U:e85s llerartment of the Interior
Geolodical Survewy

Mail Stor 964

Box 25046y Federsl Center
Lenvery Colorado 80229

Frogram MRLVTHXYZ:
Comruter inversion of three-comronenty time—domainys
magdgnetic-field sounding data
generated using an electric wire source

by

James F. Ksuanhiksus

OFEN-FILE REFORT 80-1159%9

1980



Multics [ocumentation Fage 2
Frogram MRLVYTHXYZ

CONTENTS.,

NISCLAIMER _ 3
INTRODUCT ION 4
FARAMETERS AND DATA REGUIRED. b
FROGRAM FILES &
DETAIL FARAMETER AND DATA DEFINITIONS 7

$rarms rarameters 7

$init rarameters 14
DATA MATRIX NOTES 17
EXAMFLES OF INFUT FARAMETERS AND DATA ORDERING 18
SFECIaAL OBJECT FORMAT FHRASES 18
MULTICE OFERATING INSTRUCTIONS 19
ERROR MESSAGES 19
REFERENCES 20
Arrerdix L.—- Source listing 22

Source avsilabilitw 23
Arrandix 2.~ Conversion to other swstems 104

Apsendix J.—~— Teslt rroblem irrutsouteut listins 106



Multics locumentation Fade 3
Frogram MALVTHXYZ

NISCLAIMER.

This erogram was written in Fortrard IV for 2 Horeswell
Multics &8/80 sustemX, Althoudgh erodram tests have heen
mades no suarantee (exrressed or implied) 1is made hw the
author redarding accuracy or rrorer functioning of this
#rodgram on a3ll comruter sustems.

aree ouse See ares suse aren seve seat suee

X Brand or manufacturers’ names used in this rerort are for
descristive rurroses only and do mnot comstitute dndorsement
e the U5, Geolodgical Surveu.
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Bw Jemes P, Ksusnhikasus

INTRODUTCTION,

Frogram MOLVTHXEYY ds & dgereral  surrose srogram for
irnversion of  time~domain electromasmetic  (TDEM)  sournding
cate  when 2 groundsed elecbric wire source 18 emrlowed.
Details of the aotusl comragtations are siven in obher prarers
{(fnderasoany 1974y 1975y 1977y 1979ai Kauahnikaus st
Ancersony 1977 Kauahibkauase L1978 An IMEL (Internationsl
Mathematical sna Stetisticael Liobrarwy 19770 derivative-free
Levanpurdg-Maradardt (Brown-lennis: L9722y nonlinear  least
sauares syorsrogsran (ZXESEY 4 el Tor dnversion of the TRHREM
soriing data,.  Bee arsendix 2 notes Ffor gonversion to obther
comeruter sustems where the IMSL librarwe maw not available.

The Followinsg srosram orbions sre currentls avallabled

{1y Simultea (oy Jdoint) dnversion of  three  comeonents
af  THEM dste sroddor Schlumbersier aspavent resisbivity

arding daeta.

Sealinsg rarameter and observation seaces Lo constrain

the solution sreace 2rd Lo reducse rounca-off affects.

{3 ghrted obhservalions.

(4 Holding certain rarametervs Fiwxed (constrained).

(G Obdect-time format combrol  fPoy  resding the obseyrved
vdata malbrix.

(&)Y Aan infirndtes
moeie L Led.

{7 The dmrulse or stes PESFOITSHE fhrg e mociel Led
(Keushiikaus end Arndersone 197700 (13

(8 & nonincressing Freauencwy  funchtion maw e convolved
Wit the model to simulate an arbitrare souvce funcbion
or filtering in Lhe receiver.

(9 Amelitude shift raraneters maw bhe used Lo sutomasticallw

(23

imal- or Findte-lensth Wwire source  maw De

£l The terms "imeulse” and "stes® ressonse refer Lo the manner  in
Wwiicit the  wire source is enerdized and the resulting masgnetic fields
are messured. IT the wire is driven with & seike ourrent (instantlw
o andd of Py then the EM fields observed are imrulse resronses.  On
the olbher handy 7 bthe wire is driven with & ster curvernmt {(orn a2t zero
Lime  and  kest onde  Lhen the EM fields observed are sher responses.
These two are the most commonls used source current waveforms. I the
masnetic Tilield THHEM dsasts sre messured with 2 wire loowy then the datae
are actualle the time-devivaltives of the actusl Tields. In this casey
an imeulse resronse would De measured Tor & source wire enevsized wibth
g ocurrent  ster Decsuse the time-derivative of & ster response is an
imFulese resronse.  Modification of the srodgram Lo  accomodate obther
current  source  wavelforms csn be done wsing the user-defined function
FLT which dis controlled bw $init rarameters ifltwy ifltey  and ifliz.




Multics locumentation Fade 5
Frogram MOLVTHXYZ

secale Lhe models to matoh the dats masnitudes.

(10Y Orientation rarameters maw e used to sutomsticallw
rotate the models Tor discrerancies in orientation of
the mezsuremant axes wilth resrect Lo the wire.

Much of the form end wording of this rerort has Deen
sdorted Trom & series of recent USES Orern~File Rerorts bhw
Andersorn (197%90y Foryr examele) to  srovide a9 much  timelw
srogram  information a8 wpossible in o2 Tairly standevdized
format. These rerorts bave no mathematicsl Tormulation
sections  but  the drnterested reader maew consullt the coited
references Tor more information on Lhe mathemalbics.
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FARAMETERS AND DATA REQUIRET.

Farameters that are reauired by srogrven MOALVTHXYZ  are
read using  Forbtren rnemelist read stalements with srecific
rnamesd $frarms snd $init.  lefaull values are wused whenever
corresroruding rarameter ds omitted in 2 namelis The ineuat
data mateix is resd from amn ortionel alternate file {unless
overridden) using 2 Forbran obJdect-Lime format. Frecedins
Lhe $earms staetement is a recuired 80 (or  less)  charecter
title.

W

The deneral inegt orvder resd bhw srodeam MOLVTHAYE isi

1+ Title lime (alwaws recuiredy max. B0 characltersl.

2 Hrarms cenornedefaull rarameters
{(nmote $rarms maw bhedin in col. 1 on Multics).

S {Opdect-time Tormat) stetement definming the stiven format
of thne inrult dets matrix. The obdect format bedging  wilh
Y wlaced  dnocole 1oang ends with "3 before cole 73

4, Ustiomallwy the dats mabrix resd undey the obdect Tormst
maw bhe inserted here if Lthe alternate dats File is oot
tged {(see rarameber iall Delowl.

Se o Hinmdit non-default sarameters-—4%

& Oetionallwy subdsecusnt runs using bthe same  date matrix
gt wilh chendged $erarms arnd $init ravamelers maw be made
pw reresting sters  1e2:3y  a2nd 5 (provided saramelers
istor=0 ancd dlalt is not S5,

The zbove dgeneral inerul order is recuirad whelther Lhe
GO ds Dedns run dn bime-sharving or batoh mode
orerating instructions helowd.

s {(see Jdoh

FROGRAM FILES.

TileOh Litlee direrult sarameters $earmsy ondect format (For
reading dats mabtrix om umit dlalt=Ll0--defaullls and
$imit rarameters.

Filedsd outsut on-line srinter Tile {(see Tileld TFor more
cietail oubeutd.

Fileld cefaull irnrult dats melrix File resd under  the
omdect  Formst given in Tiled3. Parameter ialit=10
(oefault) mew De changed to anw file rmumber obher
than Odel3dy  or 18, Note 1alt=05 will mesn the
cigta matrix  dis  drocluded  dmmedistelw afbter  the
agpdect-time Format om Filedd,

Filel3 outrut sceratoeh disk Tile used e recuired during
execution of MOALVTHEYZE.

Fileld aoutrut  master sreinb-twure of Ll Filae-—contsins
comrlete srintaebhle oubrul.




frarmes

Crnames

ot Bre

IMEBLMA

Delow rrefived wilth & "¥' are not o
included Tor conversion oomeas
i

& on Lhis

o,y

M=

intaps

Q

Multics Documertation Fase 7
Frogram MOELUVTHXYZ

DETATL FARAMETER AND DATa DEFINITIONS.

rarameters {(witn defasults arndgd oross-referencestd

s iy MOLVTHXY
dhdlite  1f the  Oalil

aresenodlx @ raorasrarn

L.

rerleaced by CAlL MARJRT (s
ture of conversiondd

P

Numier of  observed dats roints wldlrsimlesseorne
Whera 200,

Total number of ravameteres (Ldskad=20y k=), The
value  of Kk wmust e ecual to  Z¥mm 4 #$indl
saramater dob=1l¢2v 3y epoual Lo Z¥mmtd iF dobhsde and
emial Lo DXmmtS 4P dops%y  where $inilt  raremeter
mm>d dw bhe number of lavers in the model and oD
s thne ohservalblion twre of Lhe data.

APy

(erefi %$imilt warvamebter mmedol and $earms meol.

Number of omitted rsarameteorss Lty rpmiasr of
rarameters held FPixed or constrained via arraw
iy to dmdtisl dreuat values divern in asrraw D).
Detfault de=0  witnh the restrictions that dsdk arndg
NI R I

(oref i $eavms RermedbD ) andg ).

vd

Humper of dnderendent verisbles  (md=32) dgiven in
the date matriv (w{idyxliedded=lrmici=len. Tha
value of m must be given as Ffollows:

wnerr  $imit  ravamebter dobds] {clefines srecific
ohservation twre dn wl{id)i

whern  $init rarameber dobsded (defines mixen
opservabtion twres dn o wil) via «{is3) 0.
(oret:  $rarms dwbe  $indl  dobe  and UATAH MATRIX
NOTES below for 211 def }

irmdtions of  w{diem R 1n B

Trieut, dats matriyv sltermate losgicael wundt  nuamber
(et ault 10y For readins ; urader  the
ohhiect-time Formal sweoified in e Thne value
of dalt carn be  anw wvalue the orerating  swsiem
auFFortsy Dulb cannot De ecual Lo &e13y or 1a. it
talt=5 i Lisecte Ther tive cata TE A
((udiyemlivdlodmlomyedmlor will dmmeodl atelw
Follow Lthe obJdect Tormat om FileQh,
»

(orefi $eavrms myme $imit Lo

Lo continue rrocessing sfter  comsletion of  the
current  sroplem (deee.r & botal restartr with Lhe
same date mabrix as last i ot b usmdng 8
revised btiltles frarmse  obJdect-bime Formste and
Firmit rarsmeters.  Note Lhst dstor=0 can only  be




Fultios I
{:' .{.\ ¢ -

vsed  whengver  dalt  ds mobt S (sipce File
rewogne anel re
frimil  raramed
Wwith the excestion of asrraw
PLver .

=4 (oefaglty Lo

sronle

cor bhe vune afler comelelian of the
1Y

(orafi $ravms Dedalbl).

.t.

gl G fdeTaulty Tor unwedsnled observaltionsd L., all n

observaltions w(lyei=] Lanted ity

saumed shbandard Lo 1.0,

L for welsnted observalbions RV Lo Tormulsa

Whid 3wl 0/ 0L vmtb L IHEKS WY T WOdembld is bns

standard deviation & mod bo Lhe  dats maebtrix

For  bthe sivern  m Lo omvolo ddvision bhw

Faror Whidi=1.0 is sl Ticalle 4F dwt=d
ar whnen dwb=l osnd widembld :

P o Swavms rmeme Handlt dobe  and DATS MATRIX

Mot

MNOTESY .
¥ odders {0 {(default? Lo use snalwbic derivatives: wnichn calls
oty FTorwardg syonlen Cf L
derivative {(soode) subroulines
1Loto use estimated derivativeses which ocalls  onlw
sutrroutine foode. L converting Lo suberosieam
MARDRT (as in arrendix 23y bLhen ddersi moast aluawss
e ousedy since soode s s dummw roubinel.
{ore $rarme oel).

a0 RN RN

d oyl (O Faulty for arciarag anbraviated sreinbout Format
oy s LT . Mo i R AL af
; ters il and fhi (sum of saus Wwill be
given vie Farameter scaler.
= 1 for detail srintout Tormat For easch dterationy
which dncludes the ssramelter  ohesnges Trom bhe
Marausrdt sidgoritiun. Criote  derlb=1l beneves ik
qFerls converting Lo suberosgvam MAak
AT wmoaler used)  Tor  ahbrevis
: format for : Ltevation with srin
aled values of biJdr pul scaled valus ot
-2 same a8z  ig Lot siso  srimts on file
meabservationsl limes comtainingd abserved valus
; ] vl ;
MHoabe 3
contain bthe comel @ oohse-cal-ores anod
Frdnbout s Ortion  dirr M De
time-sharing runs to sxamine on-line  the
solution and residusls.
(orell $rarms doubtesr ama IATA MATRIX NOTES).

@ 1

b
A

A




X miters=  Maximum  mumber rherastions allowend nefore
aeeerting Lne i 2 forced of " {de
rdctber=10).  Four oiff ant twres of convers
tests are rossible one of which i termed *foroen
aff*y which will oocour whensver niter has  Deen
reschnect and one of tne other convergence oriteria
ot Dheen achieved. Usins a
“ul bto mondtor bhie :
sroblemy @ ary aid Tar s
restarting rrocedure witn the la
mew initial estimate.

{orefi $rarms i arml Marvousrdt (1983 for
convergence tests used).

<

gt pevector

¥ odnmons= L (defaalty dbo omdt nonlinese  confidence  vedion

caloulations.
= O to comeube nondinesr confidence redgions aflter  the

last iteration. This  ortion calls  subroutine
Toode manwy  timese  arod dLs net recommended For
gerneral use with srogram MOLVTHIYZ unless one is
interested in & delailed nonlinear statistiosl
arnalivsis of the final solubtiorn.
(sepe  ITEM  Share syodram Ne. 1428 for more detaills
o this ortionld.

¥ A= Variancs Feratio statistic (default 4.0 wused Lo
comeute Linear susrort-wlane comfidence limits and
nonlinear (L7 dnon=0Q)  confidence  limits after
converdgence or niter dtervations. The default
value is adeauate Tor most arplications.

¥ b= Studgent s  t-stali e (defaullt  2:0) Lrseid to
comete  one-rarameter  lineay confidencse  limils
after converdgence oar niter iterations. The
cdefault velue is adeaeuate for most arrlications.

X = Convergence oriterion  test  erarameter {ofefault
O.he~41, For edemslery for 2-fidure acouracws usa

018 Por 3-fidgure zsoeourscdes use  ex=,00Ls et

ar MOLVTHEYE Yy o dis ecuivalent to $rarms ers (g

e lowdd.

{eref! Marauardls 194630,

X taum Converdgence oriterion te earameter (e faull
fe-3

L3
(erefi Mavauardlys 1963),

¥ owl= Initial Mareouasrdat s lsmbdas Facltor (default 012 to
he sdded to the oi wal of the Jacodian trans 5 6
times Jacobhian matrir. For S Ome WER T
ill-conditiones: erobhlemses  ov for  soor dindtisl
savrameter estimatesy & larger wl (e.s.e 1,0} maw

i
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srove Lo bhe advantageous.
{(crefi Maraudasrdbtey 19863 and TBM Share  srosivram  No.
1428,

I (default) to use & modified Marowsredt lambda
method  at o dteration & described in Tebhala
arpi Tto (19737,

Lo wse the orvigime]l Mavauarddh (I9A3 lamibviz method
at each iteration.

Marauardt s oriticsl angle bhelweern Lhe sgradient
arnc  adJdustment vectors (defasull 5.0 degrens).
The value of gamor snould not be set HSreater  Lhan
0 dedress,.  The defTault value is wusuelly adeousls
for most asplicatiorns.

(crefl Marauaroby 1963,

Factor sed i Finite-~agifference eauations
(default le-%H). Note del is used onlw whern idses=l
For estimated rartial dervivative caloulations.

(orefi dearms iderd.

Singularity criterion for mat vl LIVE TS Lon
(eefault le-31)y wnioh  maw  pe selected sreater
than or egual to  Lhe macohinse  smaellest  ewsopent

FEMEE .,

Frimtout Filedd and Fileld control.

(ddefault) Tor srintasbhle ourul Lo both Fileld  andg
Fileld.

For srirnt oubeut onldw on Tiledd.

Moted fileld oulealt maw  De useful For
outeut whern ruanming bhe o From & time-sharins
terminaly  alsory  Tileld maw  De wsed se an ineut
file Tor obther srocessing  srodgrams (e.g.r  wlot
routinesd . Im this version of the srograms owleul
Lo Piledd nes been rurrosely reduced to take less
time Lo srintout  on o2 bime-sharing terminald
MOWEVETDry For jout=1 (cdefaultly a comglete
srintanle oubrul is alwaws siiven on fileld.

Al

(erefi $ravrms iwrtd.

Farredd

o

scaler (eauivaelent names) is 8 rarameter scslinsg
oFbior.

(default) to idgnore rarameter scaling (i:e.r Lo
use unsealed ravrameters).

(recommended  Tor srogram MORLVTHAYZY Lo sisle
sarameters pOur wsinsg Indhddyyy  srovided  the
iritial pldixg for all d=lesZreservks Nobe 2 ] @],
will automatically comstrain  the TFinal solution
asrace such thal pddr=0 For all 0 i (Lele).

to  scale wsavamelers 00U using  asrosinhib did.
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This ortion allows for log-ture rarameter scaling
whenever b(J) is roasitive or nedastive for anw J in
(1skd, Howevery foar s=rodram MRILVUTHXYZ ($init
rarameter io0b<=4)y the imitial rarameters h{J):0
must be dgiven’i hence sr=2 should not be used (spr=2
is defined here for the case where $imit iob=5% oar
for rossible use in other arrlications).

(crefl $rarms bl

scalew (eruivalent rames) is an obhservation
scalindg ortion.

(default) to ignore observation scaling (i.e.¢r to
use unscaled observations w(i)).

to scale observations w (i using Imdg{illy
rrovided w(i)>0 for 811 i=ls2sceeviie

to scale observations (i) wsing arcsinh{w{il).
This ortion allows for lodg~ture observation
scaling whenever (i) is rositiver negatives or
zero for anmw i irm (Lym)d.

(cref! $init iobs $rarms n and DATA MATRIX NOTES)

Arrawy of initial dHuesses for 311 k-rarameters.
These values must be surrlied drealter than zero
for PTOEram MRLVTHXYZ (ie0y rositive
conductivities and thicknesses)y unless $init
rarameter iob=35%. The defsult values are selt to
b(d)=0 for all =1 to ky zrd would result in an
error condition if anw b(J) was not suprlied
dgreater than zero.

For dobh<=3y the rarameter order must be dgivern as!
b(l) is the smrlitude shift =srametery

B(2)9sb(3Yr e immt+l) are the i lawer
conductivities (in mhos/meter)sy and

b lmmt2) s lmmt3) s e 0D (2¥Xmm)  sre  the mm-1 lauwer

thickrnesses (in meters).
For iob=4y the rarameter order must be divern asi

B(1X2sb(2)s0(3) are the M~y w—-y and z-comronent
amrlitude shift rarametersys resrectivelw {anw
unused ones should be constrainmed via $rarms
rarameters ir ard ib() )y

DAY s (S)r e e e {mmt3) are the mm laver
conductivities (inm mhos/meter)y and

blmm+4Ysb(mmtS) s e v oo (2%Kmmt2)  are  the mm—-1 lauer
thickrnessesy in meters.
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For dob=5s the rarszmeter order must be diven  asi

DOl Yy (2 (3 are the H-r  wes and Zecomsronsenh
ame i bude shift razramelersy resrectively {arw
urused ones  should  be  constrained wvia  $esrms
rarameaters fv ard dbh{yr.

l4yed{S)ein(d)  asre tne orientation raramelerss
angles thela: #hir and omesiz: where

Frew o= p¥cos{thetay 4+ simnd{thnetal)rdix¥cosisni)y +
wkain{Ehid )

MrewW = uerimeXcosiomnesa) b owrrimedsinl{ome
wrew = urrimeXcos{omesal) - Herime¥sinl{omesal

where werime and werime are defined Dy

sEperime = H¥oosdhhetar + 0 sintthebtal)k{elsindshi)
Hkoosisni )

werime = wieos{btheta) - sintthetalr)d{(x¥sinishi) +
aRoos(eni) )

da)

DE7 e Yrs s e siimmtd are the mm laver
concuctivities (in mhos/meter s ard

Dlmm+ 7Y e mmdBre s e {2¥mmdH are  bLhe mn-l Iawer
trickrnesses i melers,

>y

(oret: $rarms kedirrid ard $indit mmeiobhl,

(s Arraw of dr-indicies (din anw order)  corressonding
to  anw i) warameter to hold Fixed Lo its
valueg. @.ger Lr=Zvipn(lr=3¢in{2r=8 will nhold
i3 0LED it hhe  leaslt suares, I+
(cefaulltysy leave oul arvaw i in the namelist.

"

(orefi $ravrms dweil.

Ethe following $earms  ave  rarsmeters  wsed  onlw be IMSL
suprrogram ZX850:  and canmot e wused 1 cormverbting Lo
subrrogran MARQRT ass descoribed in arrendix 271,

kEHT A I {defaullt) imsliss strict descent of the sum  of
SRIBTEE is ] Lreo €L Lhe derivative-{roe
Marauaerdd algorithm (ZX85Q)y with default values
used in the dinrdt arras rarmild.
¢ imrlies strict descent iz nobt necessazry (d.e.¢ the
"mest" or ortindgm Maradsrdl ssrameter used mayw notb
wield & sbtrict decreassing sum of seuares al each
iteration?.
S odmelies  strict descent is  desired with NCAN
rarameler  cheices a5 diven (or assumed) in dneul
array wmarmil.

(crefi $earms sarm{) ).

Farml )= Arraw of lendgth 4 recuired onle when fost=2, The
default i rarmil=0Ls 2o 30,00y where eazoh




Multics Iocumerntation Fage 13
Frogram MOLUTHXYZE

element is defimed bw the corresronding  index as
Follows?
i=1y bthe inditial value of the Mareuaral raremeter used
o seale  tne disgonal of the aerroximate Hessian
maltrixy Mdbde bw  the Tfactor (1L.04+warm{lil. ]
amall wvalue dgives 2 Newborn stery while a lardge
value dives & steerest descenlt ster, (default
Farm{li=,01,
dr thne scesling factor used Lo modify  the Masrauasrdt
ravametery  wnich i decressed by rarmi{d) after an
immediately successful  descent directions @l
increased e bhe  sauasre of  rarm(d) i nmot.
(ciefault rearm{2)=2 where warm(2)>0 must be  used).
=3y arn uerer boured for dncreassing the  Mavaeuwardt
rarameter. The searcn  Tor & descent soint is
abhandoned i rarm(3) is exeegeded. Farm{3xl00 is
recommended. (default rarm{(3 =120,
i=d4y value Tor indiceting whern central  rather  than
Torward differencing is to bhe wused Tor cazlcoulating
the Jacobian (rarbtial derivatives): The switonh is
made whern  the norm of tne gradient of the sum of
sauares Tuncltion becomes smaeller than sarmidl.
Central differerncing  is  dgood in the vicimitw of
the solutiorny  so rarm{d) sroulo e amall.
{ceTault rarm{d)=,1),
{(prefi d$rarms dforb).

bt

Fresd sf The first comnverdgence oriterion. Comversence  §s
gsatisfied 1f on 2 successive dterations:  the
rarameter estimates agreey comronent bhw comronents
Lo neig digits. {defsult neig=3{ using nsisgxd may
ot converse since single rrecision is used).

@ g The second convergence oriterion. Converdgence is
stati e AT om 2 suecessive  dtevabtions  the
residuasl sum of sadares estimastes have relative
difTferences <% @r6. (defaullt ers=0.0).

(crefi $rarms e which is eauivalent Lo ersd.

i ) Las The third convergernce oriterion. Comversenoce is
statisfied it tLihe Buclidesn INTeRa) of the
agrrroximate  sradient is el ta. (default
celta=0.0),

Noteld The Maerauasrdt dteration is terminateds and
convardgencs Le consideren achievedy i anw one  of
the Lhree converdence conditions (nesigeerse or
deltasr is satisfied,

ma P The maximum ruamber of Function avelustions {d @

calls  to  subroutine FUND in Z2X8507 asllowed. The
actual rnumber of calls Lo FUNE maw  exceed maxfn
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sligntlu,. Noltes urnies
maT 2Rk ter ds used
(orefi $ezrmes lyniters

S

Wie

Ferd Fend of $rarmes mamelistd

$imit rarameters {with defaults and

opservabion-twre
defines w(i1) as
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1977
(vdefault) comeulted ss the tramsform of  the field
Freguenoy reseonse divided by bthe frecuenow.

filter oetion rayameter Tor Lhe wecomeonant
comrutations Coefault 47 1ta=0. i¥ 1t
i fFerent  from zeror  the madgnetic Field TIHEM
FEEFON Will be comeruted zs the transtorm of Lhe
ecomronent Frecusneow resEonse maltislied bwo &
ser-defined comelex Ffunction FLTCIFLTE T Where
is the Trequencwe  inn Hertze  For multicomsonent
inversion ($imit dob=4e8)y iT1bx maw bhe uwused Lo
differentiste between 2 call to FLTOIFLTX«F andg
@ithey FLTIFLTYF? ov FLTOIFLTZF)  if  desireds
simee ] s including  the asprosriste ORTRAN
statements in the wuser-wreittern  COMPL

L FUNDTION
FLT . See  examele roubtime FLT listed in arsondis
1s

1

similar +to iTltx escert for the wee e O e L
(edefaullt ifltu=0).

similar Lo Aafltx  excerlt for  the e comEarent
(default diFlte=0).

s—~coardinate of observation rosition sssuming tnat
the wire souree 6% spibervad alt the origin and
orviented along the weasxis {ptem)y ohservation
rosition canmot e along Lhe source-wired,

aassuming Lhat
Lhe ovigin snd
pryvat don

wecoordinate of observaeltion sosibtion
the wire source is  centerest  atl
oriented a2long  the eaxis  (wbksde :
rpsibion canmot he along the source-wired,

curyvent i bhe source wire in anes (defeullt oi=11.

totel length of the source wire in meters {(default
wla=ly, The ture of wire source uysed i; the
caloulations is defined bw $init rarameber  Loase.
{ocrefi  $init icase).

lower mormaslized frecuence wased Lo comrute  Lthe
Field FTrecuanty resHon pefore the tramnsformaltion
to the time domasin (defaullt bhlur=. 005,

8

urrer normalized frequency  used to comsgte  Lhe
fimld Frecuency resronse bhefore the Lranstormation
Lo the time domain (default busrr=10000).

realative ervror desived for s8ll Hankels cosiners andg
sirme  bransform calcoulations (defeult Ltol=l.e-4),
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numper of  Frequencies  ser
comsute the madgnetic Field 2%
hetween $indit blwr andg busy {(defaull
ie recomnended that ereliminary inversions be done
withh nf=4 or %  agnd the Finsl one e done wilth
nt=12 to insure sufficient accuracwy in  the Final
result  without wsing more comeuter time Lhan is
Frex{easnamarit

(eretid  $init blurs huprd.

gelects whether an infindtesimal or  finite-lengtn
wire source model is to be used.

(cdefault) infinitesimal wire source (horvizontal
electric dirolel.

Fimnite-length wire sources with Wi e Lerstn
aracified in $init rarameter 51,

(ovefd  $inmit sl).

relative error desired for adsetive intedraltion in
finite-lendgth wire model calouwlation {defaull
crctol=1L.e~5),

{ecrefi $inil icasey inlurel.

maximam  numer  of  Ffunction  evaluations Lo De
allowed Tor the fFindte-lenstth wire integration
(cdefaullt mev=3001, setting $#imit  conctol Lo &
value smaller than the default wmasw reauire mev to
e set Lo s mumber larder than 300.

{erefi 4$init cnctoly dinturel.

ture of dintedration sldorithm (suberogramn cancd?
anc converdence best  desirved  for Findte-~lendgth
wire intedration.

192¢3 uses Newborn-Coastes mo. 4 cuadratured

1

3
.

3

4

for ahsolute arror test (ot generally
recommencdecd) s

for “l-one® ture evrror Lesty

For *l-infinitw’ ture error Leshy

(oefault) Ffor relative error test wsing asdaslive
Gaussian auadraturer: and

for relative error Lest LIS L non-adastive
Gaussian quadrature.

Notes The selected intwre conversience tesh must
ne sabtisfied be bhoth the resl and bhe  dmadginarw
rarts of the comelex intedgral simulbtaneouslu.
(orefi  $imit onctoll.

mumber of  selime nodes  bo be calculated par
cdigital Filter imterval For bthe Finmndte-lensth wire
intedration (defauldt rnrums=Ll). ITneressing  nrun

from 1 to 2 rousinle doubnles bhe execution time of
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MOLVTHXYZ » bt wields more seourste field valus
ard is recomnmended Foyr soundings made close Lo &
lonsg wire.

$erd Lend of $init rarameters]

DatTea MATRIX NOTELS.

The date matrix is defined ss the secuence of ordered
rPOWS (gdidexilivdr v d=lym¥)y where i=row rmumber  Lede s ovliy
ared  m¥=m+l Af dwb=ly otherwise m¥=mi=2, The dals malrix is
read on logical unit lalt (defaalt 10y wusirmg e obdect-time
format stetement (see snw Fortran merusl)e  The mumber of
items  read derends  on $rarms mediwt o ana $imdt dobn as
sraviodsly  defined. The wvardious dats maltvix ortions are
summarized as Ffollowsi

(&) SrecifTic observaltion comrornenty TOEM soumding  (lotas=3y
m=1y and max. 3 iltems rer recorcdi
Le wiilds d-th observalione: where $inilt lobd=3 delfines
the rarticular comronent.
2o xideli= it bLime ({iel3020.0 seconds).
Je Mliedi= slandard cleviation of observation i
Cinclude onlwy if dwb=11,

() Mixed opRservabtion btwuresd  Mev wes oOp ecomeonent  THEM
sourdings snalor Sohlumberdgey sounding dats Clob=4 ar
Sy om=Zy oand maxe 4 items rer recorddl

L wiid= d-th ooservaetion {where actusl T is
gdefined by wiis2rY,

2. midslrs d-Lh time (il 3200 s@cards ) it
Hide21u=3.0 ar covresronding ABSE For
ML e Y=A 0 Gudied 2200 meters)y.

Gy mide2)ds opservation btwre dn wlidd use Hiiedds 1.0
For secomronent THEM datay «0 Tor

wegcomsanernt THEM datey =3.0 for s-comeonent

THE md) for Soenlumberder

M datay  or
arrarent resistivilty data.

4, iy 3)= slbandard ieviation of opaervation i
Cinclude  ondlw if dwtb=L1r. HNotel! for Jdoint
inversion of Soehlumbherser arrarent
resistbivity and THEM datar a weisihted lesst
seuesres  should  he  used (dlwb=1l orbtion) to
rroduce residuals of mear-eausl  masnlbude.
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EXamMPLES OF INPUT PARAMETERS AND DATA ORDERING.

1e Vertical magnetic Tield TOEM sournding  {(defasullt doos

iater=0i

ot

examele 1.
BEarms "mevP shym=lyirrbs-lyagr=lvialt=8y
eleQr 0Ly o2y e 01l v 10002004
(Zeld. .5
0. 20961e~08 0. 551660~02
(69697008 0. 18316a~-01
~{@gte. Tor 38 more obsevrvations)--
FHimdt mmsIew=lB00ricase=ld

He Miwxed opservalbion twres (dob=4)ry wecomeonent TOEM {(stes
TESFONSE ) ard Senlumberder sounding datars arnd weighled
onservations (iwt=13

eMdan~le 2
$ravrmes rmlQ
trmledyleYyiel

Pdeirprle-Dyagrsleiwbe=ledalt=8ips
2y QL 100200¢

20.1 0% I ]
29.87 T 2 ]

-------- {(etc, for rest of THEM soundirnsg data)--

108, 10. 4. IR

I 2’:\-‘ * ] -.5 L3 ""} ¢ \J L3

== {ate, Tor rest of Schlumberdger sounding datal-—
Birmit mm=3vion=4dricaseslvister=]lyus=]l000%

B
e
B
wd

3. Vaerticsl madgrnetic Field TUOEM sounding (default ilstes=Q0)y
arientation aorbion desiredd

examele 3

fiye armes =&HQ ¥ i’.. mQemu] oy l gyl oy yr Oriallb=8eip=2eih=lvdy
bmleQrlefrielrle-~drle-drle-ér o Q0le o2y 01y 1002004
(Zeld. 5

: Gulése-02
2 (38 018316801

(G 6969
~{@te. for 58 more observationsi-—-

Birmit mm=Rsu=li00vicase=lyioh=5%

SFECTAL ORJECT FORMAT PHRASES.

T an existing data matrix File doess not have the
FroFerly efined ool umr oraering €L Lhe form
(wldrevldedded=lemd )y then tne Fortram "t formet shrase
maw e used to  bhedin at sny column noin bhe date record.
For exemerler the Fformat (L41yF10.0001»3F10.0) will select
wid? wusing col.41-80 and «Cie1 ) besinming at coldil.

2
xS
:
2

-.‘.4
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MULTICS OFERATING INSTRUDTIONS.
1. Imnitiallyy ome sthould esdad the Tollowinst librarvie LV
the ocommandg  “asr®) Lo his sesrvoch rales on bhe llenver
& swstemn after the WO rkd s gihrectorel
nodl cinvedRsushikausrewec. sesdsy
voodl LinvieAndersornslib ems
suddzBEmod] ioviEdanderson>liboly ard imlrimsl .

P

i bher attach "Fileds" to 2 eredetermined ssciid (stream)
rarameter  Tiley or  let Filedd default to "user.insut”
{die@er Lhe user’s tevrminalls The order of sarameters
and  date on File0d must e dgiven as defined in the
section FARMMETERS AND DaThH REQUIRED sbove. To  attach
File@iy {tumrel

i attech Filedd viile. ravameter.file.name

3. fAttach *Fileld® to sn iorab dets matrix ascii File 4f
ialt=10 Jd{defaull) is uysed. IT ialt=8 is selectedy then
igrnore this stery bul include Lhe dats malrix LLowins
the abdect-~time fTormat on *Ffiledi'——see suamele 1 oand 2
BOOVE . I sracticey 4t s wusuallsw best to wuse distincet
files Filedd ang Tilelld For rarameters arcd cata
resrectiveluw. To atteson Filelds turel
io attaech Fileld viile. data.Tile.name

4, Hel the underflow condition handler off be  tusinss
set..ufl ~off

5. EBEuecule srodram MRLUVTHXYY o twusing? malvbinrys

I+ f1ledd was not sttaschnedy  then the user  must
anticirate the reauired Litley $rarmse  obdect Formabty  and
$imit Lo bhe twred on "wusersineut'.  Fromelt messages are not
erinted on the terminal.

Note "fileld" is the comelete srinlt fFile (mormelly disk
oy Multics)s and "filedd” ds  alwaws  the an-lime terminasl
rimt Tile. Fileld should eitner De deleted or derinted Lo
g line-wrinter after rurmding srodgram MELUVTHXYZ. fBlaos
Fileld (it used) shouwld be deleted after running  the
rogram. To submit tne Jdob e2es a paten Jdob {(celled absentee
on Multics)y grerare  sber 15 asbhove dn 8 sesment with
sansin suffix and use bne "enbter.asbs.request” command.

ERROR

Mosltl waremeter andsor datsz errovrs are riatocd e
salf-eurlanstory mess

sades arrearing i the srimted Filedsde
antd  bLhe  Jdobh dis terminated. For examsles Lhe  me
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o Fase 20

error--some $rarms oul of range® means that & violastion (or
O i iony  of 8 recuired rarvameler rande has been committed
i the $rarms nemelist. Check all $rarme valuesy correchs
ardd resubmit bthe Jdob.

Erromnent wunderflow maw ocour whern the argument s less
than 10¥-38 o Multicsi this dis not  Ffatal since 0.0
rarlaces Bll uriderflows. To sursress  Lhe underflow
messadgaesy Lhe command “"sebt. ufl -~of T can e uwsed sprior Lo
agxecuting MRLVTHXYZ.

Exronent  overflow andlor arithmetic overflow messases
Wwill terminate the run under Mulbtics conbtrol. arn aoverflow
corddition wsusllwy means & verw woor  dndbtisl  rarvameler
aetimate was Siven in arraw D) Ffor the model fmm)  ohos
Firelt oheck thaet 211 $rarmse $inity dats matrix valuesy and
aivdect~time Tormat are correct. I no errvovs  are  founde
thern trw Lo revise Lhe model (mm) and/or use hellter duessed
estimates Tor the starling in oarraw i,

T

IF arw sarameter bheding Lo arprgasch 900 QP DS00MR
unpounced  during the least seuares iterationsy bthen one msw
fisx {constrainy the rarameter to & reasonanle  wvaluer  anil
restart the rrodgram Lo obbtain 8 constreined lesst sauasves
solution. This is wusuwally reculived when the data  sre not
sufficient to resolve all the sarameters for Lthe model mm
CHOSer .

RENMDES .

Ardersony Wel.r 1974y Electromasmeltic Tields apout & Findite
electric Wire HOUPCE S U8,  feols Survew Rept.
USHEE-GO-F4-041y 208 w». availl. From U8, Dert. Comm,
NTISy Seringfield, Vo, 22161 a8s Rerl. PE-23H-199.

e ¥ 22T H e Imeroved digital  Filters for evalusting
Fourier and Hankel tramsform dntedralsd % lGieal.
Survew Rest. USHES-GLO-7EH v 119 . VY 3

1. Prom U8,
et Comme NTISy Grringfielde Va, 22lel ss Reetl.
FR-242-800,

v 1977y Maravasrdt dnversion of  verticel magrnetio
aeld measurements Trom & grounded wire adrcey Frosram
MARDHE . CYBER 7428 Documentationd WUes,. Geol. Survew
Reslt, USGE-0GO-P27-003y 76 . availe Tfrom U.5. lest.
Comms HTIS Srringfield. Va e 23161 86 T
Pl-363-924,

1€

e § L2 PRy Numerical intedgration of relzted Hambkel
Lransforms of orders O andg 1 by adastive digital
Filteringd Georhwsicsy ve Py owa, L2R7-130%,
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O Frase

e 8 197y Frodgram IMSLFWI Marausyval  dnversion of
slane-wave Frecuency soundinsgsi eSS Goonl. Survew
Orern~File Resl. 79598848 37 ».

s

e ® LTG0y Pragrasm MARGLOOFS: Marauerdt inversiomn of
loor-loor frecuency soundingsi U8, Geol . Survew
Orern—File Rest. 79240y

e

Browny .M.y  and Denmisy  JelE.» 1972y Derivative Frag
analogues of tLhe Levenpursg-Marauaradl and Gauss
algaorithms Tor mnonlineasr 1 L sauares ae
Numerisohe Mathematike vol. 18y ppo 2893

Hevrriote Jeloy  armgd Redinsohe  Dolles 1976y Algorithm  H507y
Frocecdures  for  oagintic naetural spline interrolationd
ACM Trams. on Math, Softwares ve 2y 281289,

International]l Mathematical and Stetistical Libraries (IMSLY.
L9727y PHGO Bellaire Bled.s &th Floores GNE  Blist. s
Houstorny Texas 77034,

Jonhanseny Helsv L9278y A interasctive
comruter/drarsnico-disslau-terminal suwatam far
intersretation of resistivity  soundings: Geowrnusical
Frosrecting: v, 23y . 449458,

Rauahibkauay  Jev 1978y Elecltvamsdnetic Tields about &
norvizontal electric wire source of arbitrarwe lengthi
Georhusicsy ve 43y w 10191022,

Rauahikauay Je ard  Andersorn: Wel.oev 1977 Caleculation of
standard  transient and Frequencs sounding ourves for a
noarizorntal wire source of arbitrary lendthd U.8. Geol.
Survew Rest., USHGE-GL-77-007 &1 mey  avail. from U.5.
Dort. Comm. NTISy Serimgfield: Va. 22161 as Rertb,

FR-274-119,

Marauardts Dol L2983y A asldgorittm  Toar loast-anuares
estimatiorn of nonlinear earametersi Joo Soos ITnousts
fpel s Matny velly moe 2y wre 431441,

Fattersons TeMoler 1973 Lgoritnm for auatomatic americal

Fattersor TeMal 1973 Al Lty Lomat r T 2 ]
intedgration over & Ffimite dnterval DDLTE fissoc. for
Come. Mach. Comm.y veoléy w, HP4-H99,

Tebataey T. and TtorR.y L1973y L fective trestment of  bhe
intersolation factor 4T Marauardh’s ol inear
Ileast-sauares Fit asldgorithmi The Comeuter  Jourmals v
18y o3y prp, 200251
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Areerndiv 1o~ Source listinsd

The attached suberodrams are listed with bedinming line
numbers in the following orders

(aoiokork FROGRAM MQULVTHXYZ KKKk OO000010
SUBROUTINE ETHXYZ(Y X Ry Ks NN TITLE » TOUT) 000001350
SUBROUTINE ITHXYZ(IW s XMy B FRNT e NFRNT N TITLE » IOUT) 000G0&670
SUBROUTINE FCODE (DVy XMy BFARMS y FRNT o F» TF » TRER) OOQG30H0
SUBROUTINE HXYZC(B2sHXyHY ¢ HZ TORD OO00ER00
COMPLEX FUNCTION FLTUIFLAGSF) QOO0L6040
SUBROUTINE TRNSLTFUNCy TMAX s TMINSNT s T U MTI) QOOQE2H0
SUBROUTINE SCHSDG(SIGL « XMAX s XMIN ARZ s RHOA S NRHO» TOLD Q0006700
REAL FUNCTION SPLINTCT»AsBeCoNsXsY) HOOO7090
COMPLEX FUNCTION DORERN(AMEDA) GOOO7260

COMPLEX
COMPLEX
COMPLEX
COMPLEX
COMPLEX
COMPLEX

FUNCTIDN
FUNCTION
FUNCTION
FUNCTION
FUNCTION
FUNCTION

CEPLNCRT)
FINHX(R)
FINHY (B
FINHZ{R)
FA{G)
F4¢G)

GO0077350
Q0008130
Qo008390
00008800
GOOOBY30
Q0009010

SUBRROUTINE RECURS{GsV1LsF1) 0O00P090
SUBROUTINE FINF3{(RIsRB2,F31F32) Q0009350
COMPLEX FUNCTION FINITE(FUNC,BFIN) GO00%460
COMPLEX FUNCTION ZHY(RsNEWsR) Q0010440
COMPLEX FUNCTION ZHZ(BRyNEWsR) GO01O&620
COMPLEX FUNCTION FUNINT(X) Q0010770
COMPLEX FUNCTION T1K1(R8) GOO10930
SURBROUTINE SPLINIC(MyHs Xy Y s ARy Co IT NPy 00011230

COMPLEX FUNCTION ZLAGHO (X o FUN TOL oL s NEW) 00012430

COMPLEX FUNCTION ZLAGHI (X e FUNs TOL oL s NEW) 00014670

COMPLEX FUNCTION ZLAGFO(XeFUNs TOL oLy NEW) Q0017030

COMPLEX FUNCTION ZLAGFL (X FUN TOL s Ly NEW) OO0G1IRE00
SURBRDUTINE TKS(BREy TIK1 IKDIF) 00021940
SURBROUTINE KELVINC(X»Ms B OG022580
SUBRROUTINE QUINTINYsYsBsOyIvEsF) OGO24380
SUBROUTINE QFPOINTINYYsRBeOoDsEsF e X1y DELXy XX YY) QOO25150
COMPLEX FUNCTION CANCAC(ALsRBLEFsMe Ny FUNyMF v ESUM) 00025340
SUBROUTINE CQUADCASByRESULT s KsEFSTL s NPTE» TOHECK s F e MEV) Q0026910
COMPLEX FUNCTION CQSUERCAs Ry EPSILy NPTy TCHECKy RELERRy FeMEV) 00030430
COMPLEX FUNCTION CQSURBA(Ay By EFSILy NPTSs ICHECK. RELERR: FeMEVY Q0031960
SUBROUTINE IMSLMOA(SURZ, SURENID 00033370
SUBROUTINE FPXGS5Q(CsNsKIFyF) QOO36HBO
SURBROUTINE LNXSSQICyNsKIFF) GO036910
SUBROUTINE SAVERC(I D) 00037040
COMPLEX FUNCTION ZHANKS(N By FUN» TOL o NF o NEW) 00037230
SURROUTINE ERRMSG(MEGsMSs 16, 19) 00040650
SURBROUTINE WARN(MEGMO» 165195 %0 00040880
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saource Availlabilitw

The current version of the source code maw Dhe obltasined
bw writing directly to the a2uthor. A magnetic tare corw  of
Lhe  source code will be sent Lo reauestors Lo be coried gnd
returned to  the aubthor. This method of rel i bhe
progran was  selected in order bto satisfe reguests for the
Latest urdated version:. The masnelic tare will recorded
in obne Followinsg mode (unless obherwise reuester

Imdustre comralinledl P-lbrack: meleds ERCUIC modes
occd-rarituy BO0  bwd dernsituy meraracter reooros
(unilocked card imases)y and contained on one File.

Moted The source code FTor all IMSL Liorary roubines gsed
(EXSSRy LEQTIPy LUECPRy LUELMPs LINVIFy and UERTSETY are onlu
available from Irntermational Mathemstical and Statisticsl
Litbraries (1977)y whose address ds dgivern in the references

Corwrisgnt Notices

Subrrodgram QUINT waes converted From Lo FORTRAN
strlisned  Dw Merriolt  asnd Re faY e Corwrisht
fosociation Tor Comeugting Machinerus Trnees FETMLEELON
raruanlisty 811 or in rarty granted by ACM.  SLGOL Lo FORTRAN
conversion was done Dw Walt Andersone USBGS.

Sumerosrams COUADy COSUE: and COSURS zye modified versions
of subwrosrams  GUAT,  Q8UEBy  arnad Q8UBAs resreetiveluy as
bl ished bw FPaltersorn (19730 Cosurdight 1973 Associdasbtion
for Comegting Machimerd: Inc.r rermission Lo rerublishy all
ar in rarbe dranted e ACM.
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MORLVTHXYZ

X FROGRAM MOLVTHXYZ ook KK

NLINEAR LEAST SQUARES INVERSION OF THREE
GNETIC FIELD (TREM) DATA USING A MODIFIED
ROUARDT-LEVENRURG ALGORITHM (FROM IMSL LIBRARY)

COMPONENT

ITTEN RBRY DENVER, COLORADO

8T MODIFIED?

HJIM KAUAHIKAUAY USGSy
NOVEMRBERy 1978

EXTERNAL ITHXYZETHXYZ

000010
Q0000020
GOOO0030
Q0000040
GOGOGOE0
00000060
GO000070
QO00O0H080O
000000%0

CalL INITREF (/>UDDEEMOML.. INVEIKAUAHTIKAUAZARCHIVES 7y “HXYZINV.OLIR »$0000100

1 “FCODE ‘)

CALL ITMSLMR(TITHXYZsETHXYZ?
STOF

END

SUBROUTINE ETHXYZ (Y sy XyRBeKy NNy TITLE » TOUT)

COMPUTER INVERSION OF
FIELD TREM DATA

RMINATION ROUTINE FOR
REE-COMPONENT MAGNETIC

CHARACTERXS TITLE
DIMENSION Y1) o X(20025)»BOL» TITLE (LS

COMMON/CXYZ/A19A2y Jl v J2e INCE) v AS A7 s AB APy AL AL Ly STALE » UL » Uy J3

$ TORyNEXTRANFARMSyBLy B2y BIvB4yBEy J4y Jhr b
DATA DCONAS7 2957279/
WRITE (610 TITLE
ITF(IOUTEQ. 1Y WRITE(L6210) TITLE
FORMATCLIZ2HIT H X Y Z--»5Xy16A5//7)
IF(NEXTRALT. &) GO TO 100
THETA=R{4)XDCON
FHI=R{3)XDCON
OMEGA=R(46)XDCON
WRITE (6 20) THETAyFHIT » OMEGA
IFCTOUT.EQ. 1) WRITE(L&,20)
FORMAT (/7" ORIENTATION OF
$ " AXES"/
$ " SGPHERICAL
$ BOEXy "FHI="yF1lO.65"
$ " ROTATION AROUND
N=1
ITFCTORLGT3) N=3
WRITE(SHs 110y (BII)oI=1lyN)
IFCIOUT.EQ. L) WRITEC(LS» 110G (BOI)»I=1sN)
FORMAT(® PRIMARY FIELD FACTORS:®y 3EL1&.8//)
N= (NFARMS+13 /2
WRITE (61302
IFCTOUTWEQ. 1) WRITE(LS2130)
FORMAT (28H FINAL UNSCALED PARAMETERS~—/
$ 32X LIHRESISTIVITY » 2Xp SHLYRy LOXy SHIEFPTH/ )
DO 150 I=1eN
RHO=1 . /B{(NEXTRA+TT )
WRITE (69140 TyRONEXTRA+I) yRHO

THETAFHI y OMEGA
MEABUREMENT AXES WITH RESFECT

COORDS OF Z MSMT AXISS
DEGREES "/
Z AXIS:

THETA="yF10.6»* DEGREES®/

OMEGA="yF10.6+" DEGREES"//)

TO WIRE™»

00000110
Q0000120
00000130
00000140

QOGO0150
GO000160
Q0000170
00000180
GOQOOLP0
OOGOOZ00
o00GO210
00000220
QOG00230
QOGO0O240
DOO0O2H0
00000260
ROQO0270
00000280
00000290
DOQOOA00
Q0000310
QOO00320
QOQOO3R0
00000340
QQO00350
00000360
GOO00370
00000380
00000390
00000400
00000410
QO000420
QOO00430
Qo000440
QOO00450
Q0000460
00000470
Q0000480
00000490
GOOQOE00
OOO000510



é

Bl

LA 00200 UL L2 00y a0 2 LU0 2

140
150

160
170
300
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IF(IOUT.EQ. 1) WRITE(L6:140) IsRBRINEXTRA+IL) »RHO

FORMAT(5Xy T3 4X»2E16.8)
CONTINUE

IFINFARMB.EQ. L) GO TO 3006

Md=Nt1

N=0,0

o 170 I=M2yNFARMS
D=TR (NEXTRA+T )
L=1-N
WRITE(Avy160) TyRINEXTRA+I vl e
IFCIOUTEQ.1) WRITEC(LS:160)
FORMAT(SXs IZy4XyEL6.8y 16Xy I3 4X0E16.8)
CONTINUE

RETURN

ENI

SUBROUTINE

INITIALIZATION ROUTINE FOR PROGRAM MQLVTHXYZ

$

$

1SCALE s BL e BU NIy TOR s NEXTRAs NFARMS s GX» BY v GZy GTy XO» IFLTXy IFLTY» IFLTZ

CHARACTERXS TITLE

DIMENSTION DU o XMO200s5) v BOLY s PRNTCS) o TETLE (LSO Y » ALFH(E ) »

PREDC2Y yTTCE0) »y AVCE0)

COMMON/MODEL/RKCLO) s TP ) o NLAYER
COMMON/FARM/TISTER » XX YY rRRy S BNYQ s MM TOL.
COMMON/FIN/ZRLYRZ2sRy 8L SIGLeXsY

COMMON/FINERR/ZHTOL »CNCTOL » INTYFE » NRUN s NEV » MEV s ESUMy LW

Ty BINEXTRA+I Y vls D

TTHXYZ (DWW s XM By PRNT s NFRNTyNe TITLE» TOUT )

Fase

25

PO00GE20
Q0000530
00000540
00000550
00000560
00000570
00000580
00000590
QOOOHHO
OGGO0610
00000620
Q0000430
GGO00640
GO000650
000006460

OOOODALZ0
HO0006BO
OOO006R0
QGOQ0700
OO000710
Q0000720
00000730
QOOGO740
QOO007E0
Q00007460
O0GO0770
HOOO0780

COMMON/DUSAV/ARHD C100) y BRHOCL00) » DRHOC100) » AR2{1 00 » RHOA (100 » NRHDOGOD0790

s ABMAX y ARMIN

COMMON/CXYZ/FNYQe SLL o METHOD e NF e NCOMP CE) 2 TOX s TNX» TOY s TNY » TOZ s TNZ»

INFUT FARAMETERS ARE?:

TOL - RELATIVE TOLERANCE USED IN HANKEL
TRANSFORM CALCULATION
METHOLD - CALCULATE STEF RESPFONSE RY
TIME INTEGRAL OF IMPULSE REPONSE IF
TRANSFORM OF FOW) /W IF METHOD=2

NF - CALCULATE TRANSIENT MODEL

NF=12 THE COSINE OR SINE ROUTINE WILL
THE FREQAENCY FUNCTION DIRECTLY

- RELATIVE TOLERANCE USED
INTEGRATION

CNCTOL

INTYPE -

NRUN - DENSITY OF NODES FOR FREQUENCY FUNCTION

SPLINE INTERPOLATION

MEV = MAXIMUM NUMRBER OF FUNCTION EVALUATIONS

BY INTEGRATIN ROUTINE

METHOI=1

AN DERIVATIVES
USING FREQUENCY FUNCTION EVALUATED AT NF
FOINTS FER DECADE FREQUENCY. IF NF=0 0OR
EVALUATE

IN FINITE WIRE

OGO00BGO
QOO00B10
GHO00820
00000830
GOOO0B40
Q00008BS0
Q0000840
00000870
QO000880
POO008B90
DOOOOR00
GO0G0910
OOG00920
0OOG0Y30
GOO00940
00600950
00000240
QOOGGOY70
GOO00980
GO0009%0
QGH01000
00001010
00001020



ey}

i B

CAlL

FNYQ IS SET TO HAVE
ON ITS ORIGINAL FURFOSE.

EQUIVALENCE (MeMM) » (L TUABE ) » (BLy BLWRY » (BU BUFRD

Multics [ocumentation

Fraogram

MALVTHXYZ

NAMELIST/ZINIT/TOLy METHOD s CNCTOL » INTYFE s NRUN ¢ MEV
LeNFrISTEPsX»YsCIeSLoeMMeMe IFLTX s IFLTY » IFLTZ s LORe L » TCASE » BLUWR » BUFR

Lo DELETE.EXTERNAL . .VARTARLES (SAVEC )

WRITE (46100 TITLE
100 FORMATCL2HIT H X ¥ Z--»3Xr16A5/)

IFCIOUTEQ.1Y WRITE(162100)

L=

RL WA=~ 18
BUPR=-1EQ
Sl=1.0
TOL=1.E~4
METHOI=2
MEV=300
NRUN=1
INTYPE=4

CNCTOL =1 JE~S

ISTEP:=0
FNYQ=1200
BNYQ=1E29

NF =0
IFLTX=0
IFLTY=0
IFLTZ=0
D=3

READC(S» INIT)

TFCTORGT O AND TOBRLE A AN (Lo EQ Lo OR L EQ2) s ANDSL . GE Q. O AND

N} EFFECT AND
SEE KAUAHIKAUA AND

TITLE

16

NOT

A FARAMETER .
ANTERSON v

FOR
1977

Fade

INFD

26

$ CLoGT-0.0AND (ISTEP EQ L. ORSISTEF(EQ.0) AND X GE+ 0. 0. AND.Y . GE .
$ DO ANIFNYReGT Qe Qe AND M GT Qe AND oM LT 10 AND . TOL « GE . 0+ 0+ ANII,
(METHOD L EQ . L ORMETHODEQR«2) s ANDLONCTOL cGE O QO AND . INTYFE BT 40

%
%

ANIL INTYPE  LE 4 ANDLNRUNGT . 0 ANDLMEV L GT . 0

WRITE(éy2)
FORMAT ("
STOF

S0OME

$INIT PaRMS OUT

R=GRRT OO YY)

HL.=8L.72,

IFCBLUWR.LTOEQ) BLWR=,003
ITF(BUFR.LT OEG)

BUFR=1E4

ar

RANGE ¢ ¢ « "3

30

TO 4

00001030
00001040
00001050
Q0001060
Q0001070
G0O001080
00001090
00001100
OOO0LLLO
00001120
DOOOLLI30
00001140
Q0001150
00001160
QO001170
HOO011BO
Q0001190
GO001L200
00001210
00001220
00001230
00001240
QOQO1L250
000012460
QOBOIL270
00001280
00001290
00001300
00001310
QOo01320
00001330
Q0001340
GOOOL350
GOO01L360
Q0001370
Q0001380
GOOO1L3%0
Q0001400
Q0001410
00001420
00001430
OO001440
QOOOL450
QOO01460
20001470
00001480
Q001490
QOOO1H00
Go001510
00001520
Q0001530
QOOO1540
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[
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Frogram MOLUTHXYZ

COTIMATE OF FRIMARY FIELD STRENGTH

FROM DATA

vl

&

CHECK XMOJ»2) VALUES FOR

L&

17

Ri2s= RS0 Y ok2+HY %Y
i (X BLYRKZ2HYRY
RI=SART(RL12)
R2=8QRT(R22)
GX=0IK(] . /RZ2-1L ARIZIRY L2 56637042
GXO=XXY/ (6. 2831853 LkR¥xk4)
GY=~0IROOX-GL) AR22-(XHBLY /R1I2Y /712, 58637062
GYOm—{XKX-YRYI/(12:.56637062%R%X%4)
GZ=CITRCIXESLI/RL - (X-GLY/R2Y /(L2 56637062%Y)
GZO=Y/ (L2 5483706 2KR¥X3)
NRHO=0
GO 4 I=1+3
NCOMP (T )y =0
TOX=0E0
TNX=0EO
TGY=0ED
TNY=0EQ
TOL=GEQ
TNZ=0ED
NFRNT=2
IFCIOR.GT.3)
I6=10R
IM=10R
GO TO &
TG
TMm=4
NFRNT=3
Do 30 I=I8yIM
KOUNT=0
oo 16 J=1sN
TFCIOR.LE.Z)Y GO

GO TO 3§

TO 15

TFOXMO @) o GE Lo o ORXMOT» 2 o LE 4, JORLTLGTLI8) GO TO 14
WRITE(A913)
FORMAT (" DATA MATRIX ENTRY
STOF
TFCTFIXOXMO» @00 o NELTY GO TO 146
KOUNT=KOUNT+1
DT CROUNT ) =XM1
AV IROUNT Y=DV ()
CONTINUE

IFOROUNT.EQ. Q) GO TO 30

GO TO (17+18¢19+2001

TOX=DT(1)

TNX=DT (KOUNT)

NCOMF (1) =RKOUNT

GO TO 30

(" I3p "5 OUT OF RANGE®™)

00001550
00001560
QOO01570
GOO015B0
OOO01LER0
00001600
00001610
QOGO1620
QOO01630
00001640
00001650
Q00016460
QOQOL&670
00001680
00001690
QOGO1L700
OO00L710
QOOOL720
Q0001730
QO001L740
00001750
Q00017460
00001770
QOG01L780
QOCGOL790
00001800
00001810
00001820
QOO01LEI0
00001840
00001850
DOO01BA0O
GaO01870
0O001REBO
DOOO1IBYO
DO001900
G0O001910
0000120
Q0001230
00001940
Q0001950
000019460
Q0001970
00001980
QO0O1L990
POOO2000
QOO0201G
QoQ02020
QGO02030
OGO2040
GOOO2050
Q0002060



18 TOY=DT(1)
TNY =0T CRQUNT Y
NCOMP C2 0 =RKOUNT
GO T0 30
19 TOZ=0T(1)
TNZ=DT (KOUNT
NCOMP (3 =RKOUNT
GO TO 30
20 NEHO=KOUNT
ARMIN=0T (1)
ARMAX=DT CROUNT )
30 CONTINUE
IFCIORGLT.SY GO TO 40
no 35 I=1.3
35 NCOMP Oy =1

TMAX=AMAXT (TNXy TNY » TNZD

TNX=TMAX
TNY=TMAX
TNZ=THMAX
THIN=TMAX

TFCTOX LT TMINSAND.TOX,

Multics [Documerntation

Frogram MOLVTHXYZ

GTOEGY TMIN=TOX

IFCTOY LT TMINCAND.TOYLGT.OEOY TMIN=TOY
IF{TOZW LT TMINANDTOZGTOED)Y TMIN=TOZ

TOX=TMIN
TOY=TMIN
TOZ=TMIN

40 Bll.=2. %810

=
Ld

SET UNUSED IFLTXy IFLTY»

™ ™
LA B

IFLTE TO ZERD

45 GO TO (46947 048247949949 » T0R

46 TFLTY=0
47 IFIL.TZ=0

TFCTOREQ. 4. 0R. TORLEQ. L) GO TO 49

48 TFLTX=0
TFCTOREQ.2)
IFLTY=0

4% CONTINUE

A TR 49

WRITE(SyS5) ISTEP» XY o RoCToSLL v L IFLTXs IFLTY » IFLTZ
IFCTOUTEQ. L)y WRITEC(LSEEE)
55 FORMATC/Z19H DATA SET FARME ARE/Z7H IST
PR2X e 2HY=p L2 4 2X e 2HR= o EL12 o 49 2Xy BHOURRENT = 12 4/

218H SOURCE LENGTH=»EL1Z,4y2X»3H L=» 12/

4 8H  IFLTX=,12y8H
SCALE=CT
IF(LLER.RY GO TO 56
8l.=0, 0
SCALE=SCALEXSLL
GX=GXOKCIKSLL.
GY=GYOKDISLL.
BZ=GZ0KCTRSLL.

C-~8ET EQUIVALENT VALUES FOR

TFLTY=912y8H

TFLYZ=9 12D

INITIALTIZING COMMON

AREAS

Fadge 28

TGTEF o Xe Yo Ry CL o BLL v Ly TFLTXy IFLTY o IFLTZ

ey P2y 2X v SHX= v EL2 0 4y

00002070
QOR02080
GO0020%0
0OGO2100
OO002110
DO002120
GOROR2130
00002140
Q0002150
Q0002160
QOO02170
Q0002180
00002190
OO002200
0002210
QOO02220
QOOO2230
DOOO2240
OGOOR250
QOOORZE0
QOO02270
QOVO22HO
GOOO2EP0
GRO02300
QOGOAZL0
QOOOR320
QGO0G2330
POOO2340
QOOG2350
OO00R3L0
GOO02370
OO00ZABO
GO0023P0
QOO02400
QOO02410
00002420
00002430
00002440
QOO02450
Q002460
HO002470
Q0002480
Q0002490
GOOORE00
Q002510
0000253
POOO2E30
00002540
GOQ02EE0
OO002TLH0
QOO0 0
Q0002580




Sé&

ooGT

1
& &

¢ IF
L 8ETY
G FIN
C  BE

("
G CHE
"

EAs

110

-

G FCODE CALLED
CALCULATES
SOUNDING

¢ FCn
G TRA

KK X
YYy
S=8TG1
FefesF
HTOL=TOL
SLl=5l

NLAYER=M

NFARME=2%XM-1

NEXTRA=1

TFCTORCEQ.4) NEXTRA=3

IF(TORGEQ.S)
Co-GXeGY»GZ ARE

IS

FRIMARY FIELD
SCALING FACTOR FOR

NEXTRA=6

TIME

Multics

Frogram

VALUES FASBED
ANDY FREQUENCY

GT=2 /7 {R¥XR¥XLIZ,HHEI7QE2E-T)

WRITEC(Sy&0) TOLyNF»IOR
TFCIDUTEQ. 1)
&0 FORMAT (/18H CONTROL
LAYGHIOR
TFOLEQ. L OR.TORLEQ. L)

WRITE(16260) TOLsNF»ITOR

=y 14)

GO T &6

WRITE (A &5Y UNCTOL » INTYPE » NRUN» MEV

IFCIOUT . EQ. 1
&8 FORMAT(BH CNCTOL=sE12. 4+ 2XsBHINTYRE

my |

SHMEV

ITFCIOUTEQ. 1. AN ISTEFEQ. 1)
70 FORMAT (8H METHOD=y 157/

TORLEQ.S,
D &
ally ITOR
COMPUTED

TF{TORGEQ. S

CROBCD)

)]

WRITE (16450

Nocumentation
MOLVTHXYZ

FARMS ARE/ZSH TOL=sEL12.42Xy 4HNF

CNCTOL s INTYFE » NRUN» MEV
=y Ly HXp GHNRUN =y T8 HXy

WRITE(LSH70) METHOD

THE ORIENTATION OFTION HAS BEEN CHOSEN AND
F ORIENTATION FARMS.
COMPONENTS

18

FOR VALTD

TO ACCOMODATE 3
SET TO 4 TO CAUSE

ITOR=4

Ka=NEXTRA+NFARMS

oo

P1G I=leR

TFARCI) LGT . OEQ)

WRITE(&6:99) 1

FORMAT(®

STOF

CONTINUE

RETLIRN
ETNI

BCY 9 I29")

GO TD
IFONEXTRAEQ S ANDL T GE .3 AND L LE &)

SCALING FACTORS

UALUES

110

ALt

ANTI
3 FIELD

GEO" )

GO

SUBROUTINE FCORECDV» XMy BFARMES y FRNT o F o TF » THER)

D
NGTENT

By

MOLVTHXYZ

HXs HY»

AND HZ
MOTHEL.S

FOR AN

(STEF

ORr

ITMPULSED
INFINITESTMAL

T 110

AN

Fade

TO MODEL ROUTINES

wmy [y

NEXTRA I8

T3

29

QO002GY0
Q0002600
QOO02610
OOO02620
Q00024630
DOOO2640
Q0002650
00002660
OO002670
00002680
00002690
Q0002700
GOOOZ710
QOOO2720
QOGO2730
Q0002740
QOGOR7E0
QOOO2R740
GOOORT770
QO0GR2780
00002790
Q0002800
000028106
QOOO2B20
Q0002830
GO002840
00002850
00002840
00002870
00002880
GOOO28%0
QOGO2200
DOO02PL0
QOO0OLP20
DOGCO2930
0000240
QOO0IPEG
OOOO2940
QOQ02P70
Q0GGRY80
QOO029P0
QG003000
DO0030GLO
Q0003020
OOO03030
QOOG3E040

GO003050
0OGO3060
GOOOIG70
OOOO30H0O
DOO03IGP0
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Multices lDocumentation
Frogram MALVTHXYZ

FINITE LENGTH WIRE SOURCE.

T2UX»UY VT

oy

XMClel)
M2y I

XM{3» 1)

NI

FebOoPH

™

WRITTEN BY
LAST MODIFIED

GXsGYy

Sl.

MODELS
FROM STORAGE

)

%

b

P

INTERNAL
ARRAY

WORK ARRAYS TQ FCODE
VOL.TAGE DATA
TIMES ARRAY
WETGHTS ARRAY TF TOR.LE.3
INDICES ARRAY IF TOR.GT.3
{l=HXy 2=HYy 3=HZy 4=RHOAD
WETGHTS ARRAY IF TOR.GT.3
MUMBER OF DATA POINTS

WORK ARRAYS REQUIRED BY SFLINIL

FARAMETER TO0B CONTROLS THE OFERATION OF FCODE!
TOR=1
TOR=2
TOR=3
T0B=4
TOR=S

CALCULATE
CALCULATE

X-COMPONENT ONLY
Y-COMPONENT ONLY
CALCULATE Z-COMPONENT ONLY
CALCULATE MIXED COMPONENTS. INCLUDING SCHLUMBERGER RHOA
SAME AS T0OR=4 WITH ORIENTATION PARAMETERS.

DENVER »

JIM KAUAHIKAUA USGESs COLORATIO

NOVEMRER, 1978

DIMENSTON BPARMS(1) »FOBE0 v SIS0y DV ) o XM(200,5) » PE 2D
COMMON/MODEL /Ky Dl NLAYER

COMMON/THICKZD

COMMON/FPAGS/CHX

COMMON/PARM/ISTEP » XX YYyRo SIGL y BNY R Me TOL
COMMON/FIN/ZAL» A2 AZ A4y STEGL v Ay AT
COMMON/SPLXYZ/HX 100 s BXCL00) o DX CL00 » AY TLOOY s BY CLOOI s DIV LLQ0) »

AZCLOO) wBZCL00Y v DZCLO0Y y NEy BCI00) » SPXCLIQ0 » BPY (100 » GRZCLO0) v THW
COMMONZCXYZ/F N SLeMTUy NF y NCOMP (E) 2 TOX s TNX o TOY» TNY » TOZ » TNZ » SCAL
$ BLWRsBUPRsND TORs NEXTRAyNFARME»OBXp BY e GZ o GT vy XO» IFLTX» IFLTYw IFLTZ

30

Ee

OO003LA0
OO003110
OOO03120
GO003130
Q0003140
QOOO3I150
QOG03160
QGao31720
OO0O3ILB0
DOGGILP0
QOOO3Z00
QOOD3I210
OOO0O3220
OO003230
OOOOAZA0
QOOO3I250
QOO03260
Q0003270
DOOO3ERE0
QO003290
DOO03300
QOOORZL0
QOO03320
QOOOFIZ0
QOO03340
ROGO3IZE0
Q00033460
OO003370
Q003380
GOOGIEIR0
GO003400
GO003410
00003420

COMMONZDCSAV/ARHOCLO0 ) s BRHOCL00) » DRHDCLOO0) » AR2(LQ0) » RHOACLOG) y NRHOQGO0 3430

y ARMAX » ARMIN
COMMONZSAVEC/TX (S0 »UX (TG0 o NTX e TY S0y UY (GO yNTY » TZCE0 I »VZ (GO
NTZsCPXyCRY vy CRZyFARMS (200

AND G2 ARE THE PREDICTED FPRIMARY FIELDS
16 HaLF SOURCE LENGTH IF FINITE WIRE
IS ZERQ OTHERWISE.

(FROM ITHXYZ)
MODELS ARE TO BE USEDy

REAL KC1O)»D(R)» DD(R) y FRNT ()

EXTERNAL CSFLN

COMPLEX COMPL e FINHXy FINHY o FINHZ y CHX » CHY s CHZ o FLLT
DATA FS/0.000.0/

IFCIFGT 1) GO TO 150

ARE CALCULATED ONLY IF IF=ly
IN COMMON RLOCK /8AVECS

OTHERWIGE THEY ARE RETRIEVED

¥

Q0003440
GOOOZ450
GQ0034460
QOQ03470
00003480
GO003490
GOO03H00
POOOIS20
GOOO3EI0
GOQO3540
00003EH0
QOO03EL0
QOOORE70
OOOO3EB0
QOGO3ES0
Q0003400
QOD03&10
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4
o

G

-

Cee-MAXTMUM NORMALIZED FREQUENCY»

s MINIMUM NORMAL TZED

Multiocs
Frogram

TGRTP=1

CHECK BPARMS TO SEE IF SAME

00 5 I=1yNFARMS

TFPARMB (LY  NE . BPFARMS(NEXTRA+I )

5 FARME (T ) =RFARME (NEXTRA+T)
IFCIOREQLORLTORGT 3D
IFCTOREQ2) DPY=RBFARME(L)
ITF(IORGT .3 CPY=RPARMS (2)
TFCTOREGQ3) CPZ=RFARMS{1)
IFCTOR.GT3) CPZ=RPFARME(3)

BFARMS SAME AS LABT PARMS, SKIF
IFCISKRIPLEQ.LY GO TO
SIG1=FARMS (1)
HIGGL=81G1
M =M1
BMIN=1.0
BMAX=1.0
DO 10 I=1lsMIL

KDy =FARMS (1) /51G1

150

BMAX
CONDUCTIVITY CONTRAST IN MODEL
BHAX=AMINL (BMAXyK{T3)
FREQUENCTY »
CONDUCTIVITY CONTRAST IN MODEL
EMIN=AMAXL (BMINK{I))
DDy =PaRMS (MY 1)
KM =PARMS{(MI/8TG1
BMIN=AMAXT (BMINK{MI)
EMAX=AMINL (BMAX yIN{M})

BMIN»

10

CONT=GT/51G1
XTMAX=CONTRTNXKL 15
XTMIN=CONTHTOX
YTMAX=CONTRTNY XL .15
YTMIN=CONTXTOY
ZTMAX=CONTRTNZX] 15
ZTMIN=CONTXTOZ

UX{13=1.0
UY(1)r=1.0
VZ {1 =3 kCONTHRGE

TFONFGT 12 ORWNF LEQ) NF=12
~-MOUEL CALCULATED ON A SPLINE

COMPUTED AT NF FREQUENCIES PER DECADE
RANGE AUTOMATICALLY DETERMINED FROM THE

MOTEL.

IS DETERMINED
OR BY THE

INTERFOLATED

Nocumentation
MOALVTHXYZ

AS LAST PARMS

TSRIF=0

CREX=RFARMG (1)

COMPUTATION

NYQUIST

MAXTMUM AND

BY
FREQUENZY »

Fadge 31

SEMALLEST

I8 DETERMINED BY LARGEST

FREGUENCY FUNCTION

MINIMUM

FN.

QOO03RL20
OO00IE30
0003640
GO003650
Q00034660
QOOD3ET70
QUOOIAR0
DOQ03&90
QOOOAZ00
QOO0I710
Q0003720
QOOOI730
GOOO3740
QOOORZEHO
(GO003740
QOOO3770
POO0I7HO
000037290
Q0003800
QOOG3E10
QOOOIHZ0
00003830
QOO03840
QOGOIGE0
QO0GIEBS0
DO003B70
Q0003880
00003890
QOGO3FO0
QOO03P L0
0003920
gO003v30
QOOO3AY40
GOOQIPHY
GOOO3IRE4E0
QOO03IP70
Q0003980
QO0OEPR0
Q004000
00004010
OOG04020
GOO04030
go004040
Q0004050
GO004060
GO0GAa070
00004080
QO004090
Go004100
QO004110
QO004120
Q0004130
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CONDUCTIVITIES IN MODEL

BMAX=RUFR/BMAX
BMIN=RLWR/BMIN

15 NE=ATNT ONFXALQGLO (BMAX/BMIND 2 +2
NET=NE+1
X0=ALOGLO (BMAX) +0 .25
IS8AV=T8TER
TFIMTR.EQ.1D
IFONRLLE.100)

LTSTER:=0
GO TO 18

NEB MAY NOT EXCEED THE SIZE OF THE ARRAYS IN COMMON BLOCK /SPLXYZ/

WRITE (&9 @52 NER
FORMATC® FCODES
STOF
ig no o1

95 NEGT. 100y NE="y15)
Sl e NR
T=NE1-.J
X=X O~ J/FLOAT (NF)
BOL)=X
X=1 O O%kX
Fa)XkCONT/Z6.2831853
IF(SLEQ.OE0) CaALL HXYZ{XsUHXsCHYy CHZ TORD
GO TO (17+20940+20520310R
17 IFL8LGTOEQ) CHX=FINHX(X)
20 IF(BLGT.OEGANDIORGT 1) CHY=FINHY (X))
TFCIFLTX o NE Q) CHX=CHX¥XFLTIIFLTXF)
SPX{D Yy =REAL (CHX)
IF(IOR.EQ.LY GO TD 1
ITFOIFLTY o NE.O) CHY=CHYXFLT(IFLTY»F)
SPY (T y=REAL (CHY)
IFCTORT.3Y GO TO 1
IFCRLGTOEQ) CHZ=FINHZ (X
IFCIFLTZ NEO) CHZ=CHZXFLT{IFLTZF)
SPZIT I =REAL (CHZ)
1 CONTINUE
ISTEP=15AV

40

NOTE?:  BOY ARRAY I8 ACTUALLY ALOGLO{R)
TFONCOMP 1Y NEOY CALL
TFINCOMP(2) «NE.O) ChLL

TFONCOMPOI) «NE. O CALL

BPLINL(NEByOsy By SFXsAX s BYs DXy Qs POy P &)
SPLINLINEs OBy SPYsAY s BY s DY 9 O PEF 82
SFLINLI(NRBsOsReSPZryAZ»BZy DT Oy PRSP E)

THE
TN

SUWITCH IW WORKS WITH COMMON RBLOCK /8PLXYZ/
INTERPOLATE EITHER THE X« Yy OR Z COMPONENT

IN ROUTINE CHPLN

Th=1
TFONCOMPCL)Y oNELO)Y TALL
TWe=2

TENST (CHEPLNy XTMAX s XTMINyNTX» TXyUX e MTIN

32

00004140
0004150
QO004160
OO004170
00004180
00004190
OO0G4200
QOG04210
QOOOAR20
Q0004230
QO004240
00004250
QOQ0A2 60
QOOO4270
00004280
Q0004290
QG004300
GO004310
QO004320
OG004330
QO004340
QP004350
QOO0OA4360
00004370
00004380
QOO04390
OG004400
00004410
QO004420
00004430
Q0004440
OO004450
QO004440
QGO04470
0004480
Q0004490
Q0004500
Q0004510
QOOOAB20
GOGO45H3R0
QO0045E40
GOOO4550
QOG0A5A0
QO004570
OO004580
GOOOA4EB90
QOO04600
Q00044610
Q0004620
DOO04430
O004640
Q0004450
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IFINCOMP(2) NEO) CAlLL
Thi=3
TFONCOMF (3 o NELO)

IFCITORLE 3. 0RNRHOEQ. Q) GO TO 3

Cal.L SCHSDGISTIGT »ABMAXy ABRMIN ARZ » RHOA « NRHO» TOL D

oo 2 Fa=le NRHO

AB2 (D =AL0G(ARZ(T )

SFLINLIONRHOy Oy ARZ » RHOA » ARHO » BRHOy DRHO» O PG Py 8)

NT=MAXOINTXyNTY s NTZ)
TFCISTEREQ. Q. OR«MTR.EQ. L)Y GO TO 35
D0 30 I=1sNT
TFONCOMPCLY o NEO) UXTT)=UX{TIXECALESFGX
TFONCOMP (2) e NE Q) VYT =UY (I )XSCALELGY
IF(NCOMP(3) o NE Q) VE(T=VZ (1) ¥8CALEYGE
00 S0 T=1NT
TFOT G LENTX)
IF{TLENTY)
TFOT G LENTZ)
CONTINUE
TFONCOMPOLY o NEEL Q)
TFANCOMPC2) e NE O
IFONCOMP O3 ) o NE Q2

TX(IDy=ALAGITX(IN)
TY(Dy=ALOGITY (1))
TZCDy=ALOGITZ (L))

CAlL.L
CALL

TAU=CONTH*XMITIF 12

TAU=ALOG(TAUD

INDEX=T0R

IFCIOR.GT3) INDEX=TFIX{(XM{IF2))

IFCINDEXEQ.4) GO TO 188

TFINEXTRA.EQ.462 GO TO 180

TFCINDEX EQe L) FeUPXKSPLINT(TAU AX e BX s DX e NTX» TX» VXD
TFCINDEXEQ.2) F=CPYASPLINT(TAUsAY yRY s DY e NTY» TY » VY)
TFCINDEX EQe3) F=CUFZASFLINT(TAUAZyBZyDZyNTZ e T V)
GO 70 190

ORTENTATION PARAMETERS OFTION HAS RBEEN CHOSEN

180

FXuUPXRGPLINT(TAU AX e BXs DX NTX» TX» VXD
FY=CPYRSPLINTOTAU s AY s BY s DY o NTY » TY » VY )
FZ=CPIkSPLINT(TAUyAZ s BZyDZ o NTZ v TZ V)
CEL=COS(RPARMS(4) )

SNI=EINCBFARMS (47 )

CER=DOG(RFARMS(E) )

GNZ=GIN{RPFARME(S) )

COEZ=CO8(RPFARMS (&)

ENIZ=SIN(BFARME (60

IFCINDEX.EQ.3) GO TO 185
FXP=FXkCSLIHENIR(~FZROCE2HFYHEND)
FYP=FYRCEL-SNIX(FZXCS2HFXKEND)
TFOINDEXEQ. 1) Fe=FXPROS3IHFYFRENI
FFOINDEX EQ.2) F=FYPROS3~-FXFHEN3

Fage

TRNST(CSPLNy YTMAX o YTMINsNTY » TY ¢ UY o MTID

CALL TRNSI(CSPLN ZTMAX e ZTMINNTZ s TZ o VZ o MTID

CALL SPLINLINTXsOr TX UXpAXsBX DX Qv PGP 5)
SPLINLINTY O TY s UY sy AYyRBY s DYy O FEs Py 5D
GPLINLINTZ O TZoVZvAZyRZeNZe 0o PEsF o B)

33

QQG044660
000044670
QOO044680
Q0004650
00004700
00004710
QO004730
00004730
DOO04740
QOOG4750
QO004760
O000A770
QOO04780
GOO04T790
GO004800
Q0004810
00004820
00004830
QOO04840
Q0004850
GO004860
00004870
00004880
20004890
Q0004900
Q0004910
Q000420
QO004930
00004940
00004950
Q00049460
Q0004970
Q0004980
GOQ0APRE
QOOOEOO0
QOG05010
QOOOE020
QOOO3E030
Q0005040
OOGOH050
QO00H060
QOQOHEO70
QOOOH0BO
QOGOE090
QO00E100
Q0005110
Q0005120
Q0005130
Q0005140
QOOO51E0
GOO0%1460
QOOOSE170
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GO TO 190
85 F=FZXCOL+ENTR (FXRCS2HFYREND)
GO TO 190

188 F=S5PLINTALOGOXMOIF » 1) e ARHO » BRHO » DRHO ¢ NRHO » AR » RHOAD

TIMAX=2

TF{IOR.GT.3) ITIMAX=3

0o 200 II=1leylIMAX
FRNT{LD)=XMOIF 11D

RETURN

ENT

SUBROUTINE MXYZ(RBZsHXsHY yHZ» TOR?

HXYZ CALCULATES
OF AN ELECTRIC

THREE COMPONENTS OF
DIFOLE AT THE ORIGIN

THE MAGNETIU
ANDN ORTENTED

FIELD
ALONG THE X-AXIS.
I0B=1 FOR HX ONLY
TOBR=2 FOR HY ONLY
TOR=3 FOR HZ ONLY
TOR=4y5 FOR MIXED COMFONENTS.
CALLS ZHANKS » SAVERsF3sF 4y TRS

COMPLEX F3eF4s ZHANKS » XXo YY vy ZZ o HX v HY s HZ » ONE » ZERO» TIKL » IKDIF v CR
COMMON/FARM/ISTERP « X Yo Ry SIGL s BNYR v M TOL
COMMON/MODEL /K DDy NLAYER

COMMON/THICK/TD

EXTERNAL F3sF4

REAL K10 e DRI NNP)

DOURLE PRECISION B8

DATA ONEZERDACL 000,00 (0.0v0,0)/
B=GQART (R2)
H ’ET\U

= f/(h“*h)

XHXAR2
SR=OMPLYX (R RD
IFEMEQ. L)Y GO TD 10
Ml =M

IWFZI F&z’I*

no 4 l"l.Ml
4 IOCI) =2 KD (L) /DEL
HX AND HY REQUIRE THE SAME TWD HANKEL TRANSFORMS
NEW:=1

IFCTOR.EQ. 3y GO TO &

GO0OE1BO
QOO0OE1LY0
QOO052040
QOO0E210
DOOOGR20
OOGO'MEQ
GO00H240
GOOOEZH0
QOO0H2&60
QOGOH270
DOO0B280
QO00EH2%0

QOQOE30N0
DOO0H310
Q0008320
GOO0EIZ0
GOO0H340
GOOOE3S0
GOONE3460
0005370
GOGOS3B0
GOGOHAY0
QOOO0S400
GOQ0541G
QO00H420
G0005430
OOQ05440
QOO0EA50
QOQOEAS0
QOO0S470
GOO0S480
GOO0H4Y0
QDOOGE00
QQOOSELO
Q0005520
GOQ0EE30
QOOOHEEA0
OOOOEES0
QOQ0EESL0
QOOOHE70
OOGOSLEG
00005590
QOODHS00
QOQO54610
QO00H&20
00005630
QO005640
QOOOH&S0
QO00E&40
OR00H670
OO00H&80
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NEW=0

FYY=ZHANKS CLo By F3yTOLvLWs 1)

CALL SAVERCLs 13

KE=ZHANKG (O v BeFA4» TOL v LW O}

HX=2 (2 RY Y/ B-XO0 R XRY / (DEL2RR2 )

MY (XR2-1 e YR2 o RXX/DEL2H2 KL o -2 kXRZIRYY/ (REDEL)

IFCTOB.LT3) GO TO 10
G HIZ=ZHANKS (Lo BeFA4 TOL s LW NEWIRCMPLX (2 OXBIXC 00D
10 R8=,.7071067811885400%R

CALCULATE THE MODIFIED BESSEL FUNCTIONS OF THE FIRST AND

SECOND KINDS FOR THE HX AND HY HALFSPACE RESFIONSES.

IFCIORWNE .3 Call IKS(REy TIK1» IKDIF)

ZZ=FERQ

IFCIOB.LT.3) GO TO 12

ZZ=0NE~ (ONEFCRFOMPLX (QEQ » 2EO¥RBR2/ZE0 ) YRUEXP (TR
ZE=ZEROCMPLXCOEGy ~3EORE/BED

SUBTRALT THE PRIMARY FIELD VALUES IF ISTERP = 1

12 IFCISTER.EQ.O0) GO TO 20
TFCIOR.EQ.3) GO TO 1S
IROTF=TRUTF~UMPLXCL Q0o Qa0
TIRL=TIRL~OMPFLACO. G 0. 0)
TFCTORGLT 3y GO TO 20

18 ZZ=2Z~UMPLX(Cy0.0)

20 HX=HX42 cHORYRIRDTF Z/ (R2%XR2)
HY=HY 42 e K (YRYRIRDIF/ZR2-TIR1Y/R2
HZ=HZ4+EZ
DENOM=12 56637062 BRRKIETER
HX=HX ATENOM
HY =HY A DENDM
HZ=HZ / DENOM
RETURN
END

COMPLEX FUNCTION FLTOIFLAGYF?

USER-DEFINED FUNCTION
IFLAG I8 A FARAMETER FAGSH
FARMS TFLLTXy IFLTY. OR IFLTZ
Frors THE FREQUENCY IN HERTZ

COMPLEX ONE
DATA ONE/CIEQ=QEQ)/
ITFCIFLAGLER.0) RETURN

EXAMPLE?  SINGLE-FOLE LOW FASS FILTER WHERE
IFLAG TS USED A5 THE CORNER FREQUENCY

S0 FROM MORLVTHXYZ VIa $INIT

Fase

38

OO00EE90
OOQQEZ00
GOOOE710
QOOOE720
HOOOEZ30
GOOOS740
OO00E7EH0
00005760
QOOOEZ70
QOO0E78O
QOOGHZR0
O000EBOO
QOOOEB1O
QOOOSHA0
QOO058306
DOOOEBA0
QOOOEBE0
00005860
QOOGEBZ0
QOOOLHBHO
QOOGEEY0
QOO0GHR00
OOGOEYIL0
GO00EP20
QOOOEP30
OOGOE940
QO00E2H0
OO00GEY60
QOOOER70
GO00EPBEG
GOOOSYY0
QOO04000
000046010
0000H020
QOOOL0GI0
00006040
00006050

QOQGLGE0
QOOGHOZ0
QOO0AGHO
GOO0L0Y0
00004100
QOO06LLO
QOO0SH120
QO00S130
Q0006140
QOO061EG
QOOGH1E0
QOD0&170
QOO061BO
Q0006190
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CF=IFLAGXS.283185
OMEGA=F%6.283185
FlL.T=0NE/CMPLX C-CF y OMEGA)
RETURN

END

SUBROUTINE TRNSTIC(FUNCy TMAX TMINNT» TV MTID
IF ISTER = O THE COSINE TRANGFORM OF THE REAL
FART OF FUNC I8 CALCULATED USING THE LAGGED
CONVOLUTION OFERATOR ZLAGFO TO YIELD THE
IMPULSE RESFUONSE .
IF ISTEF = 1 THE STEP RESPONSE IS CALCULATED AS
= THE INTEGRAL OVER TIME OF THE IMPULSE
RESFONSE IF MTD = 1
- THE SINE TRANSFORM OF THE REAL FART OF FUNC
DIVIDED BY THE FREQUENCY USING THE LAGGED
CONVOLUTION DFERATOR ZLAGFL TIF MTD = 2.

sokdokkk ZILAGEFO AND ZLAGFL FROM ANDERSON 1978 sokdokkok

10

DIMENSTON TC1003,V01002

EXTERNAL FUNC

COMPLEX FUNCyZLAGF O ZILAGF 1 » CON
COMMON/FARM/ZTSTEP s XX YY s Re STGLy BNYQ My TOL
NT=ATNT OO S48 %ALOGCTMAX/TMINI 4+ L
NTL=NT+H1

KO=aL0G (TMAXI+0 .2

Co=d, OE-7%3, 1415927

XI=CKkSTGELRRXR/ 2.

Cm=2 /7 (XTHI,1418927)

VO=y (L)

NEW=1

ISAV=TSTER

IFMTDEQ. 1Y ISTEFP=0

DO 2 Jd=1yNT

T=NTL~

KX Q-0 2%,

VTy=0.0

TOLY=EXF (XD

IFCISTEREQ. LY GO TO 3
CON=CRZLAGFO (X e FUNC» TOL » LW NEWX /AT (I
GO TO 4
CON=CRXTRZLAGF L CXy FUNCy TOL vy LW NEWY /T (LD
VD =REALCCOND

NEW=0

TGETEP=15AV
TFIMTIEQ. 2. OR.IGTEP.EQ.0Y GO TO 10
CAlL INTEGLINT»T»VsV0D

0O ¢ Is=1sNT

VT =0T r%XT

RETURN

END

Fade

36

Q0008200
000086210
00006220
00006230
00004240

Q000D&62H0
QOOQ6240
0006270
000046280
QOOGAK2R0
00006300
QOGGAH310
QOO0A320
QOO04330
QOGOH340
Q004350
QOO06360
Q0006370
O0004H3BO
DOQOLIYPH
00006400
QOGGHA10
DOOGH420
RO00HA30
00006440
GOO0&450
QO0GH460
Q0004470
GOQ0AHARG
GO00H490
QOQ0A500
GOO0LE10
GO006E20
GOOOAEIG
GOOGAGA0
GO00&6550
QOOGHE60
QO006E70
Q00GsEHO
QOOGLEY0
GO006600
QO00A610
GOOO6H2D
OGO0&63G
GO00&640
00006650
GOO0L64660
QO00&HHT70
00006680
QOO066P0
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SURROUTINE SCHSDG(STEL s XMAX » XMIN AR« RHOA » NRHO » TOL 2

COMPUTE SCHLUMRERGER APPARENT
LAGoED CONVOLUTION

DNIMENSTON AR2{L) RHOAL)
COMPLEX ZLAGHL » CMF
COMMONAMODEL/ZRKCLO) y INORM(P) « M
COMMONZTHICKAZD(S)

MUST TRANSFER MODEL FROM EM COMMON RLOCK:
TO DC COMMON RLOCK DOMDL .

MODEL »

COMMONARCMDLZ8TGCL0Y s DRC TP e NLYR » ITNDEX
EXTERNAL DOKERN

NERHO=ATNT (SEOXALOG (XMAX/XMINY 2 +2
NREHO L =NRHO+1
XO=ALOGIXMAX Y4025
NL. Y R=M
RHO1L=1EQ/G1G1
0o 10 Is=1isM
DROCCTy=0CT)
10 SIGII)=810G1kRKCT)

INDEX=0
NEW=1
CHMP=CMPLXCOEQ GEO)
00 20 J=1«NRHO
T=NRHOL -
XXz X000 o 2K
AR T ) =EXP (XX
AZ=EXF C2EORXX)
IF(M.EQ.L) GO TO 19
CMP=ZLAGHL (XXyDORKERNy TOL v LWy NEWY /AR2 (1)
1% RHOA CT y=RHOL+AZKREAL COMP)
20 NEW=0
RETURN
ENT

REAL FUNCTION SPLINT(T A«sRBsCoNe XY
SPLINE INTERFOLATION ROUTINE
ASEUMES PRIOR CaAlLL TO SPLINI
DIMENGTION ACLYsBCLI» QO o XL Y (1)
TFOT LT o X{L) OR T BT XINYY GO TO @
Nl==N-1
D01 I=1sN1
Ju=1
TFCT LT .X{T4+40) GO TO 2
1 CONTINUE
? GRLINT=0.0

IFCTL LT X{LY )y SPLINT=Y{1)

RESISTIVITY SOUNDING CURVE

Fade

USTNG

37

GOOOLT700
DOGO&7 10
QOO0&T720
Q00046730
QO006740

QOQGH7EDN

000046760
QOO0LT7 70
GOOOLTRO
Q00G&790
00004800
Q0006810
00006820
GO006B30
Q000HB40
Q0006850
POO06BAG
QO00H870
00006BEO
R00046BY0
000046900
00006910
QOG06Y20
DOO0EVID
DO006Y40
GO00EPE0
QOO06Y 0
GO00&P70
QOG0&HPEO
OO00&9Y0
0O0O7000
QOOO7010
DOOO7020
QOO07030
Q0007040
QOOO7OE0
Q0007060
GOOOZ0O70
Qoo07080

OOO070%0
GO007100
GOO07110
Q0007120
00007130
Q0007140
OOOOG7LEO
GOOO7 160
QOGO7170
QOOG7LEO
0O0071%0
00007200
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RETURN

Z=T-X(.h)

SPLINT=Y {0 H 00O *ZAR D IRIHA T 2 %E
RETURN

ENTI

COMPLEX FUNCTION DURKERN(AMEDA

RESISTIVITY KERNEL FUNCTION CALLED RY SCHEDG

FOR INDEX = 0 RETURNS (KERNELFOIF W/R RHOMM))
WHERE FRIF = FARTIAL DERIVATIVE
FOR INDEX = I RETURNS (PFDIF KERMNEL W/7FR D{L)e
FOIF KERNEL W/R RHOCIY)
M=12x0

ALGORITHM FOR FARTIALS FROMS

JOHANSENy HeRKew

FROGRAMMED RY JIKAUAHIKAUA» USGSy DENVERe COLO»

DIGPLAY-TERMIMAL SYSTEM FOR &
GEOFHYSICAL PROSGFECTING, 231 449458,

1977,

COMMONZDCMOL ZSTG L)Y » DDy o My TNDEX
REAL LMeLN»L2

FETG=0EQ

Ph=0E(

L= M

EN=(LEG-EY /A CLEOHED
DENOM=8TGLY+STE (L L ) KL MKEN
TFOLLEQ.2) L2=LM

TFULEQ.2) El=EN

LN=(STE (LI HLMESTG (L ENY Z/DENOM

1975y AN INTERACTIVE COMPUTER GRAFPHICS-
STIVITY

Fase

g

QOOOZ210
QQOO7220
OO007230
QOGO7240
QOO07RG0

GOOO7260
QOOOF270
OOOO7280
QOOG7290
00007300
QOO07310
QOOO73I20
QOQ07330
OO007340
QOGO7350
000073460
QOO07370

SOUNDINGOOQO7380

TFOINDEXHL LT oMo AND L2 EQ INDEXY PEIG=(1EO-ENKLNI¥LMADENUIM

TFOINDEX~L1)Y 19913014
PELG ( (EN-LNY+HCLEO-ENXLNYXETGCLLYRPETEY /ADENDM

FO={LEOFENIRCSTE L) ~LNKLMES TGO L L)Y 3% 2EOKAMBIAKE / (DENOMK CLEGHE D )

GO TO 15
X (LEQ-

LM=l N

TFOLL.GT.1) GO TD 10
ITFCOINDEX.GT.0 GO TO 20
FlLL=L2KCLEG-ELLM) XAMBIA/DENDOM
LM=AMEDAK LM~ 1EQ)
DOKERN=CMPLA (LM FL.1)

RETURN

QOQO73%0
GQ007400
QOOO7410
QOOO7420
Q0007430
GOO07440
QOOO7450
QOO074860
QOO07470
QOOO74B0
Q0007490
OOOO7EOD
QOOO7ELO
QOOG7320
GORO7E30
GOOO7540
GOOO7EE0
QOO07550
GOOO7570
QOGO7580
Q0007590
DO007400
QOOO7610
QOO0F&E20
QOO07 630
QOQ07540
QOO07850
Q00074660
QOOG7470
000074680
POOO7490
OOOOZ700
OOO07710
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20 DCRKERN=CMPLACAMBDAXPDy AMBIAXFPSTGE)
RETURN
ELNTI

COMPLEX FUNCTION COPLNORT)
CURIC SPLINE INTERFOLATION ROUTINE
RETURNS A& COMPLEX RESULT (IMAG PART = 0)
CaALLED WITH TRNST BY FTHXYZ
ASSUMES PREVIOUS Call. TO SPLINI

TW USED a8 FLAG (SET RY CALLING ROUTINESZ
TW=1l — USE AXe BXy AND CX TO INTERPOLATE &

- X

W

PW=2 -~ USE AYy RBYe AND CY TO INTERFOLATE
TW=3 - USE AZsy BZy AND CZ TO INTERFOLATE

S
$
I

;

-

faaN]

?

COMMON/GPLAYZ/ZAXKCL00 p BXLLO0) y CXCLOOY e AY(LOOI s BY CLOGY » CY CLO0) »
L AZloM »BZCIVOIyCECLOOY o NEyROLGO y EPXCLO0Y s SPY (L0 o BFZCL00Y v TW

NOTE THAT THE FUNCTION BEING SPLINED IS A FUNCTION
OF BOY = ALOG{R)

T=ALOGLO(RT)
TFOTLTBOLY OR.TGT.BINEYY GO TO 20
Nl=NE-1
DO 10 I=1eN1
J=1
PFOTLT.BOIELYY GO TO 30
16 CONTINUE
20 C8=0.0
TFOT.GE..BCLY)Y GO TO 2%
TFOIW.EQ. 1) CHE=5FX{1)
TFOTW.EQ.2) Co=5FYCL)
ITFOIW.EQ.3) C8=8FZ(1)
25 CEPLN=CMPLXICS:0.0)
RETURN
30 Z=T-R{D
TFCTW.ER. L) CO=8RX{ N+ U ZHEX (I IRIHAX ) I %E
TFCTWLEQ.2Y CO8=8PY (I CY (R ZIRY (2 4Z4+AY (1) 2 %E
IFCTWEQR.3) CB=58PZ{ 0+ (L2 RELRZ (D IRZHAZ (1 2 %2
CHPLN=CMPLYX (DS 0.0
RETURN
END

COMPLEX FUNCTTION FINHX(R)

HX FIELD OF FINITE ELECTRIC WIRE
COMMON/PARM/ZISTEP »AL» A2 AZ v A4 BNYRy AF v A6
COMMON/FINZRL e R2sRel o SIGLe Xy Y
COMMON/THICK/TI(9)
COMMON/MODEL/ZRKCLOY y DR o M
REAL Ly K
DOURLE FRECISION RE8
COMPLEX F31,F32yT1KL

QOOO7720
GOO0O7730
ROOG7740

QOOO7750
QOO07740
OGOOZ770
QOOO7780
Q0007790
QO007800
RO007810
DO00FRI0
QOOO7BI0
QOQ07840
QOOO7850
GOOG7RA4G
Q0007870
GOOO78B0
QOOO7EP0
QGOOPRO0
QOOOTFILG
QOQO7920
GOOO79I0
GOOOYP40
QORO725H0
GOQOZPE0
GOOGT70
GOO07e80
Q0007990
Q0008000
OGOORGLIG
HOOORBOZ0
COO08030
Goo08040
HO0080O50
QOO0BO&O
Q0008070
o0008080
GOGO80%0
00008100
QOO08B110
GOO081L20

QOOORL3I0
QOO0BL40
00008150
OO0GHILA0
00008170
Q0008180
00008190
QO008200
00008210
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SR=SRRT (R
FINHX=UMPLXC(O. 020,00
TFCBRLGTBNYQ)Y RETURN
DEL=R/GR
IF(M.EQ.1) GO
Bi=R1/70EL
B2=R2/DEL
Ml=M~1

0ol I=1+M1
DRCT y=2, %001 ) ADEL

CAll, FINF3(BLyRBIFILF32)
FINHX=CMPLX(L, ZUEL» Q. QIR (FIL/RL-F32/RE)

™D 12

12 BB=0,707106781186547500/EL

FINHX=FINHXH(DIRL (BEXR1) ZRLHR2-TIRKL (BEBXRE) AR2%KI)
FINHX=-FITNHXKOMPLX(Y /76, 2838153,0.0)

RETURN

ENID

COMPLEX FUNCTION FINHY (R

FINITE ELECTRIC WIRE

IN COMMON RLLOCK PAGSY

EXTERNAL ZHY
COMMON/FIN/RLyRZyReyLeSIGL»XeY
COMMON/CONST/DEL » DEL2 ¢ 2
COMMON/FASS/FINHX
COMMON/FARM/ISTEF »AL» A2y AZ v A4y BNYR s M AS
COMPLEX FINITEF3LeFI2eFINHXy e TIRKL»IKL » IK2
DOUEBLE PRECISTON B8

REAL L

SR=GQRT {8}

FINHX=CUMPLX{0.0:0,0)
FINHY=CMFLX{0.0+0.00

TF{OR.0T BNYQ)Y RETURN

DEL=R/GR

DEL Z2=TELADEL

FINHY=FINITE(ZHY »B)

IF(MEQ. 1) GO TO 10

Bl=R1/1EL

BE=R2/DEL

CALL FINFI(R1B2.F31yF32)

FEIMHY=FINHY - C LI RF 3L AR L~ OX-L Y RFI2/AR2YAOMPLXCL . ATEL » 0. 0D

10 BE=0.7071067811846547500/1EL

RiZ2=R1IkR1
R2Z=R2KR2
IRL=TIRL(RB¥REIY/RL2
ITR2=T 1K1 (REXR2Y A R22
REMOVE FRIMARY FIELD IF ISTEP=]
TFOISTEPJEQ.1)Y IKI=IRK1I-UMPLACQ. S/ R12¢0.07
TFCLSTEREQ. L)Y IRZ2=IRZ2-CMFLA{(QO. 85 7R22:0.0)
FINHY == FINHY - (XL Y R TR L~ (X =LY R IRZ Y pOMPLX L . 76, 28318530
GO TO 20
T 18

IFiMEQ. L) GO

Fade

o (33

40

00008220
QO008230
Q008240
GOO0B250
DO0G0B260
DOOORIZH
QoOOR2ARG
QO00BRY0
QOGOR3I0G0
00008310
QOGOBI20
00008330
GOO0H340
OOO0B3E0
QOO0BIA0
COO08370
GoooR3IBO

QOGOBIY0
0008400
GOO0B410
OOO0B420
QOOORAZD
00008440
QOOOR4E0
QOGOE44L0
GO008B470
GOO084B0
000084%0
Q0008500
QOO08ELO
QQGOBL20
OO0ORBE30D
QOQOB540
DO00BEE0
Q0085460
Q0008570
00008580
GQOORGY0
Q008400
GO00B&LLD
0QO0RA20
QOOGRL30
QOO0BL40
GOOOBED
QOOOBLGD
QOGORS70
GO00ELBO
00008490
GOOOBZO0
QOLOBYLO
OOO0B720
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FINHE=(F3L/RI-F32/RZIKCHPLECL /ADEL » Q0

FIMHX = CFINHXF CIRL-TRZD IKOMPLX (Y 76 2B318E3 0. 00
IFCISTER.EQ. O GO TO 30

FINHY=FINHY/R

FINHX=FINHX/8

RETURN

END

COMPLEX FUNCTION FINHZOR)

FIELD OF FINITE ELECTRIC WIRE

COMPLEX FINITE

EXTERNAL ZHZ
COMMON/PARMAISTER vAL v A2« A3 v A4 BNY Qe Mrad
COMMONAFIN/RLeRZ s ReRL o STGL o X0 Y
SER=SRRT R

FINHZ=CHPLX (O 000,07

TF(BR.GT.BNYQY RETURN
FINHZ=FINITE(ZHZ s BIKCMPLEX Y ZL2,.586370600,0)
IFCISTEPEQ. LY FINHZ=FINHZ R

RETURN

ENT

COMPLEX FUNCTION F3{G

COMPLEX VIieF1eCrONE

DATA ONE/CL.000.027

CAall RECURS{G»VLeF1)

=0

F3= (UIROKCONE-F L) 2/ CCCHVIRF LR CHUL )
RETURN

END

COMPLEX FUNCTION F4{0G)

COMPLEX V1eF1leCeONE

DATA ONE/(1.020,02/

CalL RECURS(GsVI«F1)

C=0
Fa=(VLRCKREKCONE-F 1)) ZACCHVIRF L YR (CHVL YD
RETURN

END

SURROUTINE RECURS{GVLF1)
RECURS ALGORITHM FROM ANDERSONCL974)

COMPLEX CeyUMe VL FLyEVDsONEST
REAL K10 1193
COMMON/MODEL /Ky THe M

DATA ONEZ(L.020.02/

F1=0ME

GRe=0%G
UM=CORRTOOMPLX (G2 2. ORKN (M) 2D
TFIMLEQ. LY GO TO 30

Fadge

41

QOGGE730
GOO08740
QOOORZE0
OOOGHEZ760
QOOOBYYO
GOOOB7EL
GOo08790

GOGORBOG
QOO0BE10
QOO0BBRO
GOOOEB30
QOOGEB40
QOOOERE0
GOGOBRED
QGOOBBZO
olelelelziztote
0o00use?0o
elelelelzhgele)
GoO0EPI1LO
GLOGBY30

QOO0BY AN
OooORY40
QOGOEYED
00008960
GoOOae /o
QoaoRY8O
Qo080
GOOOP000

QOGOYOL0
QOOORO20
QOOOROARG
QOO0PGH0
QOGOR050
Q009060
QOOOPO70
QOGOROH0

QOOOROP0
GOOOPI00
OO009110
QOOOPIL20
QOOOY L0
GOO0%140
QOOOYLE0
QOAOYLA0
QOOGOIL70
Q0007180
GOOOP1L90
QOOHOPZ00
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30
40

COMPUTE

By

AUTOMATIC INTEGRATION BY SUER
TFINITE?
FCANGA

Multiocs
Frosgram

VI9=C8ART (OMPLYXCG2, 2. 0XK I 3D
EVDE=-U1 ki D

LU= CEXP (EVDD

VI S CONEAEVID

T=UMkF 1
Fls=(TH01kCr /A VIHTRE

TFCAERQ. LY GO TO 40
NN B ]

UM=]

GO TO

Vl=UM

RETURN
E N

10

SUBROUTINE FINFZ(ELeB2sF31sF32)
COMMON/F INERFR/TOL » Ty IT Ny NEUs MEU s ESy LW
COMPLEX F31yF32y ZHANKS S

EXTERNAL F3
F31sZHANKS CLy BLsF3y TOL LWy 1)
TF(BLGEQBZ) GO TO 10
F32=ZHANKS (Lo B2 F3y TOLyLWs 1)

RETURN

F3p=F3]

RETURN

ENI

COMPLEX FUNCTION FINITECFUNCyRBFIND
FINITE INTEGRAL OVER (-Lyl> OF
LAG-CONVOLUTION AND QUINTIC SFLINE
‘CANCY .
Calls “FUNGY CZLAGHL
(WHICH CALLS

(WHICH CALLS
CFUNINT S AND

FARAMETERS $

FUNE =

BFIN =

COMMON

HARKTOL. =

FINTOL =

INTYPE =
MNFIN =

EXTERNAL DECLARED COMPLEX FUNCTION
FUNCTION WITH CALLING SEQZ
Bo= ANY IND. NO.

NEW = 1 FIRST TIME
Feo= BXDEL FOR ANY R
FIXED IND. N{O. FOR

O OTHERWISE
Or DEL
THE FINITE
FARMAMETERS (INFUTY REQUIRED:Z
REQUESTED
UBE
ReEQUESTED

HARTOL e LE 1 E-6REFEy
FINITE INTEGRAL (CANC4)D
v EF=ACTUAL
INTEGRATION TYFE FOR CANCY
1-FASS ZLAGy =2
NFIN.GT.1 TARKES

NOTE 2

CAROINT )

FUNC(BsNEWsR) »

(REF:
{(SKIN DEPTHY .
INTEGRAL

{NORMALLYy
FOR 2-PAGSs

INFIN TIMESS

NDocumentation
MRLVTHXYZ

(IR

¢

DEFINING

ZLAEHL

ZLAGHO 3y

THE

WHERE

(R

HANKEL TRANSFORM (ZLAGY TOLERANTE .
Gy EPS=40TUAL HANKEL

REL «

TOLERANCE .

FINITE RE
INTYF

ETO.
AS LONG

£

&

fraeid

T0 R

aote

COMPLEX FIELD FUNCTION
INTERFOLATION PRIOR

D

CQRUINT 7 »

DIFOLE

ZLAGHe)

(BFIN.GT.02.

ERROR .

RRQOR .
Or 40 .

UMy BUT

FIELD

QOOOw210
GOO09R20
GO0OP230
Q0009240
QOOGP2E0
QOOOP2460
QO00P270
QaO0P280
QOOOP2%0
QOOOYI00
GQO0P310
DOO0P320
QOOOP330
QOOOY3I40

GO0093E0
QOO0PIL0
OOOO370
OR00Y380
GOQ09390
QO00P400
0G00%410
OO0GR420
QOQOP430
QOQ0440
QOO0PA50

00002460
QOOCR470
QOOGR4AB0O
GOGOP490
QOO0YE00
QOOOPSI10
Q009520
QOO09E30
QOGOPEHA0
GOO0PEEQ
GOOOPHEALD
QOOOGPEZ0
COQO9ER0
OGROYEYO
OQ30Y400
GGOOPL10
QOOGRL20
GOO0PA30
GoO094640
QOO0YAE(
GOOORAa60
QQGORE70
GOGOP4680
GOGOP&4R0
QOO09700



]

I B B s T s B et T 4
L4 R A A A R N A

g g,
LA

G

MEV

R

[

f

neey =
K10y =

M

1
l‘)

x

0

ISTZE

Multics Documerntation
Frogram MOLVTHXYZ

WILL GIVE
= MAX . FUNCT
MAX SPACING FROM WIRE
s BART COXEHL Y RR2HYYRYY )
= MIN GPACING FROM WIRE
= GORRT OO L RREHEYYRYY)
: GPACING FROM WIRE CENT
s GRRT (XXEXXEYYRYY)D
THICKNESS OF M-LAYERS

ADTTITIONAL A

if

FOR I=1sM

= NO. LAYERS IN MODEL

CCURACY »
ENT
END
ER

IN MODEL .

IF

TO RECEIVER POINT

TO RECEIVER FOINT

{METERS)

CONTIICTIVITY RATIO SIGIIA8TG0L)

MEFTETD .
EUAL"S FOR CANCS (NORMALLY MEVZZ00)

TO RECEIVER POINT

Fase

(XX YYD
(AXvy YYD

(XXsYY)

COMMONZF IMERRAHARTOL y FINTOL » INTYPE o NFINe NEV s MEV o ESUM» LW
COMMON/SPLNBOFTIR(BO) v ARCBO I  BROBOI »CR(BO) » IR{BOY s ER(BO Y »
& FOIC80»AT80»BI(BO»CLI (B »UT(BOI»ETCHOY vy RLMLy DELRLMy NE

COMMONAFINARLoRZyROp Ly SIGL» X
COMMON/THICKADICS)
COMMONAMODEL/RCLOY s DTI(P Y # M
COMMON/CONST/DEL » DELZ2 - Z20ELZ
REAL LK

v Y

COMPLEX FUNC»ESUMeFRyFUNINTyCANCA Z2DELS

EXTERNAL FUNINT

I8 THE MaXIMUuM POSSIRLE
DaATa ISIZEA80/

DEL=ROSSORT (BTN
DEL2=DELXDEL
Z2DELZ=CMPLX O Qe 2, A CDELZ2RDE
Ml=pM~1

o1 I==1eMi
DRy =2 DL AUEL
BMAX=R1TTEL

BMIN=R2/DEL

TFOXLE L)Y BMIN=Y/DEL
NEB=ATNT (G XALOGIBMAX/BMIND )+
ME=MAX (NEy 3
XO=ALOGIBEMINI +NEXO, 2
ME=NE43

MRMAX=1STIE/NR

TFONFINGLE .NRMAX) GO TO 3
TF{NRMAXGT. 0.0 GO TO 2
FRINTy ‘ERROR IN FINITES
ST0F

NF T N=NRMAX

FRINTy “ERROR IN FINITES:
DELRLM= . 2/FLOAT INFINY
XQauX0-DELRLM

DO 5 ITIME=ILNFIN

MNEW=:1

X=X 0+ DELRLM

Do o5 J=leNR

T (NEAL Y~

NUMBER OF

L3

oy
an

INGUFFICTENT SFLINE

NFIN TOO LARGE

NOTHES

TN QUINTIC

RESET TO

MOLIES -

fyNFIN

43

OOO09710
QOO0F7F2R0
QOOOY7I0
GO0OP740
GOOOYZHE0
DOOOY760
QOOOYI 70
GOO0Y780
GOOOP7R0
GO00PYG0
Q0009810
QOGOPR2Z0
QOO0PBIE0
GOOOPE40
Q000850
GGO09860
QOOOHPHETO
GOO0YEB0
QOOOYEY0O
GOOORY00
GOOOYYLO
QOOORPE0
QQOOYIIE0
00O 40
QOGOPPE0
DOQGYI&EH
OOOORYP70
OQO0PPEO
GOOOYIRH
GOoL0G00
00010010
QOGLO0Z0
QOO10030
QOOLG040
Q0010050
00010060
ROOLOG70
QQO10GHO
DOOLOGYO
QGO1LG100
QOOL0LI0
QOGIO120
OOG1LO130
QOG10140
00010140
QOOL0170
GOQ10180
QOOL01Y0
QGOLOZ00
GOOL0210
QOOLOI20
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TaaNFIN®KCT~ L)+ ITIME

X=X 00 2%

BiM=EXP (XX

FMe=BMaDEL

TFCLEQ. 1Y RLMI=ALOG{RM)

FR=FUNG M NEW RM)

FORCD Y =REAL (FIND

FOLLy=ATMAGIFT

NE W=

NE=NFTNKMNE

Call. QUINT(NByFOR AR BRyCRy DR ERD

Call QUINT(NBsFROIsATBI O DI EDD

TFOX. LTy G0 TO 8

FINITE=CANCA (X ~L o X+HL e FINTOL o NEV» INTYPE  FUNINT » MEV» EGUMD
GO TO 10

FINITE=2.kCANCA (O v ARSIX LY v FINTOL e NEVy INTYPE » FUNINT » MEV 2 EGUM)
TFOXEQ.Q.0) GO TO 10
FINITE=FINITEFCANCA CARS (XL ) o XHL o FINTOL o NEV e INTYFE s FUNIMNT » MEV »
& ESUMD

RETURN

BN

COMPLEX FUNCTIOM ZHY{BeNEWys R
COMPLEY ZLAGHO» 2« TIKL s IKDTF
DOURLE FRECISION R8
EXTERNAL F4
COMMON/APARM/TETEF AL 0243 A4 ATy M TOL
COMMON/CONST/DEL »DEL 2 2
ZHY=CMPLXCO0p 000
IF(M.EQ.1) GO TO 2
ZHY =ZLAGHO (ALOGCRY s FAy TOL v LW NEW) 7R
B8=0.707104678118465400XKE
Call, TRS{BG, TIKL TRTITF)
IFCISTER EQ.0 GO TO 5

REMOVE THE PRIMARY FIELD IF
TIRL=TIRL~-CMPLEC(O 52000
TROIF=IRDIF-CMPLX (1. 020.0)
ZHY=ZHYROMPLXCL s ZDELZ2» 0 O~ CERDIF -2k TIRL » ARKKD
FETURN
END

ISTER=1

COMPLEX FUNCTION ZHZ(ByNEWs R

COMPLEX ZLAGHL s HAF » ONE» Z

EXTERNAL F4

COMMONAFPARMATISTER v AL A2 A3y A4 AT M TOL
COMMON/CONGT/DEL » DEL S Z

DATA ONEA(L.0:0.0)7

ZHZ=UMPLAXCG. 00 (.00

IFiM.EQ Ly GO TGO 2

IHZ=ZLAGHL (ALUGCRY o FA» TOL v LW e NEWIROMPLX (2 A ORBAREDELZ)Y v 0,0

ZHEZ=ZHZ~HAFROMPLE O O 3o /A TRORZRERE ) )

Fadgse 44

QOGLOZ30
Q001240
GOOLO2EO

GR010280
QO0102%0
QOQL0300
QOO10310
QOOLO320
QOOLO3IZ0
QOGLG34G
QOOLO3EEG
0O010340
GOO10370
GO01G380
Q0010390
00010400
G00G10410
QOO1L0420
QOOL0430

HO010440
GOOLO450
Q0010460
QGOL0470
GGO10480
00GLOA%0
QOG10300
00010510
QOOLOE20
QOQLOEAD
QO01LGE40
QOQLOSE0
GOOLOE&0
Q010570
QOO1LO5EBO
QOOLOEP0
QO0LGH00
G00104610

QOOLGa20
00104630
Q0010640
QOOL0650
Q00104660
QOQLO&70
0G0104680
Q0010490
GOOLOZ00
QGOLO710
QOOLO720
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Frograem MOBLUVTHXYZ

REMOVE THE
TFCTSTER.EQ. 1)
RETURN
E-NT

FRIMARY FIELD IF ISTEP=1
ZHZ=ZHT~OMPLX L ZRNREy 0. 00

COMPLEX FUNCTION FUNINT OO
INTERPOLATION BY QUINTIC
Call. 7O 7QPOINT -y WHEI THE QUINTIL GRLINE
COEFFICTENTS ARYBRyCRoDRsERy AL BILCI DIET
FREVIOUSLY ORTAINED BY SURR QUINT.

SRLINE VIA

WERE

DIMENSTON SR80 «ARBOI yBROBO) yCRIBOY yDRCBOI s ER (8O »

2SI ARy BIBOGICTIBO DT8O ELI (B
COMMON/SPLNBO/GR ARy EBR> DRy DRy ERySL v ATy BRI O DT v ET e RLML » DELRLM » ML
COMMON/FIN/RLyRZ RO« XL e BTG s XXo Y

Ra=alOG (SART (OXRXEYXY ) )

Call QPOINTINLy SRy AR BRy CRo TRy ERy RLML «DELRLM s Re YR

Call, QFOINTNLSLeATBICTe DT ETy RLMI v DELRLMyRy Y1)
FUNINT=CMPLXCYR Y1)

RETURMN

ENT

COMPLEY FUNCTION TIKLORS)

MODITFIED BESSEL FUNCTION PRODUCT
FARAMETERS

B = DOURLE
TIRL = TLMKI

TLERL FOR

FRECISION ARGUMENT
COMPLEX RESULT

(=RAN80RT (2. 000 HERED

SUBR KELVIN CaALLED AND D.F. USED BEFORE UMPLX"ING
COMPLEX Z 22 TERMI
DOURLE FRECISION BES«eBRBOS) Q1,02
IF{RB.GT.20:,000) GO TO 1
CALL KELVIN(BB8RBE)
Ql=-BROSIKBRIBIIBEB(EORBROY)
Q2= BROSIKBEGIHBROSIKRRR(T)
TIRI=CMPLYXCENGL QL)Y e SNGL CRZ2 YD
RETURN

1 B=0.70710678%8NGL (RE)
Z=OMPLACRY B
[N
AL IS Vi VA
TERML=OMPFLXCL 00000
TIRKL=TERMI

2 K=RK+2
COMm=~KATZ2IHR+13)
TERMLI=TERMIKCOMX (4 ¥R}
TIWi=TIK1+TERMIL
TFCCABSCTERMI) ACABRS(TIRLY (GT 1 E—-é&)
TIKLI=TIRLA (2. %)
RETURN:
EM I

(5]

00G1LO730
GR010740
OOGLO750
QOQLO740

QROLGZ70
QOO10780
QOGLO790
OOOLOBOO
D0010810
OO010820
GGO10830
QQO10840
QOOLO850
GO010840
GO010870
OG010880
G00108%0
GOGLOYO0
Q0010910
Q0010920

OOGLOP30
GOOL0940
DOO10PE0
Ga010960
GOQLOY70
QOOLOPEO
OOO10990
GOOLIO0D
QOGLLO1G
GO0LLGEG
GOGLLIO30
QOOLLIGAD
GO01105G
QOOLLOAD
GO0LLG70
Q0011080
OGOLLGRG
QOOLLL00
00011110
QOOL1L120
OO011130
00011140
OO011150
QOOL1I1460
QOOLLL7O
OO0111I8O
QOOLLIRO
GOOLL200
0G011210
OOO11220
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BUBRDUTINE SPLINL(MeHeX o Yo Ae By CrITo NP oS0

ONE. DIMENSTONAL CURIC SPLINE COEFFICIENT DETERMINATION.

BY  W.l . .ANDERSONy GEOLAGICAL SURVEY s DENVER. COLORADD

Uefe

liin £ H M s; ........... M P

H

NUMBER OF DaTa POINTS LGT. 2

EQUAL INTERVAL OFTION WHEN H.GT.0. (USE DUMMY X HERED»
UNEGRUAL INTERVALS IF H=0. (X REQUIRED STORAGE)
Xz INDEF , VAR WHEN H=0, (OIM LGE. M),

Y= DEFENDENT VARIARLE  (DIM GE. M),

A Be C=COEFF s ARRAYE (EACH DIM GE. M)

RESULTS ARE RETURNED IN 15T(M-1) ELEMENTS OF
ALSD USED A5 WORK aARRAYS DURING EXECUTION.
TYPE QF BOUNDARY CONDITION SUPFLIED IN I ARRAY.
IT=1 TF 187 DERIVATIVES GIVEN AT END FOINTE: OR

IT=0 TF 2ND DERIVATIVES GIVEN AT END FOINTS.
D= BOUNDARY ARRAY (DIM 2 AT POINT 1 AND M RESFECTIVELY.
Frofi= WORK ARRAYS (EADH DIM=pM).
ERROR RETURN WITH M=-(aRBS{M)) IF ANY PFaRM QUT OF RANGE.
THE RESULTING CURIC SPLINE I8 OF THE FORM?
AEAAOPELIGRE IS COEEDDES IS BE SO EIASRDE + HEINGIDE LIS CHSEDBE ¢ 3
FOR T=ledveesevM-l

Ay By &0,

ITe UGk

REAL%XG XLy Y (L) eAadl) e BOLY» OOl o D239 POy o 501y e MUL
TFCIT LT 0o ORIToGT o Lo ORH LTG0 ORM LT3 GO TO 99¢
Na==M-
TFOIT . EG. 00
RIVATIVE
TFOHD
GRFACING H
I HH=3,0/H
00 2 T=1sNE
BOTi=4,0
GOl a=1,0
ACLY=1,0
A PODys=HHRK Y CDH2Y Y (T2
FOLys=Pol)-ndl)
FONE Yy ONE Y -DE2)

GO TO 20
BOUNDARIES GIVEN

PP llsl

oGTs O, AND IT=1

x
v

TOM OF TRIDIAGONAL
Ly=0(10 7000
LrysP(Las/BOL)Y
N0 4 JT=2enNE
MUL=1 0/ {RB{I)-ACT I kECT-1
CODy=MULXT D)
4 FODr=MULR(P (LY ~ACT )R CT~10 )
COEFFICIENTS
AONEFTT y=F (NED
TeNE-1
S OACIHITY=P -Gl kAaIHITHL)

LT MATRIX EQ. OF OQROER NE
&0
=

00011230
OO011240
QOGLI250
Q0011260
QQaL1I270
GO011280
00011290
QOGLLII00
00011310
0011320
Q0011330
OO011340
QOOLLIE0
00011340
GOOL13E70
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