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Abstract

This thesis describes the research and-development of the
computerized fire control system for the 76/50 gun agaiﬂst surface
targets. TFaster and more precise solutions are obtained from a new
ballistic fire control algorithm using computer numerical iteration
method. The system functions include target tracking, sight deflection
predicting, range predicting, with autometic corrections for environment
effects, e.g.,wind speed, wind angle, air temperature, etc. A published
paper, "An Improved Counting and Direction-Sensing Circui; for N/C

System'', which give higher resolution by twice than that of an earlier

design, is presented and also applied to the system.
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MICROSCFT TASC
M 2.0, 10/7/81
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1931 MICROSOFT

SOURCE FILE? GUNZ. 1K ] -

ORJECT CODE FILE:
(DEFAULT GUNZ2.1E.ORIY?

Y- MEMORY USAGE:
' " DEFAULT CONFIGURATIONT? M -

ALTERMNATE CONFIGURATION:

ADDRESS FOR LIERARY:
IDEFAULT 2051)7 £1000

ADDRESS FOR FPROGRAM:
INUMRBER. "HGR17, "HGRZ',
OF DEFAULT END OF LIBRARY)?Y

ADORERS FOR VARIAGRBLES:

(DEFAULT ENMD OF FROGRAM) 7

LIBRARY OCCUFIES 4076 - 8108
FRGGRAM BEGINS AT 8109 ]
VERIAELES BEGIN AT END OF FROGRAM

! ARE THESE ADDRESSES CORRECT? Y
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QFT1I0NS:
DEFAULT CONFIGURATIONT N

COMFILATION LISTING:
(DEFAULT YES)T N

FAUSE ON ERRORS:

(DEFAULT YES) 7Y

INTEGER ARITHMETIC:
(DEFAULT YESY? N

INTEGER CONSTANTS:
CADEFAULT YES) Y M

RESUME /DERUG CODE:
(DEFAULT N 7

¥¥#EEFPEGIMNNING FASS 1

#EEEFREGINMNING PABSE 2

*¥%##CODE GENERATION GOMFLETE

COMPILATION INFORMATION AND LINE NUMBER
REFEREMCE TABLE?T N

HEEERCOMFILATION COMFLETE
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CORRECTION MODE
: DETECTION MODE

ACTION MODE

: LOCK MODE
: SPOT MODE
Lﬁannduﬂsxaﬁ MODE tﬂ%auﬁ:tijé MODE Suﬁbﬁ. uszgunsadsy MODE la
ynia8IANBINTS Tnunﬂénmduﬂszaﬁ MODE fiu q

(i) Correction Mode

uﬂanﬂdu CORRECTION w%s. CM fiszizng Correction mode Tansanmaz-

ar

wasuldugae &

The

CORRECTION MODE

1. PROJECTILE VELOCITY = . 26@¢¢ FT/SEC

2. PROJECTILE WEIGHT = 13.¢5 LBS

3. AIR DENSITY = 1.2¢34 KG/CU.M
4, AIR TEMPERATURE = 59 DEGREE F

5. WIND SPEED = @ KNOT

6. WIND ANGLE = / @# DEGREE

7. PREPARATION TIME (TP) = ¢ SEC

8. TIME = HH/MM
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(ii) Detection Mode

\flanmju DETECTION nds DM fiazizng Detection Mode Tassennasz ildsu
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DETECTION MODE

1. FIRST. TARGET DISTANCE = ? YDS *
2. SECOND TARGET DISTANCE = ? YDS *
*** LATEST TARGET DISTANCE = ? YDS **%
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(iii) Action Mode
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RESTRICTED 0P 861
| (SECOND REVISION)

RANGE TABLE -
_ (SURFACE . TARGETS)
FOR -
3-INGH 50-CALIBER GUN

2600 F. S. INITIAL VELOCITY =~
13.05-Lb. A. A. PROJECTILE MARK 27
13.07-Lh. A. P. PROJECTILE MARK 29

19 MARCH 1947

This publication is RESTRICTED and shall be sataguarded in accordance with the
security provisions of U. §, Navy Regulations, 1920, Article 76.
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H EXPLANATORY NOTES
1. This roenge table is applicadble to 8. Column ll*gives tho urreqh'on renge
3-1nch %0 caliber guus tiring the folloving of a 1 pound changy in wveight of projectile,
projectiles: the charge remaining the same.
(a) AA Mark 27 vith roint detonating 9. The standard air donaity at the sur-
ur mechunical time fuzes, face of 1,203%4 kg. per cubic weter, used in
tas computation of this range tablg,
Standard voight ....... 13.05 1bs. corrosponda to a temperature of 59 F., &
length ................ 3.93 callbers baromstric pressure of 29.53% .inches, and a
. bumidity of 78 percent. The effuct on range
{v) AP ¥ark 29 due to variation from the standard density
. is given in Column 12 which is properly
slandard welght....,... 13.07 1bs. entered with ballistic density. R

{ength ........o.0ii... 8,05 calibers
j ? 10. When ballistie density iz not avallable

The AT projectile Mark 29 undershoote but surface temperature and pressure are
e range table L.y 0.3 times Column known, renge corrections ‘corfesponding to an
2. average ballistic density may be obtained

from Pigure 1.

. Tnis tadle is prepared for 2600 r.s., .
11. Column 12 also gives the effect on

th. expu:ted average velocity over the 1life

ol the gun. The nominal initial velocity range of & 10 percent variation in the
{5+ & nev gun vith 90° pouder is 2700 .8, ballistic coefficient. An increase in
Velocity losa due ts guh wear und changes ballistic coefficient Aincreases the range.
in powder temperature ray be obtained from
the ercslon data given rerein. A decroane : 12, Column 12a gives the effect on range
in povder temperaturc docrecases the velocity. - of & varlation of 10°F. from the standard r
temperature. A change in air temperature ~
3. A oallistic coefficlent of 1.482 with has tvo distinct and unrelated effects on the
Lo Arny G35 resistence function was used in air. In combination with barometric chang
cunputing the range table. - it changes the density of the air, and also
’ . it changes the elasticity of the air. The
4. Columns 1 to 8 give the elements of effect given in Column 12a is that due to a
the stendard trejectorivs. 1In computing change in elasticity and is in addition to
Lhese elements 1t vas assumed that the gun the offect of any change in density. .The
trunnion® snd target are in the horizontml - . effect of a changs in air temperature may be
plan: tengent to the earth's surfacoe at the obtained wvith sufficient accuracy by entering
. Bun. Column 12a with the dirference between
* measured and standard air température at the
5. Colwnn 2 15 the elcvation of the gun surface, Standard air temperature at the
Y1ilh resp=ct to the boarizonusl plane. Tre surface is 59° p,
Neval Prcving Grouna r'irings upon which this
teple 13 based rndicsle ihat tpe apgle nf 13. Columns )3 and 16 give the effects of
; duparture Aattfer: frow Lhe angle of eleva- 4 10 knot balliatic wind. Whon, however, no
‘ tion by 11.4 mlnutes, i.0.. the projectile measured or estimated balliastic wvind 1s
+ &pparently leaves the gun at an angle 11.4 availudble the surface true wind is used 1in
minutes less than the anglo of elevation. entering these columns.
" This was takv.. into account in computing the
Yange table and no corrections are nocessary, 14, Column 19 shovs hov much the point of
impact is raised or lovered on & vertical
6. folumns 10-to 19 give the differential screen by raising or lovering the sight bar
effuels due 1, veiationn from standard con- 100 yards, the actusl range remaining fixed.
ditions. In these columns the elfects are
pruportioral tuv the variations. For example, 15. The ohange 1in rango due to a variation
the effect on renge of & 19 ¥not vind le of 1 minute in the angle of elevation may
tebulated in Column 13.,. The effect of a be deduced from Column 2b.
7V ¢not wind ovy ve obtained by multiplying .
the tebular velues by 2, 16. The standard. air density aloft and in-
formation concerning the preparstion of
7. Column 10 may be used te determine ballistic density and ballistic wind are given
the change 1u range Que to elther plus or in Bureau of Aeromautics publiocation, RAVAER-
Linus variations in i1nitial velocity. 50-110R-26, Instructions end Tables for Making.

RI'STRICTED 1
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Ballistic Density, . in
B Yaxrds
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17. #tasod on Faval Froving Orcund iiring,
the averdge patterns and thsir pocn erroms 4000
are gia in the folloving table. Pattern
airos 1 yary considorably froa salvo t2 6000

Sulvo, PRt In & long series of firines ehout
608 of . 8000
lib.Ltl{'

tterps vill 1ie vithin'the
tablished by the mean error. For -
exaple,(at 6000 yards ranzo under Prov : 10000
Oround - genditions ebout -of the G~ro :
.pan.ernz Jwill lie batvesn 60 and 140 yasds. 12000

i
A Y

Y

12 Rovi,.

< fowde € Rounds *:_nuund-
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60430 100440
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OP 861 (Second Revision)

(AR '50-CALIBER GUR
£ . k:.MANGF IN_ ‘ DANGER
A EALNEGVLAE'I ‘o an ANuLE }imr SIREKING :‘;‘tci MAX I
ANGLL Of ELEVATION FOR 100 YDS. of of velociTy | oRirt TAGET  fonuinale
‘ INCRUASE bt Fiond “0 T
IN RANGE - HIGt
) ? 2a 2t 3 : LY [ ] 7 "
Yards ° v Rinutes Ninotes v Secancs f. S, Yards Yargs Toet
1000 38.3 38.3 3.0 29 1.0% 2265 .2 1000 8
1100 41.3 7| u1.3 3.0 33. 1.37, 2232 . 1100 9
1200 4y .3 L 3.1 37 1.§o 2230 g . 1200 10
lgoo 47.Y 47.% 3.2 1 1.64 2167 R 1300 12
1400 50.6 50.6 3.2 46 1.78 2135 k& 1500 14
1500 53.8 | 53.8 - 3.3 50 1.92 2103 .5 1500 16
1600 57.1 | 57,1 3.3 4 2.06 2071 6 1600 18
1700 1 0.4 60,4 3.4 .29 2.21 90;{ .6 1700 20
1800 1 3.8 | 63.8 3.5 1 73 2.36 200 g 2*5 23
1900 1 7.3 { 67.3 3.6 107 2.51 1977 . €0 26
2000 1 10.9 | 70.9 3.7 1 12 .86 194 .9 405 23
2100 1 14.6 7%.6 3.7 T1 a7 2.82 191 .0 6 22
2200 ¥ 18.3 78.3 3.8 1 22 2.98. 1882 %.1 gbz 6
zzoo 1 223 82,1 . 5.9 1 28 5.34 1855 1.2 306 o
2koo 1 26.0 | 8.0 .0 1 34 3.30 1825 1.3 281 Ay
2500 1 30,0 90.0 8.1 1 ko 3.47 1795 1.% 258 A8
2600 1 340 94,1 %) 1 46 .64 1765 1. 2 .,
2g00 1 38% 94.3 § .3 1 52 ?é; 1';% 1 §( 239 )g
2800 1 k2.8 |102:6 43 2 00 3-99 1707 1.9 20 >
2900 1 46.g 106. 4.2 2 8 .17 1678 2.1 135 69
3000 1 51, 111. 4, 2 16 k.35, 1650 2.4 183 7
3100 1 s6.0 |116.0 5.7 2 2% %5 1622 172 82
3200 2 0.7 |120.7 4.8 2 32 u.vg- 1594 ; 162 8
3300 2 S.E 125. 4.9 2 ho 4.93 1566 y 1?2 N 9g
3k00 2 1o, 130 5.0 2 48 5.10 1538 4 1 1cs
3500 2 15.4 [135.4 L2 2 57 5.30 1511 3 136 112
26 2 20.6 {140.6 " 5.3 37 = 1% :
200 | 2« i5lg |50y 5y 37 | 230 e | & e | 3%
>800 2 31.3 [1%51.3 5.6 3 2 5.91 1431, 4 116 1?
ggg g 26.2 -llgf;-g 5.7 303 6.12 1405 5 110 1&3
2. 2. 5.9 > 50 6.34 1380 | 5 104 160
4100 2 48.5 [168.5 6.0 § 2
2588 2 545 173.5 6.2 51 S?S %;gg 2 gg :llg;
3 0.7 0.7 - 6.4 82 7.05 6
k400 271 187 6.5 by 7.28 L - 208
450 2 I . 7.25 1283 | 7 8 2
500 3 13.6 1192.6 6.7 b os5 7.49 1260 | 7 80 222
5600 3 20.3 [200.3 ~
5700 3 271 5073 ?;;f,’ 2 918 ngg 3238 g 76 23/
4800 3 341 |, 7.3 5 42 {’;'»,5 11 p 12 o922
o 2 apo 2l 7.5 5 59 8.48 1% | 10 62 ;22
> 9 [?28.9 7.6 6 16 8.74 1158 | 10 62 304
1100 %
5200 § 20D f,';fg 1.7 é gg 9.00 ! 1140 | 11 59 32
5-:,')0 " 12.9 252 o 8.0 7 9-(—;{ 112‘3 11 56 }‘
:j}gg § 20.5 loko’s 8.2 17 28 3:81 %3«0? %12) 5; 28:7
-(, - 29.1 1269.3 8.R 749 10.09 1080 13 8 1}
600 4 . .
4700 3 ig.g 22*56(597 9.0 8 10 %g.z“l 1067 .| 14 A6 b6
5800 )‘ 56.1 296.] 9.i 8 20 1o.r 102? 1“ l% QGI
dco, | 2 a2 |2me | e |93 L [ i |3 T T
o n 2 15 |%15.0 10. 9 3& “11.53 1024 | 17 38 545
3 RESTRICTED




‘A.A, PROJECTILE MARK 27

‘I.V, 2600 F,.8;

CHANGE IN RANGE FOR DEFLECTION FOR CHANGE IN | °
: : HEIGHT OF
i0 F. s, I s, 10° F. . {0~KNOT MOTION PERPENDICULAR
INcREase | DECRease | '0% BE ' oo ee N ANE GoTION . T0 LINE OF FIRE o
IN “! PRO~ {K AIR IN AIR T CHANGE IN
v'ztgc'!?; JthcITG.lHLTE DENSITY T:;&::ER"\ winD cur . | Taxcer WD GuR TARGET RANGE
10 11 17 122 13 12 15 16 17 e i
Yards vuas. Yards Yards Yards Yards Yards Yards Yards Yards Feet
7 37 10 1 0 71 7 5 6.5 7.0 2
8 40 12 1 0 8 8 6 7.2 7.8 3
9 42 1y 1 0 9 9 8 7.8 8.6 e
9 y 16 .2 0 9 9 .9 B.4 9.3
10 5 18 2 o] 10 10 1.0 9.1 10.1 4
11 50 21, 2 1 10 11 1.2 9.7 10.9 ¥
12 52 2} 2 1 'n 12 1.4 10.3 11.7 5
12 55 27 2 1 4 12 13 1.5 11.0 12.5 5
13, 56 30 3 1 12 1 1.7 11.6 13,3 5
13 8 33 3 1 .13 1 1.9 12.3 | 14,2 6
14 9 36 3 2 13 |13 2.1 | 12.9 15.0 6
15 60 39 3 2 14 16. 2.3 13w6 ;2.9 7
15 61 13 z 2 15 17 2.3 14,2 b .g g-
16 62 47 3 15 18 2. 14.8 13.
16 63 51 & i 16 19 3.0 15.5 18.5 8
17 63. 55 L 16 |20 3.3 | 16.2 19.5 9
18 €2 5 % ’ 16 | 2% 36| 16.9 | 20.5 9
18 65 62 y, g 17 22 2.9 1g.6 21.5 10.
19 63 6 5 1 2 .2 18.3 22.5 10
19 . 63 7% . 5 6 1 2 4.6 18.9 23.5 11
20 62 79 5 7 |18 25 5 19.5 2k 5 12
20 61 84 2 g 19 26 g 21 26 13
21 60 89 19 Lo 21 2 13,
21 58 95 6 8 |20 |2 6 . | 2 2 ki
22 §7 101 7 9 {20 |29 T 22 29 15
22 55 107 7 9 21 30 7 23 30 15
J
a2 53 113 “t 1o 21 31 8 2 31 16, .
23 1 119 i 10 ‘|22 |32 8 2 32 e
2> 8 125 8 11 2 34 9 25 34 1
2 46 132 9 11 2 35 9 26 3 19
24 53 139 9 12 24 36 10 26 3 2Q |
24 40 146" 9 1 24 3 11 26 3 21
25 37 153 10 1 24 3 11 27 ‘3 -
25 34 160 10 14 |25 9 12 2 9 24,
2 30 167 11 15 26 0 12 2 0 2
26 27 17 1 16 126 a2 13 2 k2 2
26 24 ‘181 11 17 26 43 14 29 83 2
27 20 188 12 18 |27 (45 . { 15 30 45 2
2 16 196 12 19 2 46 15 31 46 20 -
2 13 20% 1z 20. |2 48 16 32 48 31
28 9 211 13 21 |28 |ug 17 32 49 33.
28 5 219 13 22 |29 s 18 33 51 34
28 1 227 13 23 (29 |52 19 33 52 36
29 -3 234 1% 25 29 53 19 34 53 38
29 -7 241 14 26 29 55 20 35 55 9
29 -11 249 14 27 20 57 21 36 57 1
29 <15 257 L1y 28 30 8 22 -~ |36 8 43,
29 -15 264 1y 30 |30 o |2 37 60 45
30 -23 271 15 31 |30 {61 2 37 61 47
30 -27 279 15 3 30 - 23 2 38 - 63 &g
30 =31 286 15. 3 3 5 2 39 65 51
nzsmﬂrebzn



¥5.7CH 50-CALIBER GUN

OF 861 (Second Revision)

CHANGE IN* DS‘P"AGCE: ¢
ANGLE OF . "
. ANGLE TIME FOR
RANGE ANGLE OF ELEVATION FOERL%;T,;S:. oF OF Slg:::s ORIFT TARGEAT OMRADxthMAU';‘E
INCREASE FALL FLIGHT 20 FT.
) IN RANGE HIGH
1 : 2 26 3 . 5 ¢ ? 8
Yerds o Winotes Hinutes o ' Seconas f.8. Yards Yards feel
6000 5 15 315.0 10 9 35| 11.55-] 1028 17 38 545
6100 5 25, 325.0 10 58] 11.83 101% 18 37 272
6200 § 35 335.0 10 10 21| 12.13 1006 19 © 36 -60
6300 5 I5 315.0 10 10 . 43| 12.4% 998 . 20 - 35 639
6400 5 55 355.0 11 115 6] 12.7 . 990 21 33 673
6500 6 6 366.0 11 11, 29| 13.05, o84 22 32 708
6600 6 1 3 11 137 53| 13.36- 977 23 3 T44
6700 6 2 35& 11 12 17| 13.68 969 24 30 82
6800 6 39 99 11 12 %2 14,00 961 25 29. 21
6500 | 6 50 10 12 13 7| 1%.32 954 26 2 861
7000 7 "2 ka2 12 13 3 }».6& 947 27 27 903.
7100 7 1% 43y 12 1 6. 1%.96 9% 28 26 946
7200 7 26 46 12 1 ol 15.29 936 29 25 990
7300 7 38 458 12 1% 46| 15.62 931 30 25° 1036
7400 g 50 470 13 15 13 12.96 926 32 2 1083
7500 3 y 13 15 40| 16.30 920 33 24, 1132
7600 8 16 496 1 16 7| 16.64 91 35 23 1182
7700 8 29 509 14 16 35 16.93 90 36 22 1234
7800 8 u3 523 D1 17 2 17.3 803 37 21 1288
900 8 56 536 1 17 3 1g.ﬁg 98 8 21 13&3
000 9 10 550 pe] 17 59} 18.04, 892 0 20 1400
8100 9 2% 564 14 18 28| 18.39 886 43 20 1459
8200 9 38 578 1% 18 56| 18.75 881 43 20 1519
8300 G 52 92 15 19 26( 19.11 876 45 20 1581
840¢ 10 7 07 15 19 55| 19.48 871 47 1 1646
8500 10 22 622 15 20 25| 19.86 867 49 1 1712
8600 10 37 637 16 20 55| 20.23° 862 51 17 1;80
8700 10 53. 653 16 21 26| 20.60 857 53 17 1850
8800 11 9 16 21 5 20.98 |. 852 55 17 1923
8900 11 25 685 16 22 2 21.36 847 57 1 1998
9000 11 41 - 701 16 22 58| 21.75 843 59 1 2075
9190 1 5 717 17 23 28| 22.1% 839 61 16 2154
9200 12 1 Y 17 24 00| 22.54 835 64 16 2236
9300 12. 31 751 1 2% 32} 22.9% 831 66 16 2320
9400 12 48 | 768 1 25 g' 233 828 69 16 2k06
9500 13 6 786 18 25 3 23.7 825 - T 15 2495
9600 | 13 ok 804 18 26 11| 2k.17 822. & 14 2586
_9500 13 42 822 18 26 &% | 24,59 ‘820 76 13 2680
9800 1k od 840 . 19 24 18| 25.02 818 S 13 2576
990u % Bsg 19 27 5 25.% 815, 1 13, 2874
10000 1 3 87 19 28 2B | 25. 812 84 12 2975
10100 | 1% 57 897 20 29 3| 26.32 810 87 12 079
10200 15 17 917 20 29 3 26.76 809 90 12 ?1 2
10300 15 37 937 20 30 1 27.21 . 807 93 11 3293
10400 15 5 95 21 30 53 | 27.66 805 96 11 3404
10500 16 1 97 21 31 31| 28.12 803 99 .11 3518
10600 | 16 39 99 21 32 8| 28.58 801 102 11 634 -
0 0700 17 00 1020 22 32 47 29.35 800 10 10 §7§3
D.0800 17 22 1042 22 33 26| 29.52 800 10 10 875
0900 17 &4 1064 23 3 2 30.00 79 112 10 000
11000 18 7 1087 23 3% k6 | 30.49 |79 116 -10 8127 |
6 RESTRICTED -




I.V. 2600 F.8.

-A.A. FROJECTILE MARK 27

“CHANGL |K RANGE FOR DEFLECTION FOR CHANGE N
10 F. s. P LB o o oe 10° &. |O~KNOT MOTION 10~KNOT MOTION PERPENDICULAR || WEIGHT OF
RS | ok CREASE | DECREASE | IN PLANE OF FIRE *TO LINE OF FIRE .'Eﬁfiﬂﬁﬁﬁ
INiTIAL O JECTILE | oo s | vewPER- ; CHANGE IN
VELOCITY WEIGHT ATURE wikD, Gus TARGEY wisD cun TARGET RANGF
10 1t 12 122 T 15. 18 17 18 i
—Yaras Yarcs Yards Yaras Yards Yargs Yards vards Yards Yards Feet
30 -3) 286 15 34 31 { 65 26 39. Y+ 65 51
30 -25 295 ¢ - 15 36 31 6 27 40 6 53
30- -39 201 15 | 37 31 6 28 40 6 55
31 -43 308 15 9 21, 1 70 30 ko 70 57
31 47 315 15 0 32 72 31 43 72 59
31 -51° 322 15 32 32 T4 32 42 74 61
31 -55 32 15 Ly 32 76 3 4 76 63
31 -59- 33 1 4 | 32 [ 78 3 ) 78 65
32 -63 343 1 k7 | 32 9 35 i 9 68
32 -67 349 14 &g 32 .| 81 36 4 1 70
32 -71 356 14 51 32 83 37 & 83 72
22 -75 263 '14 53 32 85 38 47 8 74
32 79 369 % -1 55 | 32 | 8B 9 57 82 77
33 -83 356 13 56, 32 88 1. y7 88 79
33 -87 382 13 8 32 90 i2 48 90 82
33 -91 389 13 0 32 92 43, hg . 92 84
33 -95 395 13 62 32 94 4y 50 ok - 87
33 -99 402 12 64 32 96 45 51 . 96 89
34 -102 - 4oB8 12 66 32 98 5 51 . 58 92
. 3y -106 K15 11 68 32 |100 4 52. 100 95
34 -110 421 11 70 > (102 49 53 102 97
34 -11% L27- 11 72 32 [lo4 50 54 104 100
34 -117 433 10 T4 32 [106 52 54 106 103
35 -121 hho 10 76 | 32 |108 53 55 108 106
35 -12} 446 9 78. | 32 110 55 55 110 109
35 -128 452 9 Bo 32 112 56 56 112 112
35 ~132 458 82 32 (114 g 57 114 115
=5 ~135 T EN g 84 32 e 5& 58 116 118
36 -139 471 8 86 33 |19 6o 59 119 121
26 -143 b7y 7 88 | 33 21 62 59 121 124
35 -147 482 7 90 33 123 63 60 123 127
36 -151 h8g 7 92 | 33 li2 64 61 12 130
36 -155 496 6 94 3 12 66 62 12 134
37 -159 502 6 96 34 1130 68 62 1130/ 137,
37 -163 508 5 99 33 (132 69 63 132 140
3 -167 51%, 5 101 33 113% 71 63 124 144
37 ' -171 522 104 33 137 64 137 148
3 -175 528 E 106 33 (139 ;2 65 139 151
2 -180 535 4 109 33 b2 .76 66 142 154
28 -184 sha o3 11} | 33 14y 77 67 144 159
38 -188 549 < 3 113 33 146 79 67 146 163
36 -192 556 3 116 33 lg 81 68 149 167
28 -197 503 2 118 33 hs3 82 69 151 171
38 -201 . hT70 2 2 33 154 84 70 154 175
38 ~206 %78 1 123 33 156 86 . 70 156 lgg
>8 -210 "85 1 126 33 &g 88 - 7L, 159 1
38 -215 192 0 129 {33 \162 90 . 72 162 188
38 -219 000 0 131 33  f6s 92 (&) 165 193
39 -224 LoT -1 134 33 67 93 74 16% 198
39 -228 615 -1 136 33 169 95 74 169 203
29 -233 | 622 -2 139. |33 Thr2 97 75 172 208

RESTRICTED




A-10

O €Q.0LUTIARR go . ) OP 861 (Second Revision)
b ) : - DANGER !
AnGLE IT NGLE VIME . SACE
. LLTVATS A s FOR A p
ANGLE OF ELEVZ 10N rom jan Lok OF of L Sieeel warr | pancer ety
eaasy | FALL HLIGHT . 20 FT.
N RANGE H]GH
2 ia 2 3 . ; L D ’ S
rinvtay Wifwten = v ) Seconds m:;— :l(— _;‘af(t;' = Y-Ards f;::*—.
18 7 2007 25 | sha6 | 0.9 | 708 | 1c | 7To , | AT .
. | ;
18 30 111v 73 ! 75 25 30.98 | 97 . 120 0 k>
18 &3 1. 1133 24 [ 3 5 31.88 | Tu6 124 9 B3
19 17 1187 2% 26 45 21.99 79 128 9 L5317
19 41 11k 25 3725 | 22.50 7y 1o 9 507>
20 6 - 1206 . 2 28 5 35.00 793 126 8 LY LS
20 31 1221 25 | 29 86 | 33.5% Lot 1 %0 8 %970
20 57 1257 o Lg% 4,09 (A N 1 8 517
21 2% 1264 7 R L B T I 1) g 5"
21 5} Vol ; IR 350 7 79Y . 155 ; 4
22 18 1338 2 LY b asie |o1ee | 160 7 8503
22 46 1366 29 ode ol 3652 1 35 ¢ 16y 7 Ry
23 15 1355 o he g1 | 26.50 793 170 267,
23 45 1425 %9 l 323 | 37.50 9% 176 ; szt
2 15 hes 1 Ly 1% 39.11 196 182 7 3579
24 A6 4B % ' 54 58 | 3874 797 188 T 6550 ol
25 19 1518 1 RS Y25 763 194 6 6823 !
25 52 7y =2 | I 1 46 25 0.06 793 200 6 7055
26 26 1586 1 5 | 47 8 0.73 1 793 207 6 7292
27 1 1601 | %7 . AT53 | N1l 20 21% 6 7536,
27 38 1656 | i - 4838 | 421 803 222 4 7793
28 1 169g ) 4 | 49 25 | u2.84 807 229 3 8063
28 g 1736 | 42 50 1% { 43.60 810 237 5 8351
29 ko 1780 53 51 4 &% .40 512 . 246 5 5656
30 23 1823 ] hi; 51 53 | &5.2% 816 256 5 8977
31 9 1869 =G 52 §3 K6.13 -819 . 266 & Y315
31 59 {° 1919. Lk 53 35 43.07 822 277 . 9672
32 53 1973 5% 54 29 §8.06 826 289 2 10062
© 33 53 . 2032 . 05 55 27 9.13 831 202 ? 1049
38 57 . 2007 75 56 32 | 50.31 826 317 1099
‘36 112 2172 90 57 40 81.66 8k2 334 3 11577
3742 262 127 59 10 | 53.26 851 5 5 . {12067
39 %9 2389 - 60 kg 55.45 865 384 ¥ 13250
45 00 2700 64 50" |- 60.68 | Bo2 | 60 ;) 8
3 15809
|
RESTRICTED



A-11

I.V. 2600 P.S.

A A, PROJECTILE MarY 07
R O T DEFLECTION FOR cHancr 1 |
o T o0 T o | w7 lo_,:;;,. O TION IG-KNUT MOTION PERPENDICULAR phEyont OF
poimoasy | DECKLas ] | maame| 10RO MO FIRL * 70 LINE OF FIRE “30‘%“’&?
cou P iR £IR N AlR - CHANGE 1N
gooimInAl AN DENSY 1Y TEMPEN- WIND GUN. | TaRGEY wing cuk TARGET RANGE
R D R4 W T Al . L e
! - ;’J R -.l.l" N {4 T —1—1" 13 I8 15 16 1 18 19
‘;:-;:r:of: T :—;;:,:fd—-::_ e “v..;r.a:— Yurqs Yards Yards Yords Yargs vards Yards feet v
1y -2%3 6on -2 129 1 33 172 - 97 75 172 208 ;
] . '+
9 -23 67 -2 141 | 34 175 99 76 I75 213
39 -24n 6?6 -3 144 | =4 178 101 77 178 213
] -27 644 -3 157 | 24 181 103 78 181 224
ye -252 (e -4 149 | 34 183 105 78 183 230
0 -257 Qﬁo - 152 | 34 186 107 79 186 228
| o 260 660 -4 155 1 34 1189 | 109 80 189 241
0 =267 676 -5 157 | 35 192 11 ‘81 192 247
1 =272 €84 -5 160 | 35 19 113 82 19 253
43 -278 6y -6 163 | 35 19 115 83 19 259
hy -285 L] -6 166 | 35 201 117 84 201 265
[ -288 710 -6 169 | 25 204 119 85 204 272
P -294 719 -7 172 | 36 208 122 g6 208 278
Ba -299 70f -7 175 136 [211.§ 124 87 211 285
L ~305 -1 737 -8 159 116 21 127 88 21 292
- ~311 ™ho -8 182 | 36 21 129 89 21 300
Az -%17 5% -8 185 | 36 221 131 90 221 307
o -x23 (0 -9. 188 | 37 225 134 o1 225 315
3 -*29 175 -9 191 | 38 |223 | 136 93 229 323
B =225 785 -10 195 | 38 233 139 94 22 332
P
<2 -342 T9h -10 199 | 38 237 1k2 95 237 35
Y -349 B8Oy -10 203 | 3B 241 14 g6 2k 350
i ~355 816 -10 207 |38 245 14 97 245 260
1 ~562 a2l -1 211 9 250 151 59 250 371
voke i -%70 840 -1 215 0 255 154 101 255 382
< -278 enp -11 219 | 4§ 260 158 102. 260 394
: 15 -286 8i5 -1 223 142 265 161 104 265 307
Loy -394 87d -11 278 2 271 165 106 271 421
© -403 8oz -12 LR Y 277 169 108 © 277 436
RS -412 907 ~12 2%38 |45 283 173 110 287 4sh
;G -1 o2z -12 o4y | w7 291 178 113 291 476
! ?7 L5V 935 -12 251 150 301 184 117 301 503
Vo ~440 GG -12 259 153 312 191 121 312 537
|
!
! 49 1 g -12 278 162 3k 211 130 zhi 628
|
/
i
; i
| 1
"9
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A-15
COMFPUTERISED SURFACE FIRE CONTROL SOURCE FROGRAM VERSION 2. 1K

8] ONERER GOTO 10000
5 FOKE — 16187.139

: POKE ~ 16160,255
10 HOME
2 K o= 0.0174532925
20 DEF FN ASN(X) = ATN (X / SOR ( -
X % X 4+ 1))
%0 DEF FN F1(T) = SR (V ~ 2 % {T -
T2) ~ 2 + F2 ~ 2 + 2 ¥ R2 %
VoE (T - T2) % COS (K % (B +

L2)))
44 HUS = "HHMM"
: DSE = "o
: MAF = nR
: MBE = "7
45 Z1 = 2600
2 = 13.05
Z4 = 80

b5 GOTO 3682
b7 HOME
r VTAE 1
: FRINT TAR{ 17):
: INVERSE
: FRINT "ACTION MODE"
: MORMAL
s FRINT p
: PRINT
&8 IF R1 = © OR R2Z = 0 THEN HOME
¥ @ FOR I = 1 T7Q 10
L VTARR 12
¥ oz HTAE 18
¥ b FLASH
¥ FRINT "SET DISTANCE"
L MORMAL
% FRINT CHR#% (7)
¥ @ NEXT

¥ : FOR I = 1 TO 36O
¥ ¢ NEXT

&9 DT = T2 - T1
70 IF L1 = L2 THEN V = (R2 = R1) /
, DT



A-16
* B o= - L2
¥ : GOTO 110
80 B = ATN ((R1I * SIN (K * L1) - RZ
* SIN (K % L2)) / (R2 ¥ COS8
(£ # L2) — R1 ¥ COS (K # L1)
) /K
100 Y o= R2 % SIN ((L1 - L2) % K) / (
DT # SIN (K # (L1 + E)))
110 Vo= INT (V % 100 + .5) / 100
112 E = INT (B % 100 + .35) / 100
114 FRINT TAR( &) " ¥k iEiibiiiss
EERKEREFEFEXKEER"

115 FRINT TAE( &)"+": TAR{ 9)"R1I="3R
1:: TAEC( 18)"YDS"; TARB( 24)"
Li="z:0L13 TAER( Z4)"DEG"3; TAER(
A
117 FRINT TAR( &)"x"3; TAR( 9)"R2="iR
2: TAER( 18)"YDS"; TAEB( Z24)"L |
2=":1.2s TAB( Z4)"DEG"; TAER(
39 ) "y
118 FRINT TAE( &)"*"; TAB( @)"R ="31R
: TAR( 18)"DEG"; TAER( 24)"V
t="e INT (V % 1.777251185 % 1
Q0 + .5) / 100; TAR( 34) "KNG
T":; TAEB( 39)"*"
: PRINT TAR( &)Y"#": TARB( 39)"#"
119 FRINT TAB{ &) " ¥X¥FEXXREEFEERREF
FREREEREFSERENRE"
PRINT CHREE (13); CHR$ (13);
CHR% (13)
130 GO2UR 8280
TN = &0 # (60 # VAL ( LEFTF (T#
.2)) + VAL { MIDF (T#,3,2)))
+ VAL o RIGHT® (TF,2))
: T = TN

[ = R / 100
: 3 = INT (I)
= 1 - J
IF J > 142 THEM 1210

165 TF = F3(J) + C % (F3(J + 1) — F3
(J))

1700 TH = TF + TN + TF

180 IF AES (TH —= T) < 001 THEN 200



190 T = TH
: CZ =CZ + 1
195 IF CZ » &0 THEN HOME
¥ FOR I =1 TO 10
¥ VTAR 10
* HTAER 15
* FLASH
# FRINT "CAN NOT DETECT"
* b NORMAL
¥ 3 FRINT CHR% (7)
*
¥*
*
y.
¥

s ¢ RA g w3 g

: NEXT
: FOR 8 = 1 TO 500
P MNEXT

HOME

= FN F1(TH)
: RN = FN F1(TN)
= FN F1(TN + TF)

: IF PEEK (255) = 1 THEN &7
205 LK = FN ASNV ¥ (TF + TF) + SIN
(ki * (B + LN)) /7 RH) / K
210 DE = FN ASN * TF % SIN (K * (R
' + L\N)) / RS) / K
I = RH / 100
: J = INT (1)
: C=1-J
215 IF 3 > 142 THENMN 1210Q

216 CF = C % (C6LT + 1) — C6(T)) + C

&4J)
RDF = C # (C7(J + 1) - C7¢(1)) +
C7(J)
L]
217 LG = LW - LN + LK
: M3 = ZA ¥ COS (K » LB) / 10
= ZA ® SIN (K * L.B) / 10

219 LC = ATN ((M& % CF + RDF) / RH)
/K
: LD = - (LK - DK + LECY % 17,4332
9835

220 E = RH
GOSUER 1500
: G =R
A VTAE 13
FRINT TAER( D) M"rrsrraszsrzszszes

A-17



1 A" 18

222" VTAR 15
: FOKE 34,7
: HTAE &
: INVERSE

PRINT "TN="3; LEFT# (T$,%)3":";
MIDE (T#,3,2);":"; RIGHT$ (T

F,2)3
: NORMAL
: FRINT TAB{ 28)3"TP=":;TF; TAR( 3
7) 3 "SEC" ' .

2235 VTAR 17
FRINT TARC( &) "LN="3LN; TAR( 15)
"DEG"3y TAR( 28)

: INVERSE

: PRINT "D ="3 INT (LD + TD + 500
)3

: PRINT TAEB( 37)"MIL"

: NORMAL

: HTAR 2
224  VYTAR 18
FPRINT TAE( &) "RN="3; INT (RN)j
TAR(, 15)"YDS"; TAR( 28);
: INVERSE
: FRINT "G ="3; INT (G + TR + .5)
TAB( Z7)"YDS"

we

: NORMAL
228 VTAR 20
¢ FRINT TAB( S)"rszrrcrrzasznrsse
srrzssrarsaszszzz”y CHR#E
72
230 FRINT }
: CZ =0

230 K7 = PEEK ( -~ 1&£384)
: FOKE — 16368,0

W e i s o o S At e St Mt B e Pt S St b S Bt Somie S

260 FOKE 34,0
ON K¥% - 192 GOTO 4000,5000,130,
6000 , 7000
270 GOTO 1Z=0

e e St gt Sarm S e b a0 S e et Soare S oone o aoond St Sobrn

I00 FOKE 24,3%
: PRINT CHR% (7)
: INVERSE
: VTAR 24
: HTAE 4
: PRINT * ERASE



310 K% = FEEK ( - 16384)
FOKE — 163748,0

r IF KX < 128 THEN I10
IO IF K% = 197 THEN 400
IO NORMAL

: VTAE 24

: PRINT SPC( 4)

- : BOTO 130

400 VTAE 24

HTAR 27

FRINT "S5 F OQ T

410 FOR I = 1 TO 10
: FRINT CHRE (7)
: NEXT

1200 HOME
: FOR I = 1 TO 10
: VTAR 10
: HTAE 15
: FLASH
: PRINT "OUT OF RANGE"
‘ : NORMAL
: FRINT CHR$ (7)
: NEXT
: FOF
: BOTO S000

: FOR I = 1 TGO 10

: VTAE 10

: HTAB 15

H FLASH

: FRINT "OUT -OF RANGE"

: NORMAL
: FRINT CHR$E (7)
NEXT

: GOTO S000
1300 NORMAL
H Si‘ = H n
: VTAR VC
HC =" HD
s HTAR HC

1312 IF (RR#¥ }.F CHRE (43) AND RRF <

\

= CHR% (57)) OR (RR¥ > =
CHR¥ (65) AND RRE < = CHR#
&2)) THEN 1331

(

1313 IF RR¥ = CHR¥ (13) OR RR¥ = CHR¥

A-19



(32) THEN 1320

o et s ko e B datie b o bt e e S e it vt o e o St e

1314 GOTO 1310

1320 IF RR$ = CHR$ (32
% : HTAR HD
* @ PRINT "?"; SFC( HC
¥ @ GOTO 1300
1330 IF RRE = CHR$ (13)
13F1  IF RR$ = CHRT (65)
40,
% : FOP
¥ : GOTO 4000
1332 IF RRE = CHRE (66)
40
¥ : FOP .
# : BOTO 5000
1333 IF RR$ = CHR$ (67)
40
* : POF

* : GOTO &7

1335 IF RR$ = CHR¥ (&9)
40
: HOME
¥ : FOF
: GOTO 7000

N

1350 IF HC <
*

=t 8 et Gt e s W Slae 2 St bemn e B1a Semit eten s Gome Yon e et oot

1360 HTAR HC ~ 1
: PRINT CHRE (7)
: VTAR VG

: HTAE HD

THEN

- HD

THEN

THEN

THEN

THEN

THEN

THEN

MX THEN HTAR

VTAB

- 1)

A-20

vC

RETURN

POKE

FOKE

FOKE

1310

FOKE

HC

FRINT "?"; SFC( HC - HD - 1)

: GATO 1300
1500 I = R / 100
tJd o= INT (I)
r: C=1 -4

1510 CA = C % (C1(J + 1)

14d)

1520. CR = C ® (C2(J + 1)

~

~~C1{3))

rar
IR

——
LGS
bt g

AT
IR

-
33,

+ C

-~ L2(3)) + C



15Z0 RAP = 1.355 £ R % (4.6 % Z4 - 77
LS5 ¥ AR + 2018.7) /7 (11783
- R) .

1540 CD = C ¥ (C44(J + 1) — €£4(J)) + C
4 (J) -

1850 CE = € ¥ (C54J + 1) - CE(J)) + C

1570 RG = (ML * CA + M2 % CE + RAF +
M4 * CD + M3 * CE)
:t R =R - RC
: RETURN

I050 DATA 1.24,1.37,1.50,1.64,1.78,4
92,2, ue,i.h V2.36,2.51,2.66
,2.82,2.98,3.14,3.30,3,47,3.
64,3.81,3.99,4.17,4.35,4.53,
4.72,4.91,5.10,5.30.

051 DATA 5.50,5.70,5.91,6.12,6.34,6
58,6.79,7.02,7.25,7.49,7.73
,7.98,8.23,8.48,8.74,9.00,9.
27,9.54,9.81,10.09,10.37,10.
65,10.94,11.23,11.53

3052 DATA 11.83,12.13,12.43,12.74,13
L05,13.36,13.68,14.00,14.32,
14.64,14.96,15.29,15.62,15.9

re o b,16.30,16.64,146.99,17.34,17
.65,1B.04,18.39,18.75,19.11,
19.48,19.86 '

F053  DATA 20.23,20.60,20.98,21.36,21
.75,22.14,22.54,22.94,23. 35,
Z3 /6,‘.4 17,.&.4-..!9,:._!.“2,25.4
5,?5.88,¢6.3?,26 76,27.21,27

L6 ,28.12,28.58,29.05,29.52,
30.00,30.49

A0S5S4 DATA 30.98,31.48,31.99,32. 50,
:ﬁ.oh,:z.ab,_4 09 ,34. 64,35,
2,38.75,36.32,36.920,37.50,38
L11,%8.74,39.39,40.06,40.73,
41.41,42.11,42.84,4%.60,4.40
,45.24,46.13,47.07 48.06,49.
13,50.31,51.66,53.26,55. 45

F100  DIM C1(150)

A-21



e s St b e Sumt Smin St et St o e S0t o b St st e i s

3110 FOR I = 10 TO 142

S et et e . et 00 At St S St S04 e oo Soret Pt S S Ancbe b e

3120 READ C1{I)

———— -t e —— o — e

130 NEXT I

21530 DATA 7,8,9,9,10,11,12,12,

14,15,15,16,16,17,18,18,19,1

—M ~x

9’.‘:(.),2‘:),11,2 ,22,.1_.‘.,4.2,..’..\_\,.1_“_\
~ .
2 24,2 ,24,25,25,L 2 26,26,27,

27,28,28,28,2 ,29,29,29,2

9,30,30, 30

3160 DATA 30,30,31,31,31,31,31,32,7
,:2,32,32,:3,za,qz,sz,as,:
34,34,34,34,35,35,35,35,35, 3.
a,s&,sé,ss,hs,q7,o7,¢7,J7,q7
,38,38,38,38,38,38,38,38,348,

i8,39,39,39

3170 DATA 39,39,40,40,40,40,40,41,41
s 41,41,41,42,42,82,42,42,43,
43,43,43,43,44 ,44 ,44 45,454

S,46,46, 4/ 47

J200 DIM C2(150)

- oo e e - e s oo e ot enes

e e G s 4 G et Gout At St Smmte S400e S ety Sonn St b S b S

,20, 16 1:,9,J,1,~3 -7,
5,-19,-23,-27,~31

3240 DATA -35,-39,-43,-47,-51,-
9,~b%,-67,-71,-75,~-79,-83,-4
7,-91,-95,-99,-102,-10&,-110
s-114,-117,~121,~124 ,-128, -

—

32,-135,-139,-143%,~147,-151,
—-155,-159,~163,~167,~171,-17

5,-180,-1684,-188,~162, -

201,-206,~210,-215,-219,

228, -

IZ70 DATA -238,-242,-247 ,~2%2, -
R62,-267 ,~272,-278 ;~283, -
y =204, 299, =305, ~311, 317, -7
23,-329,-335,-342,~349 , 355,

~3&2,-370,~-378,-386,-394,

3,412,421, ~430 , ~440

3280 DIM EBE(D)

) DATA 37,40,42,45,48,50,52,5
s u8,539,60,61,62,63,63,63,
6w,6?,6h,61 50,48,47,qq,q¢,q
1,48,46,43 40,q7,q4,q0,g7,24

A-22



281 FPR I = 1 1O 9
: READ BREL(I)
r NEXT

TSRyl SHURP Uy U g S O S U R ——

3450 DATA 1,1,1,2,2,2,2,2,3,3,3,%,3
41454745?5535559556561757571
8,8,9,9,9,10,10,11,11,11,12,
12,1%,13,13,13,14,14,14,14,1
4,1%5,15,15 .

3460 DATA 15,15,15,15,15,15,15,14,14

»14,14,14,13,13,13,13,12,12,
11,11,11,10,10,9,9,9,8,8,7,7

~ N - e
3796,6,5,3,5,4,4,3,3,3,2,2,1

,1,0,0,-1,-1,-2

3470 DATA  =2,-3,-3,-4,-4,~4 ,-5,-5, -

by~ y=boy=T y=7 , =8, ~8, -8, -9 ,~F
,=10,-10,-10,-10,-11,-11,~11
,—11,-11,-12,-12,-12,-12,-12

»

300 DIM CE150)

IS0 DATA  0,0,0,0,0,1,1,1,1,1,2,7
3,3,4,5,5,6,6,7,7,8,8,9,9,
,10,11,11,12,13,14,14,15,1
17,18,19,20,21,22,23,25,26

I560  DATA 36,37,39,40,42,44,46,47 ,49

,51,5%,55,56,58,60,62,68,66,
68,70,72,74,76,78,80,82,84,8
6,88,90,92,94,96,99,101,104",
106,109,111,113,116,118,121,
123,126,129,131,134,136,139

e it o4t s Dot Gt et e S ot Mo Mot St St S A et b it Bt B

IN70 DATA  141,144,147,149,152,155,15

7,160,163,166,169,172,175,17
%,182,185,188,191,195, 199,20

3,207,211,215,219,223,228,

3,238,244,251,259

~yr
23

A-23



A-24

384 DATA .2,.3,.3,.4,.4,.5,.6,.6,.7,
F8,.9,1,101,1.2,1.3,1.4,1.5,
1.7,1.9,2.1,2.4,3,3%,4,4,4,4,
4,4,5,5,5,6,6,7,7,8,8,9,10,1
0,11,11,12,12,13%,14,14,15,1&
,17

3588 DATA 18,19,20,21,22,23,24,25

s 26 5 25 "‘8,‘_9,‘_\0,,_.‘_,‘_-.,_\,,_M,,_,(-,
37,358, 4() 41,4%,45,47,49,51,5
3,55,57,59,461,64,66,69,71,73
,76,79,81,84,87,90,93,96,99,
102,105,108,112,116

3390 DATA 20,124,128,132,134,14
0,145,150,155, 160, 16u,170 17
6,182,188,194,200,207 214,22
2,229,237,246,256,266,L7/,28
9,302,317,334, 354, 304

650 DATA .5,.6,.8,.9,1.0,1.2,1.4,1.
5,1.7,1.9,2.1,2.3,2.5,2.8,3.
0,3.3,3.6,3.9,4.2,4.46,5,5, 6,
6,7,7,8,8,9,9,10,11,11,12,12
»13,14,15,15,16,17,18,19,19,
20,21,22,23,24,25,26

Ty srer e

ALL0 DATA 27,2 ,30,31,qh,k*, g 2Ty B
17, 38,39,41,42, A4 ,45,47,
48, 4-9,..;0,\_5';_,‘.: -,..J..J,.Jé),..;7,\_48 &
] 6“ $65,64,66,68,69,71 s 73,74
,;é 77,79,81,82,84 86,88,@0
2,93 qq,Q/

S670  DATA  99,101,103,10%,107, 109 111
41135, 1]4,117 119, 44,144
» 129, 1q1,]q4 134, 1¢9,]4L,14u

»148,151,154,158, 161,165,169

,173,178,184,191

J&EBO RETURN

3682 HOME



J [} BTSN T']

GOSUR X000 A-25

SFEED= 70
INVERGE

b o o Pt s tobtn S o e e bt i e e

VTAER 12

HTAR 11

FRINT "GUANNERY CONTROL VERZ.
NORMAL

SFEED= 255

GOs5UR 3400

PRINT TAR( 17)

: INVERSE
IF20  PRINT "SELECTED MODES®
: NORMAL
3723 FRINT
I725 FPRINT .
: PRINT TAER( 14)" : CDRRECTION MO
De*"
3730 PRINT
: PRINT TAR( 14)" :; DETECTION MOD
Ell
3740 PRINT
: PRINT TAR( 14)" ¢ 4ALCTION MODE"
750 PRINT '
s PRINT TAR( 14)" : LOCK MODE"
I760  PRINT
: PRINT TAR( 14)" : SFQOT MODE"
3761 POKE 34,33
: VTAR 220 \
: PRINT "Research & Developed by"
3762 VTAR 22 )
: FRINT "Computer Research and Se
rvice Center™
IT76E VTAR 23
s FRIMT "King Mongkut Institutes
D'F 1,
32764 VTAR 2 ,
: FRINT "Technology Ladkrabang”
: FOKE 34,0 . .
I770 K4 = PEER ( — 14784)

FOKE = 1&6368,0



EB10 IF K% = 194 THEN 5000
3850 GOTO 3770 -
4000 HOME '
: VTAE 1
: FRINT TAE( 14);
: INVERSE
: FRINT "CORRECTION MODE"
: NORMAL
4010 VYTAE 3
4020 FRINT "1.PROJECTILE VELOCITY
"yZi3" FT/SEC"
4025 VTAER S
4030 FRINT "“2.FPROJECTILE WEIGHT
));22; ”n LBS“
4035 VTAR 7
4040 PRINT "3Z.AIR FRESSURE
"yAF; " INCHES"
4045 VTAR 9
4048 FRINT "4.AIR TEMPERATURE
1] ; 4; " DEG Fll
4050 VTAE 11
4051 PRINT "S.WIND SFEED
"eZA3" KNOT" '
4052 VTAR 13
4053  FRINT "6.WIND ANGLE
II;LN; n DEGII
4057 VTAE 15
: PRINT "7.FREFARATION TIME(TF)
" ; TF‘; n SEC n
4058  IF HU$ = "HHMM" THEN VTAE 17
# 1 FRINT "8.TIME
"1 LEFTH (HU$,2)3":";
RIGHT® (HU$,2
¥ 1 GOTO 4060
4059 HTAE 1
: VTAR 17

PRINT “8.TIME
GOSUE 8280

HU$ = T%

FRINT LEFT$ (HU%,2)3":"; MID%

(

HU%,3,2)3":"; RIGHTE (HU$,2)

A-26



4060 KY -= FEEE ( - 16384)
: FOKE - 16368,0

4076 IF K% < 177 OR K% » 184 AND K%L <
194 THEN 4152

4080 ON K% — 176 GOTO 4200,4300,4400,
4500, 460D, 4700, 4800 , 4900

4090 OM K% - 193 B0OTO S000,67,4152,41
52

4152 IF HU$ = "HHMMY THEN 4060

—— e oo =t

4153 GOSUR 8280
: HUF = T#

4155 HTAR 1

VTAR 17

FRINT "8.TIME ° =
M LEFTE (HU¥,2)3": "3 MID#
(HU$,E,2) 3" "3 RIGHTF (HU$,2

4200 NC = 23

t HD = 26

: MX = 32

» FLASH

r VTAR 23

: HTABR 1

: FRINT "1.EORE DIAMETER =

'?u
: GOSUR 1300
4210 IF 8% = CHR% (32) THEM 4270
= VAL (8%) - 3
s IF Z1 » .02 THEN 4260
4230 IF Z1 < O THEN FRINT CHR% (7)
¥ BOTO 4200
I = 721 % 400 + 1
s C o= I — INT (D)
4250 Tl = 2700 — BE{ INT (ID)Y - C % ¢
BE( INT 41 + 1)) — RE( INT ¢
1))
71 = INT (Z1 % 10 + .5) / 10

2700, ~ 43 / JOT % (Z1 - 05

: 71 = INT (Z1 % 10 + .5) / 10
: GOTO 4294

4270  FLASH
: VTAR 23



4280 FRINT "1.PROJECTILE VELOCITY =
: HD = 26
: GOSUR 1300

4290 IF s = CHR¥ (32) THENM 4930

4292 NORMAL

: 21 = VAL (8¥%)

4294 ML = (Z1 — 2600) / 10

3296 1F LEN ( STR$ (Z1)) » 7 THEN Z1
= VAL ( LEFT$ ( STR$ (Z1),7)

s HTAER 26
: PRINT Z1iz" FT/SEC" "
: GOTO 4950

RS P . PSR Sy NP PP

4310 VTAR 23 .
: PRINT "2.FPRDJECTILE WEIGHT

2

: HD = 26

il

4318 NORMAL
: Z2 = VAL (SF)

4350 HTAR 26 '
: VTAR &
PRINT ZZ:3" LBS "
GOTO 49350
4400 FLASH
: VC
i MX
4410 VTAR 23
: PRINT "3.AIR FRESSURE o=
: HD = 26
: BGOSUE 1300
4415 NORMAL
r AR = VAL (8F)
4420  HTAR 2%
: VTAR 7

2

P2

I

)

s
P
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) A-29
: FPRINT AF3;" INCHES "
4440 GOTO 4950
4500 FLASH
: VC = 2
: MY = 2
4510 VTAR 23
FRINT "4_.AIR TEMFERATURE

el

H

: HD = 226
: GAsSUR 1300
4313 IF 5% = CHRE (32) THEN 4950
4518 NORMAL
s L4 = VAL {(8%) _ ‘
4520 P4 = (59 -~ Z4) / 10
4530 HTAR 26
: VTAR 9 -
: FRINT Z4;" DEG F "
: BOTA 4930
44500 FLASH
: VC = 23
: MX = IO
45610 VTAR 23
: FRINT "S.MIND SFEED =
HD = 2&
GASUR 1300

4618 NORMAL
: ZA = YAL (S¥F)
45640 HTAR 2&
: VTAR 11
: PRINT ZA" ENOT "
: BOTO 4950

4710 VTAE 23
: FRINT "&.WIND ANGLE =
: HD = 2
: GOSUR 1300
4715 IF 8% = CHR$ (32) THEN 4950
4718  NORMAL
: LW o= VAL (5%) 1



4730

HTAE 26
VTAE 13

FRINT LW;" DEG "

GOTO 4950

FLASH

VC o= 23

MX = 2

VTAR 23

FRINT "7.PREFPARATION TIME (TF)

';\Il

HD = 26

GASUR 1300

IF S% = CHR¥ (3Z2) THEN 4950
NORMAL

TP = VAL (8%)

HTAER 26

VTAEB 15

FRINT TF3;" SEC "
GOTO 4950

VTAR 23
FRINT "8.TIME =

au

HD = 26

HTAER 1
PRINT SFPCC 40)

e e i ot v ot e e ot o

e (e s e 34t e o Gt bebrt Sanen S W S e S S mane Bt e

S000

IF 5% = CHR$ (32) THEN 4950

NORMAL

HU$ = MID$ (S%,2)

HTAR 24

VTAR 17

FRINT LEFT# (HU$,2);":"; RIGHT®
(HU%,2)

NORMAL
VTAR VC

"HTAER 1

FRINT SFG( 40)
GOTO 4060

HOME

VTAE 1

FRINT TAE( 14);

A-30



e ® as VR ge WA gp wE

ok ok ok ok K ok Kk ok K ok

e o s

— o oo et pasmsas

IMNVERSE
FRINT “DETECTION MGDE"
NORMAL
CZ = 0 :
IF HU$ = "HHMM" THEN HOME
FOR [ = 1 TO 10
VTAR 12
HTAE 20
Fl.asH ~
FRINT “SET TIME"
NORMAL
FPRINT CHR% (7)
MNEXT
FOR I = 1 TO S00
NEXT
GOTO 4000

ey e S e b G e et G s bt S drime e e

HTAR 1

FRINT "1.FIRST TARGET DISTAMNCE
= "sMAF; TAR( 35)"YDG="

VTAR 2

FRINT "2.SECOND TARGET DISTANCE
= "s+MBF; TAEBR( Z5)"YDGx"

ve = 22
MX = 34

FRINT "*%¥LATEST TARGET DISTANCE
- ’?”; \

PRINT TAR( 35)"YDSx*%"

HD = 29

BOSUR 1300

IF S% = " * THEN HOME

GOTO 5000

GOSUE 8280

GOSUR. 9000

IF PEEK (255) = 1 THEN 5000

8T = 60 % (60 ¥ VAL ( LEFT% (T%,
2)) + VAL ( MIDF (T$,3,2)))
+ VAL ( RIGHT$ (T$£,2))

R o= VAL (5%)

O AND RZ = O THEN RZ2 = R

GOTO 5010

-
oL

-
It it on

A=-31



F\'.r.. = R
T2 = 8T
MA%$ STRE (F1)

ME$ = STRFf (R2)
GOTO S010

L0000  HOME
: YTAR 3
: HTAER 16
: INVERSE
: FRINT "LOCK ™MODE"
: NOFRMAL
&005  VTAR 7
HTAR 23
FRINT "#¥%¥f¥r6Epriiskser’
VTAB 8

L0100 TC = INT (TF)
: VTARE 11

e s e H S e o o $i024 Sk SO it Sman S e s S S Semen G e

65020 INVERSE

: MORMAL

L0222 VTAR 9

: PRIMNT TAR( Z23)"x"; TAB( 250 "LD
= "y INT (LD + TD + 3S00.3);
TABE( 36)Y"MIL"; TAER( 40)"x"

OO0 VTAER 10
: HTAE 23

: PRINT "#"3; TAR( 40)"%"

: VTAR 11

: HTAR Z3

: PRINT ##6¥#E#FErieeriiis”
: VTAR 12

: HTAR 23

: FRINT "#"3; TARC( 40)"*"

X
.—[
n
ol
~4

FRINT TAR( 2F)3"*"; TAE( 25) "6
= "y INT (G + TR + .53
TAR( 36)"YDS"; TAE( 40) "*"

060 NVTAR 14
: HTAER 23
s PRINT "#"3; TARC( 40)"%"
: VTAR 1S '
: HTAR 23

FRINT "#¥¥#¥FEREtEXREEeses’’

4080 GDSUER 8280
2 TTE = T%

PRINT TAR( 23)"#"s TAR( 40)"%"

FRINT "TF = "3;TC; TAER( 15)"SEC”
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6100 VTAR 11 .
: FRINT TAR( 7);:
: INVERSE .
t PRINT "TF = "37TC;
: PRINT TAE( 15)"SECH
: MORMAL

e S (s e G St it A S s SR S s e P v i ot

6116 K% = FEEK ( — 16%84)
: POKE -~ 16368,0

6117 IF K% = 193 THEN 4000

6120 IF K%Z = 194 THEN 5000

6130 IF KY% = 195 THEN 67

6140  IF K% = 197 THEN HOME

6500 VTAR 11

: PRINT TAER( 7)"TF = "3;TC; TARB(

5) "8EC i

4520 PRINT CHRE (7)
6610 VTAR 27

: HTAR 19
6620  INVERSE

: FRINT "FIRE"

: NORMAL
6630 FOR I = 1 TO 1000

: NEXT

: BOTO &7
7000 FPOKE 34,3

: PRINT

2 PRINT

: PRINT

PRINT

: PRINT

: PRINT

: PRINT

i PRINT CHR$ (7)
VTAR 1
: PRINT TAER( 17):
INVERSE

1
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7020

7030

A-34

PRINT * SPOT MODE "

FORE 34,33

FORE 32,3

FORE 33,1

VTAR 19

FRINT "“®#x#x"

FOKE 32,39 .

VTAR 19

FRINT "®%xxx"

FOKE 32,3

FORKE 33,40

VTAR 18

FRINT "X%¥%¥%#FREREREXASRERERHHHFFE
A e LA T T T A

VTAR 24

FRINT "#E¥¥E#EAAEEREEEEEEERFTEREFE
B W E W KRR R R

FOKE 32,73

NORMAL

VTAR 20

HTAR &

FPRINT "DEFLECTION CORRECTION =
7 MIL"

VTAR 22

HTAR 8

FRINMNT "RANGE CORRECTIOM = 7

Yps*
FOKE 32,0
FOKE 34,0

MX = =
GOSUR 1300
IF S = CHR% (3Z) THEN 7050

MX = 36
GOSUR 1300
IF 5% = CHR# (32) THEM 7020

TR = TR + VAL {(8%)

o e o e e e s e e bt

A= A~ b4



: e A-35
8050 POKE - 16222,D

BO70 A = A + 32
: FOKE - 16224,A

8120 POKE - 16221,139
1 POKE ~ 16224,255

8i40 A = A — &4

: POKE — 162248
B150 A=A - 16

: POKE — 146224,A

e ot e S a0 G S e S s S s s G S s Y Poatn S40ve S0 S

8170 A A+ 16
: POKE — 16224 .4

i

8172 D = (D / 16 — INT (D /7 16)) * 16

8190 A = A + 64
: POKE - 146224,A4

3250 D = vall { MID# (HU$,I,1))
326D A =8 -1

H GOSUE 010

: NEXT

8270 A = 14
2 D = 255

GOSUE 8010



i .

e T ep——

B T T p——

A =8 ~ 1

IF VAL (T#) < VAL (Z#) AND VAL ¢
T#) » 1 THEN 8290

7% = T#

RETURN

FOKE - 16221,13

FOKE - 16224,2

FOKE 255,0

IT = PEEE ( - 16220)

IF ZT < 224 THEN 9040

£

IT = 16 % (ZT /7 1& — INT (2T / 1
&)y

ZT = 4096 % IT + 254 % INT ¢
FEEE - 16222) / 16) + FEEK
{ — 16223)

ZT = IT / 100 :
RETURN

040

10000

FLASH
FRINT "TARGET ANGLE OVERFLOW"
NORMAL '
FOKE 25

n
—t

FOR 1 =
VTAR 1
FRINT CHRE (7)

HOME

SRY% = 1

FOR I = 1 TO 10
YTAR 10
HTAR 15
FLASH-

FRINT "ERROR MESSAGE"
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NORMAL |
FRINT CHR$

NEXT
FOR

NEXT
GOTO

J

=1 TO

S000

(7)

100
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An Improved Counting and Direction-Sensing Circuit
. for N/C Systems

P. THAJCHAYAPONG, M. CHINAKARN, P. MANUSMONGKOL,
AND P. ASSAVAVIMOL

Abstract—A néw counting and direction-sensing circuit which pro-
duces twice as many counting pulses as that of an earlier design is
described. It offers two alternative advantages, i.e., it may be regarded
as doubling the accuracy- of displacement measurement or relaxing,
the stringent resolution requirement of a transducer, such as the Moire
transducer, by half.

INTRODUCTION

A numerical controlled system always requires a transducer, such
as the Moife transducer, an inductosyn, etc., for measuring the position
and displacement [1]. The Moife transducer {2] for example, after
sensing by photocells, generates a pair of sinusoidal waveforms. These
two waves either lead or lag each other by 90° depending on whether

the direction of motion is forward or reverse. The counting and direc-

tion sensing is then done by a digital circuit. Such circuit as described
in [2] serves this purpose well except for the fact that it uses only one
pulse edge for counting in one direction, e.g., the leading edge for for-
ward counting and the trailing edge for reverse gounting {2, figs. 1'and 2].
This letter describes an improved version of the circuit which uses both
pulse edges for either forward or reverse counting. Hence, an increasc in
accuracy by twice as much. .

CIRCUIT DESCRIPTION

Figs. 1 and 2, respectively, illustrate the proposed circuit and its
signals at various nodes. Most of the circuit operations are self-explained
by Fig. 2(a) and (b). The capacitors and resistors are included for the
purpose of adjusting the pulsewidth at nodes (5) and (9). The counting
pulses always appear at (5) and (9), while the signal levels at (7) an\d

Manuscript received January 28, 1982.

The authors are with the Computer Research and Service Centre,
King Mongkut’s Institute of Technology, Ladkrabang Campus, Lad-
krabang, Bangkok, Thailand.
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Fig. 2. Voltage signals at various points of the circuit. (a) Forward
counting. (b) Backward counting.

) enable either the forward pulses at (10) and (12) or the reverse
Ises at {11) and (13).

CONCLUSIONS

An improved counting and direction-sensing circuit for an N/C system
s been described. As it provides a number of counting twice as large
that of a previous design, its advantages can be interpreted in two
iys. For a given transducer, it doubles the accuracy of displacement
zasurement. Alternatively, for a given length of displacement, the

stringe;rt requirement on the transducer resolution can be relaxed, e.g.,
the number of grating lines on the Moire transducer [2] can be reduced
by half,
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'l' [y 8
@1573% 1 1oT1 50907 NOMENCLATURE

NOMENCLATURE DEVICE LOCATION
U1 -09 2732 , aqqsuﬁaﬂlﬁuiﬂsunsu
010 7418244 . 0 ‘
U011 C. 741509 s
U12 ' 7415138 .
U13 74Ls1ﬁ s
U4 - U15 ) 74LS74 55
U16 PLLs2kk 74Qiﬂdﬁﬂuﬂﬁnﬂuasﬂdﬁﬂﬁhﬁhs‘
U17 - U20 7415193 | ’s
v21 . 1489 | .
v22 - U23 4L 24k s
u2k MM5817% | 29
u25 -8255 . as
v26 741832 ' , ’s
v27 74LS0k 55
028 74LS00 ‘ .y
v v . .

U29 74LS14 293535 10at g
U30 741508 .y
U31 ‘ 741551 v
U32 1488 55
U33 - U3k LM380 . 53
U35 2716 ' .
U36 . 74Ls123 s

037 741374 ‘ .

{
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R .
M15997 2 159999 DEVICE

DEVICE AMT NOMENCLATURE
1488 1 U32

1489 T 21

2716 1 U35

2732 9 U1 - U9
LM380 2 U33 - U4
MM58174 1 . v2h
741500 1 U28
74LSO04 1 u27
74LS08 1 U30
741509 1 011

74LS;1 1 U13
74LS14 1 029
741832 1 u26

741,551 1 U31

741874 2 U1k - 115
7418123 1 U36 |
7415138 1 12
7415193 4 “U17 - 120
7415244 L v10, U16, U22; U23
74LS374 1 U37

8255 1

u25
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Fio0-
FlLOz-
F1O5—
F108-
F109-
FiQR-—
F1OE~
F110-
Fiiz-
F115-
Fi18~
F11A—
F110~
Fl1iF~
F122~
F124--
F126—
F129-
F12C~
FI2E~
F130~-
F133-
F13%~
F138-
F13A-
F1ZD~-
F13F -
F142-
Fi44—
F147—
Fi49-
F140C~
F14E-
Fisi—
F154—
F156—
Fi5a—
F15/~
‘F15C~
F15E~
F1&0-
Flao-
Fl64-
Flas-
Fl68-
El1&G -
Fl&E-
Fi&aD-
Fl&aF—
F170~
F172-
F174-

&2
BED
gD
Ci
Do
an
A9
85
20
aD
A7
85
Z0
8D
A9
a5
20
ab
A9
85
20
A9
8D
A9
abD
A9
8D
A9
8D
A9
an
A9
8D
a4Cc
A9
8%
A9

ooy
-

(a1
a%
i
£
Ei1
1
a8
DO
E&
Eé&
Ch
30
DO
&0

A
AF
4F

F7
co
10
FE
=4
C1
30
FF
54
cz
50
FF
54
C3E
70

54
an
Q0
C4q
01
Co
02
4c
O3
AD
04
iF
Q5
D0
Q0
FC
DO
+D
Q0
FE
20
00
FC
FE
F9

FD
FE

02

FoO

Fa
Q0

Co

Fi
co

F1
Co

F1
co

0c

oc

OCc

oc
0C

LDX
LDA
STH
DEX
BNE
STA
LDA
SThH
JER
STA
LDA
STA
JSK
STA
LDA
STA
JER
STA
LDbA
5TA
JSR
LDA
STA
L.DA
STA
LDA
STA
L.DA
STA
L.DA
STH
L.DA
STA
JMF
LDa
STA
LDA
sSTA
LA
STA
LDX
LDy
LDA
STA
DEY
BME
INC
INC
DEX
EMI
EBNE
RTS

#EQT
FEO4E X
FOO4F , X

$1102
$COCO
#F10
FFF
$F154
$COC1
HFEI0
*FF
$F154
*+COCZ
#$50
FF
FF154
FCOCE
HE70
$FF
154
H#E8D
FOCO0
#EC4H
F0C01 .
HFECO
F0C02
#HE4C
FOCOR
#EAD
£0C0O4
HEIF
FOLCO5
FOCQD
HF00
£FC
#¥DO
#FD
HEOO
*FE
HE20
HEQ0
($FC) , Y
($FE) ,Y

$1164
$FD
$FF

¥1174
$1164
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