 AURTRM 
10 AUWLM 
11 VijNLTEMP 

12 ARDNL 

13 SPARE 

14 AllliP 

15 AllliA 

16 AULON 

17 GEDELA 

18 TYPC 

19 AURTRM 

20 AUWCM 

21 AUROL 

22 AUPIT 

23 AUY."-.'l 

24 AUAVl 

2 5 Al.JWl 

26 A:JI:Wl 

27 A-:_·:;:i 

Description 

RANGE LM TO CSM (LESS/THAN 128,000 FT) 

. RANGE RATE, FT/SEC . f 

RANGE, NAUTICAL MILES 

LM PERIGEE , N. MI . 

LM APOGEE, N. MI . 

LM LATITUDE 

ELEVATION ANGLE BETWEEN LOS & X AXIS 

·PITCH ANGLE FORS-BAND ANTENNA 

PITCH CG IN TRIM GIMBAL COORDINATES 

WEIGHT OF LM ONLY 

ALTITUDE ABOVE L.S. 

ALTITUDE RATE , FT/SEC. 

CSM PERIGEE , N. MI . 

CSM APOGEE , N. MI . 

LM LONGITUDE 

AZIMUTH ANGLE BETWEEN LOS & X AXIS 

YAW .ANGLE FOR S- BAND ANTENNA 

ROLL CB IN TRIM GIMBAL COORDINATES 

WEIGHT OF CSM_ 

LM LOC . HORIZ . ROLL, DEG . 

L'VJ -;- ... ,-, 
.:__ ·1...., . HORIZ . PITCH , DEG . 

LM LOC . HOPIZ . y _!J_\'i . D G. 

LM ANGULAR VELOCITY , DEG/MIN 

LM ARG . OF PERI GEE , DEG. 



, Memorandum 

~: Distribution 

from : K. R. Altom 

subject : Programmers ~er Manua 1 Update #42 

LINK DIVISION 

! 
refer to : • KRA-72-031 

date ~arch 6, 1972 
1 

Please make the following changes to your User's Manual: 

1. Change the cover page to show the latest update. 

2. Replace page 4 of your TABLE OF CONTENTS. 

OPERATING SYSTEMS 

3. Replace page 2 of your TYPEWRITER CODES. 

DATA OUTPUTS/DATA ACQUISITION 

4. Replace 1 page of DEP(DEDA ENTER PRINT) with 2 new pages on DEP(DEDA 
ENTER PRINT). 

5. Replace page 2 of your PRE-PROGRAMMED DATA OUTPUTS. 

RESET POINTS 

6. Replace Revision G with Revision J for LMS RESET POINT DEFINITION. (4 pages) 

SPECIAL ONLINE OPERATING PROCEDURES 

7. Add 4 pages on EXCESS CURRENT USAGE MALFUNCTION to the back of this 
section. 

~'2 aaf{;;;z 
~item 

Senior Supervisor - LMS Programmirtg _ 

KRA/mmm 
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2.1.5 F = RCS refuel command (no\) ... , . LMS\ 

2.1.6 ·t - See Loading Procedures (no\ at this point) 

2.2 Freeze Only . 
. .... . . 

2.2.1 i\ = Step Ahead Time HHH/MMss\ 

H = ~ours, 3 decimal digits 

Typewriter Codes 
Page 2 

M = Minutes, 2 decimal digits. Limits are 00-59. 

S = Seconds, 2 decimal digits. Limits are 00-59. 
NOTE: Step Ahead time is limited as follows: 0 Hours~ STEP AHEAD TIME~ 10 Hours l 

3. C Computer Only: (No\ required) 

3.1 Freeze only 

3.1.1 L = Look 

3.1.2 E = Enter 

AAAAAB . . (di s p 1 ay ) 

AAAAAB . . (display) ... ~~~00~00 

A= Address, 5 octal digits 

B = Bank (Lor U) 

0 = Data, 8 octal digits 



DEP (DEDA ENTER PRINT) 

f \ 
PURPOSE: To allow preprogrammed or intialized outputs to be displayed via 

Real Time- Print upon command from the Abort Guidance System. There 
are presently two (2) conditions which command this pr1nt, an 11 ENTRY 11 

on the AGS DEDA, and the completion of a Rendezvous Radar to AGS ·~-- . ~ 

update~ This mode has no effect when it is required ~hat there be 
normal RTP utilizatio~. 

RESTRICTIONS: The DEP and RTP are functionally the same ....... ,. Hence, 
one must be in print control but not both. The DEP is presently 
the controlling function; however, selection of R.T.P. via 
Sense Switch 3 on A-Computer of the IOS RTP button causes R.T.P. 
to be in print control. While in DEP mode "RTP TOP QF FORM LOGIC 11 

and "NASA VARIABLE PRINT RATE LOGIC" is inhibited. 

INITIALIZATION: The DEP mode is presently preprogrammed to display 18 
parameter values plus R.T.P. formatted mission time. As many 
as 36, however, may be displayed using the DEP Initialization 
cards. The following Parameters are presently preprogrammed 
for DEP display: 

VARIABLE SCALE FACTOR DEFINITION 

IPUTl OCT DEDA ADDRESS ENTERED 
IPUT2 8+23 DEDA DATE ENTERED 
IVG 8+15 MAG OF INCRT IN VEL REQ FOR TRI+ SEL 

L XFER ORB 

IlJ28 8+15 X COMP OF MANUAL CHANGE IN LM VEL 
I 

I2J28 8+15 Y COMP OF MANUAL CHANGE IN LM VEL 
N 

I3J28 8+15 Z COMP OF MANUAL CHANGE IN LM VEL 
E 

IVPY 8+15 MAG OF VEL ALONG LM Y-AXIS AFTER CDH 
OR CSI 

# 
IMU19 8+17 RADAR UPDATE COUNTER (XXOYY) 

XX=#RNG UPDATES, YY=RNG-RT UPDATES 
l 

HLDZ2LS 8+8 ELEVATION ANGLE BETWEEN LM AND CMS 
AT TIME OF DEDA ENTRY 
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~, 
' 

,, 
VARIABLE SCALE .FACTOR DEFINITION .. 

EMAAPO 8+14 EOM APOGEE MINUS 1·AGS CALCULATED APOGEE 

EMAPERI 8+14 EOM PERIGEE MINUS AGS CALCULATED PERIGEE 
L 

EMARNGE 8+14 EOM RANGE MINUS AG~ CALCULATED RANGE 
; 

I . 
• I 

EMARNGRT 8+15 EOM RANGE-RATE MINUS AGS CALCULATED 
RANGE-RATE 

N 

E EMAALT 3+23 · EOM ALTITUDE MINUS AGS CALCULATED ALT. 

EMAALTRT 8+15 EOM ALTITUDE-RATE MINUS AGS CALCULATED 
ALTITUDE-RATE 

# 
ARHONM 8+15 CSM/LM RANGE IN NAUTICAL MILES 

. 
ARHODLS 8+16 CSM/LM RATE OF CHANGE OF LINE OF 

SIGHT DISTANCE 

2 IEOMART 8+16 EOM ALTITUDE RATE AT TIME OF DEDA ENTRY 
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The following para.meters represent the standard pre-programmed X-Y 
plotter outputs and are effective only if Option A or B hav~ not previously 
been selected: 

Range 
Channel No. Symbol Recorded 

. 1(·. 
Description -

17 VXREIBNM !_500 .RANGE-ALONG ORBIT AXIS (NAUT. MILES) 

18 VXRELHNM !_500 
t 

19 VZREIBNM !_250 RANGE-VERTICAL AXIS (NAUT. MILES) 
' 

20 VZRELHNM !_250 

21 VXRELli +100 RANGE-ALONG ORBIT AXIS (NAUT. MILES) 

22 VXRELH +100 

23 VZRELli +100 RANGE-VERTICAL AXIS (NAUT. MILES) 

24 VZRELli +100 . 
The following options (A or B) overlay the standard X-Y table. See 
X-Y/X-T/Event Recorders write-up for information on the selection 
of these options. 

Range 
XT Channel No. Symbol Recorded Description 

Tabel A (Descent) 

17 VHNLTEMP 0 to +70,000 ALTITUDE (FT) 

18 GALTBIAS !_2,000/!_5,000 LUNAR TERRAIN WRT LANDING SITE (FT) 

19 ARDNL !_300 ALTITUDE RATE (FT/SEC) 

20 VLONGPLT 0/+400,000 RANGE WRT NOM. TRAJECTORY (FT) 

21 VLONGPLT -5,000/+70,000 RANGE WRT NOM. TRAJECTORY (FT) 

22 VLONGPLT -25,000/+50,000 RANGE WRT NOM. TRAJECTORY ( FT) 

23 VCROSPLT +25,000 CROSS RANGE WRT NOM. TRAJECTORY ( FT) 

24 VHNLTEMP 0/+10,000 ALTITUDE (FT) 

-- I 
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OATE 3-8-72 , ------- SINGER-GENERAL PRECISION • .JNC. 

_ .. _ __ LINK DI YI SI ON 

REV. J BINGHAMTQ'j, NEW YORK REP. NO. 

., 
r··._ 

The following changes have been made to LMS-DS-001 Rev. I to update 
i-£. to Rev. J cdnfiguration. 

1) Launch time and date on page 2 was updated. 

2) References on page 2 were updated. 

3) Event times on pages 2 and 3 were updated for each Reset Point. 

4) Page 3 was deleted~ 

5) New title page was added. 

1 

• I 

! 
i 
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DATE 3-8-72. SINGER-GENERAL PRECISION, INC. PAGE NO . 2 
LINK DIVISION 

REV. J B INGHAMTOC NEW YORK REP. NO. 

APOLLO 16 MISSION 

Apollo 16, AS-510/CSM-112/ LM-10 is a lunar landing mission to be . 
launched April 16, 1972, at 1154:00.0 c.s.T. 

RESET 
NUMBER 

1 

3 

5 

7 

10 

11 

12 

15 

16 

20 

24 

25 

26 

27 

31 

30 

40 

42 

45 

50 

Rev :· 1) Operational Trajectory Simulator Data Pack~e for Apollo 
16 (Mission J - 2) for April 16 , 1972 Launch ,' dated March 
1 , 1972 , MSC Int Note #72-FM-61. 

EVENT 
GET EVENT 

74 :09: 00 L¢I - 20 min. 

78:16 :00 D¢I - 20 min . 
93 : 44:00 Separation - 2 . 5 hrs . 
95:54:00 Separation - 20 min . 
96 :15 :00 Separation+ 1. min . 
97:22 :00 CSM Circularization - 20 min . 
97:43:00 CSM Circularization Burnout + 1. min. 
98 :15:00 PDI - 20 min. 
98 : 30 :00 PDI - 5 . min . 

100:17 : 00 Landing + 1. 5 hrs . 
167:45:00 Ascent - 4 . o hrs . 
170:30:00 Ascent - 1. 25 hrs. 
1!1:10: 00 Ascent - 35 . min . 
171 : 35: 00 Ascent - 10 . min . 
171:40: 00 Ascent - 5 . min. 
171:53: 00 Insertion Burnout + 1. min . -
172 :19 : 00 TPI - 20 . min . 
172 : 40 : 00 TPI Burnout + 1, min . 
173:10:00 MCC - 2 Burnout 
173:42 :00 Docking + 1. min . 

I I 
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EXCESS CURRENT USAGE MALFUNCTION 

' 
" 

By Any System on CD ls & SPs Buss f \ 

Go to any nominal powered up R.P,(ex: R.P. 16) go to run. 

For LMPis Buss: 

l. Using 11 U11 routine, enter desired percentage or percentages into any 
or all of the following: 

EXAMPLE: 
C/R 
u 
C/R 
XXXXX BL 

LPRl: 
LPR2: 
LPR3: 

.55360 
55361 
55362 

NOTE: See remarks 
See Note 

XXXXX: Core location of LPRl, 2, or 3. 
will get printout of contents 
Enter desired percent, (e.x., 13% would be: .13 Bl) 
C/R 

2. Enter desired CKT BKR or CKT BKRS location (s) into the following: 

SECBl: 55344 
SECB2: 55345 See Note 
SECB3: 55346 



/ 

Excess Current ..... . 
Page 2 

EXAMPLE: 

C/R 
•. E 

C/R 
XXXXX BL 
C/R 

XXXXX: Core location of SECBl~ 2, or 3, 

typewriter will type out 00070032 (See Note) 
Type in: OOOYYYYY YYYYY: Core location of desired CKT BKR. 
C/R 

3. Note Schematic at right: 

This circuit configuration must be used 
to increase the current thru the switch 
location simulating excess current from 
specific equipment. 

Enter desired switch location or locations into 
the fo 11 owing: 

EXAMPLE: 

C/R 
E 

C/R 

SESWl: 55347 
SESW2: 55350 See Note 

SESW3: 55351 

LOAD 

CKT BKR 

SWITCH 

XXXXX BL 
C/R 

XXXXX: Core location of SESWl, 2, or 3. 



Excess Current ........ . 
Page 3 

(See Note) Typewriter will type out 00070032 
Type in: OOOYYYYY YYYYY: Core l oca ti on 1-0J desired switch 
C/R 

NOTE: If no switch is involved, then 00070001 must be typed into 
' 1. SESWl, 2, or 3 location. : 
I 

' 

4. LMP Bus Current should in<:::rease by approximately the percentage called 
for. Monitor this current on the bit box CBIFDSE, 52300 BL@ Bl2. 

5. To remove enter 00070032 into Step 2 or 3 or set percentage location, 
LPRl, 2, or 3 to zero. 

6. The same procedure holds for conmanders buss using the allotted conmander 
terms. 

CDR'S %1S CDR'S CB'S 

CPRl : 55363 CRCBl: 55352 CRSWl: 55355 
CPR2: 55364 See Note 
CPR3: 55365 

CRCB2: 55353 See Note CRSW2: 55356 See Note 
CRCB3: 55354 CRSW3: 55357 

Monitor this buss current: CBIFDCDR: 52301 Bl2 BL 

REMARKS: 

A. When entering percentages into the 11 U11 routine, the percentages are 
normalized. Therefore, 

100% = 1. 0 Bl 
50% = .5 Bl 

5% = .05 Bl 

J< 



Excess Current ...... . 
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\ 
B. Use the following equation to determine %: I 

.• % = (.0625)(1) 

Where: I= desired amount of current increase 

NOTE: 100% increase in current= approximately 15 AMPS. DO NOT EXCEED. 

C. The EPS system is not designed to allow the circuit breakers to 1'POPM 

if their current limitations are exceeded. Refer to systems handbood, 

DWG. 5.5 for circuit breaker limitations. Operators must exercise 

CAUTION when using this mod in order to maintain a 11 REALISTIC 11 circuit 

configuration. Refer to the Equate List for core location of CKT BKR's 

and switches. 

NOTE: Addresses will change with each load. 



Memorandum 

EDUCATION A TR AI N ING PROOU C T S 

to: LMS Programmers LINK DIVI SION 

from: M. Dunnarn refer to: MD-72-062 

subject : Programmer's User Manual Update #43 da ie March 1 7, 1972 

Please make the fol l owing change s to your LMS User's Manual: 

1. Replace cover page showing the latest update. 

2 . Replace 1 page on Parameter Display in the Data Acq_ui s ition System 
section of your manual. 

3. Replace Examples IV and VI in the DDP-224 Summary Section of your 
manual . (2 pages) . 

M. Dunn run 
LMS Flight Mechanics Supervisor 

Concurrence: K. R. Altom 

MD/rnmrn 
Senior Supervisor - LMS Programming 

Distribution 
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PARAMETER DISPLAY 

I. Card Format for Pre-Mission Initialization 

1 6 8 10 11 12 

~ b¢b~ 

A B C 

·, 
The order in which the cards are read will correspond to the value of the 
parameter display thumbwheel. 

A. Columns 1-6: 

B. Column 8: 

The absolute addr ess of the parameter to be 
displayed (with leading zeros if necessary) 
is punched in columns 2- 6 . If the parameter 
is in upper core , 1 is punched in column 1. 
If the parameter is in lower core, zero is 
punched in column 1. 

The computer in which the parameter is located 
where 1 = Computer A 

2 = Computer B 
3 = Common Core 

C. Cohmms 10-12: The scaling in decimal of the parameter (with 
l eading zero if necessary) . The sign must 
be punched in Column 10. For BO one must 
use +00. 

II. Loading of Cards; 

A. The initialization deck consists of a header card as described in the 
Unified Simulation System under "Loading Procedures", up to 50 initial­
ization cards , a blank card, and an *END card. 

B. The deck is loaded in the same fashion as all other card inputs described 
in the Unifi ed Simulation System. 



/ IV . Honoring 50ms. Interrupt 

Problem: Increment Xl by 1 every 50 ms . 

ORG ' 2 

PZE 50 ms . TRAP LOC . A & B COlvfPUTERS ONLY 
JMP INTRUP 

* 
ORG ' 100 

START ENB ENABLE INTERRUPT 
OC.P ' 5040 
JMP * SIMULATED NORMAL FRAME 

HLT 

INTRUP STX SAVEXl, 1 SAVE ALL NECESSARY REGISTERS -~ 
IRX 0, 1 INCREMENT Xl 

SAVEXl LDX ** 1 , 
JRT '2. RETURN ·TO NEXT INSTRUCTION TO BE EXECUTED W'rlEN 

INTERRUPTED. 

END 



LEM DCE I/0 

VI. DCE input/output is accomplished througt the address and range register enabled 
th rough the FBC . Although the complete range of the desired device need 

For 

X 
y · 

not be trans ferred , to ensure a complete transmiss ion of all words needed, 
one will normal ly input/output the maximum number of words possible. 

0CP 
OCP 
0TM 
0TM 
0CP 
SKS 
JMP 

X MZE 
or 
X PZE 

y DEC 

example , to 

0CP 
0CP 
0TM 
0TM 
0CP 
SKS 
JMP 

; 

A MZE 
DEC 

1 26145 Connect FBC to DCE 
1 6010 Select FBC 
X Address of data 
y Range of data 
'XXXX Select device 
1 26010 I s Transmis s ion complete? 
* - 1 No , wait 

ADDR Address of data ( for output ) 

ADDR Address of data ( for input) 

NUM 

output D/A values : 

12614 
1 6010 
X 
y 

' 3026 
1 26010 
* - 1 

DATABAB + 1 
320 

? 

DATABAB . REFN 
END 
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E DUCATI ON & T n A I N t"',j(j Pl~OOlJCTS 

------------------------,------------------ -----

to : Distribution 

trom F. Nichols 

subject: LMS User's Manual #44 

LINK. DIVISION 

re fer to FN-72-67 

date : March 29, 1972 

Please make the following changes to your LMS User's Manual: 

1. Replace cover page showing the l ates t upd t 2 . 

2. Re pl ace pages 3 ard 1 ~n Rea l Time Pr i nt i n the DATA ACQUISITION SYSTEM 
section of your manual. 

NOTE: Update #44 clears DR L-0655 

ii· t l 
~yl1c/ 1J'J 
F. Nichols 
LMS OBS Programmer 

Concurrence: K: R. Altom 
Senior Supe rvisor , LMS Programming 

FN/mmm 
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1) Address - same as DEC, see 1.c.1 

2) Bank r same as DE C, see l,c.2, 

3) Scaling - not applicable. 

4) Print r same as DEC, see l , c.4, 

1. PDT - optional - specifies the data print rate in Run mode. 

Rea l Time Pri nt 
Page 3 

2 PFDT - optional - specifies 'the data print ra!e in Freeze mode. 
The print rate is defiried as being the time increment between output. If 
a print rate control card is not used, the default rate value will assume 
a maximum rate. 

When both print rate control cards are used, their order of sequence is not 
relevent. It is important however, that if one or the other is used, or if 
they are used together, they must precede the first parameter card. 

The time variable field on each print rate .control card begins in C.C.16 and 
they are in the following identical format: 

HH/MM/SS/TT 

Where: HH - is an integer denoting hours 
MM - is an integer denoting minutes 
ss - is an integer denoting seconds 
TT - is Ct :i i ntece r denoting 20's of seconds 

All time components smaller than the major time com~o nent pr -sent mus t 
be delimited. 

EXAMPLES: Time -Vari able Field 
l second 1/ 
l minute 1// 
1.5 seconds 1/10 
1. 5 minutes 1/30/ 
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Rea 1 . ime Pri nt 
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2. ENDx - required - x defines computer from which the pre~eding parameter 
-· - - .c.a.rrlc: .!.-1.~r.eJ:or-- ---·-· - - · ---c-: --· - -· --· - - - - ·- · -- - - - - -- - - -

3. EOF - required - defines the physical end of the initialization cards. 

1. Loading of cards: 

A. The initialization deck consists of a (link) header card as described 
in the Unified Simulation System under uloading Procedures••, an . 
initialization card deck as just described, and an *END card. 

B. The deck is loaded in the same fashion as all other card inputs described 
in the Unified Simulation System. 

C. RTP may be initiated by SSW3 on A-Computer or by depressing the 11 RTP 11 

spril on the I/S. 

OPTI ON AL PROCEDURES FOR VARIED OUTPUT FREQUENCY 
(1/10 second in powered flight; 1/minute in coasting flight) 

l. See above 1., but use a NRT header card. 

2. NRT may be initiated by SS\~3 on A-Computer or by depressing the 11 RTP 11 

spril on the I/S. 

NOTE: It is possible to use only one of these RTP procedures at a given time 
and whenever going from one to the other it \'Ji 11 be necessary to rein..­
itial i ze. 




