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PROBLEM WRITE-UP 

1. Task No: 59-050 a.comp II Computer Program 

2. Date Bactd: 1 July 1959 

:3. Submitted by: Mr. Mancini, Air & Gend Techniques Section, Surveying 
and Geod. Branch 

4. Pro~rarmned by: L. A. Gambino 

5. Description or Problem: Line cressing msthod using the airborne 
tellurometer for obtaining the slant ranges 
for two sides ot a triangle 'Whereby a triangle 
solution may be accomplished in order to derive 
the position of the unknown station at the vertex 
of the triangle • '!he slant ranges are fi t ted 
to & parabola by the method ot least squares. 

6. Mathematical Analysis: Crout ts method was used in the solution of the 
resulting matrix. 

7. Numerioal Ana.lysis: The final position of the unknown station can be 

8 
obtained to ± 0.001 seoond. 

8. m.ock Diagram: Attached 

9. Operational Notes: Input and Output 

A) Input via the electric typewriter. 
Arter reading in the tape, the looation counter w111 be set 
at location 0001.0. Press the "Sta.rt 1n button. The cOlf'Uter 
will now wait for input data. 

1. TYPe!. Type a + if the interior angle of the triangle is 
to be added to the alialth of the ealtmoat ba.ae point or 
type a - if it 18 to be subtracted from the azillllth of 
the eaetmost" base point. 

2. x:x.xxx.XX Baae length in meters 

3. XXIX.XXX Elevation of west base point in meters. 

4. XXXX.XXX Eleva tiOD of east base point in at81's. 



5. o Type a zero 

6. XX:XX:XX.XXX IALtitude of weat baa. point 

Not. : In all angle input, the degrees; minutes and 
seconds must be separated trom each other by 
a oolon. 

7,. XX:XX:XX.XXX Latitude of east base point 

8. XX:IX:XX.XXX Longitude of weat base point 

9. XX:XX:XX.XXX Longitude of ea.t baae point 

10. XXX:XX:XX.XXX Azimuth trom west to east base point 

11. XXX:XX:XX.XXX AziDllth from east to west base point. 

The computer will compute fo~ a second and then wait for alant 
ra~ values. A minillWl of 3 sets of values DI18t used in order 
to solVe the system of equations. 

12. X This is the frame number (K value or abscessos) 

13. XXXIX.XXX D Slant range i'or one s1<1e of airplane 

14. XXXXXox.x:x Dt Slant range for other side of airplane. 
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The prilOOs designate either left or right side of airplane but 
once a. connection i8 adopted it !lUst be adhered to for that side 
of the triangle. For each K, there are a.ssociated two slant ranges, 
one for eaeh side of the airplane. There will be a miniDllDl of 
3K values and no lind. t on the maximum number of K values. 
At this point, these slant ranges zre tor only one side of the 
triangle. When there are no motte slant ranges, press the "Letter 
Shift" on the typewriter. . 
The computer goes into the computer mode and then prints the value 
of K at whieb the ourve Is a.t a minilJllm and also prints the 
mininum sum, SM. 
The operator then picks up the meterological and elevation data 
corresponding to this minimum point; that is, at the instant the 
airplane, the known base station and the~own station were 
coplanar. This data is typed in the following order: 

15. XXJlX.XXX Elevation of aircraft in meters 

16. XXXX.XXX Elevation of vertex station in meters. 
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17. XI. XXX 0 TOB F t .... rature or d.ry bulb 1n degrees 
fahrenheit for one aide of airplane. 

18. XI.XXX TDBtO, tor other side of airplane 

19. XL XXX '1WSOF wet bulb 

20. xx. XXX 0 TWBt , wet bulb 

21. XXXI. XXX h a1 tileter readiJ1g in te4ft 

22. xxx.x.XXX h' &1 tiJeter reading in teet 

23. XIXXX.XXX D Interpotated .ant dUtance uing the eOlplted 
I value aa ar~nt. 

24. XX:XX:XX.III -. aiel lot 

25. XX:XX:XX.XXX "6 mid. lot 

26. XXX.XX:XX.XXX c::{ approximate asia1tb 

27. XXX:IX:XX.XXX ~, approximate aslD11th 

The computer goes into the co~t. mpde and then print. out the 
rollowing intoration for the tint lide of the triangle t 

On the first line: 

28. BP: Barometric pressure 

29. VP: Vapor pressure 

30. IR: Index or Refraction 

On the second line: 

31. Bpt 

32. VP' 

33. IR' 

On the third lUte: 

D and Df t the ray path distance.. From here, steps lOa)12) 
to lOa)27) ~ repeated for the crosaing of the second aide 
ef the tr1angle. When this data 18 completely ty-ped in, the 
eoaputer goes into the cOMpUte .ode and then prints out 
information for the second it ide of the triangle a:J .,] ar to that 
printed for the first side. In ac:ld.ition~ _thai into~t~'but aa 
from the final solution of the triangle 18 a 80 pr1n~. 
follOWS: 
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35 a Sea level distance for first siele of tria.ngle e. 
36. Az1mth to the unknown station. 

37. Sea level distance for the 2nd side of triangle. 

38. Azimuth to the unknown station. 

39. The geographic coordinates of the unknown station using 
the computed data from the first line cros8ing. 

40. The geographic coordinates of the unknown station using 
the computed data 'roll the second. line crossing. Here I 
the computer waits for the input of the known geographic 
ooordinates of the vertex station so that a delta Nand 
delta E may be computed from both sides of the triangle. 
This was set up for latitude 38°36'26". Therefore, the 
constants for the meridonial are and are of parallel must 
be chan~ed if the vertex station is at another latitude.' 

TyJte : 

41. XX:XX:XX.XIX f/J of vertex 

42. XX:XX:XX.XXX "-Of vertex 

If this 1. not needed, press the error reset button on the 
e011lJole and set the loea tion counter to 001.0 which sets 
the oomputer up for an entirely new problem. If these last 
two p1.eea of information are typed in and. the final results 
computed, the computer will automatically set the location 
counter to 0001.0 upo, completion of the problem. 

1. 1805 words or 3610 commands are utilized by this program. 

2. JPre.1 the ca.rriage return after t:rping 1n each number, 
preas the "J" key on the typewriter, press the start 
butten on the oonaole and then retype the number. In 
tY1'inR the angle., the error nuat be caught before typing 
the colon. If an error 1. detected after entering a number, 
it 1a advisable to read the tape ba.ck into the computer 
80 that modified cOlIIIIilnds and stepping constants will be 
re •• t. to their original value8. 
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SURVEYING AID GEODESY BRANCH 2 Feburar,y 1961 

AIRBORNE TELLUROMETER COMPUTA.TIONS 

LDfE CROSSDlO METHOD 

(WORKING EQUATIONS) 

I. The solution of the Airborne Telluroaeter Line Crossing Method involves 

the following steps: 

A. Computations of •• an index of refraction using meteorological data 

described under II A. 

B. Calculation or minillua slant range from measured distances b7 least 

square. technique (parabola fit), Fig. 1. 

C. Application of obeerved index of refraetion during measurement 

instead of using standard 1. • 1.000330. 

""'" D. Computation of straight line alant range D (See Fig. 2). 

-.. 
E. Reduction of D to sea level di.tance S. 

F. Computation of spherical. angles (Fig. 3). 

O. Position computation for the unknown station (Fig. 3). 

II. Field nata Measured: 

A. Meteorological data, 
o 

1. Temperature F dry blub ••••• TDB • 
i 

o 

2. Temperature F wet b1ub ••••• TWB 
1 

3. Elevation, A1ttmeter rdge •••. h
i 

B. Equipment, 

1. Slant range8 (k) compensated by an index of 1.000330 (in

corporated in the equipment). 

C. Other data (known), 



1. Elevation of station A and station B •.•••••• hA, hsCa) 
.. 

2. Latitude and longitude of A. and B .••..••.•• '¢A' ~, A.A' l:B 
0{ -< 

3. Asilmth, leodetic, froa A to B and B to A; AB' BA respectively 
from North~ 

ill. Computations: 

A. Index of refraction (.ean), 

--1. Barometric Pre.aure B from alt1.aeter radingsJ 

B • ( 288.0 - 0.00l98h ). 5.2,6 P (1) 2BB I • 0 •••• 

where} Po • 29.92l 

h • mean altiaeter reading expressed in feet. 

-B • barometric pressure in inohes of aercu17 (. HI) • 

2. Vapor Pressure Pv ' 

Pv • .' - 0.000367 i (TDB - Tw) T 
( 1 + ,WB - 32) (2) 

1571 ... · 
o 

where TDB , TWB are the average temperatures in F of dry and 

wet bulb thermOJlleter readings resulting frOil the ends of the 

slant ranges. (A to aircraft, B to aircraft and C to aircraft). 

B is in inches of Hg from (1) and e' from the following: 

log e' • log f3 - (a - bi + cia - di3 
+ e~) 9 - T 

o 

where 9 • 643 

log f3 • ,.19,9000 
o 0 

T • 273 + TWB (T~T]3 now in C) 

fI T - 453 
A • 10 

a • 3.14773172 

b • 0.00295944 

c - 0.0004 19 1398 

d • 0.0000 0018 29924 

e - 0.0000 0008 2435 

2 

T •... (3) 
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e' - vapor pressure for a saturated atmosphere 

in Dml. 

Convert to inches by: e Q (inches) • e' (milliaetera)/25.4oo05 before 

using in (2). 

3. Index of refraction ~ 

(tl\ - 1) 106 
iij 4730 

459.5 + TDB 

where: E· 86$8 

459.5 + TnB 
~ 

(B + E ) •••••••••••••• (4) 

p 
v 

B. MiniDlum Sum Computations: The distance(lt) required i8 that which 

is Measured when the known ground station A, the aircraft and unknown station 

C are coplanar. If the 8Um of the distances k3 + k'3' k2 + k/
2, ~ + kl1 ' 

••••••••••• etc. are plotted with respect to time, one very nearly gets a 

parabola. The m1niauJa of the parabola indicates the point and minimum 

distance when the aircraft crosses the vertical plane between the ground 

stations. To obtain this value ve use a least squares Method. 

Each aeasured slant range satisfies the condition equation. 

a ~. 
k - ax - bx + c 

or 

a 
- ax 1 + b~ -c + ~ -0 

_ax2 
+ bx - c + k -0 a a a 

a 
- ax + bx -c + k . -0 

3 3 ;3 

a 
ax +bx -c+k-o n n n 

Solving this set by least squares for the coeflicente a, b, c, we 

have 

3 
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-lx4J a + [x31 b - [XaJ c + l xa~ .. 0 

_[x3
] a + [x a] b - [xJ c + [Dc]- 0 - - - - - - - - - - - - (5) 

-lXa
] a + [X] b - nc + (kJ- 0 

Where the [ ] indicates the sUJIIDlation over X t k, and n-number of 

k measurements. 
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These three equations will yield a, b and c with the minimum frame occurring 

at I - b/2a and the minimum sum (k + k') 
a - c - b /4a ................... (6) 

C. Arc Distanoe Compenaated for Index of Retraction (IR). 

Since the lrlnimum distance_s k t k I incorporate I'f\. -1.000330 we perform 

D • k.l.OOO330 

\ 

n/ - k/. 1.000330 

tt' 
where"," I.R. of line AM (Fig 2) 

"". 11 II 11 MC (Fig 2) 

-------------- (7) 

/ 

and D ~ D are the distances renecting \ and n: . 
D. Ray Path to Chord Distance: The distances D and D' represent ray 

path distances as shown in Fig. 2. It is now required to reduce these 

distances to chord length by2 
,.... 3 a 
D .. D - D /24r 

•••••••••••••••••••••••• (B) 

where: 
......... 
D - 8traight line slope distance A to M 

"'" D'- straight line slope distance C to M 

D, DQ· (as before) 

r- 26.Oxl06 meters (radius of the radio wave) 

4 
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spheroid chord distance K (Fig. 2) 

••••.••.• , ••••.••.••.• (9) 

where: hA • elewation of A 

~ - height of the aircraft 

D - as obtained in (B) 

P~ - radius of curvature (mean) of spheroid. 

defined ••• 

p' _ py/( y cos 2 0< + 0 sin 20<") 
t:A 

p • a (1 - ;2) / (1 _ ;2 sin 2 ¢,a)3/2 

y .. a I (1 - ;2 sin 2 ¢m)l/2 

a .. 6,318, 2~ 111 (semi-major axis of 'Clarke 1866 spheroid) 

;2 _ 0.006 168 6$8 ( eccentricity squared of the spheroid) 

¢m • mid latitude of the line (this quantity will be known) 

to the nearest minute. 

~ - azimuth frol'll north from A to M (this, quantity will also be 

known to nearest 0.1 degree) 

Similarly for K', 

K' • 

where: 

- -2 ( ) a ,e • same &.! frJir 9 

¢'m, el' • new values for line n; 
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F. Chord To .Arc Correcticn I K and K I need to be cOD ... erted to spheroid 

arc distances by : S • K 
+ ,3 + 31' 24 ,e _~ ___ ............... (ll) 

640~" P" 
~ 

S'lii It" + 1,3 + 31.' ...•.••••..•.•.. (12) 
24 ,2 

640e:4 ~ 
(/.. 

where: S, 5' ill arc distances 

I, X' w chord distances (obtained in (9) , (10). 

pci· radius of cur ... ature for K a. obtained in (9). 

p' • radius of curvature associated with I' &s obtained in (10). 
(I.. 

G. Second line of T.riangle ABC: The eCMputatioDs up to this point supply 

the sea-level distance from A to C;Fig. 3. The next step of the problem is 

to obtain the sea-level distance B to C in exactly the s .. e manner &8 applied 

to length AC. This implies that the following quantities be known z 

h Iii elevation of station C c 

¢, • latitude for expre8sion (9) m 
, 

¢ • latitude for expression (10) m 

- -2 a, e Iii as before 

r ill as before 

tI;. .et;/ • aximuths for pi and p' (from north) 

After reducing arc length BC we compute the interior anglee by normal 

cosine expressions involving the 3 known lengths. AS8UJlle the sides of triangle 

ABC to be plane lengths and compute: 

a a a 
a 1 Iii b 1 + c1 - 2b1c1c08 A 

a 2 2 ( ) bl • ~ + cl - 2~ c1 C08 B.......................... 13 . 

6 
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Now determine the spherical excess(tJof triangle ABC by: 

t • ~ bi sin C . III •••••••••••••••••••••••••••••••• (14) 

~ ,bl • sides of triangle 

C • included angle 

and m -

where e , a - spheroid parameters a8 before 

¢m • mid latitude (mean of all four used in (9) t (10»). 
H. A.zimuth of line AC (~C) and azilluth of line Be ~C). To obtainc(AC 

o 

fA ~C perform: A + B + C - (180 t &) • ~ ••••••••• (IS) 
t--r' • 

A' - A ;i - l-Y ........................ (16) 

B' • 13 E ••.••..•••••••••••••••••• (17) 
-"3 

CO M C _! ......................... (18) 
3 

In (16), (11), e (18) E carries the sign of (15) 
check computation, o 

A' + B' + C' M 180 + & ••••••••••••••••••••• (19) 

Where: 
..... " ~\ A, B, C - spherical anile. <"correcteOi 

A', B', C' - spherical angles (corrected for error elosure) 

, • spherical excess 

E w closure error 

Now determine the azimuth (from the north) of lines AC and Be from the general 

equations: 0 

o<Ac -ciaA ± 180 - A g •••••••••••••••••••••• (20) 
<) 

0( BC • cf AB ± 180 • B Q •••••••••••••••••••••• (21) 

oKAC ando\BC designate the geodetic azimuth of line AC and BC respectively. 

o('BA designates the back aziJlluth of line AB, and ~ the forward azimuth. 

7 



These equations should be used in programming the azimuth computation 

in such a way that when Viewing C froll base lin., A is alw&;rs to the left 

and B to the right. 

I. Computation of geopaphic coordinates of point C will be performed 

from both A and B. Resulting values in latitude and longitude separately 

computed will be meaned to give best set of coordinates for point C. 

Helmert's Position Computation, involving a process of determining 

the geographic coordinates of a second point (C in our case) given the 

geodetic distance and azimuth from a known point (A or B). 

13 

A copy of Helmert's equations are included with this problem along with 

a sample computation. 

J. The program will be developed for optional input and demanded output of the 

follOwing basic geodetic and plane data. The problem operates in geodetic data; 

therefore plane and a11 data must be progra1llled to convert to geodetic by 

subroutine which is to be an int8llraJ: part of the program. 

1. Input: 

a. Geodetio 
o I II 

(f) • Geographic Coordinates ( ) 
0'" 

(2). Azimuth ( ) 

b. UTM 

(1). Coordinates (meters) 
o , /I 

(2). Azimuth ( or mil values) 

2. Output: 

&. Geodetic 
;) , /I 

(1) • Geo graphic Coordinates ( ) 
.J I II 

(2) • AsiJluth ( ) 

b. !!!!1 
(1). Coordinates (meters) 

o I /I 

(2) • Azilluth ( r'-' 
-----:8 t 

.!!!!! mil val ues ) 



k. UtUi •• the tolWllae developed. tor Inpneer Probl_ 10. 12, 

tJTM Coordinat •• to Geo<ill"aphic Coordinate. to convert UTM coordinate 

input (optional. entX7) to geographic coorc!1nat... from other ex1stin, 

for.ulae (convergence or .. r1diana)J convert UTM alimuth to seod.tic 
azimuth. The a:1l asiauth can be coD ... erted to UTM .exage.i1Ilal. first 

and then to pod.tic. 

1. Engineer 'Problem 10. 11, (}eo graphic Coordinat.. to UTH 

Coordinates !onmlae can •• n_ .a nbroutine tor oonverting geographio 

ooordinates to UTK coordinate. tor output. Convergence torsulae will 

allow geodetic as1muth ~onY.r.ion to UTM asimuth. Mil azt.uth can be 
o 

lIDrked out fro. the .illple relationship ot 6400 lIila - )60 • 
a.lntire prograa v1ll oontain all nbrout1ne. as intep'&l part. 

14 

n. Prop-. ahall be d •• igned to work onlT .!!.!l ot Greanv1ch and north 

ot the equator. 

o. Prop-_ shall ~dlveloped 80 that atter entering Baseline data, 

the operator can re-enter a8.anT tiMes aa de. ired at 'ield Data for 
cOllpUt1ng ••• eral unknown points (C' 8) • 

lot.: Refer to Fonsat ae pidance. 

9 
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AIRBORNE TELLUROMETER COMPUTATIONS 
(LINE CROSSING METHOD) 

PROGRAM WRITE-UP 

COMMAND 
OPERATION ALPHABE'l'IC 

LOCATION CODE ADDRESS CODE REMARKS 

0001 .. 57 3730.0 TR.A Push Start 1 
.. 40 0000.0 NOP 

1350 .. 72 0033.0 A TYC Type Fige 
.. 00 0614.0 Al eLA L (B) 

1351 .. 57 3000.0 TRA AN 002 
.. 77 1350.1 HTR A 1 

1352 +-43 0000.0 XAR 
.. 00 0614.0 eLA L (B) 

1353 .. 43 0000.0 XAR 
.. 45 0000.0 FNM 

1354 "3, [201!il.O Bl F ST ~011J 
.. 00 0617.0 eLA FOUR (Fxd.pt) @ b38 

1355 .. 03 0616.0 SUB ONE (Fxd.pt) @ b38 
.. 50 1360.0 TZE C 1 

1356 .. 60 0617.0 STO FOUR 
.. 00 1354.0 eLA B 1 

1357 .. 01 0623.0 ADD ~ (Fxd.pt) @ bIB 
... 57 0766.0 TRA 0766.0 

1360 +00 0620.0 C1 eLA (K FOUR) Reset 3 • b38 
+60 0617.0 STO FOUR @ b3' 

1361 ... 00 0624.0 CLA (K Bl) Reset Loe B1 
+60 1354.0 STO Bl 

1362 +,7 1362.1 TRA BEGIN 
+72 0033.0 TYC Type Figs (Deg •. M1n,Seo.) 

fro", 
1363 .. 57 6715.0 E.O TRA 6715 Type/Rad. to 

(2024.g 
JDeg. Min, Sec.) 

+-40 E.l PZE [2024 

1364 .. 00 0621.0 eLA SIX(Fxd.pt) @ b3e 
t03 0616.0 SUB ¢NE(Fxd.pt) @ b38 

1365 .. 50 1367.1 TZE F 
.. 60 0621.0 STO 



16 

COMMAND 
OPERATION ALPHABETIC 

LOCATION CODE ADDRESS CODE REMAHKS 

1366 tOO 1363.0 eLA E.O Step E 
... 01 0625.0 ADD TW¢ @ b)8 

1.367 .. 57 0767.0 TRA E.G 
.00 0622.0 F.l CLA K3 Reset @ b38 

1370 ... 60 0621.0 ST¢ 
... 00 0626.0 CLA Kh Reset E.l 

1371 +60 1363.0 STO E 
+30 0600.0 Fl.l FCA ZER~ 

1372 "'35 0100.0 FST SUM Di 
+35 0102.0 FST SUMt2 all 

1373 +35 0104.0 FST SUHT4 812 
+35 0106.0 FST SUM.,. 6 813 

1374. +35 0110.0 FST SUM ... I0 b1 
+35 0112.0 FST SUM+12 821 

1375 +35 0114.0 FST SUM+14 822 
+35 0116.0 FST SUM ... 16 823 

1376 +35 0120.0 FST SUMt20 b2 
+35 0122.0 FST SUM~2 831 

1377 +35 0124.0 FST SUM+24 a32 
+35 0126.0 FST SUM.,.26 833 

1400 't35 0130.0 FST SUM;.30 b3 
+35 0132.0 FST COUNT 

1401 +QO 0614.0 CLA L (B) 
t57 3000.0 TRA AD 0002 

1402 t77 1401.0 HTR 1401.0 Error Return 
+57 1403.1 TRA B2.l Normal Return 

1403 +57 1437.1 TRA J.l End of File 
(operator hits 
LTRS SHIFT when 
Prog. comes back 
to wait for more 
data. This will 
TRA. prog. to 
Lesst Sq. solution.) 

-43 0000.0 B2.1 XAR 

2 
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COMMAND 
OPERATION ALPHABETIC 

J.OCA TION CODE ADDRESS CODE REMARKS 

1404 4-00 0614.0 CLA L (B) 
+43 0000.0 XAR 

140, +45 0000.0 lE.O FNM 

l2000 .9J +35 [2000.0] lB.1 FST 

1406 tOO 0627.0 CLA THREE 
.03 0616.0 SUB ONE 

1407 +50 1411.1 TZE (C.1) Reset 
+60 0627.0 STO THREE 

1410 +00 1405.0 CLA B.O Step B.l 
t01 062$ .0 ADD TW¢ @ b38 

1411 +57 0770.0 TRA START 
+00 0630.0 C.1 CLA K 3 Reset 4 

1412 +60 0627.0 STO FOUR 
t57 0773.0 TRA K 2 Reset L(B.l) 

1413 t30 2002.0 FCA 2002 , 
t04 2004.0 FAD 2004 (Di - D i) 

1414 1"35 0100.0 FST SUM 1 t04 0130.0 FAD SUM (Di .,. Di ) 

1415 +35 0130.0 FST SUM ... 30'DioC' bJ 
+30 0132.0 FCA COUNT 

1416 +04 0544.0 FAD ONE 
... 35 0132.0 FST COUNT • 1 

1417 +30 2000.0 FCA 2000 
't07 2000.0 FMP 2000 (k1)2 • 4 

1420 1'35 0134.0 FST COM 
+07 2000.0 FHP 2000 (k1)3 = 8 

1421 1'35 0136.0 FST COM t2 
+07 2000.0 FMP 2000 

1422 ... 35 0140.0 FST car-! 1"4 (k1 )4= 16 
t3)' 0140.0 FCS COM ... 4 

1423 +04 0102.0 FAD SUM +2 
+35 0102.0 FST SUM +2 -IK i 4. all 

1424 +)0 0136.0 FAD SUM +2 
t04 0104.0 FST SUl1 +4 

3 
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COMMAND 
OPERATION ALPHABETIC 

LOCATION CODE ADDRESS CODE REMARKS 

1425 +35 0104.0 FST SUM ... 4 ~Ki3. 812 
... 34 0104.0 FCS SUM +4 

1426 +35 0112.0 1"8T SUM 1'12 - ~Ki3. 821 
+34 0134.0 FOS COM _ K2 

1421 +04 0106.0 FAD SUM +6 K2 
+35 0106.0 FST SUM +6 2 

-[Ki • 8 13 

1430 +35 0122.0 FST SUM *22 2 -ZKi ,. 8 31 
.-34 0122.0 Fes SUM +22 

1431 +35 0114.0 FST strM\ t14 
2 

,iKi • 822 
·,-57 0715.0 FMP SUM 

1432 +35 0110.0 FST SUM +10 ~K12Di= hI 
... 30 2000.0 FCA 2000 • ki 

1433 +04 0124.0 FAD SUM +24 
1'35 0124.0 FST SUM +24 fki = a 

32 
1434 t34 0124.0 FCS SUMt24 

+3, 0116.0 FST SUM t16 -Lki = a23 

1435 t30 2000.0 FCA k 
+-07 0100.0 FMP S~ ki 

1436 +04 0120.0 FAD SUM t20 
+35 0120.0 FST SUM +20 ~ki. D1= b2 

1437 +57 1401.0 TRA START 
1'34 0132.0 J.l FCS COUNT 

1440 t04 0126.0 FAD SUM t26 
+35 0126.0 FST SUM +26 - n = 833 

1441 +30 0104.0 FCA SUM th~5 
+05 0102.0 FDV SUM +2~3 

1442 +35 0104.0 FST SUM t4 5 = 8(1) 
+30 0106.0 FCA SUM +6:7 12 

1443 t05 0102.0 FDV SUM t2,3 
+35 0106.0 FST SUM t6 7 • a(l) , 13 

1444 +34 0112.0 FCS SUM +12,13 
+-07 0104.0 FMP SUM +4,5 



19 
COMMAND 

OPERATION ALPHEBETIC 
LOCATION CODE ADDRESS CODE REMARKS 

144.5 +04 0114.0 FAD SUM +14,15 (1) 
+3.5 0114.0 FST SUM tI4,1.5 • B22 

1446 +34 0122.0 FCS SUM ... 22 
+07 0104.0 FMP SUM t4 . .5 

1447 toL 0124.0 FAD SUM +24,25 (1) 
t3.5 0124.0 FST SUM +24 25 = a 32 

1450 +34 0112.0 FCS SUM +12,13 
t07 0106.0 FMP SUM ... 6,7 

1451 +04 01l6.0 FAD SUM +16,17 
... 05 0114.0 FDV SUM tI4,1.5 

(1) 
1452 +3.5 0116.0 FST SUM +16.17 = a 23 

+30 0122.0 FCA SUM t22,23 

1453 +07 0106.0 FMP SUM +6,7 
+35 0134.0 FST COM, COMtl 

14.54 +30 0124.0 FCA SUM .-24,25 
1'07 0116.0 FMP SUM +16,17 

14.55 t04 0134.0 FAD COM, COMt1 
of 35 0134.0 FST COM, COM+1 

1456 "34 0134.0 FCS COM, COMt1 
.04 0126.0 FAD SUM 1'26,27 

1457 t35 0126.0 FST (1) 
SUM f26.27 = 8 33 

t34 0110.0 FCS SUM t1O,11 

1460 +05 0102.0 FDV SUM ... 2,3 (1) 
+35 0110.0 FST SUM t10.11 = b

1 

1461 t3L 0112.0 FCS· SUM +12,13 
t07 0110.0 FMP SUM 1'10,11 

1462 ... 06 0120.0 FSB SUM +20,21 
t 05 0114.0 FDV SUM t14,15 

(1) 
1463 +35 0120.0 FST SUM +20 21 = b 2 

+30 0122.0 FCA SUM t22,23 

1464 +07 0110.0 FMP SUM +10,11 
+35 0134.0 FST COM 

1465 +30 0124.0 FCA SUM +24,25 
t 07 0120.0 FMP SUM .,.20,21 

5 



20 

COMNAND 
OPERATION ALPHEBETIC 

LOCATION CODE ADDRESS CODE REMARKS 

1466 +04 0134.0 FAD COM 
+35 0134.0 FST COM 

1467 +34 0130.0 FCS SUM +30,31 
+06 0134.0 FSB COM 

1470 -t05 0126.0 FDV SUM -+26~27 (1) 
+35 0130.0 FST SUM + 30. 31 :I b 3 • R 

1471 -+34 01~6.0 FCS SUM +16 
(1) 

-8
23 

t07 0130.0 FMP SUM +30 b(l) 
x 3 

1472 +04 0120.0 FAD SUM +20 
+35 0120.0 FST SUM +20 = Q 

1473 ... 34 0104.0 FCS SUM ... 4 (1) 
- a12 

+07 0120.0 FMP SUM +20 x 8 2 

1474 +35 0134.0 FST COM (1) 
-+34 0106.0 FOS SUM .. 6 - s13 

1475 +07 0130.0 FMP SUM +30 x 83 
+04 0110.0 FAD SUM 1'10 -hI 

1476 +04 0134.0 FAD COM 
+35 0110.0 FST SUM tl0 = P 

1477 -+30 0110.0 FOA p = SUM +10 
+07 0556.0 FMP Tw¢ 

1500 -fa 0134.0 FST COM 
.f. 0 0120.0 FCA Q 

1,01 +05 0134.0 FDV COM 
+35 2100.0 FST (2100) -K'Q/2P 

1502 +30 0120.0 FCA Q 2 
+07 01~.0 FMP Q • Q This is the 

va~ue ~ich 
rna es i a 
minimum. 

1503 +35 0134.0 FST COM 
+30 0562.0 FCA 4 

1504 t07 0110.0 FMP P 
t35 0136.0 FST COM .,.2 4P 

6 
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COMMAND 
OPERATION ALPHEBETIC 

LOCATION CODE ADDRESS CODE REMARKS 

1505 +34 0134.0 FCS COM 
1'05 0136.0 FDV COM 102 R- Q2/4p 

1506 fo40 0000.0 BOP 
t04 01)0.0 FAD R 

1507 1'35 2102.0 FST 2102 ; Pm- (Di+D~) 
+72 0037.0 TYC Type Letters 

1.510 +72 0017.0 fiC K 
-t40 0000.0 G1 S11 

1511 i57 0244.0 TRA 0244 
t40 2100.0 PZE (2100) 

1512 tOO 2005.0 
-11 0201.1 

1513 +17 1510.1 HTR Gl 
t 72 0037.0 TYC 

1514 +72 0005.0 TYC S 
thO 0000.0 ARS 

1515 +72 0034.0 TYC M 
thO 0000.0 G2 SLL 

1516 +57 0244.0 TRA 0244 
+40 2102.0 PZE (2102) 

1517 +00 200.5.0 
-31 0220.1 

1520 t 77 1515.1 HTR 02 
t12 0033.0 TYC Type Figs 

1521 +00 0614.0 eLA L(E) Loc of Binary 
SCQ1e 

t57 3000.0 TRA 3000 

1522 t77 1521.0 HTR G3 
t43 0000.0 XAR 

1523 400 0614.0 CLA L(B) 
+40 0000.0 NOP 

1524 t43 0000.0 XAR 
"-45 0000.0 FNM 

7 
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COMMAND 
OPERATION ALPHEBETIC 

LOCATION CODE ADDRESS CODE REMARKS 

1525 +35 I?OhO.~ 04 FST (2040) Step to 2060 
..,.00 0632. eLA NINE @ b38 

1526 t03 0616.0 SUB ONE @ b38 
.,.50 1531.0 TZE 05 Reset TEN 

1527 +60 0632.0 STO NINE 
+00 1525.0 CLA 04 

1530 .,.01 0623.0 ADD Tti~.O @ bIB 
.. 57 0771.0 TRA PATCH 

1531 +00 0633.0 05 eLA K (NINE) Reset 9 
+60 0632.0 STO NINE 

1532 +00 0634.0 CLA K (04) Reset 04 
... 60 1525.0 STO 04 

1533 ... 40 0000.0 NOP PATCH 
+72 0033.0 G6 TYC Type Figs 

1534 +57 6715.0 07.0 TRA Deg., Min., Sec. to 

~064.§J 
Radians 

... 40 07.1 PZE @060 

1535 .,.00 0617.0 CLA FOUR 
+03 0616,,0 SUB ONE 

1536 +50 1540.1 TZE G7A.0 
-+60 0617.0 STO FOUR 

1537 .,.00 1534.0 CLA 07.0 
1'01 0625.0 ADD 'J.W¢ @ b38 

1540 +57 0772.0 TRA PATCH 
+00 0620.0 G7A eLA K(FOUR) Reset 4 

1541 ... 60 0617.0 STO FOUR 
1'00 0635.0 eLA K(07) Reset 07,,1 

1542 .60 1534.0 STO ,G7.0and 07.1 
+30 0502.0 G8 FCA .00198 

1543 ... 07 [2054.9 Xl FMP ~O5!!l 
-+35 0134.0 FST OM 

1544 +30 0500.0 FCA 288 
t06 0134.0 FSB COM 

8 
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COMMAND 
OPERATION ALPHEBETIC 

LOCATION CODE ADDRESS CODE REMARKS 

154, +05 0500.0 FDV 288 
+57 5400.0 TRA In ~88 -. 00198h~ 

2BB 
1,46 t40 7774.0 PZE 

+77 1542.1 HTR G8 

1547 +07 0504.0 FMP 5.256 
+35 0134.0 FST COM 

1550.0 +30 0506.0 n FCA 29.921= Po 
+57 5400.0 TRA 

1551 +1.~o 7714.0 PZE 7174.0 
+71 1550.0 HTR n 

1552 +04 0134.0 FAD COM 5.25 In[ ]tlnPo 
+57 5500.0 TRA 5500 eX 

1553 .40 7774.0 PZE 7114.0 
.71 1542.1 HTR 08 "00 over whole 

sequence again if 
it stops. 

1554 +35 2110.~ FST (Bi ,B}+I) 21lD 
t30 ~050.0 FCA (2050 T,)3i 

1555 +06 0512.0 FSB 32° 
t07 0636.0 FMP 5 5/9 (TwBi-32) 

1556 to, 0640.0 FDV 9 0 
-t04 0522.0 FAD 273 Ti - TWB+273 

1557 t35 0134.0 FST COM,COM+l = Ti 
+06 0524.0 FSB 453 Ti -4S3 

1560 +0, 0526.0 FDV 10 x:.. Ti-453 
16 

+35 0136.0 FST COMt2, COMt3 X 

1561 t30 0516.0 FCA Q 
t 06 0134.0 FSB COM g -Ti 

1562 +05 0134.0 FDV COM (Q-Ti ) ITi 
+35 0134.0 FST COM, COM-l 

1563 +34 0136.0 FCS COM 2 -x 
t 07 0532.0 FMP b -xb 

9 
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COMMAND 
OPERATION ALPHEBETIC 

LOCATION CODE ADDRESS CODE REMARKS 
» 

1564 t04 0530.0 FAD a 
1'35 0140.0 FST COMt4. COM-+:S a-xb 

1.565 +30 0136.0 FCA COM2 
1'07 0136.0 FMP COM 2 

1566 +35 0142.0 FST COM+6, COM+ 1 x2 
+40 0000.0 NOP 

1567 t30 0142.0 FCA COMt6 
.07 0136.0 FMP C011t2 

1570 -f'35 01h4.o FST COM 10~ COMt' 11 X3 
+07 0136.0 FMP COMt 2 

1571 -t3.5 01h6.0 FST COM.,. 12 , COMt13 X4 
+30 053h.0 FeA C 

1572 t07 0142.0 FMP 'COMt6 _cx2 
+04 0140.0 FAD COMt4 e-bxt'cx2 

1573 +35 01.36.0 FST COM1' 2 
-d x3 .34 0144.0 FCS COMt1O 

1574 +07 0536.0 FMP d 
1'04 0136.0 FAD COMt 2 

1575 +35 0136.0 FST COMt2 a-bx+cx2-dx3 
-t30 0146.0 FCA COM+-12 

1576 +01 0,40.0 FMP e 
... 04 0136.0 FAD CONf2 

1571 +07 0134.0 FMP COM (a-bxtcx2- dx3 tex4) 
+35 0134.0 FST COM yeO - Ti)/T

i 

1600 1"30 0,20.0 FCA log,8 
+06 0134.0 FSB COM lo~ -[ ]c ) 

1601 1'40 0000.0 SLR 
+51 5500.0 TRA 5500 

1602 +40 7774.0 PZE 7770.0 (7770alOX) 

+71 1554.1 HTR i X2 Recompute log ei 

1603 +35 0136.0 
, 

FST e (COM-2) 
t30 0510.0 FCA -~OOO361 

10 
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COMMAND 
OPERATION ALPHEBETIC 

LOCATION CODE ADDRESS CODE REMARKS 

1604 +40 0000.0 NOP 
+07 2110.0 FMP 13· l 

1605 +35 0134.0 X3.0 FST COH, COMtl 
+30 [2044.6J X3 FCA TD Bi 

1606 +06 [20S0.Qj X4 FSB TnB-Tw B 
1'07 0134.0 FMP COM 

1607 "\"35 0134.0 X 5.0 FST COM 
t30 [2050.~ ){5 FCA TwBi 

1610 1'06 0512.0 FSB 32 (TwB-32'/1571 
1'05 0514.0 FDV 1571 

1611 +04 0544.0 FAD 1 
+07 0134 FMP OOM 

1612 +35 0134.0 FST COM e'a10.279~/25.4000S 
t30 0136.0 FCA ! 

ei COM .. 2 

1613 +05 0542.0 FDV 25.40005 
t 06 013h.O FSB COM 

1614 +35 2112.0 FST (Pvi ) 
+30 0552.0 FCA 459.5 

1615 +04 [204h.~ x' FAD (2044) Tr}B+459.5 
t35 0134.0 FST COM COM+1 

1616 1"30 0554.0 FCA 8658 
+05 0134.0 FDV COM 

1617 +-07 2112.0 FMP Pvi 2112Ei-Pvi(8658)/ 
459.StTDB 

+04 2110.0 FAD B~ 2110 (Bi+Ei) 4730/ 
4_ 9.5-Tr}B 

1620 +07 0550.0 FMP 4730 
to, 0134.0 FDV COM 

1621 +05 0546.0 FDV 106 
+40 0000.0 NOP 

1622 t04 0544.0 X7.0 FAD ONE 
+35 [2104.9 X7 FST Index of Ref 

1623 +57 1626.0 TRA 

11 



COMMAND 
OPERATION ALPHEBETIC 

LOCATION CODE ADDRESS CODE REMARKS 

1626 +72 0037.0 TYC Ltrs 
t72 0031.0 TYC B 

1627 .72 0026.0 TYC P 
+ho 0000.0 G2 811 

1630 +57 0244.0 TRA 
1'40 2110.0 PZE L(BP) 

1631 +00 2005.0 
-11 0201.1 

1632 +77 1627.0 HTR G2 
+72 0037.0 TYC Type letters 

1633 +72 0036.0 TYC V 
t72 0026.0 TYC p 

1634 +57 0244.0 G) TRA 
... 40 2112.0 PZE L(PVt ) 

1635 +00 2005.0 CLA 
-15 0201.1 SAX 

16)6 t77 1634.0 HTR G3 
+72 0037.0 TYC Type 1ett~r8 

1637 +72 0006.0 TYC I 
+72 0012.0 TYC R 

1640 +57 0244.0 G4 TRA 0244 
'thO 2104.0 XI0 PZE (2104) = L(NnI) 

1641 ... 00 2005 0 0 CLA 
-05 0460.1 FDV 

1642 +77 1640.0 HTR tG4 
+57 1646.0 TRA 

1646 ... 40 0000.0 NOP 
... 00 0642.0 CLA TW~1 @b)8 

1647 +0) 0616.0 SUB OBE 
1"50 1672.0 TZE RESET 

1650 .60 0642.0 STO TW;Jl 
... 00 1543.0 CLA Xl.O Step Xl 

1651 .. 01 0623.0 ADD TW¢ @ bI8 ;.60 1543.0 STO Xl 
12 
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COMMAND 
OPERATION ALPHEBETIC 

LOCATION CODE ADDRESS CODE R»1ARKS 

1652 +00 1554.0 CLA X2.0 
+01 0625.0 ADD TWO Ib3e 

1653 1'60 1554.0 STO X2 Step X2 
.... 00 1605.0 CLA X3.0 

1654 t 01 0625.0 ADD TW~ 
.60 1605.0 STO X3 Step X3 

1655 +00 1606.0 CLA xu.O 
.... 01 0623.0 ADD '!Wo 

1656 160 1606.0 STO X4 Step x4 
+00 1607·.0 CLA X5.0 

1657 +01 0625.0 ADD TWfI 
+60 1601.0 STO I5 Step 15 

1660 -tOO 1615.0 CLA Step X6 
+01 0623.0 ADD TWfI 

1661 +60 1615.0 STO 16 
+00 1622.0 CLA X7.0 

1662 +01 0625.0 ADD TW¢ 
.60 1622.0 STO X7 Step X7 

1663 +51 1666.1 TRA 
.40 0000.0 NOP 

1666 tOO 1640.0 C14- XI0 

1667 +01 0625.0 ADD Td¢ 
t 60 1640.0 S'l'O XI0 

1610 +51 1671.1 TRA 

+57 1542.1 TRA. G8 

1672 .00 0643.0 eLA K(Tfl¢) 
+60 0642.0 STO TIJO 

1673 -+00 0644.0 CLA K(X1) 
+60 1543.0 STO n 

13 
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COMMAND 
OPERATION ALPHEBETIC 

LOCATION CODE ADDRESS CODE REMARKS 

1674 tOO 0645.0 CLA K(X2) 
+60 1554.0 STO X2 

1675 +00 0646.0 eLA K(X3) 
+60 1605.0 STO X3 

1676 tOO 0647 0 eLA K(Xh) 
... 60 1606.0 STO X4 

1677 +00 0650.0 CLA K(XS. )0 
+60 1607.0 STO XS 

1700 +00 06S1.0 CLA K(X6) 
t 60 161S.0 STO X6 

1701 t40 0000.0 NOF 
+00 0652.0 PI CLA K(X7. )0 

1702 1'60 1622.0 STO X7.0 
... 40 0000.0 NOP K(X8) 

1703 +40 0000.0 NOP 18 
+40 0000.0 NOP K (X9.)0 

1704 +40 0000.0 NOP X9.0 
tOO 0656.0 eLA K(X10) .0 

170S +60 1640.0 STO X10 
... hO 0000.0 CLA K(nl) 

1706 +S7 0750.0 TRA PATCHWORK 
+57 7004.0 1.1 TRA SUB.R 

1701 t40 2114.0 2.0 PZE L(D) 
+40 2016.0 X12A 2.1 PZE L(ha ) 

J 

1710 .,.40 2040.0 3.0 PZE L(hm) 
+40 2064.0 3.1 PZE L(¢m) 

1711 +40 2070.0 4.0 PZE L(tt) 
+40 2600.0 n2 h.l PZE L(Am.) COM + 20 
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COMMAND 
OPERATION ALPHEBETIC 

LOCATION CODE ADDRESS CODE REMARKS 

1004 +15 0140.0 SUB.R SAX 
Contents of X, 

COM~4 which contains 
to] 0615.0 ADD 1 b39 Lec of TRA INST. 

p"oes into the 
right half of A 

70:;5 t42 7010.1 STA.l B 
+01 0616.0 ADD 1 b 38 

1006 +42 7012.1 STA.l C 
t Ol 0616.0 ADD 1 b38 

7007 +42 7014.1 STA.l D 
-t01 0616.0 ADD 1 h38 

7010 1'42 7100.1 STA.l E 
... 00 [0000.<21 B etA [ J 

7011 +42 7016.0 STA.O 21 
t42 7024.1 STA.l Z2 

7012 1'42 7062.1 STA.l Z3 
+00 [9000.QJ C CLA 3.0 [1710. 01 

7013 1'42 7025.0 STA:.O z4 L(~) 
+42 7065.0 STA.O z5 L(ha ) 

7014 1'42 7033.1 STA.l z6 L(~m) 
tOO ~000.Q] D CLA [1711.QJ 

7015 1'42 7036.0 STA.O 27 L( ) 
+42 7077.1 STA.1 z8 L(Ans) 

1016 +30 [OOOO.~ 21 FCA [2114.0 
+35 0142.0 D FST COMt6 

7011 +07 0142.0 D2 FMP COM.-6 
+01 0142.0 FMP COM+6 

7020 +35 0144.0, DB FST COMt10 
+30 0564.0 FCA 24 

7021 +07 0566.0 FMP r(5096,100) 
1'07 0566.0 FMP r 

7022 t35 0146.0 24r2 FCS COMt12 
i34 0144.0 FCS COMt10 

7023 +OE 0146.0 FDV COM+ 12 
+0 0142.0 FAD COMt6 

15 
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COMMAND 
OPERATION ALPHEBETIC 

LOCATION CODE ADDRESS CODE REMlRKS 

7024 t 35 0142.0 rf FST COMf6 
t30 0000.0 Z2 FCA [ J 

7025 t06 0000.0 z4 FSB C ]ha-~ 
+35 014L.o FST COM+-I0 

7026 +30 0144.0 FCA COMr1O 
+07 0144.0 FMP COMt1O 

7027 +35 0l.44.0 FST COM+-I0 (ha-~)2 
+30 0142.0 FCA cOM+6 

7030 ... 07 0142.0 FMP COM+6 
+35 0146.0 FST COM+12 1)2 

7031 +30 0144.0 FCA COM+I0 2 2 
1'05 0146.0 FDV COM~12 (h-hm) !D 

7032 +35 0146.0 FST COM+12 
+40 0000.0 SLL 

7033 t40 0000.0 NOP C J 
+30 0000.0 z6 FCA c J 

7034 1'57 1100.0 TRA AN017 1100-1220 
t40 0150.0 PZE (COMt-lL) . =81n ¢m 

7035 t77 7033.0 HTR z6 
't40 0000.0 S11 

70)6 1'30 0000.0 Z7 FCA c J 
1'57 1005.0 TRA ATCP 

7037 +57 1100.0 Q TRA ANOl7 1100-1220 
1'40 0152.0 PZE ~ COMt16) • Sino<.. 

COM+le) • Coso<.. 

7040 ... 77 7036.0 HTR 27 
+30 0150.0 FCA COM+ 14 

7041 t 07 0150.0 FMP COMt14 S1n2¢m 
.. 07 0572.0 FMP 0.006768658. e2 

7042 +35 0150.0 FST COMt14 82 Sin2¢, 
+30 0544.0 FCA ONE m 

16 
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COMMAND 
OPERATION ALPHEBETIC 

LOCATION CODE ADDRESS CODE REMARKS 

7043 +06 0150.0 FSB COMt-14 
t35 0150.0 FST COMt14 1_;2Sin2¢ 

m 

7044 .,.44 0150.0 FSQ COMt14~1-e2sin2¢m 
+35 01,0.0 FST COMt14 

7045 +30 0570.0 FCA 6378206 -8 
1'05 0150.0 FDY COM+ 14 

7046 t35 0144.0 FST COMtl0 .v 
+30 0150.0 FCA COM1'14 

7047 +07 0150.0 FMP COMt14 
t01 0150.0 FMP COM-t14 

2 3/2 
1050 +35 0150.0 FST COMt14 (I-a Sin2¢. ) 

1'30 0544.0 FCA ONE m 

7051 +06 0572.0 FSB -2 e 
"t01 0570.0 FMP - - ( - 2 a a I-a ) 

7052 1'05 0150.0 FDV COMt14 
+35 0150.0 FST COMt14 :: e 

7053 t30 0152.0 FCA COM4-16 
t07 0152.0 FMP COMt16 

7054 "'35 0152.0 FST COMt16 Sin2o: 
t30 0154.0 FCA COMt 2O 

7055 -t07 0154.0 FMP 2 COMt20 Cos~ 2 
+07 0l44.0 FMP COM+I0 2 Cos 0-

7056 +35 0154.0 FST- COMt20 -VCos~ 
+30 0152.0 FCA COM-t16 

7057 t01 0150.0 FMP COM+ 14 e Sin 2c( 
.,.04 0154.0 FAD COM ... 20 

7060 .,.35 0154.0 FST COMt18 VCOB~-~ Sin~ 
1"30 0150.0 FCA COMt14 

7061 t07 0144.0 FMP COM+ 10 2 
+05 0154.0 FDV COM.,.20 WCos& -eS1nO() 

1062 t35 0154.0 FST COM+20 -= e' 
t 30 [OOOO.QJ Z3 FCA (ha ] eX 

17 
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COMMAND 
OPERATION ALPHEBETIC 

LOCATION CODE ADDRESS CQDE R.EMARKS 

7063 +40 0000.0 NOP 
't05 01,4.0 FDV COM .. 20 hak' 

CJ... 
7064 t04 0146.0 FAD COM+12 +(ha-hm)2/D2 

t3, 0146.0 FST COM+ 12 

7065 +30 [bOOO.QJ z5 FCA C J 
t40 0000.0 NOP [11mJ 

7066 ;0, 0154.0 FDV COMt20 
t04 0146.0 FAD COMt12 

7061 +05 0556.0 FDV TW¢ 
t35 0146.0 FST COM+12 

1070 +30 0544.0 FCA ONE l-tL J 
t 06 0146.0 FSB COM+12 

7071 t07 0142.0 FMP COMt6 
t 35 0142.0 FST COMt6 = K 

1072 t30 0142.0 FeA COM+6 
K2 t07 0142.0 FMP COMt6 

7073 t07 0142.0 FMP COMt6 
t3.5 0144.0 FST COMt10 = Ir 3 

7014 t30 0564.0 FCA (24) 
t 01 0154.0 FMP COMt 2O 24 ~I 

7075 t01 0154.0 FMP COMt 2O 
24« )2 t35 0154.0 FST COMt 2O 

7076 t30 0144.0 FCA COMt10 
tO~ 0154.0 FDV COMt20 

1017 t04 0142.0 FAD COMt6 
t35 0000.0 z8 FST C J 

7100 t40 0000.0 SLR 
tS1 U>ooo.6J E TRA ( 

1112 +72 0033.0 SLR 
t57 7004.0 TRA SUB.R 

1713 +40 2116.0 PZE L(D ) 
t40 2040.0 PZE L(~) 

1714 "'to 2~.0 PZE tf~~ t 0 2 .0 PZE 

18 
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COMMAND 
OPERATION ALPHEBETIC 

LOCATION CODE ADDRESS CODE RE}1ARKS 

171, t40 2072.0 PZE L(d.. ) 
t40 2602.0 X13 PZE L(An8~ COM+22 

1716 tOO 1711.0 CLA X12 
t 01 0620.0 ADD FOUR 4b38 

1717 +60 1711.0 STO X12 
tOO 1715.0 CLA X13 

1720 t 01 0620.0 ADD FOUR hb38 
t 60 1715.0 STO X13 

1721 -tOO 0660.0 CLA TI,Nr~.3 
t03 0616.0 SUB ¢NE 

1722 +50 1723.1 TZE Reset 
+60 0660.0 STO TW¢.3 

1723 t57 3754.0 TRA F1 
-tOO 0662.0 Reset CLA K(X12) 

1724 .¢O 1711.0 STO X12 
-tOO 0663.0 CLA K(n3) 

1725 +60 1715.0 STO n3 
tOO 0661.0 CLA K(TW¢.3) 

1726 t 60 0660.0 f'TO TW¢.3 
t 57 3756.0 NOP 

1727 .. 30 2011.0 A18 FCA 2014 
t07 2014.0 FMP 2014 

+35 013h.o 
2 

1730 FST COM e 
i-30 2600.0 FCA COM-4-201 

+04 2602.0 
I 

1731 FAD COMt 22 Sao+S Be -bl +35 0154.0 FST COMt 20 = b1 

1732 +30 0154.0 FCA COM+ 20 
+07 0154.0 FMP cOMt 2O 

1733 tJ5 0156.0 FST 
2 

COMt22 b
l t30 2604.0 FCA cOMt24 

1734 tOU 2606.0 FAD COM't26 
t35 0162.0 FST cOMt26 ~e~S'be·al 

19 



COMMAND 
OPERATION ALPREBETIC 

LOCATION CODE ADDRESS CODE REMARKS 

1735 +30 0162.0 FeA COM+ 26 
t07 0162.0 FMP COMt 26 

1736 +35 0160.0 FST COMt24 
2 

8 1 +30 0154.0 FCA COMt 2O 

1737 t07 2014.0 FMP 2014 
t07 0556.0 FMP (TWO) 2b1c1 

1740 +35 0136.0 FST 00Mt2 2 
+30 0156.0 FCA COMt22 b1 

2 
1741 +04 013.4.0 FAD COM .. c

1 2 tOO 0160.0 FSB COM+ 24 - 8 1 
1742 t05 0136.0 FDV COM -2 .b12_012_S12/2b1 c1 I 

t40 0000.0 S11 

1743 t57 1230.0 TRA 
t40 0136.0 J>ZE L(arc sin) COMt2 

1744 +77 1727.0 HTR AlB 
+35 0136.0 FST COM+2 Angle A 

174, +30 0556.0 A19 FCA TW¢ 
t07 0162.0 FMP COMt26 

1746 t07 2014.0 FMP 2014 
+35 0140.0 FST COM+4 28

1 °1 

1747 +30 0160.0 FCA COMt24 
+04 0134.0 FAD COM 

1750 +06 0156.0 FSB COMf22 
t05 0140.0 FDV CO~t4 2 2 

81 t c1 -bi/2a
1

c1 
1751 t57 1230.0 TRA 1230.0 

t40 0140.0 PZE L(arc sin) COM+4 

1752 +77 1745.0 HTR Al9 
t35 0140.0 FST COM+4 Angle B 

1753 +30 0556.0 A20 FCA TW¢ 
+07 0162.0 FMP COM+ 26 

20 



35 

COMMAND 
OPERATION ALPHEBETIC 

LOCATION CODE ADDRESS CODE REMARKS 

1754 +07 0154.0 FMP COM+22 2alb1 
+35 0142.0 FST COM+6 

17,5 ,,30 0160.0 FCA COM+2L. 
tOL. 0156.0 FAD COM+ 22 

17,6 +06 0134.0 FSB COM 
+40 0000.0 NOP 

1757 t05 0142.0 FDV COM..6 2 
2 ~ 

t40 0000.0 SLL 
81 tbl -01 2S1b

1 

1760 +57 1230~0 TRA 1230.0 
t40 0142.0 PZE L(arosine) COMt6 

1761 -t77 1753·0 HTR A20 
135 0142.0 FST COMt6 Angle c 

1762 ..,30 0142.0 A21 FCA COMt6 
t40 0000.0 SLL 

1763 .. 57 1100.0 TRA AHOl7 - 1100 
+40 0100.0 PZE COM = Sin C 

1764 +77 1762.0 HTR A21 
t30 2064.0 A22 FCA 2064 ¢m 

1765 +57 1100.0 TRA ANOl7 - 1100 
T40 0146.0 PZE COMtl2 • Sin ¢m 

1766 177 1764.1 HTR A22 
t30 0146.0 FCA COMt12 

1767 t07 0146 .. 0 FMP 2 COM",12 Sin .¢m 
t 07 0572.0 FMP -2 e 

1710 +35 0146.0 FST COMt12 e2Sin2 ¢ 
+30 0544.0 FCA ONE m 

1711 t06 0146.0 FSB C9M .. 12 -2 2 
+35 0146.0 FST COMt12 l-e Sin ¢m 

1712 +30 0146.0 FCA COMi12 
t07 0146.0 FMP COMt12 

1713 t35 0146.0 FST COMt12 (1_;2Sin2¢m)2 
t57 2120.0 TRA 2120 Transfer around 

data input. 
21 



COMMAND 
OPFRATION ALPHEBETIC 

LOCATION CODE ADDRESS CODE REMARKs 

2120 -t30 0570.0 FCA -a 
= j2 t07 0570.0 FMP -a 

2121 t07 0556.0 FMP 2 
1'35 0144.0 FST COMtlO 

2122 t30 0544.0 FeA o~ 
t 06 0572.0 FSB e 

-2123 +07 0144.0 FMP COMt1O 
t40 0000.0 ARS 

2124 t35 0144.0 FST COMtlO 2i- (1_;2) 
t30 0146.0 FCA COH+12 Angle A 

2125 +05 0144.0 FDV CON+IO = M 
t07 0100.0 FMP COM 8m C.M 

2126 +07 0154.0 FMP COJv;t20 b1 x 
t07 0162.0 FMP CO}Lt26 Bl x. E 

2127 ",04 0574.0 FAD 1800 (180° 
t35 0150.0 FST COMtl4 t e ) 

2130 130 0136.0 FCA COMt 2 Angle A 
-t04 0140.0 FAD COMth Angle B 

2131 t04 01u2.0 FAD COMt6 Angle C 
tOO 0150.0 FSB COMt14 - ~ 

2132 tOS 0664.0 FDV (THREE) _ 
+3S 0134.0 FST COM = E/3 

2133 t30 0136.0 FCA COMt2 A ... E/3 
i~ 0134.0 FAD COM 

-COMt2 Ai 2134 +35 0136.0 FST • A t E/3 
... 40 0000.0 NOP 

2135 ",30 0140.0 FCA COM4-4 
t 04 0134.0 FAD COM 

2136 +35 0140.0 COM+4 
I 

FST B 
+30 0142.0 FeA COM+6 

2137 +04 0134.0 FAD COM 
t35 0142.0 FST COM+6 C

f 

2.2 
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COMMAND 
OPERATION ALPHEBETIC 

LOCATION CODE ADDRESS CODE REMARKS 

2140 t57 3737.0 TRA PATCH 
+40 0000.0 ARS COM+ 2 

2141 +.35 2600.0 FST 2600 • cXAC 
t30 2036.0 FCA 2036 

2142 +04 0140.0 FAD COM+4 
t35 2602.0 FST 2602 -CXBC 

2143 .,.57 1003.1 TRA PATCH 2 
+72 0037.0 A24A TIC Type 1trs. 

2144 t72 0003.0 TYC A 
+72 0016.0 TYC C 

2145 +57 0244.0 A24 TRA 
t40 2604.0 PZE (CONt t ZO)L(b1 ) 

2146 -tOO 2005.0 CLA 
-31 0201.1 

2147 +77 2145.0 HTR A24 
t72 0037.0 TYC Type 1trs. 

2150 .,.40 0000.0 NOP 
t72 0037.0 TYC 

2151 ... 72 0003.0 TYC A 
t72 0021.0 TYC Z 

2152 1'72 0004.0 TYC Space 
t72 0003.0 TYC A 

2153 t72 0016.0 TYC C 
t57 1012.0 TRA Red. to Deg., Min., Sec. 

(& print) 

2154 ... 57 2700.0 TRA FBOI0 
.40 2600.0 PZE L(Y) Rad. 

2155 .. 57 1016.0 TYC B 
t72 0016.0 TYC c 

2156 ... 57 0244.0 A25 TRA 
t40 2606.0 PZE COMt26 • a1 
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COMMAND 
OPERATION ALPHEBETIC 

LOCATION CODE ADDRESS CODE REMARKS 

2151 tOO 2005.0 eLA 
-31 0201.1 Operation code 

2160 t77 2156.0 HTR A25 
+72 0037.0 TYC 

2161 +72 0003.0 TYC A 
t 72 0021.0 TYC Z 

2162 +72 0004.0 TYC SpsC1e 
... 72 0031.0 TYC B 

2163 +72 0016.0 TYC C 
+,7 1020.0 511 

2164 +57 2700.0 TRA FBOIO Rad. ~ic~eg .,Min, 
thO 2602.0 PZE L(Y) F21 d. 

2165 t72 0010.0 TIC CR 
t40 0000.0 S11 

2166 .... '7 4600.0 TRA FB023 
~40 0,56.0 PZE L(FLAG) Floatin~ Pt.2 

2167 +40 2024.0 PZE L(¢a) 
1'40 2030.0 PZE L( s) 

2170 .... ho 2024.0 PZE L(¢a) 
t40 2030.0 PZE L(Aa) 

2171 t40 0604.0 PZE L~a) Semi Major Axis 
t40 0606.0 PZE L b) Semi Miner Axis 

2172 1'40 2600.0 PZE L~ ~ 
t40 0612.0 PZE L(e~ ) Minor Eco. Sq. 

2173 ~40 2604.0 PZE L(S~ b1 
t40 0610.0 PZE L( e ) /tI1a.j 0'( E, c· Sq_ 

2174 +40 2610.0 PZE L(B2) If/> from A 
t40 2612.0 PZE L(L~ 2612 :: ~ from A 

2175 +72 0037.0 TYC Type Ltrs. 
t72 0003.0 TIC A 

2116 -+72 0016.0 nc C 
+72 0004.0 TYC Space 
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COMMAND 
OPERATION ALPHEBETIC 

LOCATION CODE ADDRESS CODE RE1WU(S 

2177 -+-72 0004.0 TYC SPACE 
t40 0000.0 SLL 

2200 t57 2700.0 TRA FBOIO Rad.~ Deg~min., 
Sec. & Print 

t40 2610.0 PZE L(Y) : 2610..:- ¢c 

2201 +72 0037.0 TYC Type Itrs. 
t72 0014.0 TYC N 

2202 ... 72 Ooou.O TYC Spaoe 
+72 0004.0 TYC Space 

2203 +57 2700.0 TRA FB 010 Rad.~ De:'r. , 
Min.Sec. 

t40 2612.0 PZE L(Y) =Ac 

2204 +72 0037.0 TYC Type Itrs. 
+72 0023.0 TYC w 

2205 +72 0010.0 TYC Carriage Return 
tuO 0000.0 S11 

2206 +57 4600.0 TRA FE 023 
t40 0556.0 PZE L(FLAG) F.P. two 

2207 +40 2026.0 PZE L(¢B~ 
... 40 2032.0 PZE L(AB 

2210 +40 2026 0 PZE L(¢B) 
+40 2032.0 PZE L(AB) 

2211 t40 0604.0 PZE L(a) Semi Maj or Axis 
+40 0606.0 PZE L(b) Semi Minor Axis 

2212 1'40 2602.0 PZE L~B~) 
t40 0612.0 PZE L(e' ) Minor Ecc. Sq. 

2213 t40 2606.0 PZE L(S~ • 81 
t40 0610.0 PZE L(e ) Major Ecc. Sq. 

2214 t40 2614.0 PZE L(B2) = ¢c from B 
t40 2616.0 PZE L(L2) • Ac from B 

2215 .;72 00.37.0 TYC Type Itre. 
t72 0031.0 TYC B 
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COMMAND 
OPERATION ALPHEBETIC 

LOCATION CODE ADDRESS CODE REMARKS 

2216 +12 0016.0 TYC C 
1'72 0004.0 TIC Space 

2217 +72 0004.0 TYC Space 
thO 0000.0 8LL 

2220 t57 2100.0 TRA FB010 Red. to De [- • , 
Min., Sec. & Print 

t40 2614.0 PZE L(Y) = ¢o from B 

2221 t72 0037.0 TYC +72 0031 Type Itrs. 
t72 0014.0 TYC N 

2222 +72 0004.0 TYC Space 
t72 0004.0 TYC Space 

2223 ... 57 2700.0 TRA FBOIO Red. to Deg., 
Min., & Sec. 

t40 2616.0 PZE L(Y) :Ac from B 

2224 +72 0037.0 TYC Type Itr!. 
t72 0023.0 TYC w 

2225 +72 0010.0 TYC Carriage Return 
-71 0000.0 HTR 

2226 t72 0033.0 TYC Type Fig. Deg., Min., 
Sec. 

thO 0000.0 S11 

2221 +57 6715.0 TRA 
+40 [262qJ.0 TZE l?62g Given ¢ of 

Vertex 

2230 ~72 0033.0 TYC Fig 
140 0000.0 SIL 

2231 +51 6715.0 TRA 
+40 2622.0 PZE Given A of Vertex 

2232 +30 2620.0 FCA ¢ G Given 
1'06 2610.0 FSB ¢ G Computed 

2233 t01 0101.0 FMP A¢ X 30 m 
t51 2274.0 TRA 2624 ~~RG 

2234 t 30 2622.0 FCA 2622 A~ Givan +06 2612.0 FSB 2~12 - G Computed 
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C011MMTn 
OPERATION ALPHEBETIC 

LOCATION CODE ADDRESS CODE REMAllKS 

2235 +07 0703.0 FMP 0703.0 
+57 2276.0 TRA 2626 6ER., ~ 

2236 +30 2620.0 FCA 2620 ¢~GiVen 
t06 2614.0 FSB 2614 C7G Computed 

2237 +07 0701.0 FHP 0701.1 
t57 2300.0 TRA 2630 4!1N .From Clarke 

Ellipsoid 

2240 +30 2622.0 FCA 2622 AX G1 ven 
t06 2616.0 FSB 2616 - C7G Computed 

2241 +07 0703.0 fliP 0703.0 
t57 2302.0 TRA 2632 A E From Clarke 

Ellipsoid 

2242 t72 0037.0 Tye Letters DN AC 
DE AC 

+72 0003.0 TYC A 

2243 +72 0016.0 TYC c 
+72 0004.0 TYC Space 

2244 t72 0011.0 TYC D 
+72 0014.0 TYC N 

2245 +12 0004.0 TYS Space 
+40 0000.0 SLL 

2246 +57 0244.0 A TRA 
+40 [2624] PZE [2621±J AN 

2247 +00 2215.0 OCTAL 
-21 0221.0 CODE Type CR 

2250 +77 2246.0 HTR A 
+72 0037.0 TIC Ltrs. 

2251 t72 0003.0 'ITC AC 
+72 0016.0 Tye C 

2252 +72 0004.0 TYC S,ace 
+72 0011.0 TYC D 

2253 +72 0001.0 TYC E 
t72 0004.0 TYS Space 

2254 t~7 02~ 0 B TRA 02~ t 0 (2 26].0 PZE [22rJ 

~7 



COMMAND 
OPERATIfJN ALPHEBETIC 

LOCATION CODE ADDRESS CODE REMARKS 

2255 tOO 2215.0 OCTAL 
-21 0221.0 CODE Type CR 

2256 -77 2254.0 HTR B 
.72 0037.0 TYC Ltrs. 

2257 +72 0031.0 TYC B 
t72 0016.0 TIC c 

2260 t72 0004.0 TIC Spaoe 
t72 0011.0 rtc D 

2261 +72 0014.0 TYC N 
t72 0004.0 TYC Space 

2262 +57 0244.0 C TRA 0244 
+40 [263'fI.O PZE [ 2630] 

2263 +00 2215.0 OCTAL 
-21 0221.0 CODE CR 

2264 +77 2262.0 HTR C 
... 72 0037.0 TYC Ltrs. 

2265 +72 0031.0 TYO B 
t72 0016.0 TYe C 

2266 t72 0004.0 TYO Space 
t72 0011.0 TYC D 

2267 ... 72 0001.0 TYC E 
.72 0004.0 TYO Spaoe 

2270 +57 0244.0 D TRA o2u4 
+40 [2632.2) PZE [?63?J 

2211 +00 2215.0 OCTAL 
-21 0221.0 CODE 

2212 t77 2270.0 HTR D 
+40 0000.0 NOP 

2273 t77 0001.0 HTR 0001 
t40 0000.0 NOP 

2274 +05 0602.0 FDV 
t35 2624.0 FST, 



COMMAND 
OPERATION ALPHEBETIC 

LOCATION CODE ADDRESS CODE REMARKS 

2275 +57 2234.0 TRA 
+40 0000.0 ARS 

2276 to, 0602.0 FDV 
t35 2626.0 FST 

2277 "'57 2236.0 TRA 
+40 0000.0 ARB 

2,300 +0,5 0602.0 FDV 
+35 2630 .. 0 FST 

2301 +57 22ho.0 TRA 
+40 0000.0 ARS 

2)02 +05 0602.0 FDV 
+-35 2632.0 FST 

230) +57 2242.0 TRA 
+40 0000.0 ARS 
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PATCHWORK PRac LOC. 07501:0 1025 
CCIIMAlfD 

OPIBA'fiClf ALPBEBE'I'IC 
LOCATIOR CODE ADDRESS CODE REMARKS 

0750 +30 2060.0 PeA 2060 D From graph 
+07 (0666.0) ft(P 1.000325 

0751 +05 2104.0 PDV n (2104) 
+35 2114.0 JIST 

0752 +30 2102.0 rcA 2102 • 8m 
+06 2114.0 lSB 2114 -D 

0753 +05 2106.0 PDV n1 (2106) 
+57 1000.0 TJIA PATCH 

0754 +72 0037.0 fie I1l'RS 
+72 0011.0 TYC D 

0755 +51 0244.0 TRA 0244 
+40 2114.0 PLE (2114) L (D) 

0756 +00 0201.1 
-31 0155.0 

0757 +17 0755.0 ll'l'R 
+57 1002.0 TRA 

0760 +72 0033.0 ftC nG 
+72 0027.0 ftC 1 

0761 +57 0244.0 TRA 0244 • +40 2116.0 PZE (2u6) L (D ) 

0162 +00 2005.0 
-31 0220.1 

0763 +77 0761.0 HTR 
+57 1706.1 TRA 

076~ +35 2604.0 rsT 2604 
+30 0162.0 PeA C<H+26-a1 

0765 +35 2606.0 J'S'.r 2606 
+57 2143.1 TRA A24A 

0766 +60 1354.0 STO B1 
+57 1350.1 TRA Al 

0767 +60 1363.0 8'l'O 1.0 
+57 1363.0 TRA E.'O 

30 



PATCHVlORK CON' T 
COMMAND 

OPERATION ALPHEBETIC 
LOCATION CODE ADDRESS CODE REMARKS 

1770 -60 1405.0 STO B.O 
-57 1401.0 TRA START 

07n -60 1525.0 STO Gu 
-57 1521.0 TRA G3 

0772 -60 1534.0 STO 07 
-57 1533.1 TRA G6 

0773 -00 0631.0 CLA K2 Reset L(R.l) 
-60 1405.0 S1'O B.O 

0774 -57 1413.0 TRA 
-40 0000.0 NOP 

0775 -30 0134.0 FCA COM 
-07 0100.0 FMP SUM 

0776 -04 0110.0 FAD SUM-10 
-35 0110.0 FST SUM-10 

0777 -57 1432.0 TRA 
-uO 0000.0 NOP 

1000 -07 0666.0 FMP 1.000325 
-35 2116.0 FST 2116 

1001 -57 0754.0 TRA 0754.0 
-40 0000.0 NOP 

1002 -72 0037.0 TYC Ltrs 
-72 0011.0 TYC D 

1003 -57 0760.0 TRA 
-30 0154.0 FCA 

1004 -57 0764.0 TRA -180 
-40 0000.0 NOP 

1005 -35 0156.0 FST COM-22 
-06 0574.0 FST 

1006 -51 1007.1 TMI 
-06 0514.0 FST Q -180 

1007 -35 0156.0 FST COM-22 
-30 0156.0 FCA COM-22 

3 I 
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PATCHWORK CONzT 
COMMAND 

OPERATION ALPHEBETIC 
LOCATION CODE ADDRESS CODE REMARKS 

1010 -57 7037.0 TRA Q 
-40 0000.0 NOP 

1012 -72 0004.0 nc Spaoe 
-30 2600.0 TPL 2154.0 

1013 -52 2154.0 FAD 
-04 0574.0 FAD 

1014 -04 0;74.0 FS'l' 
-35 2600.0 FST 

1015 -57 21.54.0 TRA 
-40 0000.0 Nbp 

1016 -72 0010.0 TIC OR 
-57 1024.0 TRA 

1017 -57 2155.1 TRA 
-40 0000.0 NOP 

1020 -72 0004.0 TIC Spaoe 
-30 2602.0 FCA 

1021 -52 2164.0 TPL 
-04 0574.0 FAD 

1022 -04 0574.0 FAD 
-35 2602.0 FST 

1023 -57 2164.0 TRA 
-40 0000.0 NOP 

1024 -72 0037.0 TYC Ltrs. 
-72 0031.0 TIC B 

1025 -57 1017.0 TRA 
-40 0000.0 

3730 -72 0033.0 '!'YC figs. 
-30 0670.0 FCA -1 

3731 -35 0672.0 FST CONST 1 
-35 0674.0 FST CONST 2 

3732 -00 0676.0 eLA 
-71 7761.0 RDY - or -



PATCHWORK CON'T 
COMMAND 

OPERATION ALPHEBETIC 
LOCATION CODE ADDRESS CODE REMARKS 

3733 -03 0677.0 
-50 3735.1 TZE 

3734 -34 0672.0 FCS CONST 1 - Float 2 
-35 0672.0 FST CONST 1 

3735 -57 3753.0 TRA 
-34 0674.0 FCS CONST 2 - Float 1 

3736 -35 0674.0 FST CONST 2 
-,7 3753.0 TRA 

3737 -30 0136..0 FCA Ai 

-07 0674.0 FMP CONST 2 

3740- -35 0136.0 FST AI 

-30 0140.0 FCA Angle B 1 

3741 -07 0672.0 FMP CONST 1 
-35 0140.0 F$T w 

Angle B 

3742 -30 2034.0 FCA AB 
-04 0136.0 FAD At 

3743 -51 3744.1 TMI 
-35 2600.0 FST AC 

3744 -57 3746.0 TRA Out 
-04 0574.0 FAD 

3745 -04 0574.0 FAD 
-35 2600.0 FST AC 

3746 -30 20)6.0 FCA 
rBA 

-04 0140.0 FAD B 

3747 -51 3750.1 TMI 
-35 2602.0 FST 

3750 -57 2143.0 TRA Out 1 
-04 0574.0 FAD 

3751 -04 0574.0 FAD 
-35 2602.0 FST 2602 

3752 -57 2143.0 TRA 2143.0 
-40 0000.0 NOP 

33 
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PATCHWORK CON1T 
COMMAND 

OPERATION ALPHEBETIC • LOCATION CODE ADDRESS CODE RmARKS 

3153 -72 0010.0 TYC CR 
-57 1350.0 TRA 1350 

3154 -00 1701.0 CLA X12A 
-01 0625.0 ADD TWO. b)8 

3755 -60 1107.0 sT¢ X12A 
-57 1371.1 TRA F'l (compute line BC) 

3756 -00 0700.0 CLA K(X12A) 
-60 1701.0 STO X12A 

3757 -57 1727.0 TRA 1727.0 
-40 0000.0 NOP 

34 



CONSTANTS 

0500 -44 0000.0 288 
-00 0000.0 

0,01 -00 0000.0 
-00 0004.1 

0502 -40 3413.1 
-14 7700.0 0.00198 

0503 -00 0000.0 
-00 0004.0 

0504 -52 0304.1 
-33 5136.0 5.256 

050, -00 0000.0 
-00 0001.1 

0506 -73 6570.1 
-24 7737.0 

0507 -00 0000.0 
Po·29D921 

-00 0002.1 

OSlO -60 06h7.1 
-37 7311.1 0.000367 

0511 -00 0000.0 
-00 0005.1 

0512 -40 0000.0 
-00 0000.0 32 

0513 -00 0000.0 
-00 0003.0 

0514 -61 0600.0 
-00 0000.0 1571 

OS15 -00 0000.0 
-00 0005.1 

0,16 -50 1400.0 
-00 0000.0 Q = 643 

0517 -00 0000.0 
-00 0005.0 

1 
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CONSTANTS 

0,20 -51 4423.0 
-00 2352.1 log = 5.'S 1959 

0521 -00 0000.0 
.00 0001.1 

0522 -42 1000.0 
-00 0000.0 273 

0523 -00 0000.0 
-00 0004.1 

0524 -70 ,000.0 
-00 0000.0 4?3 

0525 -00 0000.0 
-00 0004.1 

0526 -50 0000.0 
-00 0000.0 10 

0527 -00 0000.0 
-00 0002.0 

0530 -62 2666.1 
-24 3702.0 8 = 3.1473172 

0,.31 -00 0000.0 
.00 0001.0 

0532 -60 3714.1 
-50 0355.0 b = 0.00295944 

0533 .00 0000.0 
-00 0004.0 

0534 -66 7377.1 
-67 3607.0 R :II 0.oo04lfl398 

0535 -00 0000.0 
-00 0005.1 

0536 -61 0762.0 
-05 4163.1 d : 0.000 000 182 992 

0537 -00 0000.0 
-00 0013.0 

2 
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CONSTANTS 

0540 -54 2034.0 
-73 3220.1 e = 0.000 000 082 435 

0541 -00 0000.0 
-00 0013.1 

0542 -62 6315.0 
-6, ,205.1 25.40005 

0543 -00 0000.0 
-00 0002.1 

0544 -40 0000.0 
-00 0000.0 

0545 -00 0000.0 
-00 0000.1 

0$46 -75 0220.0 
-00 0000.0 

6 

0547 
10 • 1,000,000 

-00 0000.0 
-00 0012.0 

0550 -44 7500.0 
-00 0000.0 4730 

0.551 -00 0000.0 
-00 0006.1 

0352 -71 3400.0 
-00 0000.0 459.5 

0553 -00 0000.0 
-00 0004.1 

0554 -41 6440.0 
-00 0000.0 86.58 

055.5 -00 0000.0 
-00 0007.0 

0556 -40 0000.0 
-00 0000.0 2 

0557 -00 0000.0 
-00 0001.0 

3 
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CONSTANTS 

0,60 -44 4610.1 
-00 0000.0 V :I 299793 

0561 -00 0000.0 
-00 0011.1 

0562 -ho 0000.0 
-00 0000.0 4 

0563 -00 0000.0 
-00 0001.1 

0,64 -60 0000.0 
-00 0000.0 2h 

0565 -00 0000.0 
-00 0002.1 

J566 -72 2500.0 
-66 3146.1 3822,599.4 .:. r 

0567 -00 0000.0 
-00 0013.0 

0570 .60 5226.1 
-60 0000.0 

1I :t 6,378,206 
0571 -00 0000.0 

-00 0013.1 

0572 -67 3456.0 
-71 3756.0 _2 

e • 0.006 768 658 
0573 -00 0000.0 

-00 0003.1 
J 

0,74 -62 2077.0 
-52 42h4.1 1800 = to 8 decimal 

p1aoes 
0575 -00 0000.0 

-00 0001.0 

0516 -44 6566.0 Base 10 to Bsse e • 2.3025850930 
-67 3553.0 

0577 -00 0000.0 
-00 0001.0 

0600 -00 0000.0 
-00 0000.0 

4 
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CONSTANTS 

0601 -00 0000.0 ZERO 
-00 0000.0 

0602 -SO 5263.0 
" -62 4513.1 Sin 1 to 10 decimal places 

0603 -00 0000.0 
-00 0010.1 

0604 -60 5226.1 
-63 1463.0 

a = 6,378,206.4 Semi major axie 
0605 -00 0000.0 

-00 0013.1 

0606 -60 3763.0 b = 6,356,583.8 Semi minor axis 
-76 3146.1 

0607 -00 0000.0 
-00 0013.1 

0610 -67 3456.0 
e2 = 0.006 768 6580 -71 3616.1 

0611 -00 0000.0 
-00 0003.1 

0612 -67 6472.0 e
l2 = 0.006814 7849 

-74 4313.0 

0613 -00 0000.0 
-00 0003.1 

0614 -00 0000.0 
-00 0016.1 Binary Scale of 29 Use this for 

(b2910 • b358 all input 

0615 -00 0000.0 
-00 0000.1 1 at a binary soale of 39 

0616 -00 0000.0 
-00 0001.0 1 at a binary scale of 38 

0617 -00 0000.0 
-00 0004.0 Variable 4 @b38 

0620 -00 0000.0 
-00 0004.0 Reset 5 @ b38 

0621 -00 0000.0 
-00 0006.0 Variable 7 @ b3B 



CONSTANTS 

0622 -00 0000.0 
-00 0006.0 Reset 6 @b)8 

0623 -00 0002.0 
-00 0000.0 Stepp1ni 2 1b18 

0624 -35 2014.0 
... 00 0617.0 K(Bl) Reset Command 

at Loc. Bl 

062, -00 0000.0 
-00 0002.0 Stepping by 2 @b38 

0626 -57 671.5.0 
-40 2024.0 l(E.l) Reset 

Command at Loo E.O 
& E.l 

0621 -00 0000.0 
-00 0003.0 Variable 3 @b38 

06)0 -00 0000.0 
-00 0003.0 Reset @ b38 

0631 -45 0000.0 
-35 2000.0 K(lB.O & lB.l) Reset Command at 

Loe lB.l 

0632 -00 0000.0 
-00 0011.0 Variable 9 @ b38 

0633 -00 0000.0 
-00 0011.0 Reset 9 @b38 

0634 -35 2040.0 
-00 0632.0 K(G4.0) Reset 

Command at Loc. G4. 
or 04.1 

0635 -57 6715.0 
-40 2064.0 K(07.14 Reset Command at Loo. 

G. 7. or 07.1 

0636 -50 0000.0 
-00 0000.0 

0637 -00 0000.0 
-00 0001.1 

6 
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CONSTANTS 

0640 .. 44 0000.0 
-00 0000.0 9 

0641 -00 0000.0 
-00 0002.0 

0642 -00 0000.0 
-00 0002.0 Variable 2 1b38 

0643 -00 0000.0 
-00 0002.0 Reset 2 Clb38 

0644 -07 2054.0 
-35 0134.0 K(Xl.O) Reset Command at Lac Xl.O 

&.11 

0645 -35 2110.0 
-30 20,0.0 K(X2.0) " X2.0 & X2.1 

0646 -35 0134.0 
-30 2044.0 K(X3.0) " X3.0 & .1 

0647 -06 20,0.0 K(X4.0) " 14.0 & .1 
.07 0134.0 

06,0 -35 0134.0 K(XS.O) " X5.0 & .1 
-30 2050.0 

0651 .04 2044.0 K(X6.0) " X6.0 & .1 
-35 0134.0 

06.52 -04 0544.0 K(X7.0) " X7.0 & .1 
-35 2104.0 

0653 -07 2060.0 K(XB.C) " x8.0 
-0$ 2104.0 

0654 -04 2022.0 K(X9.0) If 19.0 
-35 2114.0 

0655 -00 0002.0 Stepping 2 @ bI8 & b38 
-00 0002.0 

0656 -57 0244.0 K(XlO.O) Reset Command at Loo. 
-40 2104.0 110. or .1 

0657 -57 0244.0 K(Xll) " Lao III 
-40 2106.0 

0660 -00 0000.0 Variable 2 TWO.) for Big Loop @b38 
-00 0002.0 

7 



CONSTANT 

0661 -00 0000.0 
-00 0002.0 Reset 2 for Big Loop @ b38 

0662 -40 2010.0 
-40 2600.0 K(X12) Reset Command at Loc X12 

0663 -40 2012.0 
-40 2602.0 K(X13) " Xl3 

0664 -60 0000.0 
-00 0000.0 3 

066, ,-00 0000.0 
-00 0001.0 

0666 -40 00.52.1 
-31 1414.0 1.000325 Index of Refraction 

constant for the Union of South 
0661 -00 0000.0 Africa 

-00 0000.1 

0670 -40 0000.0 
-00 0000.0 FP. 1 for oonfiguration 

0611 -00 0000.0 
-00 0000.1 

0672 -00 0000.0 
-00 0000.0 CONST 1 

0673 -00 0000.0 
-00 0000.0 

0674 -00 0000.0 
-00 0000.0 OONST 2 

067, -00 0000.0 
...()O 0000.0 

0616 -02 0000.0 
-00 0000.0 Fixed 2 

0677 -00 0000.0 
-00 0010.1 Code Word 

0700 -40 2114.0 
-40 2016.0 

8 
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CONSTANTS 

0701 -75 5217.0 
-34 1217.1 

0702 -00 0000.0 
-00 0002.1 

070) -60 3024.0 
.... 72 7024.1 

0704 -00 0000.1 
-00 0002.1 

9 


