S

2

BUREAL OF RECLAMATION DENVER LIBRARY
‘gé‘%%\: e , lszo! 923II
‘0“&/\&(\
"

UNITED STATES DEPARTMENT OF INTERIOR

GEOLOGICAL SURVEY

Texas Instruments Model 59 Hand-Calculator Program

to Calculate Gravity Anomaly over 2-D Prisms of as Many as 18 Vertices

by
Donald N. Haines and David L. Campbell

U.S. Geological Survey, Denver, Colorado 80225

Open-File Report 79-1687

1979

Citation of particular manufacturers and model numbers
does not constitute endorsement by the U.S. Geological Survey.

Although this program has been extensively tested,
the U.S. Geological Survey cannot guarantee that il =ill
give correct results in any or all particular applicatioms.



mﬁ&%ﬂﬁm&%ume.z_or_L Tl Pogrammable

PROGRAMMER _DAVID L. CAMPAGL DATE 6/27/32 Progrom Record
Partitioning (Op 17) M.5.7.4.91 umumnMED__mwrapﬂnm(Cm_Z_

ne
(5 ks OP ,?) PROGRAM DESCRIPTIO

Program Description, Equations, Variables, etc. A Talwani- }7& prvjmm Yo calculate
jmv:g anomalj due o a 2-dimensidnal prism wiTh =18 verhies.

Zni A= GA/oZ —-{ag)[_ene = 2R ]+ )8, 9]}

— where. ,“_2 RN
—~—~—H +3" — Q= Xy~ X . 71'3,,,, m.3£ St
—6;- v-VfM“X»/J ——a‘fy i3 - i =) (@R

) Red " R W7
Gvaw.‘y. ———td ) _____ RN,

__Qll coordinates A

w.r.t. arbitra ¥ _(%'J" F
ongin.. (3 positive e
dOGanrg)f_ = N g T =

o _-—(xu}n)‘ . =

Unil: A n . m:ll:jals
, X, Z X Km. (dc.ﬁult) or. Kr’t' (Hag 0. 52). AN

,O-lnj/aﬂ" y -

ﬁ’eﬂ:rcnaz C-}mnl' £S., and West, G.F., 1965, Intupretation Theory in ,%g/mcf
Geophysics Nau_}érk m‘qmu-h‘:ll 2 p{?‘?y, egn. 10-F.. —_-_9’

USER DEFINED KEYS DATA REGISTERS (] I ) ABELS (Op 08)

vAp .. 1 Fhodpy,n [0 _ AX .. G0 G G
I o s ctper AR bopl ¢I.¢. § old 9 ) _ R _ 50 _ 5 _ SR Wi
! Gy i | - Pigap (A [EE D SRR
o B n 3 2GA §1 Riw, e N (7 ».
 Ford pant | T (v Ae | S-Emmarme
oy AR O _mvin O m_ S
A . Badj v:,rh.x Y Zé(;) mgm_m_g;mm-{
- Sy coordinates |77 A [ - R 3. EwiD _
» Body index " g T m_mEvEEwvia ooy
e AZ’ J_ ys z C -

FLAGSK/t--I b F —-al _:[ __4[ a— sl —l!__Lr— ol._o




TITLE GRAVITY: 2-D ANOMALY mee 2 oF_ 1 T Progromrnoble e:@

PROGRAMMER DATE Progrom Record
Partitioning (Op 17) 13,5, 9.4, 9] Library Module __None Printer OPtional cargs 2
(5 2nd Op 17) :
USER INSTRUCTIONS
STEP PROCEDURE ENTER PRESS DISPLAY

1 |Read in banks 1,2,3
Note: If you' ro new to 'rI calculatora, t cxactlprocgduru is: :
(a) Turn calculator on. If it is alre on, turn it off| and [then| back on to

~ clear possibly troublesome display flormats. : y

(b) Set partitioning, like this: '_.57 . s aa Zpd Op (17 |559.49
(c) Enter "0 - and feed side 1 of card into slot. [Dispjlay ghows| 1.
(d) Enter 29_.." and feed side 2 ot‘ card into slot. Dis y Ihowg v 4 .

(o) Enter Ly, Mo and feed side' 1 o! card into slot. Dic ay shows|3.

If display blinks, something faildd, so repeat|che ptep

2 If input distances (x z,X, z) are to be in ko, ekip :his step.
_— st

If in kft, press || O
§ ; :!ntcr density difference . Ao gl_/f:ll3 oy A Ap >
4| Ioput body vertices . P I O i
—-—-{a) _Initialize (k=) 1 SR Dt B s
. (b) Enter successive body vertices working clockwige arpund |body}
-
R ot TN W S
D i

F— } — .!4<- —— e s ss | e femani ] e

* Up to 18 vertices may be entered. | Flashing "13." ih didplay|after this

B _Step means you tried to enter too pmany. mtc_wtgr__tg_}} is not repeated
to close ‘the body, as in some ptoﬁs.

. e — - a—— —————— —

5 | (Optional) To calculate points om a profilel AX - 2nd| E_| 8X
L 1. (2 eonstant) Py LA N YR ey
_6 | Enter field poiats o & SRR W [ TS
; . = E_| 43 mgals

® Repeat step for other field points, a
incremented x.

for|next

—— e ———

__._it returns (display will flash and "?"
Such results should be checked; for e

1is appended
ple, by re¢alc:

pre .- - —

Lia nearby field point which is _not at an pbjectionablq o 0 oA R gy st
woa} ...—.reordering body vertices so that the flield point of i esq doe$ not le

on the first or last vertex. (See

o e | - — -

ple, P.-..q Q.

- ——— —— s —
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GRAVITY : 2D Anomalu— Card 2—-500/3

PROGRAMMER DATE Program Record
Partitioning (Op 17) Lo+ ] Library Module Printer Cards
USER INSTRUCTIONS
STEP! PROCEDURE ENTER PRESS DISPLAY
7 | To change body poiat k R RN B TR
—Fpcae cmnmm x¥t | g
s i o e B e D n=total # __
=i ih-s Eos PRGOS || [N ol . body pts._.
| _ .. @ Body point k (only) is changed via step 6. _ﬂ_a,:Ivs:. body poipt #1 may  __
L2 not be changed this way, for grogran then thinkd4 it'p at |step|4a, and . ____
all body points must be re-entered. RN N e TR
b ® Body may be extended at any time vik step 4b. This Fdds new body points,
s starting from previous nth body poipt. _ RS D o o W,
® Steps 2,3,4,6, and 7 may be performpd in_varioud seqpencds, igcluding _ __
between field calculations, to see rhe effect of cmrmr one|such parameter.
8 | To start a new body, clear | - —_12nd | CMS| and go _to
s - K PR owi st NP A sten-2.
» -
i CARD LAYOUT T
I N = Wi i ‘ -
e GRAVITY: 2D Aromalu —Card1-Soo 17| =
~ | Bod inded AX
£ e AP o Y B
TR 2 TR T AT T A S ] i
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Comments

1. This program calculates gravity field due to only one body
at a time. Still, multi-body models may be treated by using the pro-
gram to calculate gravity anomaly for each body separately, and then

manually adding component fields at the desired field points.

2. This program is appropriate for simple or in-the-field
applications. However, it is quite slow, taking approximately 20
seconds per body vertex for each field point calculation. Therefore,
even moderately complicated bodies will take several minutes calculat-
ing time per field point. (Plan something else to do during the wait-
ing intervals!) Clearly, complex or multi-body problems are better
handled on a more time-efficient computer system.

3. When using the profile optic: (step 5), the program will
pause right after R/S is pressed (step 6) with the incremented X value
in display. This feature is for the convenience of users who have no
print cradle. The current field point can also be recovered-—after
the Ag calculation has run to completion——by pressing "RCL 48" (display
shows X) and "RCL 49" (display shows Z).

4., The X-profile option easily may be modified to a Z=-profile
option (for example, for drill hole calculations) by making the follow-
ing changes:

a. Change "SUM 48" (in address 483 and 484) to "SUM 49".
b. Insert "Pause'" after address 490.
2. Delete "Pause" command at address 487.
At instruction step 5, AZ is then entered in place of
the current AX.
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PROGRAMMER DATE Coding Form
o8 KEY COMMENTS |[LOC |CODE[ KEY | COMMENTS [[1Ac lrnnel ey COMMENTS
U 7e LBL  fen@: (0SS 05 05 ° L0
001 11 3 " 055 &% OP il}) gé !
002 42 S - 0S7 00 00 e 12 = 2
003 02 02 _let ,6"’“# 058 43 RCL -~ 113 69 0OP
004 &5 X 3!;.;7/. 053 02 02 thtAe 114 03 023
003 02 2 Sfore. 060 99 PRT 113 01 1 Pnnt
00s 685 X product;| 05131 S : 116 04 4 “BoDY
007 06 & Bes Je LBL  Ra D" Jl117 €3 3 PT. "
008 93 . o i 063 19 D°* - 116 D2 2 R
003 06 & = 064 32 X!T ~1l119 01 1
010 07 7 L 065 01 1 W i=1, 120 06 &
011 03 3 T 7| 066 22 INV me ||121 04 4
012 95 = B 08y 67" ‘EQ J t|l[122 03 3 2
013 42 ST ' - 083 78 3 m,ﬁ, 123 69 OP
014 03 03 . ~ | 03 42 sTOD | 124 0L Ol (7hege shops
01S 22 INV F 070 01 01 St R he
016 87 IFF or1 76 LBL | . . |[126 03 3 owlwedif
017 00 00 ol 0P PR “Higy. 883 ., Aave
013 &8 NOP _| 073 32 xiT s Aee I J::,nbt
013 &5 x —— | 074 65 x |Comver | 127 04 4 cradle.)
a0 99 s Fix-up | 075 02 2 badpt 130 00 O R
021 03 3 i case|[076 35 + i £ | 431 esQw . L
022 00 0O rapet |1077 01 1 ) “"'.,‘f 338 D& 08 v
023 04 4 distances | 073 35 = tndex 3/ | 133 532 OF ;
024 08 3 willde | 075 42 310 | 9. |13¢ 05 0S : ,
D25 95 = s Kfe. | 020 00 00 SO - o A .
026 42 ST0 | 081 63 0P |Deement| 136 21 21 | Aunt
027 03 03 12 08Z 3% 91 w,v 137 43 RCL X5 s
023 76 LBL —'lo83 7& LBL 4 133 48 48 ;
023 &3 NOP 034 91 RoS |RfS: T | 133 33 PRT oK
030 s 0P ... .l |1 085 43 RCL W‘j’ 140 &9 OP
03t 00 ‘B0 2 - | 088 0. OF  lLis o 141 20 20
33% OF. & o sl 08T <98 AV n-l. 142 ?g 833 . and
03 S MO S TG Y 142 0O i e
034 00 O PSRN 7 s TR Fern D: | 144 69 0OP ,
035 00 0 s 0950 14 D 1 af ay e 145 20 20 Store.
QI I e L) | Emceen] 091 71 SER |7emp. Shre 146 43 RCL X
U 060 .- KorT ek _ 1092 45 yx " 5 147 49 49 >
038 01 1 1095 %3 ¢ [-7® |148 99 PRT %
032 07 7 094 43 RCL .| 149 72 ST
040 &9 OP Print 095 00 00 | 150 00 00
5 S0 1 S 5 1 R «+096 75 - SO T | T CN% el
042 03 3 A DS g3> 01 1 T|li52_21 Res
043 01 1 ety I S Cale. < ||153 76 LBL  Y*:
D44 03 3 — 1099 55 = J- S B o S
045 08 & 100 02 2 S| 153 32 X! Subr. for
04»; 02 2 (Mee i01 95 = 5 156 42 STg Temp.
U4 G 4 _ma {02 32 T ST 48 4 sbtyc.
042 03 23 .nz.'ffd A0S Pk, 1 Clnd’;ér 158 232 K ' 4 -
049 07 7 i»ru, 104 09 9 7oo ma. 159 42 STO . v
Gl D% . & ‘thave| 105 32 X! bodpts: MERGED CODE
051 05 5  apant | 106 77 GE SmEm PwmD “oo
052 &9 OP cradle) {07 72 RE Ul smEm i el 2w
033 02 D02 103 71 SER [GETL - TEXAS INSTRUMENTS
59 DP L 109 80 GRD p IO PR AT O

054

Ti-341m)
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PROGRAMMER DATE Coding Form
NTS || LOC ICODE| , KEY COMMENTS
| Loc lcopel ey COMMENTS Lﬁo;:slcoocell2 KEY COMME Tt Rl :
18 e op 216 07 7 |pat |[271 32 %iT |Testif
162 90 6 = 217 69 OP |'w 272 43 RCL | gpqst
153 32 enu 218 01 01 | TEHP |[375 01 01 | verde
—— 219 01 1 PI. 274 22 INY | opualy 15
s 73 o | E 220 06 6 |(Thecshpdi275 67 Eq | Yoaet
162 03 3 ;F’ 1350 8 0 magbel|275 23 Loc | ZT5
57 ‘ . 22§ e ||277 43 R
1e7 02 2 | g e ephted 273 04 04
169 94 +/- >18 ;;5 0;3 3 o 580 73 PO# :
170 34 X | jmput || 223 or 7 [Pt {15y 38 "% _
225 33 g bodpsS. | 337 04 4 “ql282 35 = o M S
+—E2 223 00 O -] 283 42 sSTO
=T 229- KE WP, I l5as. 47 <47
175 23 5N 230 02 02 T 71285 69 OP | Cateutete
178 05 5 | ke vl S0 92 02 — " ll2ss 20 20 ,
175 32 wit | Arteod 232 05 0S T|[287 43 RCL | autx),
173 85 ‘fa o beddtl 233 43 ReL 1288 o5 05 | ey,
179 60 pee | "Mec<li237 13 *G%L gho _|l289 75 - a
173 60 DEG —--=| 338 a9 PRT vt 290 73 RC# ,5."’
181 70 RAD | — 1| 238 323 Rev PT 291 00 00 ! etring 78
132 a2 ph 1237 45 45 | & 292 35 = | verfexas
193 76 Lot T 238 99 pRT L ° 1335 42 sTo | Gers
134 70 RAD f--1333 03 3 TTTT294 46 46 | verfex
165 . 88 o0, 1240 42 3T0 | 295 43 RCL .
5 -+ TIMP", 112543 05 on |~ = - 296 04 04 el
187 05 3 r 242 76 LBL |Sume 11297 94 +--
188 00 o | %M I34§ 34 sum [ [1233 65 )
(169 85 = |0 [I233 43 oF T 1l299 73 R
'igg 32 RTH 245 20 20 : 300 00 00
‘ 1246 4 T "ll301 95 = Sy
192 €0 pES . 1542 a5 48 |t 302 42 sTO |
be B e e o o “54:'3 34 +s- &.i{f 303 45 45
15% o1 1 |k 249 74 SHs working || 304 63 OF e
19: gé PWI’H 4 250 00 00 g < |[305 30 ng ; -

' Lol 251 6 i | 306 43 R 3 A
197 10 e | &Y 53 58 % :QDAA“ 307 05 09

: Stre | 253 & wt.| 308 &5 x i
i k- 54 43 55 Pom==11305 33 mes
133 3? Pjs Ay 255 94 +/- | 310 00 -00
L5t Fon 256 74 ! e 11 ot
A 18 e X153 26 oo |- — —|312 44 sum

3 25¢ s g 313 45 4 v
38-3; :é " ﬁ'"z,m %gg Sf DB% I | Lgt -ij.-

s 0 I ¥ ; 5 : __|i315 23 L Cnle
S N 4 §§? i‘1‘ ggg _..{|316 70 RAD
el o A e g & g R I L
g gt 8 B 263 04 4 _ " |l31s oo oo
505 03 o0 - 264 42 37O —_|ls1s 32 x:T
209 02 2 'f' 264 42.6T0 : ! ehcepcoses——
210 01 1 | 6. O B cma iRE see

< 2 5 266 6 LBL &_‘z‘.’ Y3 el B | EE IO e | a
212 05 4 e RGNS nfry|| SAEIED  Téum EB 92imi
giE 3? 1 T L 206 215D Restore. losp TEXAS INSTRUMENTS
"214 07-7 263 43 PRD | “req.
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PROGRAEMER DATE
Loc jcooe] ke | comments [[Locicooel ke | comments [[Loc lcoos'{ KEY | com
320 %9 OP (s T TR | '430 DSz
321 20 20 376 95 = Test 431 (1 SER Mhp
322 73 RC*  Becalf 77 42 STO ‘ rarge of 432 53 INT rey.
323 og go ||378 44 44 433 03 % /
324 22 INY akell379 76 LBL o: 1434 42 s
358 o7 pop TLOENISE 65 ?“' “ 1435 00 oo
326 42 STO AA. 351 43 RCL and 436 76 LBL
327 44 44 P Y ||1382 41 41 437 73 I+ 3+
328 32 XIT W (1383 77 GE  comert (433 63 0P T =
329 35 1/% 334 233 DMS 4339 20 20
330 423870 |l38es 85 + _As; _||440 43 RCL 3
331 43 43 s feus- 02 2 " Tll441 48 48
322 69 OP 387 65 X if 442 74 Shs .s;,,'{c
333 20 20° _ _"_"||1388 89 « ___ T ""ll443 00 00
33¢ 01 1 e 11389 95 = Recegsary_ || 444 69 OP mk-b
335 32 RIT  iare 390 76 LBL . J |45 20 20 ,J
336 43 RCL sfer 391 83 DMS _ _ ||446 43 RCL positi
337 01 01  epals 725392 22 INV T 447 49 49
333 67 EQ vefex | 393 44 SUM _ _____|[443 74 SMs s
e e L RN, 1 7 A e | P U RN et
0 FHREE TN oLl By g et S OMRE NS e
341 00 00 _ 396 43 RCL |l451 01 0Ot w
242 32 %! B A TR S __||452 78 =+ e
343 69 O0P  _ | 398 65 «x _____1l453 71 SBR  Rulore legp
344 20 20 1399 43 RCL . ____1l454 59 INT g
345 7?3 RC* ____ " l400 43 43 _ ____ll4ss 03 3 T
346 00 00 | 401 23 LNX 456 00 O
347 61 GTO ) | 402 85 + ———e 11487 02-2 Prnt
S48 8N T R SRS o AR (R “"MGAL"
349 76 LBL Xt 404 47 47 48y 0t 1 A
SR B RIT T T 4035 65 x . 1460 03 3 MR
351 43 RCL e x,3, (406 43 RCL _Cale. [[461 02 2 5
352 04 04 _as et | 407 44 44 o aeg g7 2 s
353 32 XIT vere | 408 54 > _Ag 463 69 OP
354 A RCL o lene 65w 464 04 04 -
355 05 05  mimc] 410 43 RCL — .|| 465 43 RCL )
356 76 LBL Op: 411 45 45 |46 42 42 Park }
357 &9 OP 412 55 =+ ——|l467 &9 OP \ay
358 22 INY Converto| 413 53 ¢ - -—||468 06 06 Aq.
359 37 P/R  polar: |414 43 RCL -..—||469 98 RDV
360 42 STD 'Get Ao 415 47 47 _ ___ = 31 R/S
361 41 41 _and 416 33 %2 _______ ||471 43 RCL
362 32 X!T . Rmfp. (417 85 + (1472 40 40
363 49 PRD . __ 77 1418 43 RCL . || 473 44 sun /neremenl
64 A2 48 i | 419 M6 A izl 474 48 4B A
365 63 OP {420 233 2 475 43 RCL  for
366 30 30 ______|421 S4 ) . —||476 48 a8 profile
267 29 CP sl SR S . |l4a77 &6 PRU calc.
368 43 RCL e, | #23 - 43 RCL _ .| 478 32 %
g;g 44 42 e e 43; 03 03 479 43 RCL

s RSB F 95 = Epbpr s :
371 . BY ‘4 e [ 42644 SN el e N
372 85 + PRSP L WH | b R S SR 5 T A G SN A Tisd B 92w s
373 02 .2 — | 428 97 D3Z s o TEXAS INSTRUMENTS
| 2PE A8 % 429 01 01 - imcomponateo

Traas
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DATE Coding Form

|LoC [cope] kEY | COMMENTS |[LOC [CODE|  KEY COMMENTS
vag ra-RC# e | 8 =
536 00 00O M St Ll P
LT S e ) NS ReY \Aunss
333 44 sSU > e ! <
EOPRINE] | - - o e TR S i . 2 S 2N e e e
435 53 ( ; ?o a2 RIN it M :
436 353 ¢ Subrouhing| 241 00 0 PP ey Bl
e R —
439 75 - :’7 544 00 0 el A R e ot
490 03 3 SRt (N TR T RS | T3] 0 R DRt
232 gg ) _ "|ls4s 00 O A | TR e Wil DR
2 > 9547 00 O Y vetray, | S i) =
#9802 & T —C1ms oo | LAY A
494 54 ) araivgues TR R R W7 D ) ;
| 495 42 STO s ool O = A T 2R T - ~
496 01 01 31 B5E 08 4 DLE B | T R, (e Mt
497 92 RTN g0 00 0 s ety b i
498 7o LBL PAd: 000 0 o
499 439 PRD —™ | 554 00 O
S00 73 RC# | 555 00 O -
S01 00 G- | ‘Sae . 080 0
902 94 +/- 1 et =08 0 SR | By | (R S
503 42 370 T 1 - S 7 e G e
S04 47 47  Subrouhme| 553 00 O ) s s .
L e s e
) fo e r
3507 73 RC* S ¢ P S 4 Tl
508 0Ou OO0 & S _d
208 MG | H =
1 42 o 2 a' 3. AN P, W i i
511 46 46 4", %} G S e O
S12 42 STO |_ and _ ||
S Dag ] = =
_ae 2 | AE] Hoviyl X8 (T
S15S 20 20 3.)_',. R O A =]
516 73 REC* when || | _ e e L
517 00 00 e R e e et f e e ey ety
S13 44 SUM  werfexac || | i S| RN
519 7 47 i =L e Deete) PRS- 13 = e BT
B2D S5 PRY  “plREN AL Y i hnniite Al e s 5%
921 45 45 3 |y Y RER| VSN M r] s ¢ rars.
522 €9 0OP Verfex...|| = > - S
1923 20 20 - S ISty . ) S [ A
524 73 RC# Shrsetyed | i - 8 ot e e P
525 00 00 D e - - - -
526 44 SUM TS jae ey, | e
ST A QT SN R | B (NN, SN NS P g .
5%3 é‘? Ugo = 2 Ty [y s | Fetect ek | V0
Bt | ] S — —
531 30 30 : i || @@ RO 4@0
232 69 0P e | (O] e e || AT T4 3 920ew) sam
333 30 30 Q- -4 -t TEXAS INSTRUMENTS
534 &5 ® |NECOMPORATLD

Taam
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. » -
_Origin 300 4 (20)
(o o’ S N\ g™
Example: Investizale gravi Zy
anom 9 due 7o %e 2-D Sguere, X
7-Kkm on a Sde, Shown here.
£ Ap=041 9/cm’\ »
*2 (1,1) *1°C2,1)
VARIABLE XEY DISPLAY PRINT-0UT
— — — = — -
ap=o.( (Yerd) 2% A 0.1 R T i
R=1 22D 0. .
X, =2 (km) S (o) BaBY PT. 1
3,= 1 D 2 L. A
Xp= 1 Xert (%) Rl
e A TP soDY PT. 2 :
Xy = 1 VX‘vt (’-) L. !
T D v BODY PT. 3 :
x'. - Xer ™ (9') :
Sy = o D 4. 0.
X=0 (km) Xt @.) gODY PT. 4
Z=0 E Aq=. 26467855 supel = |
X=1 e “ra) f i
| Z2=0 E Aq=15/0727502 meel | FIZLD PT.
X=15 Xee i) &
=0 E Aq=2305Y6//7 mpel |  2:3:735533  MGAL
X=2 . Xaw - =\ )

Because error is passible. when -Agupmtmat 1.510729502  MGAL
st or last bod verTex, display feshes and "7 "
appears on print-out.. tHere, answer s ak. b < 1.5

conw&nnfmr however: 7o clear ﬂuh— 0

2.311545117  MGAL
. Ing, press ‘ar”

X=2 Joppre (a) FIELD PT. T
N a.
i = 3;4;;:::)2”“ U si072es02  omeAL
LR FIELD PT.
X=1 Xet (o) f
2=1 & Ag=-)Stor2ysobmpet] 1510729302  MOAL
X=15 Xt (o.) o Wi
Z=05 £ ~1.6005% 2 mpat| FIELDFT.
‘Bj The correct answer (s 3ero at M I
point. Rotml-o# error Aas led fo a mcyml( -1. 510723302 MGAL
nwnkr Aary output here. FTELD P

.
-

[ RN}

0.
-1.500S7-12 MGAL . .



