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of Geophysical Problems Governed by the Inhomogeneous 
2-D Sca1ar Helmholtz Equation 'l by John A. Stodt 

Page 2 - Table I 
Prob 1 ern 
TM,wt,1T 
Line Source 

A A 

P =-y should read p ~-z 
S = la(X)6(z) should read S = 16(x)8(Z) 

Page 3 ~ The second sentence should be replaced by "Any or all of 
a, ~, and €, nw.y be considered piecewise constant functions 
of position, 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. Swiftt 1967 -
Appendix 3) is then used to solve the linear system of equations," 
should be replaced by itA modification of Gaussian elimination 
applicable to the solution of syrl1metric banded systems (see 
Cook, 1974, p. 47) is then used to solve the linear system of 
equations,". The actual method implemented in this program 
does not make use of Greenfield's factorization scheme. 

Reference: Cook, Robert D., 1974. Concepts and Applications 
of Finite Element Analysis. John Wiley and Sons, Inc.~ 
New York, 402 p. 

Page 18 - Figure 4 
The node numbering for the quadrilateral element is inconsistent with 
the global numbering scheme described in figure 2. Note this cor
rection and the correction to the form of the coefficie~t matrix 
in the revised figure 4. 

Page 20 - Figure 5 
Rows 3 and 4 and Columns 3 and 4 of the 5 x 5 matrix must be inter
changed to make it compatible with the corrected node numbering 
scheme of figure 4. Note also the modification to the reduced 
4 x 4 matrix. 

Page 25 - Aftet' re-examining the auxiliary field calculations for the 
TM mode problem, I see no reason to include the one or two 
node air layer for this problem as long as the derivatives are 
calculated one node below the air earth-interface. One can 
experiment with th'ls by setting Ml=O for no air layer. 

Program listing - I have discovered an error in the program listing 
in the section where the element matrices are loaded into the 
global matrix. The programming error win not affect results 
from the program unless different conductivities are specified 
in triangles 1 and 3 of the quadrtlateral element of figure 4. 
Th-!s would occur for example. if one were trying to model a 
sloping interface. Corrections to the code are required on 



2 

pages 37 and 41 of the listing. These corrected pages are 
provided, with the corrected lines of code highlighted. Sample 
runs for a sloping contact for both the TE and TM magnetotel
luric problems are included from both the uncorrected and cor
rected versions of the program. 



vVE WISH TO MINItv1IZE IN 
S NSE THE ERROR 

LET'S 

TAKE 
<N~£> ::: )\N~E dxdz :: 0 

en::: jJj k 

CARRYING OUT THE IN TEG RATIONS: 

18 

THE COEF~-ICI EN T 

MATRIX FOR THIS 

EL MENT 
HAS THE FORM 

K,1K,2 
K21K22 

Figure 4. Matrix equations associated with a triangular element; 
fOr'nlat-ion of quacirflate'ral element and associated matr-ix 
equation from combination of four triangular elements. 
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f,,' ~4' "'.;I~' ~J 1 
I (t.:/. AX)' t>'J/Iil. !lAX 42_\ AXAZ , 
4" ~- A7. 1<;4- 4if ~ ~~:6I+ ~AXJ+ ·48t~ .. 'll I 

o 

t{A:2: AX\ 1 «~ !l_4X AZ _ \ "x!.z I 
-~x-:;z)~ 4> 4i 14 ~Ai t ~ .. 48(~" nl I 

----. it 

_!l:!+~~+Ji1) ... ~~Ii> ... I"\ !J~+.';Z_\. ~ ("+-1"\ " 
4\.ox .u,~~ 24 1'3 "'..I ~ V,X) 4a 3 ... 

c 

STATIC CONDENSATION: 

[~~t~;][~] = [~ 
ELIMINATE X2 : 

[~1K1292IX~= [R, -K,~~ 

WHERE 

l 
Figure 5. Explicit form of the 5 x 5 coefficient matrix associated 

with the quadrilateral element of figure 4. Process of 
static condensation to reduce this matrix to a 4 x 4. 
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Appendix III - Program Listing 
~IVDT.PW~~lll).MAINl 

1 C lHl~ PROGRAM SOLVE~ THE T~O DIMENSIONAL LINE SOURCE AND TE AN 
~ C MAG~ETOliLLURIC PROBLEM ACCORDING TO WHETHER THE INPUT PARAME 
~ C lOX::..l.,~t (}I{ 3. THE FHHTE ELEMENT METHOD IS USED \'11TH l.lNEAR 
~ C bAS1~ FU~Cl'ONS, MKS UNiTS AND EXP(+JhT) TIME DEPlNDENCE IS 
~ 0 AS~UMED. THE + COORDINA1E DIREC1IONS FOR THE L.S. AND TE PROBI 
b CARE X-NOHTH, Y-EASf, l-UOWN. FOR THE 1M PROULEM THEY ARE X-fA! 
, C Y-SUUTH, i-UOWN. THE STHIKE DIRECTION IS ASSUMED N-S. THE ORI· 
a C IS AT THE LEFT EDGE of THE ME~H AT THE AIR-EARTH INTERFACE, 
'J C 

HI 
U 
1" 
U 
1'+ 
15 
lb 
1I 
la 
1'7 
i:!V 
21 
2c! 
C!.:l 
~c; 

2::> 
~b 

~I 
2b 
~'J 

,5U 

.. '51 
~~ 
.).) 

ji+ 

.3:> 
,,)1:1 

j( 

Jo 
J'l! 
li-U 
41 
4~ 

't.' 
,.~ 

4~ 
1ft} 

It! 
4;; 
Ii-';; 
bU 
!:loA 
!>ii:: 
0,) 
1.>1.} 

!:>!;l 

bQ 

PAHAME'~H IP1:Jl,IP4:50,IP6:JO 
~'IP2=IP1*rp4,IP~=IPlt2,IP5=2*lP3 
PAHAMtTE~ NLAYH::.! 
PAHANETtH NLYR=NLAYR-l,NK=NLAYR+l,Mor M:2*NLAYA 
COMPLEX CK(4J,CP(4)rCKIZ,CK13tCK14,CK23,CK24,CK34,CP121CP23,CI 

---+$CP14,CP12J4~Al1,A12pA13'A15,A22'~~,A25,A33,A34fA35'A4~,A45tA! 
$!::..1l ,(:.11 , ell, H 11 , l2<:!, H,;r, C22 f £.3.),63:5, £44, de ( I Plf) , 
~tiCl(IP4)'~1'!P2,b),S2(IP5'IPJ),S(IP3,IP3l,R(IP2),Rl(Ip5),ZERO 
t:OMPI~£X XE ((<101M) ,XK (NK) 'DUM(MDIM,MOH1> ,EFLO,HFLD 

c 
c 
c 

UIMtiJSION H(NU',O ,PU~LAYR) 
CUMMON/ULK2/0UM,XE,XK 
COMI-iVlJ/tJLK3/ii, w . 
t;OMI';UN/tH .. Kl/S, 52, R, RI ,NT! , NF 1, NeOll,!'IS 1. NEG! 
<':OMf>,UN/uLK41 "IU, wE, RHO p CK, cp 
COMMUN/~LKb/XX'lZ,BC.UC1,NTART,~OOEXfNODEXltNODEZ 
LOMMUN/bLKb/lUX,L,M 
lNTl~EH NPT(lPl,4,lP4)pNX(IP6),NZeIP6) 
HEAL UELTAX\IP4,rDEL1AZ(IPll,OElX(IP6l,OElZ(I P61,RHO(I P1,Q,IPL 

S;, Y( 10) , x x ( I P4) , ll. ( 1 PI.; ) • HE ( I P4 ) , AlE ( I P4) 

ZERO;;;; (O. ,0. ) 
EI..AHG£=10E+l5 
HEAD 1 IDX'NODEX'NOD~Z.NXX~NZZ,NRES'Ml'NPRINT~LlNE1'LINE2 
kEAU ~ ('(J)tl=l,NME~),F QINPUT MESH CONDUCrI VITIES 
HEAU 1 (rlX(l),I=l,NXX) 
HE AU 4 (DElX(I),I:::ltNXX) 
HEAU 1 (Nl(J),I::.l,NZlJ 
kEAU 4 lUELl(I> d:::l.i~ll) 
I~OOU1=NODE.X-.t 
I~ODU1:::NOLiEl-l 
LiO 29 I=l,NODEll 
00 ,9 L=l,1t 
HEAD 48 (NPTII,L,J),J=1,NODEX1) 
CONliNUE; 
PHItH 20 lOX 
PRINT 410 NODEX~hODEZINXX,NZZ'NRESgMl,NPRINT.LINE1,LINE2 
p,~ tNT 4i:!CI 
PH!NT 300 (Y{I)gl:;;l,r.RES),F 
PHI~T 4.}O 
PRlf{T 1 (NX(li'!;;l~NX)O 
Pfura 4ltO 
PRINT JUO IO£LXCI),I=l~NXX) 
PRIfH ~~O 
PRINT 1 (NZ(llfI=l,NZZ) 
PFUNT 4t>O 



22ti 
22'1 
NY 
2";'\ 
<::j~ 

2jJ 

2"~ 
2~o 
;::.!lto 
2.'jf 
G.)tl 
2,)'7 
2l1-U 
21+1. 
24;C 
24~ 
21j.,+ 

24~ 

24tl 
241 
0;!IH1 

<::4'.1 
2~U 

2bl 
~'el~ 
GO.) 
2!)"t 

2t1!:> 
C:OQ 
1..',:)" 

,~O 

~o';l 

;;!bO 
;;:bl 
2b~ 

2b') 
20"> 
~bb 

.Gb b 

2bf 
2b(j 
26\~ 

27U 
Z'f!. 
2li;; 
i:. -, ,j 
27'+ 
;eJ~ 

27~ 
27f 
;Or:). 

27';1 
;::tJ.1J 
<::tH. 
<::t\i!,; 
;::b~ 

c 
c 
c 

CK14~(CK(1)+CKi4)/(,K(11*CK(4») 
CK2~~(C~{2)+CK(j»/(CK(2}~CK(J) 
CKZ~=(CK(2}tCKl4})/(CK(2)*CK{4») 
CKj4=(CK{3)+CK(~»)/(CK(3)~CK(4» 
CP1~;:CP(1)+CP(g) 

c.pej;;CP (2) +CP P» 
\..:Pj" ::CP (_~) +Cp (t}) 
CP1,4::CP(J.HCP(~) 
CP 1;:~4;:;U" .12tCP:5~ 

THE~E AHE THE ELEMENTS Of THE 5 X 5 MATRIX, 

All=A*CK12+2.*C*CP12 
All=-U/CK(2)tC*CPC 2 ) 

~Al~=u/CK(l)+C*CP(l) 
AI5:UELXL!CK(1}+OELZX/CK(2)+C*CP12 
A22::A*CK~j+2.*C*CP2J 

~'A2~~U/CK(~)+C*CP(3) 
A2~~DELXlIC~(3)+DELlX/CK(2)+C*CP23 

~ A3'3::A*CK14+2. 'l'C*CPll+ 
A3ij=-b/CK(4)+C·CP(~' 

-~ A.35=OE.LXL/CK (I} +uELl"dCK (4) +(>I:(;Pl4 
~ A44;;;A*CK,,')4, t2. *C*,CP.31q. 
~ M5::0£LXt.ICt" (3) +IJElZ)(/CK (~) +C *Cf>:'~1t 

A~5=2 •• (C.CP12~4-DELXl.CK13-DELZX.CK24' 
C; 
C THE~E AkE THE ELEMENTS OF THE 4 X q CONDENSED MATkIX. 

,C 
--+U l::rd l-A154Ql,1 5 /A55 

Gl1=A12-A1StA25/A55 
-~ Cll=:A13-/\.t5.:<A35/A55 
-~ Iil1:::-Al.5'«I',tl5/A55 
~l22::A22-A25*A25/A55 
--+ H22;;;-A~5~1;:;\51 A55 
~C22::':f'\2lf-A25*A4t>/A55 

E. ;n:::A33~A35 * 1\3 5/ AS5 
G3~::Aj4-A~5*A~5/A55 
~44=A44-A45.A45/A55 

41 

c 
C lHl~ SECTION LOADS THE ELEMENT MATRICIES INTO THE GLOBAL MATRII 
C 

Sl(Ll,l)=Sl(Ll~l)+Ell 
~1(LlI2)~Sl(Ll'2)+Gll 
SlILl,41:S1'Ll,4)+Cll 
~l(Lll~I:Sl{Llpb)+Hll 
l.c;;L.l + 1 
~li~2.1)=Sl(L2'!) 
~1(l2,J)=Sl(L2,l)+H22 
Sl(L2f4)~Sl{L2,~)+C22 
L~":;L l+NO,)El 
~1(LJ,1)=Sl(LJ'IJ+E33 
~1'Lj,2J=Sl(LJ.2J.G33 
l4-::l,.,hl, 
~1(L4.1)=Sl(Lij'lJ+E~~ 

1,3 Ll::U,d 
IFIIUX,NE.l)GO TO 1~ 
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