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5
HOUR MIN ALT AZIMUTH
1k 56 -005.19161 064 .90076 oo
14 58 -00k . 8LL 37 065 .2080h .
15 00 -00h  hob2k 065.51421 -
15 02 -00% . 14722 065.81927 =
15 ok -003.79733 066.12%23%
15 06 -003. 44661 066 .42616 1524700000229¢1 *
15 08 -003.09505 065.72806 1524800000229 3w
15 10 -002.Th267 067.02895 152k900000229qq’
15 12 -002.38948 067.%2888 152500000022r03 !
15 1k -002.03550 067.6278% 152510000022 2f *
15 16 -001.68074 067.92585 152520000022r48
15 18 -001.32520 068.22297 152530000022166"
15 20 -000.96891 068.51916 152540000022r84
15 22 -000.61187 068.81450 152550001q221f2"
15 24 -000.25409 059.10898 1525600042221 30"
15 26 000.10442 069. k40262 152570006722fkq "
15 28 000.46354 069.69546 152580008 j22f w3
15 30 000.82%55 069.98750 15259000g122g1f '
15 32 001.18418 070.27879 15260000k522g%8
15 3k 001.54547 070.569%3 15261000wf22¢g56 "
15 35 001.90T744 070.85912 152620011w22gTh!
15 38 002,27006 071.14823 152630014422¢92¢
15 4o 002.63334 0T1.43664 152640016822gg0"
15 ko 002.99725 071.724%0 152650018k22g3q "
15 N 003.36179 072.01152 15266001g222gqJ !
15 46 003.72695 072.29803 15267001k 72240F
15 L8 0ok . 09272 072.58395 15268001wg22j28"
15 50 00k . 45909 072.86926 152690022022 3461
15 52 004 .82604 073.15406 152700024522 364
15 sk 005.19%57 07%.43828 1527100267223821
15 56 005.56167 073.72203% 152720028w22jf0"
15 58 005.93032 07k .00527 15273002g322jgq '
16 00 006.29953 0Tk . 28805 15274002k822 5k 3 *
16 02 006 .6692% OTh.57042 15275002wk22 jwf !
16 ol 007.03948 07k .85239 1527600%2222k18"*

Fig. 4 - Hourly Summary Sheet

Fig, 5 - Printout

of control tape

Words corresponding to the times for which these computations are made are then syn-

thesized and the results are printed on a summary sheet (Fig. 4).

The central thirty 2-min intervals are further interpolated to 6-sec intervals.
Negative altitudes are replaced with zeros, and time groups are synthesized. The com-
puter then punches the output tape. A print-out of a portion of the output tape is shown

in Fig. 5.

Figure 6 is a block diagram of the program. It is simply a summary of the processes
involved in the program and in no respect constitutes a flow diagram. The complete coding
and flow diagrams are given in the Appendix. Table 1 summarizes the operating times for
various portions of the program. As can be seen, the program is capable of producing an
hour of tracking data in less than an hour.
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CONCLUSIONS

It would appear that an accurate and flexible axis converter for an altitude-azimuth -
mounted radio telescope would consist of a digital computer and a digital servo reading the [
output tape of the computer under the control of a clock. It has been demonstrated that s
even a small general-purpose digital computer is capable of providing control information.

A program for tracking the moon, one of the more difficult conversions, can be run on an
LGP-30 computer at speeds in excess of real-time requirements. Studies on the theory
of a digital servo are now underway, and no unusual difficulties are anticipated.
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Subtract the contents of nnnn from the
contents of the accumulator, placing
the difference in the accumulator.

Transfer control to nnnn if and only if
the quantity in the accumulator is
negative.

Transfer control to nnnn,

Replace the address portion of the
word in nnnn with the address portion

of the contents of the accumulator.

Stop.

The program utilizes several subroutines. Coding and flow diagrams are given
below for the interpolation and punching subroutines. The other subroutines are standard
ones available from the Royal-McBee Corporation. Their initial locations are tabulated

below.

SUBROUTINE INITIAL LOCATION

Data Input #3 4000
Data Output #2 4300
Sine-Cosine 4600
Arc Tangent 4700
Alphanumeric 4800
Arc Sine 4900
Square Root 5000

Figures A-la through A-3 are flow diagrams for the main program and for the inter-
polation and punching subroutines. Figures A-4 through A-7 are copies of the coding for
the processes outlined in the flow diagrams.
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INITIALIZE SIN 8C0S _ 120 ARC
OF LAT SuB .
CTR & TRIG fosh r—l=| 1148 TAN
09 48 | COMPUTE SUB
: AZ*
i ¥ I 1218
1008 |
! COMPUTE SIN-COS
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| l 1025 |
| SET-UP -1 |
L | | 1027 |
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OF DEC SuB |
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0958 [
7
| 103 sa. RT. l
N ) M- suB |
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3

Fig. A-1d — Moon track — flow diagram continued
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0500 000rk008 *ulk000 *bOTC0 'h6300 'bOTOL *h6301 'b0T02 th6302 "
0508 000b6300"y0548 'a0T703 'y05hs 'alT03 'yO5kl 'a0703 'yO542
0516 000a0703'y0552'a0703'y0550 'a070% 'y0560 'a0703 'y055T"
052l 00020703 'y0555 'a0T703 *y0608 'a07C3 'y0606 'al703 'y 060U !
0532 000a0703 'y0602 'b6301 'y0549  a0T0U *y055% 'a 070 'y 0601 !
0540 00Ca0T704 'y0609 FHOCO0 'm08C0 *a0000 'mH801. 'a0000 0801
0548 00020000 *h0C00 'HOCO0 *mG8O1 20000 'mO8I1 'hO000 "HO00
0556 000mOBJ1 *20000 'mO801 *h6363 *HOG00 F£0600 'ab363 'u060L '
0600 00086363 'h0000 'bOO00 'mO300 'a G000 'm0B801 *a0000 'm0801 '
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0616 000nE300 *b6301 '20703  'h6301 'u0508 ' ri800 'ukB00!
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0628 00Ork008 'uko00 "bOTO8 hE300"
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0548 00020703 'u0636 'bOT02 'h6300 *b0T10 Y0662 'HOTOL 'y0659
0656 00020711 "y0658 'H0000 * 50000 'd0803 F 50706 thO000 0716
0700 00023000 'z2000'z0031 20001 20032 '+ !

0708 00020063'23532'23632"' 20132 123500 ' 26363 * 23701 F 0002
0716 000b6300's0T03't0726 *h6300 "b06E2 *a 0703 'y0662 ' b0b59 !
0724 0008070310655 'bOT10 'yOTLT 'y0T752 20703 'yOT751 'b0OT12 "
0732 000y0750'3632 ' t0TEO ' s080k 0742 'b0BUS 'hé363 'uOTsT!
0740 00020806 't0T4S5 'b0O8OT 'hb363 "u0THT 'e6363 16363 'H0000 "
0748 0008636356363 '0000 'bO0OA ' s0000 10760 's080T '£0816 !
0756 000b6363 180807 'h6363 0816 '16363 " s0807 1h6363 w0816
0800 01k7fqil'02222222' 20000000 '22222222"

0804 34800000 '5£000000 25800000 F2k000000

0808 L000C000 00800000 ' OwwO0000 ' 10000000 !

0812 000wWwWO00 *00100000 F00000WWO 00001000

0816 000bOTYT'a0T03 'yOTHT 'y0T752'20T703 *yOT51 'e0713 071k !
082k 000t0826 'u0830 'b0750'a0703 'y0T750 'u0ThT ' rh800 'ul800"
0832 2008TE4f '0jhr6158 10628k TT 221 Fhf2r !

0836 06624652' 11062232 0664621 *Uf2a20vg !

0840 000P0000 10000 ' ¢0900 'pO00O *10000 *c0901 'ri800 'uli800 !
0848 20085r62'723263506 ' 12465224 ' 20202020 ' 10624652

0853 1£303£22'32307203 'S£307202'223F5251 1620820vq !

0858 000r5T700 'u56001Z0030 'u09081 ¢!

0902 000z010k4 'z003k ' 22028122700 ' 20200120100

0908 000b0901 'y0915 'bOT01 'y0916 *bOT15 *ho862 'h0B863 'b0000 !
0916 000h0000 ' r5800 fu5650 0863 's0T03 £0930 Th0863 1b0915
092l 00080703 'y0915 'b0916 '20860 *y0916 'u091s 'b0EE2 ' sOT03!
0932 000t0942 'h0862'b0915 'a0860'y0915 *b0916 120302 'y0916'
0940 000bOTL5 *u091k 'b0903 *h0863 'HO90k 'y1008 0305 'y1110*
0948 000u1000 00863 50703 +122k 'u0954 'a0703 'y1008 01110
0956 00080703 'y1110'u1008'1h0863'H1008u0953" "

Fig., A-4 — Moon track coding
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1500 000bl358's0703'11358'41521 0135950703 'h1359 11528
1508 000b1360*s0703'h1360t1535 'b1310'a0703'y1310 y1317"
1516 00021139 'y1329's0907 'y1325 'ul255 'b1350'y1333 'b1258"
1524 00020703 'y1258 'y1301 'ul50k4 1258 140703 'y1258 'y1301 !
1532 000b1351'y1333'ul1508 'rk800 'ulB00!

1537 20202020'1018717j 22556162 06554606

1541 425232671 16206514t ' 3206TE s '6Th63228

1545 7065411 '463r0618 32467308 1202020vq !

1549 00CH0905 *y155% 'y1556 'b0906 'h6300 *b0000 'm1 Ltk !

1556 000h00C0 'b6300 *s0703 '£16C2 'h6300 'b1554 120703 'y1554 !
1600 000y1556'ul554 'b1352y1613'a0907 tyl617 's1139 'y1621 "
1608 000b1353'h1356 'r5700 *u5600* 20020 'b0000 Th2g20 ' 15800
1616 000u5650 "bO000 'h29kd 'r5800 15650 'b0000 'al362 th1357
1624 000b1354 *h6300'01355 'y1630 01663 'y1632 0000 'al357 "
1632 000h0000 'b6300's0T0% '+164k4 'h6300 *b1630 'a0703 'h1630"
1640 000b1632'a0703h1632 1163001663 'y1654 121662 'y1657!
1648 00021662 "y1lT700*bl354 *h1661 'pl631 20000 'H0000 ' 11930
1656 000u1900 'b0000 'ul732 '20000 ' 20000 * 20000 ' 20020 ' 22900
1700 000BO0OO 'r1930'w1900 'p35246 01661 's0703 +1716 ' h1661"
1708 000b1654'a070% 'y1654 'al662 y1657 *a1662 ' y1 700 ' u1652"
1716 000b1356'sCT703'+1728 'h1356 161320703 y1613 120907
1724 000y1617's1139 'y1621'u1613" 20000 'u0830" ' *

1732 000tL736'r1930 "u1900'ul700 51958 ulT33"

1800 00000000 '0800 #1000 1800 '2000 *2800 #3000 '3800 *4000 ' 4800
1810 00008000 *8800 '9000 '9800 '£000 '£800 ' g000 ' gB00* jOO0 ' 3800

1900 000h1959%el937'ml938'al193%9 'h1905 1200001959 'e1gk3"
1508 000m19kk 'a1045'h1911 '20000 51959 'elo%9 'mlg50'al951 "
1916 000h1917 20000 '01959'e1955 'ml1956 'al957 *hl923 ' 20000
152k 00051959 1561 'ml962 'a1963 *h1929 * z0OCQ 'u0d00 !

1937 78000000 ' CO00H000 'p02L1 !

1643 07800000 'COCHI000 'pOZkT?

1949 00780000 ' COLGOC00 'po253"

1955 00078000 '0k000000 'p0259

1961 00007800 40000000 'p0201 "

Fig. A-6 — Moon track coding continued
and punching subroutine coding








