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1E Hromadka FIt A4 [ 3100 42 i 42 728 B 11 %€ ( complex variable boundary element meth-
od, CVBEM) ZRif , 1 B JCHR I — i 58 7 Mt B A D5 85 A SOR IS CVBEM AN [H] B9 47F 5 8L e
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B, w o PSSR A R

Vu=0, in 2, (1)

Vv =0, in (2, (2)
T X — 21 S PR BRI Y BV AT N /2 Cauchy-Riemann L OE

u, =0, in {2, (3)

u,=-v, in (2, (4)
jz%fl_ﬁji{ﬁ/@ Cduchy Riemann 5514

u,=v,, on I, (5)

u,=-v,, on I, (6)

L (x,y) %ﬂ(n s) HBRE XA AT F 2, U AR 2R B AR 1 TR 25 5 i
(1) ~ (6) &G IARAT R EGE /T HLAME ) 2508, SR f(2) PRSI E i 19321
s LI h )
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AXhr=r, +«r, =, +I,, AMBREFEE,U, M S, Nl FE 45 6. Pt K f 2 A
PR f(2) HOSEAN A AR AR I LS S R w () Rl o(,y) , AN 55
1) B2 e (1) f(2)
2) AT EiRR(5) 8 (6) ;
3) WA I B (7) fi=t(8).

y y Q
S
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0 X o x
(a) HH (b) st
(a) The interior domain (b) The exterior domain

1 P AR bR R

Fig. 1 The coordinates and the domain in a plane
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vazwdﬂ—Jv%dF+qudF=O (10)
0 2 r on rt ’
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r\dn 0s
ﬁ%[lﬂ
ow,
[ (Vwwdo+ [ (w-a) Sdr - [ (p - pwdl =0, (12)
0 I, an 1
Jw,
j(vzv>w2dg+j (v-3) ~—dl" = [ (q - w,dl =0, (13)
0 y on L,
Ju
jr Sl - f fwgd]_' 0, (14)
K, w,,i=1,2,3 FPEREEGR R EL R (9) . (10) ITEVEI T 6 R 55
Viu =0, in {2, (15)
V=0, in 02, (16)
u,=v,, on I, (17)
u=u, onl’ , (18)
v="1, on I, (19)
p=p, on FP, (20)
q=q, on I’ , (21)

HhgIAIE S p=u, Mg =v, 730N u Flv B0 4L, X AR X M4 E . Bk i —4H
?”"Fﬁﬂﬁﬁ'ﬁ 1 ﬁ?”’ﬁﬂﬁ* gHIE‘fFﬁ\E/J.
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e — BRIV ARG BT T g i B Fonik R BUEAR 67 1R NEREL,

w=w1=w2:G*(X—X*)=—iln(|X—X*l), (22)
27
HIEARM G e
VG (X.X') +8(X-X")=0, (23)
Hop ) X RS, X M ABCE &S, 8 4 Dirac delta pREL 2 30, A
fu(Vzw)d.QZ—uc, (24)
0
[o(Vw)de =- v, (25)
0
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leX e,
c*: E@X*EF, (27)
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X, B A LA AL X" W sl QW S SKIT A, 1Ay BB = w T LLE S| o A
5 BRI A A T DO E] . thX(9) s (10) Zpbnl DU S B R e, m]
HH
ow
u = L(pw - uaj dr’ (28)
P&

v”ZJ(qw—vde (29)
SRR w Ao B BB R AR R F TR AR A R B o s
e, XF T3 T Cauchy-Riemann S5 A IMAER B R A A (11) | HE AL S/ZE@J_L_ﬁ
37 AR (11) AR AR I T IE A

w =w, =8(X-X"), (30)
TR, () SEX(14) K5 N
0 =L(pw' —v w')dl. (31)

TETF i 452 (28) | (29) AR (31) Bk i e il F B A5
3 B3 eh oo

BB, BT~ X 17 0, R RTERL IR AT, R SR Y
JUAr 7 (L pR K

x= Y N(&)x, (32)

y= 2 N(€)y . (33)

DA i S S P R B ON n, AN BT, BTTHEHE RN (o, ,y,) ,i=0,1,2, 0, HI

I s s (x, oy y,s) (g, y) e CHE e [ - 1,1],(x,y) e I CHEREAITTHY LTI {H bR

1 -¢ 1 +¢,
_ N .

x= o a (34)
yzl;gj%_ﬁl;gj%- (35)
P R, 2% S W B 1 B A ST N O 56 R
u(x,y) = X N (é)u, (36)
v(x,y) = X N,(£)v, (37)
p(x.y) = X N,(&)p", (38)

q(x,9)= X N,(£)q" . (39)
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X TR AR T,

N,(§)=N,(&)=N,(£)=N(&) =1 (40)
XL RTT, LIRITIN u 5 R B

1 -¢ 1 +¢
u = w._, + ~U;
2 i-1 2 i

R TR N 5 R, S — R R FARABAR R s, DA 1 BROTRY Y S o AR R
Ji g, B

(41)

s=10,s, 282578, I

sy =050+ 1), (42)

s =8 FOSCIT+ 1), k=2,3,-,n,
KL, ||| FoRsot IV K EEENEI T 2 NE2REIE R 165 RIoTH , PELz
NS R AE 4R B BT 2 ] 0 pRBCIR AR AL R 43 e i — R pR R, BPTE IR 0 BT 38 2
AETTHLG A (€, =0, WRFHBERTTA TP ) ZA R EUE LR L. T2, o IFR A S Y)
[ J5 [ () S 80 (A

o= e T s e (s, ], i=1,2,3,n, . (43)
Si T Sia Si T Sia
T S U B 0 02 AR SCHY 2 AN J2 U B PR BRCE 95 179 2 e BT B0 T 2 5 T B0 A AR 11 R B (36)
~(39) T S AR A BB as 4, FR A BT N FR A3 BB IT N 43 (in-element integral or differ-
ential ) , M 3E T 28 (43) ArSE MO , BRI B IT 43 (across-element differential ) T X AS ] 1)
P FHEATTZEAY (R AR EL R E0) FLER TR 3 (R ST EAR R S A% ) | A3 SCBATT N TR o0 s B
TCHR A3 AR B G 28 S R S B s e, 4 SChe A SRR THe i B oc FLEs 5.t
) — IR PRASGEE AL
B AR BS T IC R RT3 (28) A130(29) , RIS S5 % A (7 54 0] Ly 705 7 «

—etut = Y Noar+ Y pf Nerar=o, (44)
j=1 I j=1 0
il
—ett = Y Motar+ Y g f Netar=o. (45)
j=1 I j=1 I
LA B S O R L
HU =GP, (46)
Al
HV = GQ, (47)

Xb, HAG /I 2 4efi Fe ) iih SO A2 s B, EA TR BT E 28] AiF 2 4t
SCHkH £ 45 Brebbia 925 7E " AF B3 (0 35 1R O 45 B R BN T RRaR RIS K R

frp(X)S(X—X*)dF(X)Zp(X*). (48)
Bk (48) F1=t (43) LA (31) 78
P =DV , (49)

b D M 22048 5
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(hlz)il _(hlz)il
<h23)_| _(h23)_1
D = (h34)7 . _(h34)7 . ’
(h’(n—l)n>7l - (h(n—l)n)il
- (h,,1>_l (h,,,1)_l
(50)
:/H\:EFI hj(j+l) = sj+l - Sj ﬁyﬁ‘ﬁ] ¢%‘;‘§§$‘ﬁ] + 1 EFI%‘)-J_:_':ZI‘EH E/‘JEE%.
4 HHuih FoopyEk 59 m
X BB AT, B (7) A (8) 4t i R SR T
A - AV =4,
{ ) . N (51)
Bru’,n - Biv’m =50,
Krfj=1, 2, n, M LI EIE BHERFE X
AU-AV=U,,
{ (52)
BP-BQ-=S,,

KPP U,V,P,Q N4 ANFERYBA & A, A, B, B, N4 2% 8RR HAHE R n,
xn, A, =N{diag(A) }, A, = S{diag(A) } ,B, = N{diag(B) } UM B, =S {diag(B) } ,H
S fRRIUE B BRI diag 278 AT R 4RO M A B 1 BB 2 BF G 3w 2Ry,
LK (46) FIX (47) FTES

P=G'HU,
e (53
Q=G 'HV.
BR (53 AR (52) 5 2 R, 153
BG'HU - BG 'HV =S, (54)

TR, GIA 2 A TR /R AR BT 4558 Uy 808 w Mo (R, g =1,
h=0; HERM, XTHES, S p Mg ERAR, Mg =0, h =L TETHRGLT LHAR
G5 1 AT

[gA, + hB.G'H|U - [gA, + hB.G'H]V = gU, + hS,. (55)
X2 1 HXT U RV & a2 (53) s 1 KMRAK(49) 15
G 'HU =DV. (56)

K (56) WIFRR U FLV AR TR B H D JEASZRR DY, X — A M Bl R R R A
AR, Al DUIERT 2= /07 /b 3R O, BRAZ3(55) MI(56) aTLCK% U AV BBl E
fiff AN SR TR A1 28— B A PR 7 AR AR S 9 5 ST Al fag BE LR ik — 2 7 R 4L

FIABTAL

X=AU-AV,Y=BG'HU - BG'HV , (57)
M= (55) ATl s A
gX + hY = gU, + hS,. (58)

BeA 20 (56) Iz (57) , AIfS BN IR AT X F1 Y RO 72 .
MX = NY. (59)
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AP PR E 0T DRSS HE M M AT N B985 1 ek (57) el s R 43 B R e X
X A A, (U
-l sl
Y B, B,|lV
Hr A =A A, =-A B, =BG 'H,B, =- B.G 'H /B ik nf15
{U =T,'B,X -T,'B,Y,
V=-T,A,X +T,'A,Y,
Hir T =A B, -A,B . AT WELH . [H T, B0, (61) iy T, 388 & M. s 2,
T 33 5 AGHTRE 4 51 R FH 0 AR A — TR m) i g R R BORRE AT AT O T, AR 38 R) R 5 |

A HTHE
A=A, +A,, A=A, +A,

(61)

il
B =B, +B,, B, =B, +B,,,
/\qj
. 0, (=1,
A(,b(1,¢)={ &Y {ab} = {12,211},
r, g(j)=0,
0, h(j)=1,
B,(j, )= b}y =1{12,21}.
o= D = G2,

- AT R A BEDLEL, PR R R 83— SRR 1Y g B R AEAR R 0. T2 TR T, 3R
LA H R A, LA, B, , B, B¥A,, A,, B,, B, L E, AW ELRTTHES R NI,
PR 4100 r LA T, = A\ B,, — Ay, B, BIARATEUR AT LU SE 3. i itk , 20 (59) thiy M Al
N HFRBEAN
M =G 'HT,'B, + DT, 'A,,
{N =G 'HT,'B, + DT,'A,,
HhT,=A, B, -A,,B,, R 2 M ZRAH R (58) ((59) MK (62) S NAERS . N T,
A, 3 A LU 23 # 35 (2 W Stephen Kirkup 7£ 2/ %5 www. boundary-element-meth-
od.com ST ) ;24 T, Zad AbBRAIR J 555 25, 6 Jacobsen 1 Hansen 25170 FFHi HY 1)
T3 [ AL B LSQR fiftik.

5 WAETTHEAR Cauchy FL432:

b — M BB B ULV, PR Q #E GRS, W LA 2 YR AT FLE 2 4E 45 3 n)

R R I A 1 S5 R U SO S BT A R SRR AL X T A SCRIFE % 52 722 bR ARG

B, P LA AR R A 1 Cauchy BR324 20k BLHETTH N ARG 52 pR BB S A& [ 5 4L T
W, PRELRY Cauchy B ARE [

1 f(2)

ﬂ%>=;;£z_%

K z) = x, + iy, WEBEN—RWEEBUE, LAHE 2, JEEENL, f(2) ZE XTEQ

S8 N SR ] U 2 PR BT TR P (interier domain ) [R]8E, JiTSCHE S i AL T AR I T FREsk

(62)

dz, (63)

DAL, DTG £ 1 A SR AT SR A 280 (2 AR SCRO B 7% ) e B B T2 [, 2 (63) i it
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LT LI R TT R E L, E)
1
Fz) =59 e = vgdy) + (e + ugdy), (64)
mLr
A
_u(x - %) —v(y =) u(y = x) +o(x =)

T et (1) Y (rmw) + (rmye)?
P b T M 5 (64) B AT G o T 348 138 BT 5 T B AR

1 lle
Niflz) )= 72 wAx" = v Ay",
217 n=1

Uy

. (66)
@m%n=§§%m”wmﬁ
St w0y A n BT I w0 BB x,y ARRRIE A B A R (65) FFAEFIRY T
Ax", Ay" S n BB TE x Ry AR 22, 540, 3T f(2) BORE Y SR 2, [RRETT LAy {6
HLE FH S 9 3 Cauchy BUM AR f(2) BISE n S8, 4512

f =g D

271 Y. (z —zo)"+1
AR (67) T LIHES 1 530 (64) A2 (66) 2L A AT i T A 2K
6 % {H & B

AT PEMEA 5 3 A2 eR B BB B, A THSE 32 R F MATLAB . [ 2 ACAH 17 ELAR R
HA AR RO S OT B R BT R BRI A = 172 = (V3/2)i FIB == 3/5 + (4/5)1i.

(67)

®1 BHERE

Table 1 Error results of 3 problems using C° elements
bl . lu-i | lo=5 | v~ | o = 9 |
lu i o B Bl

32 0.009 099 0.009 809 0.010 86 0.013 02

64 0.002 275 0.002 305 0.002 362 0.002 965
o 128 0.000 560 3 0.000 555 2 0.000 572 7 0.000 726 0
256 0.000 139 2 0.000 137 1 0.000 141 3 0.000 180 4

2x20%10 0.015 90 0.026 10 0.043 68 0.084 93

2x40%20 0.006 146 0.007 465 0.023 88 0.034 27

02 2x80%40 0.002 324 0.002 232 0.012 77 0.014 48
2x160%80 0.000 860 6 0.000 703 7 0.006 688 0.006 456

2x20%10 0.003 061 0.001 946 0.012 07 0.006 420

2x40%20 0.001 176 0.000 718 5 0.006 558 0.003 352

o3 2x80%40 0.000 456 0 0.000 273 8 0.003 597 0.001 806
2x160%80 0.000 176 5 0.000 105 2 0.001 970 0.000 981 3

6.1 BAEEMTERE
55 1 ARG T AL RIS 1 AN AT eR B L A
N{Af(z) } =cos Osin® — /3cos(260)/2, 0<O6=<m,
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RABf,(z) } = 1.2sin(260) + 1.6cos(26) mT<O<2
oo R IELC N S IR 1.2 BRI Y[R [ Lttlﬂ”uﬁﬂﬁﬁﬁﬁﬁﬁf(z) =-
TECAS [A] 1 45 3 5 N )3 567 8], FHAS SCE2 Y ) CBEM #4715, Hﬂlﬁ@ﬂmﬂﬁﬁﬁﬁ
LR SRR T L PR Z [ AR X IR 2SI A TR 1, NSRS R AR PN =
32 PN A S b ow o (A Z5 R 2 TR 2 R 3 i BN = 64 PR w R o (4552 T 5] 4 FiAl
5,

problem of f(z)=-iz? outside the unit circle 0 problem 0ff(z)=—lz outside the unit circle

0 5 10 15 20 25 30 35 0 5 10 15 20 25 30 35
boundary contour N boundary contour N
B2 6.1 el By ol B3 Sfl6.1 hEafy A Ry o fE
Fig. 2 Values of u at the unit circle in 6.1 Fig. 3 Values of v at the unit circle in 6.1
5 problem of f(z)=-iz? outside the unit circle s problem of /' (z)=-iz> outside the unit circle

05 1.0 15 2.0 "0 0.5 1.0 15 2.0
0/n 0/n
4 "6l hr = L2 BJE LM u il B5 Hple.lhr=12F8LMKHE
Fig. 4 Values of u at the r = 1.2 circle in 6.1 Fig. 5 Values of v at the r = 1.2 circle in 6.1

6.2 FERIBIMNITEE R EL
552 MR SRAETE AN 1 AT BRI 4 S R4S R
cos 1 «/?sin 1

y=- b ) )= - e
e=2s NUBL() )= ‘;"Sy . 462§iny;
y=1: m{A(z)}—C081e”+£szinle%;
v= 2 M) ) = Oy A

PO AR B A f(2) = e THRAPRFERSIAZR LA b w Mo (HEPRZ T E 6 FlE 7 .
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6.3 FERZIE P X £ o £
IR 1 AEIFATSROETE B b AR S8, (E 25 RN R, T30 2R AR 45 E
In((x = 5)% +36) N J3arctan( - 6/(x = 5)) .
4 2 ;
-4y + 11
5(y" - 10y +34)°
In((x =5)>+16) N J3arctan( — 4/(x - 5))
4 2 ’
-4y -1
5(y° = 10y +74)
WRIIE y =0.5, - 1 <o < TINEZR LA BN EAF S f(2) = In(z - z,) , HAF
zo =5 + S5i FEERFEFESIAR 1, NS o T o (EHAZE T Z K 8 FE 9 Bk,

f=exp(z) outside the rectangle [4,2] f=exp(z) outside the rectangle [4,2]
exact 3

y=-1: R{Af(2)} =

x=2: R{Bf,(2)}=-

y=1: N{A(z)} =

x=-2, NIBf,(2))=

© CBEM

contour » contour »n

Be6 M6 PN LN ulE B 7 50 6.2 AL E e E

Fig. 6 Boundary values of u at rectangle edges in 6.2 Fig. 7 Boundary values of v at rectangle edges in 6.2

f=In(z—z,) with z,=5+511in [4,2] f=In(z—z,) with z,=5+511n [4,2]

2.15 -2.25
exact exact
°© CBEM °© CBEM
-2.307
2.05
-2.35¢
Us;1.95¢ 1 Vs
-2.407
1.85F
-2.45¢
1.75 ; ‘ . .50 ‘ ; ‘
-1.0 -0.5 0 0.5 1.0 -1.0 -0.5 0 0.5 1.0
X X
8 Ffl 6.3 hEHILEN EL LW u f B9 6.3 BN EL L1y E
Fig. 8 Values of u at the internal line inside Fig. 9 Values of v at the internal line inside
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o1 AR BATBORHORE EE (<1.0%) , 4P 2 A0 3,61 6.2 o W0 A f) i S5 {15
75 <2.6% , X IR Fr A B B B R R 22,

MIEL 4 FE 5 /]I, BORTEAMA GAR B T BORATHE R 22 {2 CBEM % FOCATR 5k
Kb B RS, 0 R DX A2 50 A o BRI 1 B A o i R L

M 1 n] DUA Y, BT th i85 5 22 it 2 Aif 35 n] st BAT W) 25 1071 50RS B USSR 1
TR 22 R AR H 3G RN/ A 5, n] LARD AT 4538« B4R H /Y CBEM TH3RR 22 5 W
w6 RS J7 s ST RO J7 I BUR SR T 55 /N G &, B

lw—u]

(a7

- u 1
lu-il ~0(Z)
lu N

M 4 85 5] 8 FIE 9 DAL R 1 19453 2 F0FT LA ) gt %) P e IR Rk [ml e B AR A
RS .

LR T S SR BT B 1 AR B 0 T AR eR R R ORI 8 ek R R s Y i A
BRI S AT RO, T LR T 28 A HE2 AR P iy 8 B ) R s T ).

X R A 2 WP R AL s i (fLc.v. vector ) LUAIFSE BN figt A ok 5 H S P
B, 2R T Is S 1 7 i, © e S8 TR LR H AR 1 3 e AR
SCHHRFEAE Ry >R i A2 A% pR AR A9 22 T A8 AL T 1 (multiple conjugate boundary element meth-
od for f.c.v. vector, MCBEM) i —A~E B2 LAk, J5 £ 0155 F MCBEM 43 A7 4% 1w [] 14 1 4% 1] 57
PEFRE DL Z W) Bk 5 45 [R) .

Bitsx sESMERA A Cauchy R AR

REE ST, AT LW, v, u, Mo, BT HOHFEBIMNAE FERGN 2, = x, + iy, ATEL A
&I IE R DAL F I SR RO R 2 = 1/ T DIE] 16 2 IR 2, = x, +iy, = 1/zy AR IEAEAR IR 1Y
e I (A LANAE 2/ P, 278 R Cauchy RSN

S
f) = g S

H(64) FM:

1 . ’ ’ ’ ’
Hz) = 5§ (e’ = olgdy’) + iCulgde’ + ulgdy’),

~ O(h*),
ey

;o ouw( mx) =0y —y) WY ) Ho(a - xy)

T k) ()T W x)  ( y)
B, R S 2 X e R
1 x
2 Tty oy _ixziyz S
B
PAR=" 5 Y e 2_}’2.
x ty X"ty

FAh AT S R EE R X R 56 R
S +iy") = ulx',y") +iw(a’,y') =u +w'.
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R{fz) ) = 2 wly Ax'" = ol Ay,

- _ 1y

@{f(zk)} = 2w~
KA w vl HHJ:LXTTLJQ‘?WE M A" = 2" =&, Ay =y =y S 2 TR A BIT PR AR AR &
Fy" AR Z 22 2 MR R 2, = wy + iy, = 1z H1f(5) R f(z) .

1243 n mnm nm
(UAx + uly Ay

’

&%k ( References) .

[1] Jeans J H. The Mathematical Theory of Electricity and Magnetism|[ M ]. 4th ed. London:
Cambridge University Press, 1920.

[2] Kolosov G V. Application of Complex Variables in the Theory of Elasticity[ M]. Moscow-Len-
ingrad, 1935.(in Russian)

[3] Muskhelishvili N 1. Some Basic Problems of the Mathematical Theory of Elasticity[ M]. Mos-
cow: Nauka, 1966.(in Russian)

(4] England A H. Complex Variable Method in Elasticity M]. New York: Wiley, 1971.

[5] B, YoM, mom, . 28 )& ) Sk siopk n) By — v sSSP s ST [ I 0. B A AL 2
2014, 35(6) : 589-597.( MAO Ling, YAO Wei-an, GAO Qiang, et al. 20 node rational elements
for 3D anisotropic elastic problems[ J|. Applied Mathematics and Mechanics, 2014, 35(6) .
589-597.(in Chinese) )

[6] HHICK, ZRENE, ¥, 55 BA RIMXGH RS0 i A 5T i s g A AR A [ ).
K2 Hi%<, 2005, 26(8) : 911-920. (HU Yuan-tai, LI Guo-qing, JIANG Shu-nong, et al. Inter-
action of electric charges in a piezoelectric with rigid external cracks[ J]. Applied Mathemat-
ics and Mechanics, 2005, 26(8) : 911-920.(in Chinese) )

(7] A, PRfBEk. RSOy T4 e AR i e aoszm [ 1. BHECH M, 2015,
36(2): 119-127. (ZHOU Wei-jian, CHEN Wei-qiu. Surface effect on propagation of surface
waves in a dielectric elastomer half space subject to biasing fields[ J]. Applied Mathematics
and Mechanics, 2015, 36(2) : 119-127.(in Chinese) )

[8] Brebbia C A. The Boundary Element Method for Engineers[ M]. London: Pentech Press,
1978.

(9] Hromadka II T V, Lai C. The Complex Boundary Element Method in Engineering Analysis
[M]. New York: Springer, 1987.

[10] Whitley R J, Hromadka II T V. Theoretical developments in the complex variable boundary el-
ement method[ J |. Engineering Analysis With Boundary Elements, 2006, 30 (12): 1020-
1024.

[11] BRIK, RZ50E. 4 Fah FonE AR LR 0L [ J]. PR, 1989, 6(2) : 191-196. (XU-
AN Qi-wo, WU Ci-quian. The method of conjugate function for boundary element technique
[J]. Chinese Journal of Computational Physics, 1989, 6(2): 191-196.(in Chinese) )

[12] M-A-FCREZFHCR, B-VPUR SAERBOL T [ M]. 55 6 B MFEAk, ZEd, BTN, %
b5 BEHT B kL, 2006. (Lavrentieff M A, Shabat B. Methods of Functions of a Complex
Variablel M]. 6th ed. SHI Xiang-lin, XIA Ding-zhong, LU Nai-gang, tansl. Beijing : Higher
Education Press, 2006.( Chinese version) )

[13] TRV, IR E i AT 2R T . 25580k, 1980, 2(4) : 12-20.(XU Ci-da. Weighted
residuals method for solid mechanics| J]. Mechanics in Engineering, 1980, 2(4) . 12-20.(in



876

e
H
T

Chinese) )

[14] Branski A, Borkowski M, Borkowska D. A comparison of boundary element methods based
on inverse variational formulation[ J]. Engineering Analysis With Boundary Elements, 2012,
36(4) . 505-510.

[15] Wearing J L, Sheikh M A. A regular indirect boundary element method for thermal analysis
[J]. International Journal for Numerical Methods in Engineering, 1988, 25(2) : 495-515.

[16]  WARIL, EfEd. ook [ M]. dbat. @5E#0F Ak, 2010. (YAO Zhen-han, WANG Hai-
tao. Boundary Element Method[ M. Beijing: Higher Education Press, 2010.(in Chinese) )

[17] Jacobsen M, Hansen P C, Saunders M A. Subspace preconditioned LSQR for discrete ill-posed
problems[ J]. Bit Numerical Mathematics, 2003, 43(5) : 975-989.

[18] Miao XY, Li G Q. Analysis of piezoelectric plates with a hole using nature boundary integral
equations and domain decomposition [ J]. Engineering Analysis With Boundary Elements,
2014, 40. 71-77.

A Conjugate Boundary Element Method for
Complex Analysis of Analytic Functions

LI Guo-qing
( Department of Mechawics, Huazhong University of Science and Technology ,
Wuhan 430074, P.R.China)

Abstract: An analytic function is composed of 2 real conjugate harmonic functions, of which
the complex analysis plays an important role in the fields of applied mathematics and mechan-
ics. A set of weighted residual equations were proposed and proved to be equivalent to the ap-
proximate solution to the original problem involving 2 governing equations in the domain, the
boundary condition and the Cauchy-Riemann equation at the boundary. 2 conventional direct
boundary integral equations at the boundary collocation points were deduced from 2 of the
weighted residual equations, and 1 finite difference equation was deduced from the rest one.
The mathematical problem arising from the ill-conditioned linear equations was solved and the
Cauchy integral equation was adopted for numerical calculation of the fields at the internal
points inside the domain. Finally, the proposed conjugate boundary element method with con-
stant elements was completely established. 3 examples demonstrate that, the proposed method
is valid for analytic functions in terms of the power function, the exponential function and the
logarithmic function in interior or exterior domains, and the error estimation of the proposed

method is at the same order as that of the boundary element method for 2D potential problems.
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