8/30/78% - Errava » "Documentation of & Finite £iament Program for Solution
gt Geophysical Problems Governea by Cho Inhomogeneous
2-0 Scalar Helmholtz Egquation® by John A, Stodt

Page 2 - Table I

Froblan . .
TH-MT p ==y spould read p ez
Line Source 5 = Io{x)6{z) should vead S = 1&{x)s{z)

Page 3 - The sscond sentence should be replaced by "My or all of
0. 1,y and e, may be considered piecewise constant functions
of nosition, with suitable modifications to the input. The
program is currently set up for conductivity variation.”
Page 4 -~ Paragraph 2

The statement "The Greenfield algorithm (see e.g. Swift, 1967 -
Appendix 3) 1s then used to solve the linear systew of equations,
should be replaced by "A modification of Gaussian elimination
appitcable to the solution of symmetric banded systems (see

ook, 1874, p. 47} is then used Lo solve the Tinsar system of
equations,’. The actual method tmplemented in this progranm

aoes not make use of Greenfield's Tactorization scheme,

L]

Referenca:  Cook, Rebert D, 1974, Concepts and Applications
of Finite Elemwent Analysis. John Wiley and Sons, Inc,.
New York, 407 p.

8§ - Figure 4

The node numbering Tor the quadrilatoral element is inconsistent with
the giobhal nunbering scheme described in figure 2. Note this cor-
vection and the correction to the form of the coefticient matrix

in the revised figure 4.

Fage |

Page 20 - Figure 5

Rows 3 and 4 and Colusns 3 and 4 of the 5 x 5 matvrix must be inter-
changed to make 1t compatible with the corrected node numbering
scheme of figure 4, Mote alse the modification Lo the reduced

& x 4 matrix,

Page 25 - After re-examining the auxiliary field calculations for the
T mode probiem, 1 see no reason to include the one or two
node air dayer for this problem as lowng as the derivatives sre
caloulated one node below the aiy earth-interiace. One can
experimant with this by setting Mi=0 for no air Tayer,

Frogram Tisting - [ have discoverad an error in the program listing
in the section where the alement mairices are losded into the
glebal mateix,  The programming erior witl not aifect results
Trom the progvram untess different conductivities are specified
in tefangles 1 and 3 of the quadrilateral element of figure 4.
Tirts would neouy. for oxawple, i ane were Urying to model a

.

sloping interfacs. Corrections to the code ave required on



pages 37 and 41 of the Tisting., These corrected pages are
provided, with the corrvected lines of code highlighted., Sampie
runs for a sloping conlact for both the TE and T™ magnetotel-
Turic prob?ﬂms are included from both thp uncnrrected and cor-
rected versions of the program.
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WE WISH TO MINIMIZE IN SOME
SENSE THE ERROR ¢ .
Neey = {(NEEdxdz = O
N n=i,jk
CARRYING QUT THE INTEGRATIONS:

rﬂ.ﬂ, 2 2 . ‘B.e . P E;
i[wT ' Pac? BB CC; BB CrC, P 211 IE ~ 2i_
7S

157225 8% ¢)7 %a:cjzk +_E§ ? 2 ? J
B o 112 ff"k S

-

| 3

| T’S MORE EFFICIENT T’ DY P
TO DEAL WITH 52 (2) \;Su (4) j
2

QUADRALATERAL FLEMENTS ;lei;mjﬁa)w'; ’

A X e ]

THE COEFFICIENT e e e g o™

MATRIX FOR THIS |1 B‘g?? _

AC - - : o ! o

HAS THE FORM i EK%K%
[ IS

Figure 4, Hetrix equations associated with & trisnogular clement;
formation of guadrilateral element and associated matrix
paus tion from combination of four triangular elements,
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iatie condensation Lo veduce this patrix to a 4 X a,

Figure 5,



37

Appendix 111 - Program Listing

SIWOTSPRLSL (1) ,MAINTE

oL 0o 7 & N b

1y

he
e P¥]
L
]

[
P i

G

THIS PROGHRAM SOLYES THE TwWO DIMENSIONAL LINE SouUkCE abb TE ak
FAGNETOTALLURIC PRDBLEM ACCORDING TO WHETHER THp LNPUT PARAME
1DXS1le2s OH 3. THE FINITE ELEMENT METHOD 16 USEp wITH LINEAR
BASIS FURCTIONS, MKS UHLTS AMD EXP{suwT) TIME pEPENDENCE IS
ASSUMED . THE + COORDINATE DIRECTIONS FOR THE L,5. aAND TE PROG
ARE K-NORTH, Y=EAST: 2-UQWN. FOR THE TH PROBLEM THEY ARE X-£i!
TebOUTH: £ep0lN, THE STRIKE DIRECTION IS ASSUMED NeS%, THE ORD
IS5 AT THE LEFT EDGE OF THE MESH AT THE AIR=ECARYTH INTERFACE,

PARAMETER IP12d1,iPU=B0, IF6230

Gy IPEIPIe P, IPIzIFPL+ 2 [PE22% 1P

HARAMETER MLAYR:Z '

FAHAMETER ML YRZMLATR«LiNKoHLAYR®L ; MO IMs2eNLATVE

COMPLER CK(%}-CP!q};cKlE,CKlJeCKluuCK25pCK?%rtksqfcplafCPESaﬁ

s BB LH G P23 a1 212, A3, A28 225 A20 425, ABS, A3, A5 AR ALD A

T YO

&%

Bhllr0lleCll ML ER2 e CE22rEB5: 633 548,30 1PN,

?@DCLHF‘“”JPSA{IPQG b)pSEEIPSPIPé]is(zpaﬂlp3)!R{Ipa)FRI(IPS)PZERO

COMELER e {MuImy o XK K3 e DUMIMDIM, MDTMI v EFLDHFLD
DIMENIS LOW HORLYR) o P ([WLAYR)

COMMONZLLEE Z{3UM s xE # KK

COMMRIN LK S S W '
COMNUN/ULKIKSrsalR!RL;NTL?NFlnNCOLliNSlpNE@l
COMMUNADLEY F s wE ¢ RHGCR,CP

COMMUNABLEDS /XX 22 BLBCLNTART i NORDEX ;NODEX L MNOREL
COMMUN/DLEKG/TDX N sLa M

INTEGER NPTEIRPL G PRI sNX{IPBI s NZ(IPR)

KEAL UDELTAXK{IPS 1 :DELTAZIIPL) sDELX({IPOYsDEL2(IPG) o RHO{IP Lol IPL
GeYLLO XX (IPU) v 2L (P P RE{IPH )Y sATETIPR)

R L LT e P PP T L e R S E R A LT L Y LR AL S L

ZERUZ{0,¢0,)

ELAHGE=LIUE+15

NEAD 1 LDXeNODEX NODEZ o NXX:NZZoNRES ML NPRINT (L INEL e LINER
HEAW & (T(I}rIsleMRES] oF GINPUT MESH cohDUCTIVITIES
HEAD 3 (X{1)s Il NEX}

REAL 4 JOELX(Is Ixdanii)

REAL § (RZ(1) pEnl N7}

READ & I0FLZUT ei=lefi2d)

ODL XL sNUDE X

NODE L mNUGEZ =1

Lo 2% I=)sNODEZL

DO 2% L=lp4

HEAL 48 [RPTIIsL e dmleNODEXRY)

CONT INUE

FRINT 20 10X

PRINT Y10 NODEX;WODEZL NXX NZZiNREG 1 MLs NPRIRT $LINEL R INER
FRINT &z20

FPRINT 309 (YeItelalet RES)F

PRINT &0

PRIGT L INX{I}zIoioNXX)

PIINT ued

FRINT 300 i0ELX$2) s EoloMNXX}

FHINT 450

PRINY L (MErryskoieN2did

BREINT 460
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224 CrAsm(nu L)+ o)A (oR ey K {b}
28y CHEAStOREZI4CR L)AL {2y 2CKT3 1Y
oy CRANSICKRIAI SR Y ALK TE s {Rik))
24L CHAUZLOR LI ORI YALCK D uCR b))
Y CrIzzgPill+cp ey

243 P2A=CPRE2)sC{S)

R4 CRSGaCH {3 e P {4y

2ub CRIMZCPILIGCRIR)

2k CRLEZMZUPLZ24oP I

2af G '
bt 1) C THESE AHE THE ELEMENTS OF THE 5 X B MATREIX,
234 G

24U AllzasCKIZs2 , eba( L2

an ALES=R/ORE2) 1 CRn ()

ang wemremey B EEPAUR D) ¢CeCRLL ]

245 AIBCUELALZCK (LI +RELEXACKR(2)+EuCP L2
2t AZ2SARCKR2A+ 2, 2L aCP2)

259 meamemmd AZUTSCH L) $ 0P

249 AZREDELRLACK {3 s DELZRACK (2140 0P RS
s e BIYDARCR IS, O SCP LY

24 AZMZeR KU RCP{Y)

24y ey AABLDEL KL ALK UL Y DB LZA/CK (Y +0 200 R
2o ey AU DA RO MRS 0 e (P 3R

251 e ABOZDEL AL O (I s UELER/CK (B) 4 00 P Al
a5 ABSEE v LCACPLRAG~DEL X Z4CKI3=-DELZ X202
£33 L

25t C THESE ARE THE ELEMENTS OF THE & X N CONDENSED MaATRIX,
b C

2l T B RS RSP R P

£ht GEIaALE-ALTea R ARG

2 s LI AL A LT« a8 040

by o L 1 7= 158 45 2 ARG

264 e LR 2B AZE =R B A2 B A 50

dbl oo H2 25~ A2 52 1 B5 /ADE

2be e (R 2R ARG AE B a b ARD

263 EABnallealBaA33 /058

< b4 GIADZAM=-ANB A 050

gbi EadzataattB e a4 4680

Sht <

abf G THES SECTION LOADS ThE ELEMENT RAYRICIES INTO THE sl.oBAL MATRE:
260 ¢

Py SL{LLel =Sl i) 4R

27U S0 S L 2) 26

2Tk SLiLLuiaShiLied) s+l

2 SELz e braSL et leb) L)

279 LRnbi )

2 SIILZ2,1)=S8L sk +EER

2 DIl ekl (L2rd)4iiEp

210 SLUL2 4wl L 2w +Cag

2TE LA=L LeMOue?

ST SLILA P LE=Sl L3 +530

giw PERATTE S IS W AN T3 3 P R K

by LEnhed

LU it a LIRS LU R +ESn

Py 3 Lialisel

P PFLTLANE L IIGE TO 18
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