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Abstract

Program listing, instructions, and example problems are given for
12 programs for the interpretation of geophysical data, for use on
Hewlett-Packard models 67 and 97 programmable hand-held calculators.
Thesé are (1) gravity anomaly over 2D prism with < 9 vertices--Talwani
method; (2) magnetic anomaly (AT, AV, or AH) over 2D prism with < 8
verticeS*—Talwani method; (3) total-field magnetic anomaly profile over
thick sheet/thin dike; (4) single dipping seismic refractor--interpre-
tation and design; (5) < 4 dipping seismic refractors--interpretation;
(6) < 4 dipping seismic refractors--design; (7) vertical electrical
sounding over < 10 horizontal layers--Schlumberger or Wenner forward
calculation; (8) vertical electric sounding: Dar Zarrouk calculations;
(9) magnetotelluric planewave apparent conductivity and phase angle
over < 9 horizontal layers--forward calculation; (10) petrophysics:
a.c. electrical parameters; (1l1) petrophysics: elastic constants;

(12) digital convolution with < 10-length filter.
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Program Deseription

program Tie - GFrAVILY . R~D_anomaly B
Name _~David L. mpbcLL  pate 30 Nov 77
Address U-S. §50/%1C4L AJaer/U

City — ‘\-DMVC—K'W_

st -CO—— zpcose 8ORAS__

Program Description, Equations, Variables, etc. /q WM”" /’5 P’”jmm 7‘7-7 cal calai’c, —_—
jmw@ anomalj duc fo_a R-dimensi¥nal prism. wilh £ verfles.

Zn: . Aq = o?GA/oZ -—-—{a‘(;)[.sz —@nﬁ]+a‘(z)[9_—_é:];

where L =
ﬁ J - 46{7‘) = X=X A = X 300y =Ry B —
e G /J '*'”Qi‘(j):J«:ﬂ'j&" a; = (a.-(x))'z+(a;(3))’3-f— —
" ery: Fidd- poic -
Geo j%m _(x il ‘
Qll coordinates X

w.r.t. arbitra

T

2 , Zaso-dymenssonal ( verts -“S)
n. o:/‘f‘llc =4 density conpast X, 305 Lt Th™
dawnu}am‘; )/j //_:— 0:?._ Y /on = ?)u;baér'%d:(;/od\’wm
S 9 (x , . Qarod S
- - ’ ;’) T e e e (x')’)l;'ﬂ) %‘
Units: Aj n m;l/;jals 7

3,2 e i) e g 50 =
Afo in j/

?\’e,éerence G,rxmt‘ Ff A;;;( West, G.F., 1965, /nfzrgrdhﬁm Theory in m/%e»_/mf
é@@ﬂg New)brk. mﬂqmw—hl;ll - pf;?é’?, egr. 10=F.

Operating Limits and Warnings Tofa( Va’ﬁCCJ ns 7 Ermr 'ﬁmh(s “"h@n n> ? >

i Fedd ,oomt should _rot coonede with. .ba%/ verfyc 4.
(0.77:(/ verfexs ok ) ijmm relurnS o.00 in 7This case.

R _ Projmm assumes.. IT=o  at- start o _subroutine_ B

(fwrmull The. case. ) £ atcsplaycat mclcx.zs _incorrecl, reset T 4o 0, and
Arc.s/zzrtj boo\ly verfer _input.




User Instructions

2-D anomal
—»Ag j
X1+2

INSTRUCTIONS

INPUT
DATA/UNITS

KEYS

OUTPUT
DATA/UNITS

Load side 1 _and side

Sel f/aas as needed.

For f/P_7 7 J)rmﬁ ao/rzom

-ﬁ dlf‘/‘gnces 1)’L /(/t‘

< a’a,é&ﬂ*;ﬁaj_z_dmr&d — (s Am)

Key densityy difdexence.
J J

-i:l.n)

Keg bodu vertices (z, a.

Ropeat step 4 -Q:r a\l_bodu

VX m& work\m successivelu amund

twLUMA Aetkwise AineZtion

\/er’fcx*i s not momi‘g& as _in

some. Talwani. omsrams

HKey tredd points (X, Z)

Fiad- 'Domts m anuwhere,
> ‘;:m J !,

(mdu.&\m

okt va‘l%;

4,

S#EDS ma.u be. rn)mj‘}yj as

desi r‘ed -+ 744‘) fmz‘g_a_n_m/

due‘h:’Dus

-3!2052

’ w 48 chamae

el
.
e

oamm'-hz,rs or_bodu gg_ame:\tu

JJ

For a new case. olgar_ﬂsmc&@c&%gdg___

vhul);L

Aqg (maal
v J 7

JO0CO00d0R0oE00oCoo000000000e0000sR 0L

- [0000000000000000000RR 0000008 =0 00000




STEP KEY ENTRY KEY CODE COMMENTS STEP KEY ENTRY KEY CODE COMMENTS
o T | 857 GSBd 23 16 14 Ge&(AmR, b 8)
i i A Input Af; @58 X=8° 16-43
gep ML el 859 €102 22 @2
ggg lsfltﬂ 16 23 @l (Fp mif Kfe.) @68 P35 . io-?i Ax
8o4 6708 22 q& . gzzlz GS&; 2 12-51
85 . _ 4., 8% pez P s
607 % 35 | Constart 4Ghp 864 K3¥. -4l
A R or Kkm input. 665 G5Ba 23 16 11 A3
e ston 5 11" P -5 |Ag AR+ Ax-Ae
olp 708 WD B8 RLi 3643 (Nouy qolt cockl by
___9]1___ — F'-ZI 'ﬁ' - s T 859 ISZI 16 26 46
bz 4 o 878 RCLB 36 12 1 iom. st
gif TLTE o Te2 T a7t RCLI 36 45 1=n,
L B Constant 3G4p g7z Y2 1634 v
16 - 37 63 . 073 6sB6 23 66
e 7 2 g2 for Kfe input. 874  STOI 35 4¢ v
gis Cx et e35T 875 R -3 P
819 STOA - 35 11— 876 RV -3l 3 %"
828 RTN 24 877~ RCLi 32’ g?‘ 4“,5@ \‘-\&5 JFJ"_
821 ¥LBLE 21 1Z B: Input (X 78 P 1 o & ,>°"~
5 26 4 - Inp 079 RCLi 36 4 2T,
e i?ﬁ' a ‘3?-§ 45 3 3L 888  R¢ -31 RO
823 ST0i - C
RE - =31 681 Xay -41 o .
SS% pﬁé xs-s] 882 Rt xs—’;‘; \,J(,“e"‘o (,;“"
BT Th Cewae 28 0
827 - ! These * . .
828 sT08 35 @6 and oldX : in case uer 885 nsz; 16 ig gg _
829 P35 16-51 Forgot 4o oL REG at shp ng ,’iéi’e 17
gg? S"’S # o5 & F instructions. gsg §TOI 35 4 I-@ at{=m sk L=n.
.. 65 %
I. 3646 ¢ 889 R 3
ggé 5%?. CO16-34 ¢ w W 098 *LBL3 21 83 3.
3 - - g gz < EcrOC L)(lt., Sirke pai RCL; 36 45
834 E£5Be 23 16 1: mo Such addrs 092 25 16-51
oW L v mee om o ey
836 S 6-1 - X 3
837 __ RTH __ &4 ggg ' om -;z- - ,6;_ mow calalatad
03 LBLC 2113 C: Input ( ZX) el 35 :
@39 ST0C 35 13 - -
840 R¢ . -3t , 897 995‘2 23 16 é I INow gz‘t denom d,;
by oube z3iE 13 b2 Pis. 1631
bz P o lg-51 Coordinate shift 188 GSBa 23 16 11
844 RCLD gg ;i o put Ked porit ig; : P;g 1s~g§_ il
845  STOC 3 . : - B d: now calcaloted..
846 G5Bc 23 16 13 _ at origin. igi R <~ d; Culealites
e m T e ————- 185 RCLA 36 11
ot Rcﬁ 36 o G 186 x -35
049 e ST
850  £SBd 23 16 14 31 .'Duéaalqc for ig; Rc:;c, ) .ss;é;
o o1 g v ctewdin 169 sTOC 35 13 if A5=
asz Sstol 3 o6 Thru S‘t‘oz 118 *LBL? >1 82 v i Enﬁy if AB=0.
b3 _sroc 3513 _ body parints 111 DSZI 16 25 45
T 855 YLBLT 2181 4. Tfemmtion entry uz eros 22 1
@56 GSBb 23 16 1Z =. el
7 S
5 T > 3 é r ] 5 6 7 8
o3 21 52 o2 $3 = ] S5 S6 S7 58 9
SD 51 " . - -
v ey e A
A B
36 Ae " New X, 5




Program Listing

.§TE? KEY ENTRY KEY CODE COMMENTS STEP KEY ENTRY KEY CODE COMMENTS

.. 113 F8? 16 23 ba 169 LN 3z S Gof i D
eee - 114  FRTX -14 i7e  STAOD 3514 [« SJO " m
e 115  SPC 16-11 171 - . -45

] e _RIN___ _ 24 _ . 172 XY -4l

T _1i7 ¥BLa 21 1§ 11 . - 73 RCLE 3615

18 1szI 16 26 46 a: Get a;(x) 174 %2y -41 o £

119 RCLE 36 12 . 175 STOE 35 IS ;

.. 128 RCLI 36 4¢ ‘# i=n, st 1w - -43 <sro F
121 Xy? 16-34 g 177 E<a? 16-45 1]

o 4 oo <+1=1 _ e J-'
- B R T i g
124 R -31 168 PP 16-24 AN
T 15 R -3 181 %0 16-34 ")“6&49\ q,")
T 1267 RCLi 36 45 182~ gT07 22 &7 ¢ S
T 127 DSZI 16 25 46 183 ~ 2 82 Niie ) o 1

128 ¢T5 22 85 . 188 x =35 % v
T 129 CRCLB 36 12 1£ AHl=m, 185 - -45 (w ?., v

s s [ gb e | d moseme || 0Tl
“°T 132 xLBL5 2185 s: - 188 RIN - 24 T ™
== 133 RCLi 36 45 : 189 *BL7 21 87 17,
Tt 134 - -45 198 R - =31 ’
© 135 RIN 24 19t F22 16 23 @2
- 136 *LBLE 21 85 & 192 CHS =22
- 137 Ré -31 193 RN - 24 ).
- 138 1 81 194 #LBLS  2i 83 .
. 138 RIN 24 | 15 x#v2? 16-32 9:
<7 14p #lBLb 21 16 12 1% cTo8 22 68
D141 p2 16-51 = Gel 604? 197 RCLD 36 14
- - 142 RCLi 3 45 werley 198 a 66 AR
- 143 - P2 16-51 2 199 sT0D - 35 14
- 144 RCLi 36 45 : 288 RN 2 1Retum \NA O
i 145 RIN M oL /
- 146 ¥LbLc 2l 16 13 T
D a4 mee w1z < Coord. Shift
- 148 sTOI 35 46
- 149 xLBL4 21 4 ) _
. 1% RCLi 3645 #: New X = oldx i
1 151 RCLe 36 a@
.. 152 4. -55 +Od X -newX
. i55 RCLC . 36 13
. 154 . -_ . . -45
.. ...155 STdi 35 45 270
. 156 DSZI 16 25 46
- .. 157 cTo4 22 &4
158 RCLC 36 13

7 159 sto8 35 6@ ﬁ ;““ olT
. 1_6_@ _RIN 24 j New X,
! 161 ¥LBLd 21716 14 . I . F 7\
D g2 xeer 1643 A lnput ( x‘)
. 163 ETOS 22 89

_ 164 wlBLE8 2188 &

165 3P 34 20
..... 166 RCLD 35 14
.. 167 K2 -4
. 168 x#@? 16-42
. = = LABELS FLAGS SET STATUS
D N

Ae 2130 X4z>0 7 — E - ° Brint FLAGS TRIG DISP
a . b N
o Qilx) ['body vertyd Coord. Sift|'A6, AR _|"Ervor axit]] KfE 0 D Qg pEG O | FX W
SUmAﬁn ;b@mc Usdm € PUsedmC *Ued e |Pddinel] B & | GA0° % | ene. O
Ueed om 0. |° Used o o [ Ul 2 Ugd ondl [PUstld m & — 300 n

o e T . T -
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ExAmpLE - Investigate ﬂmvitj anomaly
due fo the 2-D sgquare , 1 Km on
as side, shown here. Suppase
‘dénsc'\ia contrast Ap = o. 108 /or3

OL"Z"" #2.(4,0) 4#3(2,0)

(©0)0)

SorLuTioN:

SFi
18 6587 —
1.68 ENT? ‘s St ,emj @ for printer outpul.
1.88 GSBE 7] ]nput AP (S{'&? 3).
1.68 ENTt
8.68 GSEB
2.08 ENTT oo boAj verhices  (Step 4).
8.60 6SBE \
2.68 ENTY
1.00 6SBR Input Lol poits (Step 5).
fo el First fad point (0,0) has Aq= 026 .
B.26 tax
1.80 ENT?
8.86 gsoc [T Sw:r;\& Had poirit (4,0) ) ot body Vertex ¥2,

= .95 .

1.58 ENTT - 0 Ag = 15\ my

3:3? Giii —— Third fdd powt, locded, on cerder top edge
2.a8 ENT? % bo&a) .hqs AS = 2.3 mso.l.
TE T Forh fdd rpox'nf, locaked Snmmi'r&aﬁla,
1.88 ENT? ‘f“’“\ seond one, has same A.j
é:gg G:ﬁ — Pmsmn gives erms) b,szo i+ Lidd @o{v\‘t‘
i placed X body vertex *14.

1.58 ENTH
.58 6586  |————— In very Cender of body, shouldl eapal 3ere.
) - Ti?cdud s calaudaed.

-1.066080006-63 Fkx A Vary smalk rouwnd.
2.88 ENTY
i-g‘f Gfﬁ'c ————— At bo&n’s botiom cornes; Aield & Y\Lj“ﬁ‘)‘-
~1.51" yax
M db T oX —{uf{; corner,
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Program Deseription

Program Title 10 -dimensional /mynd::c anoma-lj for Aoz{y of 28 yeyhees.

Name @ayld L. Campéctl. Date IR Dec 77_;
Address U.S. GCO/ j cal Sur Vya,v. o . o
City Denver .. Y T & S— Zip Code 803525~—~—

Program Description, Equations, Variables, etc. '9 7alwan: - Pe P ram 7% Calculate AT;-
AH,) or AV! ma Jnmc anomaly oue b~ A~dimensional  prism "5 =8

Verfies. . F.eq;Popm (X,2) T T T

z Cd) A e (B3

bl \Bo&y o4 | Vertkes

honzontal plates like The one below:
o origin. Suleeghibility rusmbered,
(3 pasikive down) L clockwise.

- -
2. S ] avound body,
TR s T sy [ ety
r. SR . o (Xm,3a) MRY

SN NN AN AT'=2kTh s&:D[.s&:(:zr'—D)A?hcos(zztp)A&:ﬁJ

AH'=20eT b sinD [sinctD) Ap + cas(1r) Ae«k’.]

Equations: Field & 6u,oep;oa.uhon 7( ,
frelds due 4o n angle-edged

CAV'= sme as AH', with Tt T

A= /~cosil cos?A 1"'7‘”'.’/ .
2 =f - Ablinn TG
— - - IT=fad mdlna.?‘!b'b /’ a’!?" gmke-zbmg/f

Unpnmca( coardmaf‘a rgorc.rent' eqﬂ};,r true fad; —— —— ——
Pramed coordmales are projeded vto X- //cme N

Referonce: Hiertzler, TR, teter, 6., Talwani, M., and Burflueh, £6, 176.2 Lamont:
Geol. Oés. (Co/amém Umw) Tech /?ept #6, cU-6-63 (Mle /'ve chanyed.(one.
|____motakibn (n e

obw 208 wast)

Operatmg Limits and Warnings Gérfyeml ?Mﬁ"ﬂ—( ued assume ﬂejl ible de
" eti3ation e;ff’cd‘ and That™ AT'<<T. These conditions are dsuall
if <<l .m

- This pmjmm. " Ervor ™ //ube.s' 1{ au. 7‘5 wp out
more Than 8 60@ verfces. ﬁ/waju F¢) Fr .
are re-set #o do~ AH! or AVt calcllations. F'ch{ ’oomt nat‘ 0""“/:7
‘Soff/ vertex # 1. . .




User Instructions

/)’)agnet/'cs: 2-D cmoma!y

AP I Ty X113 g X4Z

INSTRUCTIONS

INPUT
DATA/UNITS

OUTPUT
DATA/UNITS

Load side 1 and side &

Jgtﬂajq_gl. as_necessary
Fiewp ARAHSE STATUY

AE! Llae 1

//:qjq o

AT Sel- Set

< detault

AH! cleared | sel”

Av! cleared, | cleared

Keu Lield. parameters (A, L weT)

/)na/e. strike 4o maanzdza nor’n.

3

(nélination of maghetic freld

D

Field streneth x miaonetic susceptibilitn
J < 1 _J

Kcu ./)odu verfices (2, 32;; i=1,n)

;\)emat Step ¢ _for all _body verbies,

wm'kma .saccf.mvdu “arourd dy n &

c/ec&uum_i@m_%d‘qx_f_wt

mmi‘m(,_as n some. Jaliwant Ar?/omm.s

Kzu feld pornts (x; z)

E\d& 9mrrts may be anywhere,

nduding wside bodh“ excegt ot verted®

Smau.n be ru;an’h:r& as durzo\

-+ An& AF' ot Svarious field oom‘h' due +o

'ﬂm hadu

€a o,

aaom(,b'u rt_cocd’vdu on m&ffl:l/q_ Ha.

3
N

&tga&_msz;éz._mp;afcd

o PR,

/—Branmz_ca.cz,_ckaLaj&m_aadq
[74

Units: a/l dictences (7 3.

Ae _in

A
Those. o;f ~7

X Z) nugt

Oooooonoon®

i

JJoBupOdonaooa0e00n0don0on oo o000000n

JUBHoOOueCoUdoDes OO g g

AF’




STEP KEY ENTRY KEY CODE COMMENTS STEP KEY ENTRY KEY CODE COMMENTS
nn1 I 1 L 1
gl #3la 21 A A1zt eT 6e \f m>8, display
g8z OE;  16-21 € 4 “ . .
Fried I . D | E'r“’r- (LBLe ls
g83 g3 il aGmed X \
664 -3t 2316 15 a non-existant aldray)
£es AR 35 12
686 -3 16-11
867 I 24
686 41 ; G C: F;d& ms
#a3 13 | 16-22 pet
218 43 35 13 <tz
811 -41 :
81z 16-42 T's 4o’ x—-——;) F X
813 22 66 31613 . .
=4z 4 1o COOfdlnaj"— S}pr
al4 -24 fe-5!
815 1€ 43 -3€ 14 1o put Feld /,o,;,t
85 21 ¢z 2: Evfh'\wam o 35 13 ot oriin
6i7 16 45 23 16 13 orgmn .
68 35 69 w5t o 0 .
ig Nt -7
bis . o R
86 56 14 ' Js 81 él
3:1 42 27 16 14 o
82z %12 5512 |n  Initialize for
823 4z | 35 4 ite rodion.
624 -I5 a6
825 53 3517
8ze - -45 218l _l}'&_ ﬁ; -
ézr o S As[iwsAestT gpig 1 |, Feration entry
83  FeT ic 23 8¢ 2 16-51 3
bzs At 2 For AT' case, use f 316l Ax
236 Z 6z 885 oF 34
631 » -35 @7 R -3
83z RILE 3¢ g6 <02 e |p
g3 = -2 835  Fi3 16-51 .
634 - 656 GSBb 23 16 12
835 SFL -1 831 GSBd 23 i€ 14 (N[, )
ggg ;, RCE=R For AV' case, gf{ L e Here have\ gq,0R.
37 FEi cd ’ . 150 Pesi e 1] '
@35 Fi 1g-24 vse T+ 9ot 594 i3 | 2F-DeI-D
835 2 g2 g5 = -24
546 = 2 836+ 55 | Ad+ ob@-)- AR
g4 §T8 35-35 @2 897 GSBE 23 15
B4 RN 24 : 838  SIN 41
843 sLELE Zi e8 o: ,f'x.up when £35 -3z s&,\(I'-D)[Aéf-wb-Mj
644 5 3o, Thom Toqo? 188 Fe5 16-5¢
645 e 68 | : : 181 Rils ez |D
B46  §TIZ 2282 182 P 16-%1
gdr Fik i .2 183 SIH 41
biz oot 1oz i B k43 (Boy 184 CHS -2z )
#45  STG 3545 3 vwhm) | 185 x -35 —S&AD[Sm-AlfJ-w}-AB\)]
85 R -31 I 185 R4 36 il
851 P25 16-51 ! 187 x -3¢
65 STOi 3545 X | 185 ROLC 36 12 S+ R (Twis m convih)
853 8 ge . 163+ -55
834 5706 35 88 i 116 sfoc .35 42
855 F35 1651 | L 141 GSZI 1 25 46
g% eT06 et L iz eton e
REGISTERS
0 1 2 3 4 5 6 7 8 9
Z Jl 3:. 33 et x’
S0 S1 S2 S3 S4 S5 S6 S7 S8 S9
X X, Xa X3 S.
C E

MeT-28 o et 2}

?

oid




Program Listing

STEP KEY ENTRY KEY CODE COMMENTS STEP KEY ENTRY KEY CODE COMMENTS
1 1 1 1 I
113 PRTH -14 169 STOD 35 14
114 SFC 18-11 178 - ~45
15 RIK 24 i 171 v -41
116 #LBla 21 16 ! - 172 RCLE 35 15
117 171 16 26 4€ Q: Get Ax » 173 Xy -4t
lig REE 3 12 tfizm, st it =0 ird S0 35 1S
“ld 35 4 . ir - -4J
128 V7 16-34 e verfex n# very 176 e 16-45
- 121 €SB 27 8¢ 1 under mhis prograns 177 SFZ 1€ 2L ez
.- 122 sl 35 46 convention.) 178 KES 16 3!
- 123 3 -3 175 Fi 16-54
. 124 R -31 128 0P 16-34
.. 135 RCLi 35 45 181 6707 2z 87
126 D521 16 25 46 152 2 2
127 6705 22 65 . 153 -2
1235 RCLE 3 12 it L=y, seb i=m 164 - -45
129 £T0r 35 4€ 155  F2% 16 23 €
136 Rl -2 186 CHS -22
131 ¥LELS 21 85 S: 187 RN 24
132 FRoLi 3¢ 45 136 ¥LELT 21 87 7
133 - -45 185 Rl -2
134 FTH 4 _ _ o __ 58 F3° 15 27 g2
135 LBLE 21 3¢ ¢ Subrouds 151 fH -2z
13 R -1 . g"’d"".ﬁf a2 24
137. 1 a1 ndex éw:fdng, 153 SE g:
136 - RT4 24 154 16-32
T 135 slELE ZF1 1€ 12 155 Zz 88
146 Fiz te-m1 O Get 15047 vertx(%) 1% 76 14
1 e s 4T . &7 53
MUORCLD 38 (s ub a holower 157 =5 | Return (A%F
1‘53 Ec‘;, 36 E ﬁ?:"m«?—Dﬁmm‘fj program: E;; _ ‘?f Aé
i;g KTH 24 Jo m sub C.) Zga ] &l ;: E + .
iLBLc 21 1€ (3 - - 281 RCl 3¢ 03 : A
14 RCLE 36 12 <: Coordinate shift 282 Fe? i€ 2% g8 {ﬁ,‘; b
147 sT0I I5 45 283 2 az ! n,
146 ¥LBLS 51 gt 264 FE0 16 23 ee /
145 Rili  ze4s ¥ mwxsoldx 25 -25 I“D ¥ FfeHf.
i56 RCLB 36 8¢ toldX — new X 286  PI§ T 18-Sl
151 + -5% 287 RCLO 3¢ 3
152 RLLC 35 13 288 P2S 16-51
53 - -45 283 - -45
154 £T0: 35 45 28 KN 24
155 DSZI 15 25 46 -
156 6704 2z a4 2 4
157 RCLC 36 13 cplaoe old X
. 158 5708 I5 88 e I &
- 155 RTH 2
168 ¥LELd 21 1€ 14 ;
161 s67  16-43  d: input X
162 6105 27 65 J
163 «LELS 21 &8
164 <P 34
165 RCLO 35 13 220
166 K2y -41
167 &787 16-42
I 20
LABELS FLAGS SET STATUS
A B ey, . C +|D [3 [h] AH?
Atz teT]" X 13: X1 ESAF — — off fx 3%/ | FLAGS TRIG DISP
b N d 1 ON OFF
2 A% bodq vertex|*Coord shidt: Gct’% ke enor off fr AVl o W O pec ® Fix W
0 N 140 gs - . 3 4 . 2
O Usedwn A | feration in C|* Entry vin A - Entrgon |12 used ! % g GRAD O | SCI 0
3 00 n2

55,,@.».4 Oubr on o [Uadon . |Gty & 35br on a |7 —

11



ExampLe: Fnd AT', AH' and AV’
due o 2-D -hr{angular bod.s shouwm.. (8,0)
Take A=60°, I=10°, T= 50,0007,

€ = o.col emv (e,
£0.08 THT! KT=5Sot ).

16,68 ENTT

(8,8)

8.5 ENTS Solution:
I Input freld parameters (step3).

o gt body points (Step 1)

R I——— Rrst Reld goint (steps) : AT'=10.94 &
.68 ENT? '-*_. Second_ Licld pont : AT/=-12.55 T

Clear -ﬁ'g @, so as fo calculate A4
[‘~—— Repeat step 3 after d\anjmj ﬁaj.
g l-————ﬁrs{: hadd point: AH'= 1.4 &

Cilid 0 wsi

6 [ Second Kl point: A= -assor
~25,56 dud

6.6 Ef? dear ‘F/aﬁ 1, so as 7o caleulate AV'.
s l‘“‘““‘“Repad: step 3 adter chans:‘nj -Haﬁ.
.06 £

8 First field point : AV'= pas

£.28 ENTY

ERE L Seeondl fed point: AV'= S3.017-

3 f#R 200
SE.BE REEA

12




Program Desecription

Program Jitle maﬁnc’c(c pm—@i\zs —-Th(c.k sheet /thin dike

name David “L. Campbell Date m;ﬁ”\cm B
Address U-S- GQO‘Oﬁ ICQ\ Surv‘j — - e
City ®€nver UG S S - 7Y 7Y ~Co PR Zip Code 80 ZZS._.

Program Description, Equations, Variables, etc. This pregram calculates magnetic a""”’alj pmﬁlm
over a two-dimensional  dipping Thick sheckt or Thin dike. Sheet or dike (s assumed _.
l'nft'nif'e/‘y long along strike (g direchon) and X5 bottom edge is Infinilely deep, finomalies
in fotil fedd AT, in horontal feld AH', or in verfical fidd AV’ masy be calculated.

If Thikness w (s Known, program ufes Sheet . ..

+x cquadions; if unknown, program uses dike eguations.
" EquATioNs. Fo, SWeeTs

. AT’ = 2T 2D [ sinf210). 2 - cos(az:0)-AmR].

, o AW=2kThsmD [sm(1-D).A$ ~cos(z-D)- ALaR]

OcAziBo® . AV'=Same as AM, with Te-TV

. EQUATONS FoR DiKE: . .
AT' - 20T h2sinD [sin@r0)- &, -cos@r)- %, |

4 A'= 2T fusind [‘”(I'"D)'f*"f“f_c,z"_’)jt]_,_
AV'_ Same as DM, with TexI.

w w _

R R S SRR I S N -V A T ST S BT T

gesmen . Ad=g£ AkR=Unp A =/-casPl 5L

C fanzi= Tl ) o 2s fre fud acliedon
- - - - = Susce, ol —_—— -
Neference: S Pirker Gay, Jr., 1967, Curves for interpretation «f magnetz arowulies, i Mininy .
Gegphusics, v. IT: Soa<ty of Explorafion Geophusicists, Tulsa, oK, pps. S13-3¥8.. . T

Operating Limits and Warnings GreNERAL: é_-gua'h'ans wed assume ”g/"?'.bk dema "57‘73417;") C&(t
and That' AT' << T, These conditions are usually met if suscephibility te<e 1.
e i . THis PRosRAM:  Whenever sTep S 15 skipped, so o value of w is
thput, The program vses The Thin dike algorithm. ~This algorifom gives little error as.
long as w<d-" Note in This case output field valves are normaljzed by dike’s horizontsl
Thekness, w.
Oudpul hon}om‘u Fedd AH' is alon ,mﬁ'[c direction x, not™ AH, 7he componail]

g/m; magnelic north direcdion. 76 get AH, use AH=AH'sn d.




User Instruections

INSTRUCTIONS

INPUT
DATA/UNITS

KEYS

OUTPUT
DATA/UNITS

Load side 1 and side 2

Set flags as necessary

FiE Fiag_STATUS

AF ﬂ?f o Hagl
AT | set Se

AH'| cleared | set

us

AV | cleared cleared

Key Leld pa rameters

ﬁrglgﬁm&aimmg.oncﬁr horih.

.)He.a)

Ind: nc__t!_c_i’z_lL

FAEW s gnetic suscph biﬁf}/

Az

(o _gen (P CUrVes, arif ;e Is
v L 4

unknown , set HT = 1.)

Keu Dody paramelers

.Dm o¥/ Sheet or olu(c. POS down #orm

\Z)ep7h o fop of sheet- or dike

D g

ek sheet on\/j/) bonzomtal widin

.‘(w inifial  x  coordinate

Keu crement _of X

AX

Oc.dvut prohile._consicls 0-/ pars

{x AF'{z)) where X = :y,+nmr RN

R—oﬂle_ may be reviewed bu [£ P‘rS] E

;-gj.

5!‘&0316 and 7 _mas be rz.oca:fzd

Seoqratedy o znfezrpola?{a mluc'.s eadend

the profite., eft.

clearregitert and.

For_a new case, ;qo 7 ﬂg@&

AT
Units : l‘? T wn ,_AF! will

alh _units

lx_m_énmmas._&u_lg.n
(for A, w, x,, Ax)mus’cbg__;am

€.9., nl\ n 'P@?Jt orf _al\ in wmpeters.

]DDDDDUDDDDDDDDDUUDUDDDDDDDDDD[DD[DD]UD
IR S R

variovs

|3

AF'(x)

profile

14




STEP KEY ENTRY KEY CODE COMMENTS STEP KEY ENTRY KEY CODE COMMENTS
= T T T -
Be1 211t A: Atzt T 857 o 42 >
862 35 &€ ‘ g5 70T I GF cos & > K4
683 -2t 855 RCL7T 36 67
804 12 866 SIN
86 -3t Bl  STvE I5-rS B2 ah-rr-sind > R,
686 35 1t g6z EFC  16-1!
867 41 863 RTH 24
668 % 13 664 ¥LELc 21 1% .
- - = e : w
g&s 42 863 2 8z C: (w)
61 -41 656 : 2 w
P - e - - -
611 1e-43 ae7 /1 Rz
612 2 |Gt 2= i (1) bes (Set Hag 2 o Fell
als L Ter - SnA 663 Subr DY+ use Tuck
gi4 7 i6 42 676 Sheet” equation.)
Bi3 4L 28! 71 D: x
61¢ = 35 ce ‘> R, 872 » o
817 : el ° 673 th ik sheet, go to 2
816 ROl 3E 11 674 2
8is cas 42 hi) 22
626 RCLC 36 13 676 RC1 1 o
821 Lot 42 877 AT 52
FE -3% ore o+ -z5
gy e - i ., . 2
523 A &2 879 5T04 135 84 R '*R-{
824 - -4% J——-—ﬁ 56  RCLI 3 8l
i oy = —=d /-5y 2 i o s -
625 I 4 A =/-wsiA cosI g61  ACL4 36 B4
el g o T ES ._",.{
gco Y Por AT' case, use #% bor  T. e a
BT 883  RLLE 3 a3 —'S\‘N\QF
Rt 854 @ S
8:z 865 RCLT 35 €7
638 RT-2h > R, 855 RCL4 I 84
831 g7 ¢ -23
53z . 665 RCL® 36 @2 '
633 For AV’ case, 85 - T e Facos O
use I'+qo° 858 -45
50 FRCLeé 3¢ 8¢ s
g3z -3F e o2 on X ]
82 _#31_ RN G| 2RseTsmd[ g
s 0: Fix-up in case B9 i HE T2 thick sheek ease
532 A=0 J 1S "R %:f.. —
46 . 836 5703 35 63 resdt flag 2.
g1 837 RCLEZ 35 @2 &
Gz ) 89 G853 23 B |Gt ( a)
842 é('ﬂ‘D; o nave. bee 635 £To4 35 64 Ry
534 A q een = Ly -4]
944 J ) leg - &b R~ 8y 4
G435 on fom previous case. igl R Sc BF 1 5
835 62 R(LE S @z 4, > Ry
847 163 CH -2z s
646 For AT' cast, e oE3 i - Ges(%)
645 Use ZI, 165 i J5-24 84
858  Fo 6 . 185 5 -41 43-4;_»&3*{,-
51 s 167 £T-5 35 62 R'/R" R.,JS
85: FRCLT 36 67 D 188 RILS 6 69 2
653 - 5 Op= L= 165 D+ i€ 45
#54  SIH i lie ROLE- 36 | Ad.siB
655 STOS Sth & R 111 X -I5
g3 clg (= 8 , * s
ti.‘.'t: L5TH 11z RCL< & 84
1

REGISTERS

3 x 4MMR’/ Rz

St Ty

D
X

9

86l;fb O | cos 9;:

S3 S4

5 A4
S

S

[
~

S6

S8 S9

D

AF (x4141%)

® AF'(x+15 AX)

used

15




Program Listing

STEP KEY ENTRY KEY CODE COMMENTS STEP KEY ENTRY KEY CODE COMMENTS
. 113 iz
- 114 170
A 15 ~ AR 5O
. 16
Rt
113 o - a7
T — —— — --._ — ——
! ;;? Subr 3: input & ‘z‘?—_’
122 x+4% d
- =< 2. S v W
. I.E:: d_ X 3
. 1:‘3 s Polar ¢ 160
123 anl _Yolr R
- 126 :F
- 127 EH 24
° 128 &lBLE BN . X
- 123 sror 3o E Profile Herbor
: 138 2 go
- 131 70! 5 4 R
- 132 siEid 21 8¢ ™ E"hj
- 133 ROL3 3 €2 ?roarzg.t(.
- 134 RCLTF 3¢ 67 56
. ts o ¢ o\o\x+Ax—>R¢33
136
L Gek AF' omd print
. 135
I Store, BF! i Second-
- g ary reisters.
) ;j: Hove we used all Aree
) 145 rygidens? W wot, 20
A 146 do & again .
. 147
. 145
150
210
160
220
LABELS FLAGS SET STATUS
AAIreTP Drd ° (w) P X, E Ax ®Used FLAGS TRIG DISP
a b d 1 N, OFF
¢ ° Used 0 E 0| oec W | mx X
. . . . 2
SinA=0 Case)'Entry in A |*Thick sheet|*Get B |*Entry m E|® Used PR O erab D sal D
5 3 7 s R—— 3 2 O M| RAD O ENG_ O
S 3 00 n

16




i

k3

i

L

oh

128 88 EHT?

128,08 kN

o

1,88 B3EE

S oan Lons

Y b 2ol
-
-7
T8
o
1
4
s
=3
4T
e

-3.88
f=Lag Bl
PSR T
-I.E8 kv
131.68  #xx
-1.60 w44
[I8.35 ¥x¢

it
¥r¥

.86 sy
IE.EE ks

.8 vy
1057 gux
.28 ke

z
-£8.57 w#i

L88 kb4
SE kfw

S.EE aww
d015 4

£.68 ki

“IT.TE Aee

780 #e¥
=I2.58 gy
-28.11 ¥

S4.E8 ¥4

Example :  Thick sheet or min )
dike with A=30° I=60 and
’T=50 gammas. Dip D=1/30°

{“"“ 60° fom —x dfrea‘zbo), d:f
Unl, and w =4 units for sheet”
Calculaton.  Fnd AT' dono

L=-7 4 xX=+8, Jncrzmmﬁy % ) L’;i;
bj 4x =1 unit. bies
H - 3

i EEY

Saln : Shown for sheet at~ | B o

/Cy‘”t‘, Adirke at n'qht -4.66 g
16,58 sy
=7 88 X3
S50

* means valve shown in displey,
not” pninted. i

€.88 &3
5,21 e

T.6C #wd
-E.8c w4

§.85 444
7.16

QY. 06 means iterafon s \ -7.16 ks
wmplc&. 2€ 24,60 d¥x

17
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Program Deseription

Program Title \DlPP/Nq Seismic REFRACTO&
Name @de L. Ca MPAC 1

Address Y. S. Geolfy:ca( .S'urVEy ) B
City Denver state CO Zip Code 80A2S .

Date

Program Description, Equations, Variables ﬁ_é’f.‘/l /
Selsmie. refractor of velocily vy Aips under s|”
- _ . ) RY
an oyerbarden o velocdy ‘w/‘.__xshct&_g/:aﬁrd_‘s
at bih Wfﬁm{ﬁ ).c/ an_in-Aincan :7(_.\'§
jdapbuna and_frit. czm«/aéaﬂre_p/aféd_mlzaum g
__This progrum. docc: B _ZaaerrPRETATION —_._
Ainds. %@D»%yvc 12, Vo 1y Ty TP
B_DESIGN—= S |

Xea—> —Xa——]
Hor8 rd
_-‘::—5;12 ;ﬁ”é_afx)_mo ), _given_ar, § N ST e S

E.?u@t‘{ons: Y >y 4;:&‘5‘, o é’ , i.‘;.---.
S L:c'—'-' fb:’/q);‘ M

= Vs (ie8) =1y sl =8) 2. /h/ L
%MJ#H—AW/%P N ¥ um— s w ).8
——Eg_a,L:JA/J_Da«,

oA

Keferences:  Slotnick, Morris M., 1959, Lessons in Seismic Compurbing : Sociehy of Explondipn
quh‘su.\ﬁs Po. &,xsoc\s Tu.lso.,ok 313, 3. 103-ul.
Mooney, Harold M., 1433, Hondbook of Engimeenin g \«\sws Bison
nstruments, Inc., S3o8 west 58“ st. mnnnmpolgs,mlm 55416 “Chagt. 1, 12.

-

Operating Limits and Warnings GreNerAL: uodions assume cemstant” ] ,V2; olmr{ an

approximation. Practical experience (s usefuld Ho eshimate mSulbm emors. Dy appared

dip “l”"j seoplnom. lne, mot necessarily frue Aip. Degh D is un plane of mfmd'c& wawc.
This prRo4RAM: Note m‘b fiis Amwn upd ?om'\'B

on above dw\tﬂmm , and That dLPS arc eoﬂhvc orizontsl. 7¥\M

dips mean Vo> Vg, Trat A is downdp fom B.  User .sho & chek o assure 7&"73

when Vy<vg,

L1 20 ot

s 0EYT i Ui L vdR

n

e o s s




User Instructions

¢ DPPNG SEismic REFRACTOR, g o)

=D
Sy Vo g Ve o % Di>x o xeoT

INPUT OUTPUT

a&plhf_uiﬂ_&.m -f‘t; all _+hmes G hsec

STEP INSTRUCTIONS DATA/UNITS KEYS DATA/UNITS
O| Load side 1 C 10 1
C 11
FRoBLtem A : INTERPRETATION CJC ]
A1l Zwvpur C 1]
frue veloaly of overburden 2 [sro] [ 1 ]
apparent: veldlty of refactor=A direction | Ve | E%l
wm@nt..rdmtj_«:ﬁ_gﬁmm:&&kaﬁmh__@_ 2
Az| Compure C I ]
True _relocity o/' refactor 1l A
: dip ot re C_ 10D S
i 183 zwveur zom—-‘ﬁme_ m{'uants CompPUTE" C_JC 1
) d;oihs fo_refractor v/ [ JE] | Da
Y/ C e ] Dg
C_1C 1
FroBrem B: DssisnN C 1]
Bl Ineut I 1
#rue V%Qf_mad n A [sze] [ 1]
true vel of refracter A (srol (& ]
dip o;l rc#écz‘p-r S~ (sro] [ D ]
BZ| Compure a,a,aamﬁ__zdaaﬁcs_a—/ C 7]
refractr — A and B directions, L1l Va
L& A
B3| Ineur deph fo refactr; compure x|  Dp | LEILD] | x_,
Bl/ COMPUTE’ Tg (X) _X (Il - 7:2"; )
r olher x. C 11
C 11
Note: These res rection. I
o _do calclation -41’ \B—Jlredzon reverd roles 11
of £ amd_ﬁ_éy_dmﬁguy_m;n_of_dm an_step I
B1_ Then procged with Feps' 82,83 84 |as above. | T[]
C 11
Unirs:: @m S IS in dyms:,_,mnﬁ_s._da Lo % %
i - Aanzawudedl@_“ ;
‘ e.q. 1 o Z all I
L1 ]
[ 11
I
L 11

—

o
(-

i

{

1




STEP KEY ENTRY KEY CODE COMMENTS STEP KEY ENTRY KEY CODE COMMENTS
' ' " A 24
Bas  xLBLC 21 13 . A58 RTN 24
@82 CSBD 23 14 C: Get s T TR TET R
. 2 g59 %LBLe 21 lo 13
883 [0S 42 g0 koa 31 | € Get T (%)
@84 RCLA 36 11 a1 = oy > az
@85 RCLB 36 12 >3 83
RLLS ! 2~ 862 6SB3 23 @3
Ges - x -39 RERN 863 RCLE 36 15 el X
867 2 a2 72 864 x -35 i *Q 4
agg - x ~33 LN\T L as5 + -55 < 20
I T OSSN S
¢ 867 *LBLI 2183 | T T T
8'1 'f “?5 & %0 868 G5B1 23 61 \SW 3.
g1z - == -24 o 868 €0S 4z Get &
613 - X - -39 @78 RCLD 36 14
gi: q;gg 35 {j 871  C0S 4z ’f; @
: « L 872 x -25 <
816 ¥LBLD Zi 14 . 8;3 2 - a2 QJ‘"
a17 Ril1  ser D Geb d«{) 3 ard x 35 <o
818 RCLA 36 11 a7s RCLI 36 61 ARG
19 . - -24 o7 = -24
@ gy S, AR
e . 872 xlBL1- 21 &1 .
822 RCLB 36 12 Yy ovs oLl e a1 | Subrufine 1.
623 = T < 828 RCLC 36 13 .
824 SINY. 16 41 22N . 881 = -24 'tctJ'&;?~/ 2~
s - 45 7 Yy 882 SING 16 41 ]
o6 [ b //\7%‘ 883 RIN 24 [
2 £ 24 as4 xleLz &I 6z o
az2g  STOD 35 14 d/ . B85 GSBI 23 61 S“‘b ne 2
822 RIN 24 = . 886 + -55 G,a—(y)/s- G+ )
B38  *LELE 21 1% E: Get ':D 857 SIN 41 . e _(X) P
831 GSE3 23 @3 : ¢ 888 = 24 |Aguantily used on bl
63z : -24 It g9 RIN 24 Subs '
833 SIE 35 15 D= "‘/KB 5 448
834 RTN 4 6%
835 #LBLE 21 1z
o3 RL1 e B Get W
837 RCLD 36 14
838  CHS -22 Vo= q},/
839 G5Bz 23 @: 8= ./
648 ST0B 35 12 S (G- 5)
841 RN 24
¥4s  XLbLA EERY
sz ko1 e A Get vg
@44 RCLD 36 14 760
845 6582 23 6z 4 -_=’V.'/ . (
846 STOA 35 11 Sl +
847 __ RTH 4 (i.+8)
838 #LBLd Z1 1€ 14
g9 stoE 3515 dr Get x,
956 65B3 23 63 Z
851 x -35
sz RCL1 36 @l C.s D
853 1% 52 < 2z 4
854 RCLA 36 11 N o
855 1% 52 7~ =
856 - -45
. .
REGISTERS
so __ [ sz [ss S4 S5 s6 __ |s7 S8 ___ [s0
A B C D E I
Va Ve o J D -~




Program Listing

STEP KEY ENTRY KEY CODE COMMENTS STEP KEY ENTRY KEY CODE COMMENTS
170
120
180
130
190
140
200
150
210
160
220
LABELS FLAGS SET STATUS
A B C D E ]
Va Vg Vs ) T->D FLAGS TRIG DISP
a b c — d e 1 ON OFF
- — D>x (x>T oo 0| pea W | fx X
. ——— 2
0 i Z Used Ks |° 1 00| Grap O SS’GS
= — : ——— . 2 00| RAD O E
— - - — 3 00 n 3 _




ExampiLes: A. INTERPRETATION

. _ n;
Griven. 7 = Q000 Vhec, Vj = 4000 Mhec,

B = Y5 msec (= o.o?.f.scc)
Find 4{;, é;, QZZQ) 225 .

2885.6888 STUl
4p@@, 868 ST0A
5888, 6a8 STOE

GSEC
4437.467 ik

€SB
ISR 3
Sowrion: 2000 Srod, yooo sroz , Sooo sT0 8 e
€ Read ar = 4437463 oo™ 660 wxs
5 = Y67 "rec 33.668 ¥kx
D  Read S=3.231° . 845 GSEE
o030 £ Read O,= 33.660m¥ 30,450
0.04s £

* - - a - )
In practze, the 3 decimals aren't s:7m74‘cant' An experiencedd enginear

Kead Dg = So. Y90 m ¥

would round #o D,’ :'3‘5’-»;) %: Som and ,&r?'her' warn A dienT™
hat an error 4 perhaps 10% i possible here.

oeea, eéa 5701
9888. aga STOC
g.688 STOD

&sen
oged. BB Kkx
E5BE
S@86.808 xix

168. 608 CSEd
374,166  xx
ESte

8.875 ¥ix

8.888 £SBe
8.833 xix

664,888 e5Be
8,188 ¥xx

B. DeEsign

Given ;% Speo ffeec , Y= Jooo 7Q/rcc, dp & un-
Known but presumed Yo, D= 100 £t
Design : 3

4n a refraction System 4o find Hue v, Y, S, D.

SowvmioV:  Sooo srp 1) §000 STo C, 0 srod,

A Read Vg = 9000 ﬁ'/nc., B Read U= 9000 fy,,

(o0 ;’ D Read x =379.16¢ #
£ Read T (x) =o. o075 sec
© {f & Read 2;(@) = 0,033 sec
boo £ £ Read 7; (éoc) = o./00 sec.

Hence severnl geophones must fe placed ot > 375 {2
J/wt‘/)onrff # record. %0, zcm_‘;,m,f-[- Fhime will

be ~ 33 y
SeC, CHOSKOVr Pime  ~ S mscc # qeo hone at-
) ‘ . é

Wil see « —g‘rx‘t arrived at o~ 00 msec. : oot

e st - L an



Program Deseription

Program Title :é q d‘:Pp{n SaSM{C_W I"Q%'d-dbrs . iw\'ﬁrpm'badion* N
Name Lavid L. Campbell pate 30Dec}1
Address u. S C]wlcsfc,a.l. Sur"ﬁ__w-... ) e ——e
cty Denver . sate CO Zip Code 8022S

Program Description, Equations, Variables, etc. A number N=4 °I£ sesmic 1 CM"S ”1'7 -
veloadies A 2 wit A«;os' é" wnder an ouverbuvden 7— velocds U,
Shots are fired ot both ends, Aanxt B, of am wn-line array af{?eo,oiwnw,
and apparend veloultes Vp, Vs and 3ero intercepl Tmes 75 are
measured on e resulttng fravel hme graph. Using This deda, this program
Ands true veloudres g and dips &;°, and Ac,oﬂJ Dy, o la.jwr below __
shot Pofn't ’ﬁ, »Fo{ successve loyers Ao . e
Eguations and Alagroms or. mext page. |{ There (s only ane refractor; it
i5 more tenvenient o use.™” Aipping selmic re " program instad o This one.
Greneral warnsing:  Eguations used assume constant veloutics U7 wm
cach layer: Practhial experience s useful o estimate errors ducfoThis .
approximation. Dips &; arc assumed constant for each layer, and ars
apparent dips along geophone Iine, ot necasantly tue dops”  Deplh Dy .
ag“d Phckness B are ‘under shot t, and are”én plane 4 e refracted
At layer velodties ipareare cath depthn; ie. g, > for att oo

Referenc. Moonay, Harold M., 19437, tandbook of Engineering Geaphessics:
Bison Instruments, Inc., 5708 West 38D St., Minneapolis, Minn SS16; Chapl. 11;12. .

Operating Limits and Warnings "Error' #Q.fhlf ;F affompi‘ s made # IhM >y /ayw‘
Dips are ,aqn;hl/c down, viecwed Fom A-side. No chedks —(orco'mpa.’l‘iblﬁtj
of date. or wnis are made auwtomadieally. After am A-sde Merpl‘dlﬁﬂv\,
vser showld rpeod for B-sdledo check compatibility o Da, Dg owd S




c}.olhq'

Page of
Program Description
(CONTINUATION SHEET)

T T -re?éi:ez. TIME CORVE ; 1\ Tnomenclatore. - ; f
“‘“,i;’ - T o e o - 3 Branch 1 of Travel fime curve
_§ Albﬁ i . ~ ~——'—‘,"‘ - Tﬁ_g a has Sope }’1}' and 3ero mfaup‘t‘ hi=o-

< _ - - A /V\l/ ) Vay % Branch 2. pas sfope. V% 2
"y BT _ Ay &BL < l§ T and sev-inferept 75, (Tgp)-
:, 7} - ‘ ’ N < T‘ § -8Branch 3 has a/ope_ -i— (-r/;/”)
g % l/Vg,'J'lF ’.‘."‘L B2 é and infercept Taz (Tas). .. and:om.
; “t g ‘E Crossover Asfanccs Xey, Xez are
i Yoy o § Dote ot whin fist arvivls begiin o
pty . - on a new bramch,
! é— é'_"ﬁ - &mmxf%fm {:é .. & Converton: Aips § are reganded

! po:n"vc down 6wn hon'ymtal.

USRS S —

H i

A—

H

_anqgles:

| where .S =’I)’/(cosd reosBi) '
| and zr-sﬁ/.s

_;..‘__‘T__”»,w, ———

a, b ‘"{7"‘ /ayernarml-
B o{,ﬁ aqjla, vertcal tbfy
_gpl @ = CU‘)J[“; I“J‘r ﬂ’r'na‘ *’ r%

N f-Sr_)_(illfr /ggu relations:

iy : y =SB,z 2
n (2 ol S 0( =S =
“ TP
: . d:cwhm Y /5 V., Son §;
_SECTION VIEW! . _.f;.m b Af S e,= Uy s B
GeoLoay $ ' = .
Y sy et sk V=i,
5 A ! s
S . ey 'Jr"";”"”i" i Va = sin g,
| hicknesses: ﬁ S; ( -=7) "‘d‘m |

i = Ssummation 1nduvx

A= a.ga’ mdex, Ths caleulatdn.
N:-. { no. o/IA-yur
(“M--;“—-““-ﬂj—é‘- A-side. - T R

i

'

1“‘ Iajcr L |

— i ;
3‘3"“’“’5 S | |
Az a8 = P, T |
A AR "L "Z:', i SELTIOM VIEW : GEDMETRY s
BeEL A =Sy oF A ATE | TNE
o B T
i | ! l | ! | 1 ! | i ! i X : !
L o 2

£
I
{
i
H
£
H

B

¥



User Instructions

refractors : interpretation z}
(. “N.

V..

£ 4 du"pps‘nj seismic
Vs

Va

INPUT OUTPUT

STEP INSTRUCTIONS DATA/UNITS DATA/UNITS

x
m
<
w

] Load side 1 _and side 2 of card

3 Inpu‘l' !af;er paramelers

layer index number, n = 2,3,4

v,

YR

ap, (] - }49
%gzn,W- =i | Vs,

4| Caleulate true wvelowdz, dip
v r

%
S
D

A
N

TI"

5 | Caleulate deplhs Aom ém-l&dzc:@tﬁb
6

Go-lb.r:/erJ ﬁrﬂexﬁ_[%gaz

Go to step 2 for next case

4

M_MMWAL& A-srfe.

only. To Cdm[a&—mw_ﬁzz_&&hrdmrﬁa_ufg, -
Jis "clzn 23 lg 2.
@) Untz: dcla S 15 sn dej end (s

posilive. vention (5

opposite of That uced vnThe reference.) Cther

JOB0OUBd0000u00ub0o0do00000s s eI
JHoBEopOdoooEboboUoUOO e e s e e L

25

— e entme e
.
B




COMMENTS
STEP KEY ENTRY  KEY CODE COMMENTS STEP ' KEY ENTRY | KEY CODE
I ¢ Get 857 - -43 =Q-A
eal wBLC 21 13 | C: Get v, &y oss  st6 ases | T=Q-AS
662 8 i 859 LSTX 1663
g83 P25 16-51 Zero ZT 968 RCL? 36 @7
@4 ST08 35 66 861+ -33 A= P +A§
eas P 16-51 g 862 ST05 35 65
ees  RCL1 36 6 Va 863 RCLi 36 45
887 RCLA 36 11 | 864 STOD - 35 14
e8s = 24 @65 €585 23 @5
889 SIN 16 41 | B —A 866  GSBE 23 96
o1 sToR Iy 867  15Z1 16 26 46
uf RCLL 8 'y @8 6108 22 68 |~— == ~,= = = =
g1z RelB %1z, B 663 #8121 61 | 1: Ext from leop
e13 = 24 @78 RCL? 36 67
ot oa xh da-7B 871 RCL8 36 68
B15 STOB 35 12 . g2 .+ -55
ol 282} Check for sinfle gz 2 82
a7 RCL e 1 874 = -4
B8 Xev?  16-33 lasgor case. g75 srs 3505 | a=FEQ
819 (;m.; <z gg o " 876  5T06 35 o
628 E i >S5 layes. @77 RCL8 36 88
et - =Zrm
g21  X&Y i it > ) 878 RCL7 36 87
82z Xv? , i;—fg ) 679 . - -45
@23 ESBe 23 > 1 dary res. aga z g2
824 PIS 1651 f"“" Ay g8l - -24
67 Rl 3612 882 DSZI 16 25 46
g6 RCLL 3601 S 983 RCLi 3645 | &
827 + e = 84 ISZI 16 26 46
828 STOS 3505 A=t 335 + -55 @-P
829 RCLA 36 11 886 STOD 35 14 S#=8; +( Z)
838 RCLI 36 o 887 GSBS 23 63
631 N e oo 888 P25 16-51
833 smi - gé 898 P3S  16-51
834 > s . 891  RCLD 35 14 S
835 GSB§ 23 65; Initialige [eop 892 STO: 35 45 "
e rc? 35 g? @93 RCLS 36 45 a
83z SIG J P 894 SIN 41
838 ¥LBLO 2180  O: Emj;‘nbeym o5 RilC %15 | g
039 RCLE 36 @5 4 oop. B KL -
4@ Lsp2 23 @i eg7 = -24
@41 5708 a8 Q @sg  STOC 35 13 Vi =V [Sin o
842 RCLS 36 85 o 899 1SZI 16 26 45 . )
b ST07 BT p 100 pxs 165 | (Primary s up
g44 ST ) o 1 STOi B[4 e
845  RCLI 32 ?g : igz e e eturn vy,
846 RCLE 36 15 botiom loyer ? 183 £LBL3 21 83
ot A ] (am=i b tos @ o |31 Cale. for
845 - e et 185 S§To8 35 8 Sinqle Aippi
@49 ¥=y? 16-33 Hso kave loop. o oY il pe™g
ase 60! 22 a1 187 sTOI 35 46 refrockor.
851  RCLS 3? 88 188 €SB4 23 @4
@52 RCLi 36 43 189  RCLA 36 11 «,
853 DSZI 16 25 46 1l RCLB 36 12 )
@54 RCLi 36 35_ 111 - -45 p\
855 ISZI 16 26 46 - 112 g Py
5 - -45 AS=8;:-4;4 } N
8s¢ — : REGISTERS > s 3 ‘ﬁ
6
zh [ v T [ v [ o P s T o [he [hy [ By
2 t (o = = S5 S6 S7 S8 Sgcosd+ ‘Dspl
S0 S1 S S2 iy S 57 a & P Q Ar
2T : > 2 D E boused
A B < . 47
3, Va oli Ve e B




Program Listing

STEP KEY ENTRY KEY CODE COMMENTS STEP KEY ENTRY KEY CODE COMMENTS
L] T T
o3 s 24 163+ 55 | (Gonceived as a subr
- 114 ston 3514 = Eh-BI/2 178 X2 16-41 j ¥
- - 15 PES 16-51 171 RCLi 36 45 becaure esiqn pro cr:v
S -116 sTO1 3mar § ¥ 172 Ry 41 |-part T- would vse Tie
.. 117 P28 1651 p 173 X3l 16-41 procecdurt. However,
— 118 RCLB 36 12 ' 174 Ré -31
. 119 RCLA 3611 o J 175 x -35 There W""’"*""‘Z‘*"
120 + ..-55 176 25 16-51 Pt part T on Thi
121 2 B2 177 ST+@ 35-35 @@ card, po.)
122 = 24 178 RIN 24
123 SIN 41" 179 *LBLD 21 14
124 RCLI 36 61 e pzs 165t D Ty > B,
125 2y -41 181  RCLe 36 @@ h ~
126 = -24 182 - -45
127 STOC 35 13 _v /. 183 RCLS 36 65 & f= Tn2T
128 sto2 ez VT %m“("‘if") 184 = -24 | G N o—s
129 RIN 24 2 185 P3s 1651 et
138 #LBL4 21 84 - 186 ST+8 35-55 68 ~
131 ke 3612 4 (Assumes primary 187 FRCLE 36 IS D=zh+h,
132 C0S 4z rgs. up) 188 4 84
© 133 RCLA 36 11 189+ -55
134 cos 42 : 198 X2 16-41
135+ -55 Cosol; + coS B¢ 1917 R -31
136 RCLi 36 45 Get - * 192 ST0i 3545 |p 5 R
137 = -24 A 193 RCLE 36 66 n nes
138 P:s 16-51 194 RN 24
139 8109 35 45 Shore en S
148 Pis  16-51 1
141 RIN 24
142 #BL2 262 ———— — —— =
143 25 16-5:  |el: In)out aor b
144 SIN 41 5
-145 RCLi 36 45
146 x -35 Caleulate Por @
147 DSZI 16 25 46
148 RCLi 36 45 Y
~ 149 ISZI 1€ 26 46 =sm 4.’3.9:% kB -
. 158 = -24 by
- 151 SIW- 16 41 “i
- 152 P2s  16-51
.- 153 RTN - 24
154 MBLS 2185  |—— — = - — - — |
- 155 RCLS 36 65 .
s ke s |0 Cale o
157 - 45
158  STOB 35 12 :
155 LsT% . 1663 | 4=a-§
168 RCLE 36 &6
161 + . -55
162 ston 35 11
163 RN 4 | PT S
164 ¥LBLE = 21 86 == — — = — — — 20
165 P35 16-51 6: z
. 166 6SB4 23 84 Get f'T.
- 167 RCLI 36 46 and sforc m S,
188 5 85
LABELS FLAGS SET STATUS
A B (o3
- - 2>y Ptep [ - ¢ — FLAGS TRIG DISP
a —— b c d e 1 ON OFF
-~ - — envor g, — o O O| bec ® | FX K
ety mC |'entry e P> A B [Poup, 8. |PcosduesBl?  — 1 00| erao O | sCt O
3 ol B 7 B ) 3 2 O 0O RAD (O ENG O
> p "2t o — - - — ls0o0O .

27



e o T T 'j
Program Desecription |

Program Title <=4 di‘PPI‘Y\ seishic m’fradom: o‘esa‘r\.*.__ L

Name Lavid L. CampBell Y 30*&07?~
Address LS. Ciwlos ica\ S\’Wtﬂ - I
City Oonver __ . e stae €O Zip Code 8035

Program Description, Equations, Variables, etc. a number N=¢ ’7‘ Selsmic m#":dz’” °{'_—~—
velouties a7 dip wilh dips §; under an over burden of udoa.tj VL
Thicknesses of each loyer verhcally under shotpomt v one. h;. YThis _
prod”\r:n calcalates apparent velodties Vg, , Vp: and arnval tumes 7,Z,L(x)__
of refrachd amvals on the 'R branch of e resulting fravl ﬁnejrufh)_
due o The nP refackin horiysm., omd crossover Fme lstamce X,
fo The untersection nPamd 125 branches. S —

For furTher explanation, eguotion amd dingrems, see Fart L: inferprcd-
ation”. If Tere 5 only one refrackr, & is more convenient H use “A(‘Ppa‘v}j_
seismic. refracior* progrdin instead of Tws one. 4 .

Operating Limits and Warnings {1 S"’Zp 7, valves 71-':1” and 7z NEfofal no. /hpwf 1&7&73)
are not allowed. . Oher . warm‘rvs as for. AartI: :hfzr,orci‘adz‘oniw._m__,..-.._“




User Instruetions

. 2> V5

£4 a'ip,oinj Seismic refractors: 4351'7'1

2 (x)

»

INSTRUCTIONS

INPUT
DATA/UNITS

KEYS

OUTPUT
DATA/UNITS

Load sde 1 _and side 2 of carol

Clear pnmary and secondary reqisters
J v v

Store Known layer parametzers

a. Vertic er s

W, 5 ) er L

£ d,u of intérface at base cr,é

é?"’,g,‘e;.‘

'P@cai‘ 16/' al/_/aum ﬁam,

<hallowest L=t) 4o a’ewcct (=5)

': 5"

Note_ihpat _valies %, & _for_dleepest

( ao?‘wha” Calculatle crossover dictance.

Cauﬁam_&aa&ea_E_czzmmfe.s crOsso

\ >

program, Ac&ugm;ﬁmLémm_auL

dmmww
consideyed.. (If 7his is Bt pass Y%muah

"H‘KX

brnch )

6—0710.57‘?.0 4 %r neat faver

(Be re. descithed wumder

.S‘h_ro 6, [ts bect o woark 7hrough lagers

AL
i1

Bl
JL3

<+1

#mn_ﬁbauauut_'[n_dagrl‘ ot sKioph
18 7 77
anjg) “

Por a new /a:fau( case, 3@7‘5 gfg,az

JJ000000000nCooO0oe000ea00o0n00L
JIIOOOoOOOoDOOC OO s RO e

e [ 1 I

o e gt o = e e

- oo—d i




COMMENTS
KEY CODE COMMENTS STEP KEYENTRY KEYCODE
STEP ) KEYﬂENTBYM'ﬂ_ ﬁ 9]57 RCLA i 36 11 G‘Qt
601 aLBLA - 2111 ft: dafa /hfvf (—u— 858 oS i (cosd +cosp) /..
882 ISZI 16 26 46 s g+ -5
083 28 16-51 S - 5‘: 868  RCLi 36 4
e84 ST0; 35 45 % % : 2 |
285 25 16-51 P 852 RCLI 36 48 (St-q;s identical to ;
113 R¢ -3l v > h,; 063 -5 . 80 on part T,
067 smé 35 32 4 7. 064 " 15-3? subtto we p
268 S 865 X3 -
oo e 313 N RGE ves Pt T4 |l Gt 2T and
L - -
gi? + =33 a8 21 15'4{ store wa S,
812 ngi 33 ‘_’f #59 _. Ri 'ég
+ -3 a7e x 33
Sii - Rt -31 h.=>R @71 F3S 16-51
815  STdi 35 45 X AtS 872  §T+@ 35-55 ug ]
5 a5 673 RCLS 35 @
gig RCLI 36 46 ! 674 ROLD 36 14 < dop loser ?
818 5. 65 @75 DSZI 16 25 46 Is “tnis dop \ayer 2
819 - -45 - a7 G108 22 &8 14 not, do seps )
6z STOI 3546 wgepe*il 5g losjors er7 P25 16-51 sub 8.
ot pi7 3 | “are ied, o7 RCLI 3 61
822 658 23 le é1 ‘ 879  RCLB 12
gﬁf +I =35 Dfs?\"’j At gg? Si” -24
825 RN e 832 STOB 35 12 v
g2c wlBLL IS0 M Vi, gs3 RL1 3 &l | ({50, qeb Va)Vp
27 STOl . 3546 | 634 RCLA 36 b amd. stop.
628 ) Y5 o l *Error” if moN asg SIN. by
829 X£Y7 £-35 P : -
936 E5Be 23 16 IS . 887 sT0n 35 li
o Ga ) Teodely) o |
A wilh botiom loger, 6% Rils 36 45 8:
@34 P25 16-51 891 STOD 35 14
833 G883 23 a¥ 892 Is21 16 26 45
o B |[wteehd ) EEE | e
837 STU6 20 b 894 - - -
0 RCLE 36 65 Stegs Jor £on €., 693 STO7 39 67 and.
839  ST03 35 o3 896 -63
848 8 gg 3er0 ST, 897 RCLE 36_g§ repwX loop
841  STO8 35 &a 898 + e
842 OS2I 16 25 46 699 - ST08 35 @B
T 0l cses 23 o9
844  STOD - 2 1 181 & 23 83
845 xLBL? 1 v; F: En‘t\j for \oop. 182 ST06 35 gg
046 RCLS = 36 63 103 RCL7 36 o
gj; RCLD - 06_; 4 (S'\tps WBordical 4o ig; Ggég 23 a8
@49 SToE 35 12 Sub# S in part L) 186 ST05 35 @5
5@ LSTS - 16-63 167 DSZI 16 25 46
851  RCL& 38 gi Calculoke. &, @ wg E;f; 5‘1? g;
@sz -+ o 189 8 -
rea 35 11 8- P25 16-51 9. .
ggi SP:S T 16751 i (Steps dentical Yo H; RCLi 36 45 o mput X
@55 RCLB 36 12 112 0SZI 16 25 46
856  C0S 42 Subit 4 o part3.) . i
; " _ - REGIS‘STEZ; = ﬂ = ‘f) 3 fh 9 {_w
2 b 7
0 ldv ! /‘)— ’U-l ,V3 ,u-; 3 { = 2. S8 S9
Old Ve SR — S, P& P syl a P P Q ol ZT
S0 v.’
ZT 3, LS 2 5 EN=7 ' used
A B 3 v Ao 5“ Max
«, Van ) YBn n




Program Listing

STEP KEY ENTRY KEY CODE COMMENTS STEP KEY ENTRY KEY CODE COMMENTS
I | 1
113 RCLi 36 45 .
114 ISZ1 16 26 46 find 170
115 - XY -41 .
16 = -24 Jm"( x V-1
147 - -x - .-35 by
118 SINY . 16 41 <
118 P2s 16-51
.. 128 RIN 24
. 121 %lELD . 21 14
. 122 RCLA 36 1l D:
123 ¢ ... -z . —
124 P2S 16-51 x
125 RCLB 36 @ 7;),, (x) = Va + 2T
126 _ P25 . 16-51
127+ -55
128 RIN 24
129 ®lBELE 21 15 X
138 ECL® 36 o8 . crossover At
131 X=82 16-43
132 RCL1 36 at "
133 1% 52 T-5
134 RCLA 36 11 c:-.(é' T"“) 180
135 1% 5z ( 1 )
13 - 45 Votd
137 Ppas 16-51 old Va
138 RCLE 36 88 where ZTpy was hom
138 RCLS 36 69 o
148 P2S 16-51 skp and-
141 - -45 Vold &rm o032,
142 Xz -41 P
143 = 24 Vo&d—-’v" l‘jm.
144 RTH 24 200
150
210
160
220
A = c LABELS FLAGS SET STATUS
D
hivt$ - = Van L Tpntd |© Xes | FLAGS TRIG DISP
a b c d e 1 ON OFF
envor msg o OO DEG O FIX O
4] 1 2 3 4 - 2 + g O GRAD (O sct O
3 2 00 RAD 0O ENG O
7 Used. & Used 9 Used 3 3 00 n
31 I



ExampLe 1: Interpretation —
Suppose. a5, = 1X00 M/gec;
oo siut Vi = 2300 Mfgee ; V2= 3300 Mfec; Tap = 0.056 sec;

. og cTp Vaa = F400 Msec ; Vg3 = 4400 M/sec; g = 0.208 sec;

I : .3,: l\ S+O|'€ 'U: "”\ R' (&CP 2’).
T roin I /nput /-vmr parameters for /7er 2 (Step3).
e Caleulate Y = 296710 Yee ; S =a53° Ctep )

~ Caleulate depth #o viterface #1 = 3673 m. (Skp5)
~ Input layer paramelers o loger 3 (step3).

son g
P

E,\'amp/e_ 2: Dc.ﬂ‘?n. — Given fibled
M Alm) () Sn tep)
/ 77 1200 =2.53
R QY33 297 “lY2
3 — &262 -

values:

S/zp 2.
Store /“769’ paramelers (J'fz/o 3)
Nofe valyes "ﬂ,“ Sn 74,- /43“" n=3 are not «4:—(4'
So convenieat value (hm, Vv ) P entfered
h Ther place,
Calewfate Vg, = 2700. Hny M/SZC)‘ Vgy = 3299.5% M/ac). /
762 = 0.054 sc; X, = pe0. 940 m..

(Stps 4,54 4, lager 2.),

Colewtate V= PSU.L9S Veee; V3= 9407123 e ; ——1
/53> o. 208 3ec, Xca = 6%6. Y8P m.

(Shf-" 456 fr 1170'3).

32 R

Calculate Y = 8262.27 Yo ; 4, = -1.9¢° (J‘f(fl/)‘

I 7&{w(m depih B wnterface £2 = 33 10 m (St2p 5).



Program Deseription

Program Title VERT/ML ELE:TR’C \SOU/UDI/VGS-‘ &h/un.beger or menn___,_-
Name “David L. Campgell . _

Address _ U- S. Geological Survey -
City \DWVQ" e i stae ©O

Date —— - -—-——

L~ ZpCode §OS .

Program Description, Equations, Variables, etc. Grven an onpuat resctivily sfructure e
2/0 horizontal “layers” (29 frue /;fef.s plus underr‘yj,‘n ba/f’—.c/::zz ))
mm on Card 1 calculates a. nurferical Kkernal™fanchon 7). .

s funchion n:;j in turm be input o Card Q (for Schlumberger .
arrays), or Cardl 3 (for, Wenner arrays), fo calcujate The Theoreheal
vertital ‘electiic sounding ("VES") which’ would be seen over the .
lavered structure. Oxtput consicts of parrs [ %84, @ (A&2)], .
here  Ab/2 = array smaung, and g, (#8/2) = %armt resisthinly. .
at” 7t .s,oacz‘rgj ) Jam,o/e.J at 3 pornts per oy eyele. . T

Reremences: o
Zohdw, Adel AR, and Bisdorl,R., 1974, A computer program for The. automatic. infer-
pretation &f Schlumberger sounding curves over horizonfally strotified media: Natonal

Technical Informahion Service document NTIS PB-233703/AS, SPH@-ﬂ’dd,
va 22u6l. _

Ghosh., D. P:, 19 ;;I ,7 Inverse filter Cocﬁqc/mfr ﬁr‘ ﬂgmcomp;(’fad‘mm agparent”
resichinty standard curves for a éaméovlu(ly stratified earfh: Geophus. Pm.r/.
LNether amﬁJ, v. XX, no. ¥, F 769-7#S. . . ~

7

Operating Limits and Warnings The Ghach 74/5?4" has been 7gund 7 have 4o ﬁw Cocﬁ?u'du'ﬁ
+o a.dcguu"dy frack a ra,o&/fy 74(1«.&:,} curve, Thus curves produced Aj This .

am m be gomewhal oy errer wnm cases where a very Jood conductor _ .
wnderlies a rdadt've,fy resistant layer, N

s C - " Error " flashes /f a#o;;of —/:i"—/r;;dé ‘;~—W~~ _ ,m,,g 7;;,,,
10 Ia.yer.r. - Sece “Comments* for sereral ofher warm)z;.r ’




User Instructions

VERTICAL EUECTRIC SoUMDINGS —

Page ot

INSTRUCTIONS

INPUT
DATA/UNITS

OUTPUT
DATA/UNITS

Load side1 of card 1

Set 4. co 1)

/nlbwt‘ Ia#er resishyities, Thicknesses

a. Resishvity Q]‘ layer 4

0 o_kmdn!

b, Thuk d <

Yl (om)

’Rem.gj <=l-ua 3 far Q.l.\ laum fmm shallowest

mo) +o_de ie Linal

nput layer fo be_infinde hatf-space no mait

whnr " value yena. J(-w

_Key  xmun (Soe comment 3)

XMIN

lJUUU=RUUL

XmIN

(n &

Calrulate BG)

1{_“'1

)

X, BG)

Prt‘z?mm cycles indefinitely. Record Lx, Bx)]

PRESS

pairs Thro o of interist. To stop

o

Load sides 1 and 2 ;zl card 2 (&h/umbm

UL

or Card 3 (Wenner ).

1
{

Prime program Ccomment 4/ )

Xy

For HP?? .onn'h:d outpud” Ccomment )

Kcu X/an

XMIN.

[~
S o

/\/(.u \E(X/n/l‘/)

Blxmin)

next-x

-
=

(o;{)ﬁbrml) o _esfer data wihoud convolvy!

Keus

ng,
JBthis x)

neb-x

J
To convelve.

Bltnis-x)

Record. [43 (#8/2) ] pairs.

A8, (4]

it //%_Q_St_t,__'nmnt:x__aﬁo_ﬂlgw rem

FRESS

da.alaz‘ Otherwiise., 70 Aisp Zaff not-x
Repeat step 3 as desired.

13

Enor recovory — i an exrronesuvs R-valed

is Wow The

Pm(ethxre. +o caw\‘n\dv Then

PRESS

(old) next-x.

]DDDDDDUDDDDDDDDDDDDDHDDDUDDDDDDDDDDDDD

JU00O0Ce OO RO HOE e

H
“
i

[ -~
e LT )



VES Cavd 1

Program  listing

—

STEP KEY ENTRY KEY CODE COMMENTS STEP KEY ENTRY KEY CODE COMMENTS
201 ;Lgﬁ@ 21 ii h: Stre (z) Pafrf. @57  ENT? -21 L
@6z | fb‘ ie-& ﬁ. > S . 858 . 1 3 a1 L
863 5T0i 35 45 Iy 859 - 45
84 P25 16-51 a8  CHs . -z2 ]
@85 Ré -31 e. - R. 861 X2y -41
896  STO; 35 45 i A a62 " 1 a1 [
aa7? 1 at xR -55 |- |
agg m? és 33‘ gt < ( Q>/U+Q)
893 £ o M. 865 ST08B Iz |-, T T
610 xv?  16-34 o it n20. 066 RLI' 3645 | Testforemd of loop
@11 GSBe 23 16 15 " > E-reaisher @67  x#@7 16-42
912 STOE 3515 S @68 6102 22 82
g;i Igzé 16 26 fz 869 RCLB 36 12 NOf‘mall:Sc,é:je
T z a7e  RCLO 36 o6 0
815 *LBLC 2113 C: XmN . a71 x -35 :
§16 STOC 35 13 xmin -> C-register 872 FRTX -14 D ‘5-?-\“% B
817 3 a3 873 SPC 16-11
B18  1/X ) 52 @74  RCLC 36 13
3‘1?3 slrgu és ?j Ax = D-ryguter S?Z RC:L:D ;5_;; Gt menb-x
821  RCLC 36 13 @77  GTOE 22 15
@2z RIN 24 @78 #lBLa 21 16 11 | O —@Luﬂ test
823 xLBLE Z1 15 : Get Blx) 87 FB? 16 23 @@ L
824 FRTX -14 - ga  ©T03 22 @3
e25 sT0C 3513 | Tnitialge leop: g1 Fi> 16 25 o1 r
2 1 a1 ag2  Gr04 22 a3
g g | o LI iy -
3 i 884 xLBL3 21 83 )
8z STOI 3546 |_ _ _A=me ass . 1 - 1 G”’o‘}’s *{“"’L“ 'ﬁ"
838 *LBL2 21 a2 2 986 . -52 échluméa?prpl.as
831  RCLE 36 12 287 8 G
@32 RCLi 3 45 238 5 a5
833 x -35 =0 x 89 : -24
oo | PRGNS L A S -
3 21 16 25 46 . ) 891 xLBL4 21 84 osh’s factar i
836 xLBLI 21 61 < o "No oPo avnd psz 2 62 w@mjr,. .36
@37 RCLi 36 45 T T=o0 Switch. 893 . .. -52 Brsul ﬁ.;‘ w e hast
838 - -45 @94 7. a7
039 XY -4 095 2 82 Cavs a8 75
gz;a LSTX 16-;; 896 _ ENTt . -21 Travslate 4o 48
+ - a7 3 . 83 2
a4z z -24 898 : -24 c“":’;» udtiply
843 CHS =22 g8 = -24 .
@44  P3S 16-5] eo-. -P 168 RIN 24 3
845 RCLi 36 45 =
846 28 16-51 €, 1P
847  RCLC 36 13
a48 178 52
@49 X -35
gsa 2 @2
851 CHS -~ -22
@sz - x - -35
853 GSBa 23 16 11 |« Qeeomodate Wennar
a54 e¥ 33 i\ Sch. 110
ass~ x -35
A exp (-2 hx
A R T - (AP
) REGISTERS
o] 1 2 3 4 5 6 7 8 9 ~—
Co €, C, ete.
S0 S1 S2 S3 S4 S5 S6 S7 S8 S9
A 8 C D I
— = XN AX = ¥y used

35



Program Listing

STEP KEYENTRY  KEY CODE COMMENTS STEP  KEYENTRY  KEY CODE COMMENTS
170
120
180
130
190
140
200
150
210
160
220
LABELS FLAGS SET STATUS
A B C D E
et i — XMiN — B  [° Used FLAGS TRIG DISP
a c d ON OFF
Hag dest Yevror Ued oW D] oec o) Fx X
0 "No 0P PErtry € |° Ysid m a [* Used on a — 1 X 0o| erapO | sci O
5 5 — 5 5 = 00| rRD O eng,D
— ls o0 n—4_

b
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COMMENTS (Card 1)

1. Subroutine "a" shifts true kernal function somewhat to the left
to make convolved values (Cards 2 or 3) come out right. This is done using
flags, as shown in table. On loading Card 1, flags ¢ and 1 are set, so to
make Schlumberger the default calculation. If Wenner results are desired,
CF ¢ at Step 2 of the instructions.

Flag ¢ Flag 1
Schlumberger set (set)
Wenner cleared set
no shift cleared cleared

NOTE: Both programs calculate VES in which apparent resistivity Pa is
plotted versus center-to-end electrode spacing AB/2. Sometimes, though,
Wenner VES are plotted versus AB/3. To produce such a plot, the shift factor
at label 4 must be changed to 1.36, rather than 2/3 x 1.36, which is its
present value.

A tip: When making your own program card from the listing on page 35,
be sure to set flags ¢ and 1 before recording the card. If you happen to
forget, you may lose a lot of time trying to track down a very subtle error!

2, Program assumes bottom layer, layer n, is infinitely thick. Hence
no value hn need be entered. :

Programmer's point: To accomodate possible 10-layer structures,
registers R, S¢ are used for first-layer parameters; Rl, Sl for second
layer; and so on. Somewhat cumbersome coding at steps 40, 71, and 72 results.

3. Subroutine E in program listed on page 35 is an infinite loop,
starting with an arbitrary value of x called XMIN, and calculating values
(x, B(x)) at the rate of three evenly-spaced x's per log cycle.

Question: How do I choose XMIN? Answer: Usually XMIN = IOk, where
k = positive or negative integer. Also choose XMIN<<h , the first layer
thickness. (For example, if h = 2, take XMIN = 0.1)? Exception: To get
VES calculated at closer AB/2 gpacings than the 3 points/cycle the program .
usually affords, a subsequent run is made to ﬁnterpolate between earlier
x-values. On such runs, choose XMIN = 101/6) . (See example and Comments
8,9).

Question: When do I stop the loop? Answer: Stop the loop (by pressing
R/S) when x is 100 times (3 points beyond) the highest AB/2 value of interest.
For Wenner, only 1l point beyond is sufficient. (Illustrated in example.)

Programmer's point: Infinite-loop program at left is for HP97 printed
output. HP67 users may prefer to delete steps 27 and 75, and replace step
76 with R/S, step 80 with RIN. Then pairs (x, B(x)) may be copied down at
the user's own pace by alternately pressing [R/S] and[E].
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4, A tip: Users who may need the related program "VES: Dar
Zarrouk functions" can save card space by storing it on side 2 of card 1.
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camI;)
COMMENTS

(This progr
5

STEP KEY ENTRY KEY CODE COMMENTS STEP KEY EN KEY CODE
oot welh . 2111 A Pime P=-S P 173l | (Ghath coeffs are
2Lt 858 x 35 A
@@z P& 7 [6-5 859 4 e Stored ﬁ': fipped
@83 RN 24 ; - 25 4€ order foy diret
oos alble 2112 8B: XN P BGmin) pen  Doel 1o 2% | product)
g5 stoD 35 14 , - A
g6 Ré -a Inmtali 863 RCLA 36 11
gaz sToA 35 11 mtalize oo ) o
808 3 83 . b1
’ 865 8 éa
o m% 2wl ]
Lo 36 14 867  x -35
erl alBL7 2167 BhmN)-> all g6 = -24
12 sT0i 33 43 ' 669  FB? 16 23 @6
@13 DSZI 16 25 46 prmary reqs. 878 GT04 52 04
814 ET07 @ 2287 @— — — = = — : ! ¢ .
pod 871 PSE 16 51 |<=D iBp,
3§§ ,i o Caladake Ax oz RCLD 3 I 59\03
817 1% 16 33 and Siore gn C.. 3;43 Rgz; o %—'Dts?\oj Ca
Pyt A A 875  RIN | Gek meoxt-x.
3. 2les R, Ineremonk 876 #LBLE 21 15
gen Rtp o el cremant -x 877 9 g |E: Error
2 , Sb 13 . . r Vex
o2 x -3 Subroviine. os wals  mas |- - - =<
oes se B ess 0521 16254 | S loop
e Wb 214 881 ¥LBL9 21 89
see stos 3512 O: Dafa mput gsz  ReLi 36 49
et 7 p et @33 ISZI 16 26 46 B - Qe,j
& e o Initialize 34 ST0i 35 45 (L A
pee  sTol 39 4e 885 D521 16 25 46
8z3  RCLO - 36 b8 826 *lBL9 21 89
@3 SI0E 3515  _ _ _ _ _ _ _ oo ? .
931 aLEL1 21 81 % 4
gLy arel 688 RCLI 36 46
o foop g2 K2 1633
834 DSzl 16 25 46 8. "’Rﬁ. @91 Clos 22 65
oo bt i < @92 xlBL6  flE6 |- — — — — -
Jb 1 . g - 5 IS .
@37 1521 16 26 46 Save B, in Bo3 RiE  31v |6 end loop.
3 q 'l
o3 20L1 36 4 Reg & for 835  RCLA 36 1 Restore. ad
P48 X=v? 16-33 poskible ervor 496 RCLC 36 i3
=1 697 = -24 vah)&c{) nexk-x.
841 ETa2 2z a2 remvavj, @93 STOA 35 11
842  CTO! 22 Bl !
, e #99  RIN 24
paz wBZ 29 Q. end \oop. 108 #LBL4 21 a4
845 STO9 75 @9 181 PRTX -14 A{: Pn}*m‘r
A A s Nao B> Reg 9 182 RCLD 36 14
846 ESB8 23 68 gt 163 PRTX -14 Subroubine Lo
g:; :Lglg 21 ?; le¢ - sPC le-11 #Pqy's
Z IE .
ess ese0 2514 C: Convolve oo Ree k1
o1 STl 35 e Initiali gz gs8 2 “
@52 é g Mualge
053 ¥BL3 2163 3. ‘
ag-; RgLi fg ;'; * Convoluhon. [t
8 25 -
@sc RCLi 3645 process.
REGISTERS
1 2 3 4 6 8 9
° B, 8, 8. e KeRNBL VALuEes .- B 5
SO S1 S2 S3 S4 S5, S6 S7 S8 S9
Do D, D2 - Gosu | CoereliedTs | » - Dy Dy
(o] D E I
Next -x used Ax used (ast B, used.

e = e
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STEP  KEY ENTRY KEY CODE COMMENTS STEP KEY ENTRY KEY CODE COMMENTS
857  Fi5  16-5.
881 xLBLA 21 11 858 x -35
@82 P25 16-51 a59 4 -55
63 RIN &4 668 DSZI 16 25 46
664 “«E?‘ég ;é if" 861 6103 2263 |
885 S RCLi 36 45
ear  StoR - 35! 864 RCLi 36 45 :
ees 3 8s 865 P3S  16-51 differ fom Card 2
ees  ST0I 35 48 866 x -35 program  because.
@le  RCLD 36 14 6E7  + 55 )
o1 wibl7 2167 @68 STOD 35 14 Wennex convelutien
612 S$10i 35 49 9 RCLA 36 11
o1s DSzl s 25 4¢ ora RCLe 36 13 lags only ¥ of o
o14 ¢ eer 671  LOG 16 32
s 3 a3 . a7z 2 62 log cycle, mot
o ere tex - 52 873 x -33
| a1y igx 16 33 ar4 18% 16 33 P1 lﬁ k’) as
L a8 sTOC 35 13 875 = -24 for Schlumberger.
: 828 RCLA 36 11 877 ETO04 27 @4
@21 RCLC 36 I3 arg PSE 16 51
ezz  x T3 @79 RCLD 36 14
23 SsToR 35 11 858 RS 54
824 RTN 24 881 RCLA 36 11
825 xLBLD 21 14 g2 ETH 74
ez SToB 35 12 683 MLBLE 21 15
7 g aa 684 .. 9 69
@z ST0I 35 4 685 STOI 35 46
29 RCLG 36 &a 686 ¥LELS 21 @5
! @gﬁ f;ff gf f_f 657 DSZI 16 25 46
N g 8 ¥LBL 21 &3 .
632 ISZI 16 26 46 e *ebl: ate GBLq isa .
ez RCLi 36 43 gse ISzl 16 26 46 false step o avoid
634 DSZI 16 23 46 @91  570; 35 45 The DT Swh‘?h)
633 ENTT -21 @92 DSZI 16 25 46 -
eis  s10i 33 45 @93 xLBLS 21 &% J/
| @37 IsZI 16 26 46 994 1 6 €
b3g 3 83 @95  RCLI 36 4€
648 X=¥?  16-33 857 CT06 22 @&
641 €r02 22 b2 898 GT05 22 65
42 6101 22 @ @99 sLBL6 21 66
843 xLBLZ 21 &z 166  RCLE 36 15
644 RCLE 36 12 11 sT08 35 4@
e43  §T03 35 @9 182 RCLA 36 11
k46 €5B8 23 @8 1e3  RCLC . 36 13
a47  RIN 24 04 = 24
848 =xLBLC 21 13 185  sToR 35 11
658 J 63 T187 ¥LBL4 21 64
[ as1  s10! 35 45 188 PRTY -14
[ ez 4 o 189 RCLD 36 14
] 853 xLBLZ 21 83 118 PRTX -14 .
@54 RCLi 36 45 1t SPC 16-1i iraglicd RIS in 274
[ 855 Pes 16-51 112 RCLA 36 1 skt ser
856 RCLi 36 45 13 ks 51 haldf prog. 5oy
LABELS FLAGS SET STATUS
" PRIME PBesiv [“Covviv PDrTh [FERROR. |° Pantput | FLacs  TRiG DISP
° ® ‘ ‘ F— = oog%g{ DEG O Fix X
. oo entry |*Usedin D [*VsedinC. [*Hpqz print|P — |1 0 0| Shap D | so O
fg_;dm& ® Used inE ® Subr. — 3 00 n

" Used 1n B

[}
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t
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Data Card Contents

Page of

Register Contenis Reg. #

DATA CARD 1

Register“Contents :Reg.#

DATA CARD 2 !

DATA CARD 3

Registel: Ct;ntents - l';'t&eg. # |

 S—

_ 0.0000 | O

1

. —0.006% o)

|| ocows |\, _ oco#g |
~ | —o.0814 @ | —o0.0353 2
1 _ | ©oH4olg 3 o046 3
|l -ushe 4 | —o0.0935 4
i 1l ] t8%0o 5 0.3413 S
ol .| ©o.1854 & . —1.3341 &
] o064 -+ (.56 7
- | —0.0499 8 = o.458a 8
o _0.0aas 9 . 0.028Y 9
]
) ) o «30‘} ({V @%J %
o o }3& &U’ L ot Uéb
S R O U\d&(\ .\5}*& X
e S R
e e S O - O d‘\(\
B &P & (P
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COMMENTS (continued--Cards 2 and 3)

5. A user who calculates only Schlumberger VES doesn't need Card 3,
while one who calculates only Wenner VES doesn't need Card 2. Both are
included here for completeness. Cards 2 and 3 are identical except for a
few steps (marked on the program listing), and the different data sets
stored on side 1.

6. To prepare program card, with Ghosh data on side 1 and program
on side 2, do this:

a. Key program into memory from program listing

b. .Put values shown on "data card listing'" (page 4l) in primary
storage registers

c. Switch to W/PRGM mode and feed in side 2 of card

d. Switch to RUN mode, press [I+] key, press [f] [W/DATA], and
feed in side 1 of card. Display now shows "CRD".

e, Clear prompt word by pressing CLX. Card is now ready to use

NOTE: The card so produced is a hybrid, with the program on Side 2,
and data on side 1. When side 1 is read in, "CRD" appears in display to
prompt user to read in side 2 as well. But, if side 2 is inadvertently
read in first, the prompt word does not appear as would happen for a true
program card.

7. Ghosh coefficients (constants) are originally read as data off the
card into primary registers. "Prime" step (keying A) just performs P4S,
so as to transfer them to secondary storage. Warning: Subroutine A and/or
[P4S] should be performed an odd number of times (preferably only once), so
as to keep Ghosh coefficients in secondary storage. Whenever answers look
funny, the first thing to check is if Ghosh coefficients are in secondary
storage, where they belong.

8. "Begin" step (key B) loads current B value into all primary
registers. That's why XMIN should be chosen <<h (= first-layer thickness),
to get accurate p_ curves for small AB/2 values.

9. Values B(x) must be entered in order of increasing x-values, with
x's chosen even1¥ spaced at 3 x's per log cycle. Typical x's are therefore
100/3 = 1.00, 1 /3 = 2.15, 102/3 = 4.64, etc., To get more detailed VES,
a separate run is made with interpolated values of x, e.g., 101/6 = 1.46,
103/6 = 3.16, 105/6 = 6.81, etc. (The program on Card 1 produces such
evenly-spaced B(x) automatically.)

10. During convolution, the Ghosh coefficients (constants) are in
secondary storage and kernal values B(x) are in primary storage, with last
entered in R9. When a new B(x) is entered, previous values cascade down
through primary registers, i.e., new B goes in R9, previous R9 goes to RS,
previous R8 to R7, etc. Previous RO is saved in register E, and can be
restored to RO in a reverse-cascade if an error is found to have been made.
(Subroutine E) ‘
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11. When flag ¢ is set, some procedures are invoked which print pairs
(AB/2, p_(AB/2)), separated by spaces. Next-x is displayed, but not printed,
if flag % is set. This option would normally be used with HP97 calculators.
With HP67's, on the other hand, flag ¢ should remain cleared; then AB/2 will
be displayed momentarily, followed by Py (AB/2). Next-x may be found by
pressing [R/S], an optional, convenlence feature.

12, Adel Zohdy (written communication, 1978) has written an HP67/97
program for Schlumberger VES which is similar to this one. It accomodates
6 layers and is very convenient in that (a) the kermal function B(x) does
not need to be copied and re-input; and (b) p_(AB/2) is calculated directly
for any starting value of AB/2. Because it calculates function B(x) sepa-
rately for each AB/2, however, Zohdy's program is slower than the present
one at calculating an entire VES curve.
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Example p.4 of 7

| SUREACE

ExAmPLE :  Calculate VES curves Ao=10" €= (02m

for This Structurc. I
SoLuTION : Suppase we want 6 # = 50" Ee=9am
points per log cqyele.  for AB/2
Values fom 1 meter 4o 1000 meters. :
Since program caleculates 3 pomts/ {oj
cycle, we will make R passes — The #,=00 62_-:.25!2'11.
Ast fo give valves at x=10%=1.00,

10%=215, 10%=44y ot<.; Me
Second. -foj/'vc valves atm x= 10?5'»'-'—‘ /.5/7/

10% =316, 16%=¢.22, ete.

' Start” by caleutatin Bly), The kernal function,
Schiumberger fapes will be at left; Wemer tapes at right
Wenner
Start: Read sdle 1 of Card 1. -

¢ /—-‘7- it
Clear #ag © for wenner —— —

E

Schlumberqer

< Input  resichivily structure — o
(step 3)

1,438 3k (1150 is a large number reprecenting «)

L0600 BIEL =——  Thout xmiN  (Step¥)
(Use xmws= 0% =1 <<%,)

\ Caleulate Kernal fen (steps) / 5.

2 Toow
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Ready 4o comveolve.
Rwad Card g (S'c/;/umbwfcr)
or Card3 (waner).
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botiH
—— Prme (Srgp 1) ,_.-—-——-'/
_ a9 0 for 1PGE output —
I (step 8)
KQJJ XN (Step 9), ambd
B (xmin) (Step 10).

For Schlumberger, can enter

5, ;,:.::; CTEE 2 doto points without wf\volvivj.
( Convolved. output wowld have been
R ‘6f‘ hiB/y values < 1, possibly ol
o ho intersst 4o us here., )
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e D) values foumd above, —

R R A
e
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oEom e
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Fo e O m

€g Foy £

.
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Example p-S of 7

-_— .OoPs! Made an
ervor here !

oy
50y Ly 0y

Continve as before .. .

[

LI BN S S A 4 2N
bl AT B )
oy Py rg

(14
-

[T o P R
.

[
roprry

.

- N

ﬁeSu/z’:r %una( here are ,o/otfco( ore

Datr. sheet S (4 Scblumbayw)
and  Dafa sheet w (£ Wenner).
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Program Desecription

Program Title VES'! Lar Zarrovl -ﬁmdims_

Name DQV(d L~ Cam Pbe-\\ e e - s —— e - Date aa Dec"q-?
Address Y-S G\‘CO‘OS{CQL Sb‘f\l(-j S N - e -
City Denver T state -CO Zip Code g022S8 .

Program Description, Equations, Variables, etc. k‘D‘V —Z.armuk curves are used 'fO O(C‘ﬂhe, The
limits of equivalence for multilayer Sections, fo 1mprove The At between 7heorci:fcal
and observed VES cwurves, and o incorporate jealej[az( and ea,oh srcal constrats
in onferpreted geoelectric medels.” = T —Adel AR Zohdy, ref. below

This program calcwlates Dar Zarrovk resishvily Rj ond o\e.p"ff\ L fom
o aiven horizontul l;ﬁer(vlc) structure (ﬁ, h;), where é= rcsr.'mwﬁ_, and
hj = Hhickness of jI lager, and vieetveyrsa. . T <

Equations : Function £ = 7"—/5,' whe,(_w{ R Y %

- RS sty
- Ay 5=E e -
Fanckion C gy = <4 G €) LA e + (a0 )
L0 0T e Tt T B Q_L_e. - - . )
Functiore E. @J = A!'IJQ__"__. o e:f, y :A':L, -
s VAR here < ALR= LR - LR
,,,,,,, . _ﬁ - 6, A,.,’_A A J 3N J=1 -
o o J.—_.J.‘JZ._.;_._..,. - A'.l:.‘= H-——S‘:i .
e m__q R.., R K,‘-l

Units are compatible, ie. #r didances B L o £, p,R will be in obm~ft.
Reference: Zabf}y;_bddﬁlé, 1974, e of Dar Zarrovk curves inThe prter-
pretation of vertical electrical .roandu‘:;/ data : U.S._Cjed?jfca( Survey Bulletin
1303~D, 4lp. o e e T

Operating Limits and Warnings No points (LJ ,R ) on real DE wurwes m hﬁﬂ abovc,"_,
or bilow a. 45° cone (om log-lof p/otj wih verfex. at (L, R%). “Eror”
Aashes if such pornts are Tinpot. S
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- User Instructions

> Dar Earrovk -functions

o BCL)
STEP INSTRUCTIONS DATAUNITS KEYS AN
Ol Load Side 1 _of card. L]
O'| Set: fass as needed X C_ 11
1'%:“ JHPQ? Drm'ont ou.’(‘DJJ'L— E:S___ﬁ_j
if B = depth 7o betiom' of layer 4 (se] 1 ]
v I |
troprtem A - Calcylate DZE Domi's (:‘?L) — L J1C_]
Al Clear registers
A2 lnpud” fayering : (o b, L=1,4) L 1C_J
resishivily 2 ‘ o (obmm)| [__]
Thichness (depTh _ife Hag 1 set) ?L (m) [ J[A] e L
R e"frs JL war)g\‘ng 'gwm\. I (B i
shallewest to Afnqe_qf" Nefe on Dia im L1 i W ohmia,
I-register; 'R m C—ream’fgx L M D-raitter| [ I 1 | Fimm)
(To c)z\amaa an extonzous er:’rm nam ypf] 1
wiln ng.acth\/e— h. _omd 'DS'-I:I. ’h.ulc. ) ) (I 1
i ' -
Proarem C.: Calcate DZ Pundion [R()—] I
(@} /npwt' 2 res(shvitics and 1 Fhirkness C_J1C 1
fnei’ duﬂh) e (obmm) Lal
% A, (m) (3]
/0 (ohm m)| [Srol
C2| Key D deplh. AL m)| R(L) (ohn-y)
i\)epeaf sfw C2 ac desired. L 11
[
froaLem £: Calculate [lavering from 4 qivere | 10
Sexres 04 DZ D&vnis vz J v 11
E1 Clear reyistees (£ _1lcL gk
£2]  Key ~ Dz resichvity R. Gimm) [ [ENTA
- D _deptn.~/ ) | T IE] |o, 4.
:Rf_nyd’ Sten EZ. .for al\l_\owexs J,J’"mqrm C 11 (’,1' J
__shallewest 4o decpest. Notz. sadax i i i LI |0 incumend,
I-rearster: Omﬁm‘.d-vr ﬁ m_B-n Umisior C 0 [ oam)
(‘fl r%nm&i@ o\zn'ﬂ\ I"‘ —hna 11is S.ﬂ.:t') [:] l:I Y
(To_chamae an errmnends en'h'u repehd skaZ C_1C 1
—51{ J-L L\c)monng Du:i‘out Sdmﬁz ,2 will I
Thex aiye corru,t‘ r&sult& 'Rexz.t I bu 2 pszrs) [ [ )
J (I
# |Default casa has_no rirted oudpot (Flag o cleared)] T 101
and has : re[‘m&ni‘;r:}a 7hxdﬁncﬁ d}- ictb { LIt

(Hag 1 cleaied. )
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STEP  KEY ENTRY
[~ Bé:  #iBLw
sz I8II IS
aes 1?15

F
664  o3E
T

™
L

RN

ToAy
=

~

el
LY
G Ty
oy~
da T 3

85¢
1

Cr b Fx b Iy

+a )

04 0ag LY

asg’ rt

8&3 . i
gig  57+3 IT
21 FRILE

1% ROL&

g1z +

814  37+4 35-
g1z oLz

Bi6 RCL4

L4 fa €0

LA |

W ) G D e € D D G S ey b e

g Py ta)
ry Gy €

i

2

2

1

&

%

ki

z

H

X

4

4

3

4

3

4 [
8z L 4
azz kS =35
823  &ToC K
84  ErES 23 BE
822 SPC ie-i1
gze RTH o4
€27 xLELE 215
2e IBZ] le 2n 45

g2 5TCD 35 i=
@3e v -31
g3r 700 35 i3
@3z £t 16-31
832 kY -35
B34 5T0S 35 63
833 RLI e Bl
283c - -45
a3z 6 14
638 3o 13
8339 -4
845 23 a5
g4 3¢ bz
ZH - -35
843 5702 3% &z
34 z -z4

845 X 54
84¢  ET0A 33 11
B47  B&EE <7 @8
435  RCLZ 36 Be
@43 5 -35
@36 Fit i¢ &3 B2
§S1 G582 23 8z
652 STaoE 35 1z
853  RCLD 36 83
854  &T6! - 35 81
835 RCLE 36 af
570z 35 ez

KEY CODE

P
£ 46

o &

6

S 1
-3
s 1
-
[l
c
o

v

[

-

&

COMMENTS

STEP  KEY ENTRY

KEY CODE

COMMENTS

) ~E)

657 RCOLE
858 C5E8
ess £Fe
Goé ETH
661 xLBLC
gsz  STOD
863 RCLA
eed X

863 2
Bs& X

ger7  ET07
et RCLE
63
eve

671
arz -
873 RCLE

674 ¥
a5
B7e Az
&77
érs
279
aso

< (

y

)

a1

as2 VB
g3z RLL2
54 -

#3235  RCLY
&5e z

BET  &Tal
Baz RTH
689 &lBL!
as@8 FCLE
#31 Kive
@83z  BEE

632 E
834  57C
eas R
£95 -

asv RTH
€33 3LBL3
é83 gt
1668 PRTA

Fer
™
FSE

18!
182
1az
184

185 ¥LELS
186 5T+€
187 RCOLE
163 RTH

ORI

. Toy G
oy g T,

g Lo Py
Lo

[
oy

(]
o

"
&y
|

fal
n

Qo LR IS 0 b L e L0 Ba O G ) O50 Ca] e b e Pl b O B

G (st
Ty Oy

]

NGOG ) G O L0 B 0 G S Gf C1 ~0 G0 I LR e P g B b0 G5 Iy

(73]
o

ey
(=3

O Pl e oy O K 0 KN CNCH Go b
I L

e T W Poe oBu ke B Y B O O B KR e P e O G O3 e B o) o ) RO

ta)
i

ey

tea boa Caf T
L RN R O A TR ST SR T~ T O T S 0 < T 29 e M,

P
[OF]
e o}
'2:‘- wn . o, l’.;w Xy

[
y

for
[N e

[
=41
(]
()

—
(<53

Cad
¢.|n
ap o O
[

C: Get RCL)

aLe

%3((’33:—65)

1: L ciﬂ*jrhu

1o Thackness.

O Prant oukpu
subroutine 4sc
®PaY’s.

2: Cl’nwjvlhickms
1o degin.

110

REGISTERS

0 1 2/ 3 % 5 6, . 7 8
dg{—: [j.., /Q,'-; LJ.’/ | T= Z'f-,@ S=Z"/8 L; R; L"/R:\ 2L, f‘j (szﬂ'€>il> _
SO — S1 S2 . S3 _ S4 o S5 _ S6 . S7 _- S8 . S9 .
Cc D 1

53




Program Listing

STEP KEY ENTRY KEY CODE COMMENTS STEP KEY ENTRY KEY CODE COMMENTS
170
120
180
130
190
140
200
150
210
160
220
LABELS FLAGS SET STATUS
A 8 C D E ~
58 — R) — R85 [[Ppont FLAGS __TRIG DISP
2 R PR d o 1 ON OF
— — errof deste. |0 O DEG O | FIX
[P 1 2 4. . 4 2 ) |
Crrem et e e ae e [ AR E S
7 9 3
— — — — — — 3 00 n
54
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EXAMPLE: Calculate DE e=1om

Fé _— i —
H,ii ’po(vx‘l:.s for structure at nght. €=50m \
1,62 ENT: (a . m
1.6 655 problem of Type #.)
1,88 wx
368 e -flqj 1o print cukput. C=0.4im
B ¥ta3 1o show h; represds deglh,
FLEE wew Mot Tackness.
F.52 ik S{:P AA. 3m._.
L4 ERTT Step AL for 1¥ layer. g=0am
15,86 (5B ( R,=1.00 @m, 1= 1.oom
Coiv  ¥¥X ;
12,98 aas Sﬁeﬂl for 24 \aﬁur.
@0 £ \Q( Ri=2.90am, L,=342.m)
AL for 3 \a.u‘e;r
3= 0-159m, 3= 1940m)

\
A2 for 41 layer: (1.+50 represents 9, an

Sh‘P 0\‘7'34’ /arycmfum ber waulld do %m)
EXAMPLE : Invert The above DE series.

(a problem a{- 1‘39& £)
\ Flags are still s fom above. Step €1
5‘\’6() EZ @or N laJJC’X‘. (e‘ =l.00 fLm, e\‘=d‘= LOO"‘)
——— Step EL for 27 {o.do(, (e,:—. 49.94 am, Az_-= 3.00m)
St EL »@u\r 34 loaw (6 = oqo im,dy= 12.96-m)

/Sﬁ{; e2 for 4T lzxjor' (é::;.o.oonm,d7=v°)

it Note. some round-off ervor has ocoured wm
2536 axs Qq\cu\cd\‘vg e, 33.
"""" £x¥

EXANPLE : Calouwlate R(L) when p=l=t,

e =10. (a problem of type C : resulting
clrm con be plotted to give. a useful +template
(}srjeme,mk Dz u\rm~?i¥h?/\j.)
QRG shep not skn'd\\s necessary here, @ doesn't hurt.
Dadow dnpud: step A
R(\.00) =\.00 &m
R{2.00) =194 .am

R (4.00) = 3.GY4 Stm
exc.

JELBE EnT
S

.
LN ST PP N '
» w ® a8 = -
U A~ AN )
w O T OIE O i
o " e
MR " ~oq I
LARTEC I o B e B A
[ I B o ) TG

Cad Lo+ T

LA Y o)

Fn 5
g

L

L L

Oy
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Program Deseription

Progfam Title MHGMHOTELLURIC - %NE'wHVE . ’ﬂ.PPﬁRENT COAJDUC:I] Vle, e

Name R@mond ~D. waﬂ—s_ —-- - - Date Oct ?7—_.__
Address u.s. Qeoltzjfca.( Survey. o
City - enver -~ state -CO_____  ZpCode 80425 __

Program Description, Equations, Vanables etc. ?‘ ven an mpuI’ wndu.a" vri' Structure, <410 .
horizontal “laqers* (=9 rue laqers plus underlying half-space ), This .
program ca-[a.c ates magnefotelluric plane-wave a.ppar&n't' conauwf’n/ﬁ I

phase angle <KZ at arbitrary freguencies dnput” by User: _
4—7:4rnaf¢9, an M7 Jowndm with 0 pomﬁ‘j pu— lsj 75&. may be catoudated,

Squations:. S S—
{"_ e / E/ 5 _J— [—

Re«{?mnce_» ward Stm\ «, 116? Ele.dwm M—hc,ﬂ\m(;p
app plication. :  (n Sou ExPlorochon mn'B q;‘:o

vol. 2 (SEG: Tulsa, oK) p- 1OF —12Y.

Operating Limits and Warnin // 1// 7 s J‘Zt- all s me/J “ Si?’a-‘ 6/4'5,
gi[lg .Ae,ts;’aﬁ(en pr be. ,rzy;sz‘n'ﬂ""c —Vo— ‘Zu;ft cond.ud’wd’cs a..
o . 'Errr" Hashes for number o /ﬁm n<, or.
/ -more Tham. 1O /ajer_r are input ... .




User Instrue

tions

INSTRUCTIONS

INPUT
DATA/UNITS

KEYS

OUTPUT
DATA/UNITS

Load sde 1 amd Side 2

Set Hae o ;;4:r HPIF pnn?"{d o

'L,‘ou,t

¢ om'zo)/gl)

Set= Hag 1 __for thpul and _outp

resichVilies gngfher‘ 7han c.on,!urfw

(om‘tonzﬂ —See "wa m;ys p—

Inpur  condudtivity sthructure.

) COna(MCf‘m‘."D/of /aue.r -

a: (")

(Jr) #nckng.ss { @er .4

. (m)

G

?eneaf tzp 4/ —/%r Al /a‘.}/er:r ﬁom
Y =

).

\’

Fnal “layer" is regarded as tifine

/zal,é.«;aactf,_za_mazw" whatl f. yol
entes” v

Calcul ,J Z)

O

Fltz)

Calculate. pharr ag[a <% onal,
/?(_Tﬁao o I & 7_.;7’2{0 6 _ic pery

brmed.

cally
J

™

Re.oaa‘t’ as_degired, .s/‘nn‘lnq aZ”

,ﬁr other —/ifuumw —f

ﬁcdm&z&__&__ddnicd_mgd

having (O sorats / 1. ,
(Funcion £ @nfc.c 7-’ and/

rep efmd?_lu.

T

‘s‘fop ou.rh R/S or g?j ofher

G o (L)

< ¥ Cley)
= ¥

~N

Fo

4.

Second ary n:yuiux amd_ go o
J s K74

UDDDUD[DDDDDDDDDDUDDDDDDUDDDDDH@EDDD@DD
JoOOoEDOOmUOooOOsRO OO OO 00O




STEP KEY ENTRY KEY CODE COMMENTS STEP KEY ENTRY KEY CODE COMMENTS
Ane i T v T T
881 xLBLA z1 11 A: g tt. @57 Rkt 16-31 €t—-cd
g2 ISZI 16 26 46 A N 858 = -24 =<ies
ge3 P25 15-51 859  R¢ -31
ges  STOi - 3545 4 - o0 - -45
805 28 16-511 | % 861  CHS -22
806  Ré -3t - 862 Rt  16-31 0* ¢
887  F1?2 16 23 81 (£ Fq4 at; wee a3 X2 53 A
g8 1% 52 ‘ 664 RCLI 36 &1 o]
ge9  SToi 35 45 9% =7Ye. 865  x -5 | o
p1e - I 61 “ 866 F1? 16 23 &l PP
o1 - @ @@ 867 17X 52 I FA sib, owpud”
@12 RCLI 36 46 668  F@7 16 23 &6 Cosy =
813 Y7 16-3¢ Erer" f >0, 869 G109 22 &S “p > Vupy.
814 CSBe 23 16 15 @78 RS 5i P Rk it 4
015 ST08 35 a8 Setm. 671 *LBLc 21 16 13 "
816 R 24 T -41 < qot <g
017 *LBLC 21 13 873 RWD 16 46 e
018 R0  16-2¢ £ Tagp, < 674 1. 61 f
@18 Pi  16-24 _. @75 3 63 adjut £ normel
p28 X2 53 . 876 . . 5 65 g
@21 . x -35 877 - -45 may Ly,
822 8 68 .. .. 878 FIX -1l
823 EEX -23 . 879 DSP1  -63 &1
924  CHS -z 288 87  16-44 qrN i St
825 7 07 881 RN 24 } < postt
826 «x -35 _ -7 882 3 63
627 sToa 3511 W= §WEx/0 f 883 6 65 Qdjust ¥ +
628 ¥BLO 21 86 O: Entry fr £ 684 @ 69 <
829  SCI -1z 885 + -55 "“j‘*“’"
838 DSP2  -63 62 986 RIN 24 :
831 CLX -3l w87 *LBLI 21 ad . Eﬁmi‘vf‘
632 STOB 35 12 Er=0 888 6562 23 G2 ;; *427‘{ t-ElD
933 STOC 35 13 889 RCLD 36 14 |'geD
634 STOE 3515 998 ISZI 16 26 46 | teg->Z
035 1 a1 ElL= 831 RCLi 3645 | g o
@36 SToD 35 14 v=1 892 DSZI 16 25 46 i
837 RCLE 36 B8 oy oo 893 RCLi 36 45 ;
838 1 81 894 = -24 ff.*,x -x
839 - 45 mo) > © e95 I 54 nidg
848 X<8?  16-45 89  x -35
T -5 error 4rap for . @97 STOD 3514 | New ReD-3D
842 X=87 16-43 < o - 898 RCLE 36 15
943  1/%° 52 <. @99  LSTX 16-63
@44 STOI 3546 ' m_ sz 100 - x -35
845 #LBLb 21 16 12 & - 1801 STOE 3515 | New SmD €
46 CsB1 23 4 Leop 182 €sB2 23 62 |B+D->B; 8-p>D
847 DSZI 16 25 46 e‘L-lw\w \x'om.bf, 183 P2 16-51
848  ETOb 22 16 12 184 RiLi 3645 {B;>x
649 €SBz 23 82 «__g et eLs 185 P2 16-51
859 RCLC - 36 13 TeELBERELR e 2 82
851 RCLB 36 12 ETrel = xy 187 RCLA - 36 11 /‘-
852 P - 34  TPoLRR 106 RCLi 3645 |e—stack
853 - & T -4l ooy 1> ~ 189 - X -35 .
@54 RCLE ~ 3615 18- x -35
855 RCLD 36 14 {ﬁ Et-gL>xy 11 I8 s¢ | 2/s:, DL
86 P, 3% | Poear 2 x -3 | 2pi/s; >x
REGISTERS
0 % 1 0_; 2 G;_ 3 0:3 4 .@f& . 5 o 6 7 8 9
SO S1 S2 S3 S4 S5 S6 S7 S8 S9
So ﬁ/ ﬂ.‘L —;”3 | ete. °
B C D .
wu, Rebt,Re 8 | AmE? umB| ReEV,ReD | tmEY, tmD| £= Lagr*
hid - e . o — - - a—— - —— - . 58 . — —— - —



Program Listing

STEP KEY ENTRY KEY CODE COMMENTS STEP KEY ENTRY KEY CODE COMMENTS

1 T L] - ~ - -
- 113 X 33 Qmp facttr 169 CHS -22 W ‘/ ]
- 114 LSTX 16-63 Phase facter 178 = -24 ,ﬁ = ‘A gmxj0 7
] 115 RCLC 36 13 } £ 4 gé agg;lz 63’35
. 116 RCLB 36 12 -63 82 .
. 118 Rt 16-31 ! 174 RCLA 36
) 119 . = -24 Ap? w?’;phw._ 175 €588 23 o8 Get Tapp, <.
; 126 R -31 ' | 176 6GT04 27 84
] 121 + . -55 Jactors Lo “*‘1“
) 122 Rt 16-31
. 123 +R 44 KecranGguihs

124 stoB 35 12 G 42 180

125 x2v -41 ete “/°=3B

126  STOC 35 13

127 RIN 24___€End loyer Hendion

L g @b,

138 RCLD 36 14 8-D>»Pp

131 + -55

132 srog 3512 ReaXpart: sum2d

133 LSTX 16-63

134 - -43 190

135  LSTX 16-63

135 - -45

137 srop 3543 D =D

138 RCLC 36 13 art

139 ROLE 3615 My part:

140 + -55

141 STO0C 35 13 Sumn —> C

142 LSTX 16-63

143 - -45

144 LSTY 16-63 500

145 - -45

146  STOE 3515 Diffse

147 RIN 24

148 %LELY Z1 &% -

149 PRTX -14 9: Pant-oul”

158 6SBc 23 16 13 Subroutine.

151  PRTY -14

152 SPC 16-11

153 RIN 24

154 *LBLE 71 15 ] .

155 esec 2313 B MT &““d"ﬁ 210

156 xiBL4 21 84

157 . -62

158 i 81

159 1ex 16 33 o1

168 RCLA 36 1l m,w.F = o\Aﬂxxo

161 x -35

162 STO0A 35 11

163 Pi 16-24

164 Xz 53

165 z -24 gl C

166 3 88

167  EEX -23

168 7 a7

1 1

LABELS FLAGS SET STATUS
‘ot P - ‘fsqg< P — EMT Sounding | Prin FLAGS TRIG DISP
b d 4 3K .. ON OF
P - loop ‘Get<Z |° — [Ener Resishwtyl 0 O g pEG O | FXx O
Sdsedin € Tlager dog Pl = [sedingll = O3 S| w0l | XK
7 8 QoP - 3
- - —_ - rivit. subr: - 300 n

59




ExAMPLE : Calculate MT Curves h=10m  a=0.4 "m
for his structure, usinj' f=1; 35

0, 30; - --; 3000, I0000 HZ.

.e];L=: £5c>rn <12L==C).:lfs ""h94n

‘¢13== o0 <x§:= CD.(DLf hﬂh?¢n
SoruTioN:

s —— Set \9143 O o print ou’tpu't (Si’ep&).

.1 EHTH .

1. ceh Input c,mciuc,hvﬂj sheucture (S’rzp‘!).

.25 ENT? .

Sd. ESbA (thickness f,= 1.E50 is arbitrary — program
1,358 E5bn assumes last erdorell (aser & findely Thidk, and

doesn't: adtually vse TR mput” valve.)
1. BSEC #*#
4.58-62  #ix ——
306 anr For ‘?“qumuj £=1 Hz, y
Lok Tapp = ©- 04198 mhef amd <o =394°

3.8 GSEC
5.88-82 ¥y (Steps 5,6)
36,8 Frx \ *

16.8 §56C @ —— Simliar\u‘ 'FO“‘ cther MMUAC;CS.

JEI-BE kxw
331

6.8 ESBL
-8 xrx
H.8  Kkxx

i
(A8
tal

]
ace
3

jgp. @ GSEC

H s * Note: To 3€3C MT Soun&{rﬂ sample&

30,0 csEC | o 10 poirts per’ log wycle, replace

e e starred. step bj GSBE " ’Remaminj
output s Then awdomatic

N

16aB.8 GSEC
1.83-81 *¥x

S52.4 k¥
3866.8 LSEC

1.41-81 ¥4k
S3.2 w¥kx

lepaa. B GSEC

1.86-81 ¥xx

S82.8 vk
60



Program Deseription

program T PerropHysics : a.e. elechical paramelers. .

Name D L. Campbell . - : . pate /ATAN T
.S, qwlgj wcal Su rl/@ . S e

Address

City -- enver State olo Zip Code 802.2-5

Program Description, Equaﬂons Variables, etc. - 77)6 7 - Ao e/edncai 2 ramelers . (ﬁ'(‘?umy’ -
d.c. conduchvity, loss wmz‘; real and maquf/ /‘C.S'/.sﬁwj and real
and uma(m (;ae./cc/nr_ censtant) are al ra:c:j mﬁr-rdaz‘a{ This_ .
program co/rp ises @ series of short swbroutines. 7o Yealowtale. an wnknowra
pamme_w ﬁ»u-rm Sewerak, Knowv omes,

e —— CEQUATIONS =z o - -

- ya— ”— perm;#wf} ’3 roak——~~——
;,omp/ez leetectric. constant . = é’ [ = /go SR N LT zﬁm[(/m -

J— -l ) - o
Com,o/cx rcmﬁ"’?—::ﬁ(? 07 (o | we, @’ ( /,«-@Aﬂ-/ S

Loss fangmt- __ D =fam .= R o o _ el
<5 njm + /é’

%’ weo&__.- Ed e
($= harc_ Shift betweerv £ and H veckors g &m wave,)
(-F# ~;errw,~— Hequency in He.) . e

(‘— g = d‘ <. CDnGL“.C-TIJV;%) m})o/m . ) e o N Wj«;“ T

(REFERéQCE B Ol\noe-?*t a.R., m—b " Electmal prope.r'ht.s o’@ m&s—
m R.G.3. 3+rons, ed., P‘Mj&cs and C-humshn 0{- Rocks 1 New York, T. W\kj
Co., p. 261-3238, —

Operatin Limttsand Warnmgs~ 7}" above MIOI’)S are dc’r’veﬁ(‘ a'd’W;
conductivity rxed. and Lump ;v\\j all effecds v arw -A-.C
<7u.walm (Cc"m !@c dielectric constant, ™ This uord resouts -

-fruqh dietedric wvxs{cw\t "values,  Note That some awclh

o drus Hake The
oppasite. fack, .mep ecks indo o lq< wﬂ d\vd‘ To avo
cgnp?su.own, m VIO poIR aﬁ«mj wsc& s

w CM.Acalo.»(aft
Aol ane Wm _ h .

4,,A

;L




D

User Instructions

»

o et oot

INPUT OuTPUT
DATA/UNITS DATA/UNITS

x
m
<
(7]

STEP INSTRUCTIONS

Ol Reap 1) Sipe 1 & Sive 2

1| Srore pir krowa) PARAMETERS

a. [oss fangeni”

R

A Complex “%e:.('sf)"wh read part

C. cholcx resishvity  1ma? zar‘t‘

\B_
~S | -

o

. Cpma/cx cuc.luﬁpéjmft real part

&,

e. aoma/cx d,ce,/cafrlcgwn&t /miljo oar

q

£ d.e. condu c,hkLtu

Keu —ﬁ&cqugmm R c/mckcd below

T

3 Fmd_ umknown_paramctens), wovng

Ao }(‘é/u{fd 45 Shownm. - qa

— 7 Knowing Cuecwed Vo] =R

— Awp| D @ P A A T | F | KEY
| D x| v v . A

- x Ll i vl
| x | I - - — lgsa 4
&’ v | x| v v | B
— | x| 6
— O | | X C._
— — CX e — 1 <
— A | | L x 1 |~ | D
: —— X (I Tt - ol
R v X — v =
T o | v v | v | x| v |ass o
— £ | | v x |asaq

Unids = All MKS

. Hz=

2l pr” wm phm-rmo

AV~ | .
D, AR k" demensionless

JoEdubd0nydoeaun000C0o000000 08 s RIsig 0L
J0udoBEdodd o0 bOoCunLO000 OOl ks

62 e



STEP KEY ENTRY KEY CODE COMMENTS STEP KEY ENTRY KEY CODE COMMENTS
001 -)(-QLQL. A /q , =
B 4 S7o0 &
’ RTN
QQ:—LC D= e/P" 060 *x18LD
Sro’? 258 g gD: .
RT CL
XLBL ol , = %'=C1 /.
GiB & a: Sro D e
RCL. B RTN
010 = , 2Bl Ay e
et D=Biomil [ .
STo 8 Solru B 7&;’ 2 D
X% 070 sroN.’D
4 2, ST
= D=C, D+D=0) XLBLE
Nd g D GsB & £:
CHS = e / ReL o " .
[ ’
020 R + 8 évw k, ﬁc)f(_ﬁ- =Dé— G;Q;é‘
[oN Ret. P
= v - [ 4o, X
Sto A ( \/’ ) x =]
RTN‘1 080 _— =
X158 _ STo
CéSB 7 7 RTN
LD 1 BL O
+ ‘.D-— 2 / GS8B & o
STo A £ RCL A
030 KRTN Kce. O D /_ ¥/}
X LBLB B R X _ "
G3R 8 ¢ ReL £ - |
RCLD Vs = o
= 6) - / / 090 X<rt)
Sto B 'k, +
RTN S7ro O
X LBL b s RTN
fé{QCL 2 Ve * LBL G
| ’ 1’ :
o4 X C'= Dég” GSB 8
SFTZOS ReL B - L ,_l
T "" /)2
s . - G g
e s e/' RrN)
= C.D - D X LRL B .
51;0‘\)0 ?QSB ﬁ 8"
T Cl
X LBL ., ENT C =4 (D
050 656 6 /C H xX& "/ Ew +DL
Rel. A {
J,(z' e .L ° 3 e ‘ _‘_f"
£ w60 H‘D ‘R) 110 X
= erM
LD XLBLF ]
REGISTERS " .
0 1 2 3 4 S 6 7
a — — - — — — ——— used | ——
S0 S1 N S2 ) S3 S4 S5 — S6 —_— S7 S8 SQA
A :D B (O / C (6 ”" D ﬁ ’ 'é " 1 —

63



Progmm Listing

STEP KEYENTRY  KEY CODE COMMENTS STEP  KEYENTRY  KEY CODE COMMENTS
GS8 6 ?
ReL o 170
X [}
RCLE Cg_,- /é,'
-
RTM&
120 i LEL 6! // -—
A WE,
5 .. -
g E{' QT 8.3'5)’/0-:? 180
E’L)”X '
!
cHS
X
130 o
. RTN
EXAMPLES: Qn oil shale sample has
7@’- 2.891, D= 0.3630 at F= 1000 tiz.
ﬂ Find, o.
140 Soln. 12.899, Sro D, ©.2630, sro-A,
EEX3 (=f), B, h’ead.@’—s“ﬁ;’zuo ohm-m.
_ B. Find hase /?j éei'weeh,f a'ndzo“ and.’ compdre
wiTh, mafébt’u’eerb E and H.
Seln D, k), p', f arc atl known %v—ml%rtﬂ
Prst'ﬁml . C, /?tad{o =/ 303 x/0 05,,,.,,,,
Gt phase. : cus (&uuwe, «-J/O “)
= RCLB “’P /?¢ /?Ca6(¢*_,3l,~/rn
Get ¢7, : /?C/—»F) fwrz,—' ﬁeue 525 =2.57a%8 'm_
(Wte g+ 4, =-m3)
C. FAnd 7{
SO/n No Saln /oosslé/c sence G ot Knouwm,
(Va/UGS % @ can be onferred /(rchI()j FESPONIL
160 maleriat at seersd ﬁqumag however. )
D. Sufpm’L a =/ 67x10“7_ Fnd £,
Soln 1.9, eex, 7, cus, sro o
£eX 3 (15’) E fead A"=3.545x00"!
[ 1 | ]
[ LABELS FLAGS SET STATUS
26,P" > D 2D &)~ °D,0'»p" I° De-t" DR et FLAGS TRIG DISP
20,k)sDP° D, p" > e’ [°D ks Dttt — | c DG oee 0| mx :E(
O] R — P — [ — P 180 | swog | s X
—— Ve 7675#“‘&" /&w(1491 @Pﬁk'éf 3 00O na3_
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Program Deseription

Program Title Pﬂﬁopf/m&f E/(?S/?'O _ACDHJ?‘Q/?ZLS; N

Name - U\DaV/fé § Cdm/‘OrbCl,L . - -== -—— Date /~3Jdﬂ 75

. S o J/Cd( urry e
Address
City - ——Lenver e osaeCOlO_ L gicose 9225

Program Description, Equations, Variables, etc. -— Ghven W O% Tha elashic constonts
(incomp ressibility smodulus, rigidity modulus, kamé constant, Poissons._
ratio, yo“(’j"( nodulus) hes pmjmm calealatzs T oher 777!2& e

E;uaz‘zon&. e o

oo A=Ev/lrw-23) _ 5 E=3K(-2w) (Numlrx tebicdes
7. H.é = Al1-20)/av . Y= )/(.3/(-,))_____*_,_,,, label ¢ subroine.
2., K=A+#33G_ 7 A=36u/(1~2v) __ im mjrm)
G, E=GKG J(3k+G) 4. G = 35 (K=2)

Y V=@KkE)6RK __ §..K=GE/3(3G-E) . __ . ____

- Refererce s Fung, Y.C., 1765, Foundations of Solid ﬂkchcmms /’mﬁcc-f/a!l
Ine., New York... pe /27—130.

i - - (33 Ke@
Techniue: The 5 constants_ are. Calcu(cdcd.. ? warkm - g
arounmd. Thea ‘circle, .ca/w.(.a:t«j each wnhnown Fosn e - . n)m,,, - T() -
previous elements,  The user “must mole which & etomends \SW ) ) v
are Knowrl unitiodey amd T a,opmpmfc Aenceorr T

1o qel” 72 pro ressn Sterted” vn De. ~nght place.. If e enitiod fwa-
Knowns are “separafedl, AL J«yr m an approprafe . Lowly -cadt f:mcﬁm
Theo ,44/.{ L Jre. Wfermediates. aninoun. and. Then. M/D _werk lmét’ o
aroomd The carcle. as. before.

i Operating Limits and Warnings J Use on j /)f:ys‘lcal J realishe valves olf Forsson's

ratoc (o< uv< o 5). Errmr exit will occur for ¥=0.5 (e7uafwnf

S 7 abovc) and for V=-/ (equation © above), When V=0, oo

l"owml off error results in a resilual sma.a. valve zécc,J Storect v
Rﬁu‘f‘éf D.

j
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User Instruetions

. i

PETQOPH)G/Z:: : Elashc constants

Z/

»

INSTRUCTIONS

INPUT
DATA/UNITS

KEYS

OUTPUT
DATA/UNITS

fead . Side 1 and Side 2,

Clear reg tsters

Store. any 2 2 m{ The éj/ow/rj? Kn@
a. lncomnrcss;b /:/7/ rmodiulus

A~ Rla:dxib rmotlﬂus

c. Aa\;ng ansizz nt—

. Poiusson's ratio

e. )éunjk modulus

Kew associated —/émcl/m.‘; as ollou

. Consider ‘the

censtants 1 n c,/

{'K\“
= G

cycdic. ore
(v

N 4

VU~s A~

There. are. 2 no<§101/cf€$'

I. The 2 Knowns are aa&zacml“'e
I The 2. Knownrs are. Se[mraic

K 9 2/,

Ar In Case L, Key Mupoar —cal

Foenctien. 'hm(b/m cockic  orde

e

/"&zt :/u#:”):- e;?. YK E dvodma, -
7)% Key Tc. o _undeyr 4 +>

L. In Ca:e..ﬂ_' Ky Tre. MAouiy-cad

L

-ﬁm(mm e Freo [

LouUNS S

utiere

e.q., Kyzkzwwn «/au./ .7f+.,64
w‘ilmf’_uu. E —>

Kocatl amey aumkrnown o celerest

Q. Tnetnressibil ity moluetics

A R\hi&;’;‘q -w\or{.ugs

ol Lo:,mé Jccnsfo.nt

A. Poisson's ratie

. You nﬁ’s modulys

33
olPle

Return fo_Step 1, as decired,

]%H% Rl 0L OOODOUO0d0000US -SRI UL

]

AN

. .66



STEP KEY ENTRY KEY CODE COMMENTS STEP KEY ENTRY KEY CODE COMMENTS
001 %éﬁg ?’ s £6 asga)
S
YR ) RTN
ST T Anowpno %0 |x18/ O -
G700 & RCL £ O
¥LBL & Red D
GsB 8 £ x
3 K, A RCL D 2= £
ST I ! =
- =T Anowr F () 1-22)
xLB) 0 =
Ll
GS8 # 1
2 G, v RL D
ST L . . 070 2.
cro C kM x
XLt oA, . -
458 6 oL ’) E. < = =
/ 7o
STz g _’/, KRTN
020 cro C MO N XL B4 1
* LBl & Py / 7:
GSB.S VR Ree D
Q ’ Pol
e Aemowmre = X (1-2v)
Gro Ca S70 B - A
> LBL A . -
2. A: G, A R C ald
ST T 79)4 DL X
Gro C RLL B
030 x£8L R . e
_ 97, 7
cro C, Fomes A XLBLR
XeBL D . 090 RCL B 2
7 D: 2
srr ! X
G7o C Tnsus 3 ,A,;,.%-G]
LBl & = n = K=nT3
3 4 L
040 Srr K' 6 -+
Gro ¢, W S7o A
XL BL C. Ri A
GS8 () C ; Work, *¥LB8L3
ISE . 100 Rt A
RCL T around The R B 32
S . i X
X__ _ n,:) 5 3 74473 )
=0 < X
X= T 72 The Ceft. BCLA F= 9K
050 GSB(.) 3 /
/ .
LS8 Chackdo see oy g 3K+G
f r=5. "é S0, 110 :/:
X=07? R@S@t I:O. ST.05
X< T RT
REGISTERS
o ' 2 3 TP 6 7 & __
SO S1 _— S2 —_— Ss S4 S5 S6 S7 S8 S9
A B [#] D E I
2% G A 2 =3 used.
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STEP

KEY ENTRY

KEY CODE

COMMENTS

STEP

Program Listing

KEY ENTRY

COMMENTS

s
CfSA 7= -x—/.gLa"
X Rai B 7’.
RLL, E - x
- V= GK RCL B
120 RcL. D é»&. 3
2 X
2 Rec & = G§
- — 5(54—2)
Sro b 3
RTN x
¢ BLS =
RCL A 5z Sro A
= RN
X
130 R ! (' Zv)
cL D —- -
L £=3K
x
X
ST £
RN
X LBL &
RéL C <
140 RCL pa) o
i A ExampLe - Griven =025,
R © V= @K'A) G=0.5 xzo”agn/omf' Foncl_
- =5 R, A.
STo B
RTN -
£ D 0.25, Sro D,
- > ;Z: .5, EEX, I, 5T B
7 £, Chead e, i
x = ”?_6,1_}/ ating program ram 70
RCLC /"‘2")) wmp/&i‘lb/b.) ; '
= ReL E (Read £=1.25x/0 dn,
SN Y 2 Y2 RCL A (Read K= 8,550 tn
1 ™ Y _ em
XLBL B RUL C (Read A= 5,6 x/Om;":.':t:_)
Ree A 8 : _ om
Ree. . !
> G= g (K-7)
2
~ LABELS : FLAGS 'SET STATUS
ey Pavy PoE PEK FKRG P — TRIG DISP
‘56 PR.D) ey IPre Py | — 1o pEc O | Fx X
LAEY) [G() P KOG PEC O vk e — 1B 8| P8 | Heo
v )G lPek DI Kk(EGE — |soo n

CE@K)

-~

e e e am——




Program Desecription

Program Title Di611AL. ConVOLUTION wiTH < |O -I@ns'[h ) .tf"l{-e’rL o
Name ®a\/l.d. L.,_-Ca.mpbe.l_(,‘ . bate /L/J-u{y_y*—
Address - S. Cjeolgrcal, Su roey. .

City - 'De'ﬂ ver - - -

state Colorado .. Zip Code §O22S .

Program Description, Equations, Variables, etc. Fr ﬁfﬂm por/p rms. olig Jdal . Cor) vol vhron of an vn=
put dala seriec wilh a 74‘/2‘6;"0A.'nm,vuhum;lonj%,,/o.  Ofter enilialization., Keying each
subseguenl clemenl” of The Aata series profuces one correspendny_element” 4 7he.. conviluton
series. Subpatines are includcd 4o miﬁ&bjc-mésm'/ﬂsj 7o stre e filter vn accondany
sporage., fo. store Lata. elements_on ,on)rmg. Sfomyc,, and _fo_ recover: affén.m/m"{ﬁn arn. .
emmeous_. dalz efement. . e e e :

— 5,7 uation= +

el =2 A A,

; ey -
OO S S ’,{,—.7 — im_, ,.:,V\W g g e
. Conrolotion” . - T datdelement

Elemert= - . AdtecelewanT

= N n .._qj‘()uteu/’{"mw_l_lm _ - _
A= ,&LdQ mc{/?/x) R S - o

Operating Limits and Warnings - Data Po ks Mi— be. Wu:j -Space . S
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User Instructions

STEP INSTRUCTIONS iy KEYS A
l Load side 1 of card %%
2| Input filter LI ]
a._starfing cndex L Ee-2)| (1Al <
& —ﬁ'lferddammt ,(;_ L1881 next £
. repeal step 26 for all filter clemods 1]
( Eror® A, L]
Lilter o-f‘/aﬂnﬁf Than (0 - lealnfh.') % %
3 | (optional) o enmter data witmout comvolving I —
a. .starting mdex am [ 1[Aa] <
e ata Lieomant: A | TG0 [Cneta
L. re_lpca;t: Step 36 ac desiced. [
L JC ]
4 1e convelre 1]
a. starting index (if_needed) A 1Al <
Ar._data  element” . oA L__JCc] e
£ repeal” step 46  ar desired. % %
S | To recover an ercor couced 5;7 Kf/wy )
e o — -1 —
a. waut -,ér Process é;_cgn‘o/cfz: L1 [::I
4 Koy £ L Jle] |ed <
P 'nrvrrul wilh step 36 or b using |
corrcldat - —i=
Note : /.;5 gou [(oSe gour place. while 1]
convolving < y can L1 ]
;ﬁhd I dgawnm by I
a. R A et ondex (. I
or & Rl g 7‘0;0‘&' M—m’/‘ada/{t- E%
-
(I
C_ 1]
I
C ]
C_1C 1

- -



STEP KEY ENTRY KEY CODE COMMENTS STEP KEY ENTRY KEY CODE COMMENTS
B aibon | £ i) A- Start Zr -35 condents 2),
GBZ  CLRG  16-32 = Star esc TR 35 1 & g
B3 STOF 35 1f 655  RTH 24 :
&oe g A% Clear r‘ef‘f ¥ Spi e ‘7
. e s é5 £ GER  xiELC &l 13 C" ',
6B 35 45 Set T for Litter 651 8D Z3 4 z Conve’
ges 35 15 wnput BE2 & 8e
X 24 p @53 ST4l 35 46
20z A 054 +L8L5 21 &3 3: Loo
a5 16-51 B: /”,Wf ﬁﬁ‘éﬁ @65 RCLP 3 45 P
a1e 3 28 ~ @55 Ft 16-5i
b1 i6-43 Store wn SF“”" BE7  FCLi 36 45
g1z i6 15 ag regs on @eE P25 16-51
613 85 fES X -3%
14 16-37 recerged. order” gre 4 -55
€15 23 87 , 871 ISZ1 15 26 48
g1t -3i € v b §72 9 3
17 35 46 ddrera 873 ROLI 36 45
615 ~31 W oo to B7i NP0 16-24
815 35 45 Eerr” mmessage. ) 875 eTI4 2% B4
gza 16-51 7 876~ Fe -3t
gz 23 &8 7R -3
62z 25 46 7g 6107 2% a3
223" 24 878 ilsLs 21 84 : Lso
e+ 24 g25  pi -3 Yz Loop exd
622 dE |5 T, T T £81 Ry -31
azé -3 F: When 155 £tfed ggz  £To. 3513
gz7 3 11 lement” ) enterd, 883 RTH 24
625 15-57 B3¢ ¥LELE  Z1 15
s 35 3! chear see. s 635 P - £E: Error
838 ! 24 63¢ 370l 35 4¢ recoveru
23 6 254 £37 ¥i3LT 21 63 5
~s : e o r nemr 1o a2 42 T Leovo .
g3z o T4 D> Enfer data. 686 D521 16 5 48 P b"g
23z g ae ges sLECS 21 85 be
§3¢  5T0I 35 46 635 RLI 36 45 Jop”}
@75 RCLG 36 68 31 1327 IS 26 4¢ o7 oMy
835 STaE 35 i5 832 £TL; 25 45 N ?N“‘
07 B 21010 feop ety o53 szl 1625 4e O X Qo
B3 1821 i€ Z€ 48 7 8s¢ wlELs 109 b X0 :
3¢ PLLi 36 45 893 1 &1 R
648 DSI 18 25 46 o N 89 SCLI 35 46
Bl NELS 23 |y Casw& QM“M) 37~ ¥=y?-  16-37 79
@4z 8TQi 35 45 AW .. £98 8706 22 8¢
§43 I3 16 26 4€ PYALAY R =8 838 §TOS 22 8%
844 - o - &9 — ow 158 wibLs 21 @€ . P~
; _ S ; o b: Loop KL
£45 I 346 4 121 RCLE  3€ 15
ed6 2 16-33 162 SToR 35 89
- a47 22 82 82 Rile 35 11
42 2 8 T7RR 51 Decremant A .
849 21 ez . oo ox - 15 - -45
ass e |2 lop it 186 §T0E 35 4
@51 - 3569 a7 RTH 24
esz - 23 68 -
=3 24
ass 21 &8 ) . 110
prd 11 3: Subroubine
£3¢ N +o et
REGISTERS
0 1 2 3 4 5 6 7 8 9
Ol{,_q O{[—B dL-'} t di."l d)_
SO St S2 S3 S4 S5 S6 S7 S8 S9
’&:(’.tq /é:'(+? "6:‘/+¥ . ’(r—jf‘/ -/é:-i
A N . [¢ D E 1
CLHI’M!?: A - Cm ¢,g: d:.—,o ()SED



Program Listing

STEP KEY ENTRY KEY CODE COMMENTS STEP KEY ENTRY KEY CODE COMMENTS

170
120

180
130

190
140

200
150

210
160

220

LABELS FLAGS SET STATUS
A B - D - -
BeaiN P Fricrer. Pcovvary PonTH)  [Ferper, FLAGS TRIG DISP
a ___ b c —_ d e 1 ON OFF
— - (Efror) oo DO| o6 O | Fx X

o — P sed 2 e & fUwd e d 2 ; g g grso O 2&38
SUed i E P Used v E [TUsed wn B IBeeneant A e Noop P 3 00 n_A_
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ExampPLe = Smooth The aé:-ﬂwnjm data sfwmj )
Shown wn Fig. A di=1{ 2.0, 2%, 2.0,2.2, 2.4 -+ }

y usirg the S-lergine. filker b, = { o.08, 0,25, 0.M0,0.25,0.083,

Sorution ¢ Filter vndoxing starts at L=-2 4o remind us
ek Aldered oukpuk Aaqs vnpuX &l’rc'nj bwa A poiits, Sirce
flter longth =S, begin” convolution - wuither- S ~data. point.

1A, 2, Hs, A (Read -2.00)

14 ©.05, B (Readk -1.00),

1c. 0.25, 8 (0.00), 0.40,8 (1.00), 0.25, 8 (2.00), 0.05, 8
(3.00)

2a.. 0, A (0.00)

246 2,0,D (roo)

RC. 28, D (200), 2.0, D (300), 29, D (400)

3. 2.9, C  ( Kead 'C’/-R =‘/Ca.2=:,2.4/o'{)

#2,C (<;=2s5%)

54,0 ( Cy=3.08)

1.1, C (Oops! Jhat wds an error/ D/'s,o’cy how Shows 3.8’3.)

E ( Read (= %00) ’

1.0, (Rad ¢y =432)

eft. as shown on %?ure....

& op
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Iy ..-W I n w T T 1 T 134
H t e (1t _ _ 1 _ w | _ _ i | | ‘” W 1 ! ,LM :
TR T 7 i L ﬂ : i »
Lt e 11 , ; b 5 ) : i i |
; ] ~ | ! ] d
A, Ny i
L HitthH L e il _ i '
il | ” | : 0l 3oy Rl g il shlthl | i M
i : : h ; T K N un o T 1
Sy m U NN I nlif oifsat AR B iHE | 4
A A v it i i | il !
§ [ ] S ; T D] \ i dilliie i HiiHEl :
BIT T i IR i SeyErTILS: i T T * :
£ > il v:-%“ ,: i i ! \ iR i *,. ~.:~u‘» h :
3 ; I P ! ; H
s TR G gfilh { i M : atbid :
] s t W it pegttasy ¥ o T g gwns .
1 HidHHh g / T 3 i hw o |
8 Vi ¥ Ity Ik SRSSLER i H i b r[y
T i N ALy .“‘ 1 : : Hih _ M .
il ] R A | ! n :
+ : i1 ; H - ¥t s 1 4 Hi
it ” i N B r i :
F = T >~ T m . T T * .
] HiR H w,tﬁm.v | T. L ) | H z
Hi ANETEON \ g ® Senfpistnva H 8 « .
{35 ; i y T I H we o0 °
. L L : i
H H H 4 A {l HHHY z
i 8 “.MW i i | 12 T
F - . ;'.xrn».,@ q ! } S HH T ot
a4l J T p N Tl 3 c
iHihid i e i1 [ R 5 i
i LR e T by
il i : i3 / r ! m"m
e LRI Er 2
Ak i G sl At i il pz T
et e iy lih ezl o Ry 4 L A1 AT i L \!ltsm
B e i i I asats Pl H H T\ ! H e i HHEH T + To c
T Ficteeed HHmERe T \ Rt fsta N : : o8
1] ] it i TM 1 M H e H I HthH A A 2 Fi -
P R [esd ids t s 1 z
T F R T N it : Hul i N =3
R R T s A it a -
il i ! H N H ° : e
sEag] jaiE T H JREIRIE] i agifudtitastisatila - :
HH : Hildnisinngiiis i e h il i FH H 1 HT A HH Ieeatiiatasess i B i o
idaeiss i i R B e R i s Esilils AT R e il H it ,
i g i HHTREH H £ 3 TN Fisanatise . .
i i L i il R R :
T T Y s oy % (3 o
MY 23 2% 2% BY 2% 2% BE %2
i ¥ ‘o <o ] &= A & ™
Ay PRI o PR VR TR .. w0 R L
..wu 2 u é“ ..n.u i“ n.m D Y Oy ..b._ wy ..LG "x..v_ im.“ (52 ﬁ nm.u" .% ,H .MM “.m.. ”.M M "ﬂ .n.“
U Ivy s 13 H xr LE Y] —~ 0 . ....m r,,u p..u - ..4... .;u qan Au q..w ~r @ z.u
:



