49 8§ 2000 8 Vol.49 No.8 August 2000

1000-3290 2000 49 08 1457-07 ACTA PHYSICA SINICA (©2000 Chin. Phys. Soc.
1.
150001
100080
1999 12 9 2000 2 24
4
8

PACC 4110D 7730

1
2—7
1 2 1415
3—5 N
N
N3
6—14
1617
) 1
213 5 1415 3 15 4
617 Doyle  Jacobs ® 4

13

*E-mail zehui. jiang@263. net



1458 49
18 q[;
2.1
R r
a [7 EO
E, P
1.
po=4me R°E,
a
P1 = po = 4ne RE, aq1=0 2=0
3
2
R
r q X — r
R? » g =—gR r
q bo
19 !
, R 3
p= 7 Do 1 q1 x|
a P1 q1
. R , 2 q2 P2
qp = 2 bo = Rzp q> D3 q3
1 1 2
|
R’ _ R R
P2 = - P Q2—r2P1 T2 = 7]
R 3 R . _R R?
P3 r— 5 P2 q3 = r—xzzpz — 22 13*;,712 4
R 3 R2
D4 r— Z3 b3 qs = r71321>3+r71(h T =
...... |
7 4 5 7
3 L. 3
b = —— Pi—1 R Pi-1 5 | . 1 . 1 .
o R , R - _ D L 4t V3 bi+1 V3 bi-1 R \7;1
q; _ zpz—l + _ . qi-1 . R
r Xi-1 r Li-1 X A
6 inhn 3
~_  sinhp
R2 bi sinhiy b 9
xX; — . 7
r— X, 7]



1459

__r _
Cosh77—2R = x. 10
9 5
o= gEOL =17 1
sinhiy
0 q;
B .
P1 sinhpsinh 7 — 1 5
L= . 12
%~ R sinh? iy
qi
12 a
b tg. —q.
qc
/11 =1 x|y — =0 13
A; = ;-1 r —x; = sinhy sinhip
x; = Rsinh i —1 7 sinhiy. 14
OO‘
> @it =0 15
i=1

_ M 1 sinhpsinh i — 1 » sinhy
qc — RZ Z

sinh?i7 — sinhiy’
16
qi chi . a
pba = Ei?z' + qix; Z qeAi
-1 i-1 i-1
B i sinhy 3+ i sinhpsinh®> i =1 »
o -1 Sll’lhl‘/] -1 Sinh3i77
B 1 sinhysinh i =1 7 2/2 sinh
= sinhzz'r] ! s1nhz77
17
b
Py=pya +phb =2pya =asx p
18

8

pra =pyb =2 -1y,
i1
— S _1 i+1 Slnhzz 3 19
— sinhin 1
pa=pra tpy b =pra Zay x py. 20
Levine  McQuarrie ©
Laplace
6 24 25
20
18
17 19 20
18 11 12 —1 .
2.2 4 8
3 4

O— .


Absent Image
File: 0

Absent Image
File: 0


1460

49
i
it A
b 1 .a d ;q iZlq
’ ' + i qAi — g~ i q.A = 0.
a d +q. b ¢ i=135... i=246 ...
“qe-qc a b 21
a d
|
i sinhnsinh 7 — 1 7n
R o o sinh®in . ”
¢ R i sinhy |+ i sinhp i sinh
=1 sinhiy 155 sinhip 5% sinhiy
4
1 7,53&1’”7-3, +,i71i+lm3
by a =Pro —/ sinhiy Pot Po P sinhzy
. . 23
n POZ sinhnsiflh;.i -17 b gt R Z SinhnSi~n};121: -1 v}
— sinh’79 e sinh”iy
E,
La = po 2> o1 v sinhp 7o 24
by a = Po ot sinhiy
4 8 .
i sinhnsinh i — 1 7n
s _ Do P sinh2i77 )5
e R 2 s.inh.gz o4 A sﬁnh_g 5 2 s.inh_gz.
— sinhiy 5% sinhip 7,54 sinhiy
_ i sinhy 372 +2i _p i sinhy 3
bs a 7p01.:1 sinhzy bo — sinhiy
, . 26
. POZ sinhr/si‘r.lh; _i -17 .y Rz sinhr]s‘i.n}flzz: -1 )
P sinh’79 P sinh“7y
|
OS 3
(=) s
. 3
© “
—_— 1 l 1 t 27
P4 fractal @ 4112 X ay & Py
1 1 t t
. P4 fracal @ = ZQZ x ay; x po- 28
8 8
4 8


Absent Image
File: 00


11

PR
J1=
J po

= Asinhy + Beoshy

8 1461
. 24¥ T T
<22} pa(a)/py 1 4
20 Pa, i (a)/ o ]
i 1.8: —>— py(a)/ pa E
N
C
=
=
&
5 2 4 =1.6— ps()/po
; """"""" Ds, {mm( a)/po
bo ‘2 141 1
£ L
1 < 1‘
P8 fractal @ = §a12 x a% x Q/E x po- 29 E 12 K |
5 ! .= of e
r 2R 5 10 12 14 16 18 20
x=r/2R
17 19 5
_ 3
po=4negR7E, bo 6 8
5 Do
4
a b a bi 4
d
4
1 4
1 b=t
1 RS = St S A
21
22 .
sinh 7 +1 7+ sinh ¢ =1 5 = 2coshysinhiy
cosh 7 +1 9+ cosh i =1 5 = 2coshycoshiy.
6 Al
4 fi = Asinhiyp + Bceoshiy. A-



1462 49

o

fr= \77)2 = R \;/E) = Asinh2y + Beosh2g i;/d,
| SRS e
A= sinhp 7 o B=0. A3 X pi
A3 A2 9 . q:Cs'inh‘nJr@s'inh?]i . .sinhzr]' _ 4
! sinhin R sinhiy </ sinh i — 1 psinhip
B q1=0 c=0.
zi: sinhzg
6 . 2 sinh i — 1 7sinhiy
qi — %q,,l = Jﬂ: B 1 - 22: Sm};irllhirjl ’- ::}111 li *21 Z]
21 23 :sinh'ifl 7 B 5
) sinhig
g — g1 = d; i =234 ... B 2 B4
/Il—d*—/lllz B2 g=c+
T.J. Chen R.N. Zitter R. Tao Phys. Rev. Lett. 68 14 T.B.Jones J. Appl. Phys. 60 1986 2226 Addendum
1992 2555. J. Appl. Phys. 61 1987 2416.
M. Hagenbuchle J. Liu Appl. Opt. 36 1997 7664. 15 R.J. Meyer J. Electrost. 33 1994 133.
W. T. Doyle I. S. Jacobs Phys. Rev. B42 1992 9319. 16 Z.H. Jiang X.R. Zhang J.C. Han X.D. He S.Y. Du
W. T. Doyle I. S. Jacobs J. Appl. Phys. 71 1992 J. Electrostat. 39 1997 297.
3926. 17  Z.H. Jiang X.D. He J.C. Han S.Y. Du Ann. Phys.
T. B. Jones Electromechanics of Particles Cambridge Univ- 266 1998 244.
ersity Press New York 1995 p.173. 18 Z.H. Jiang X.D. He J.C. Han S.Y. Du Acta Physica
H. B. Levine D. A. McQuarrie J. Chem. Phys. 49 Sinica 48 1999 1037 in Chinese
1968  4181. 48 1999 1037 .
J. D. Love J. Phys. E8 1975 1063. 19 H.F. M. ven den Bosch K. J. Ptasinski P. J. A. M.
J. D. Love Q. J. Mech Appi. Math. 28 1975 449. Kerkhof J. Appl. Phys. 78 1995 6345.
A. Goyette A. Navon Phys. Rev. B13 1976  4320. 20 L. Poladian Phys. Rev. B44 1991 2092.
A.V. Paley A.V. Radchik G.B. Smith J. Appl. Phys. 21 C. E. Pearson Handbook of Applied Mathematics Van Nos-
73 1993  3446. trand Reinhold Company New York 1974  p.336.
D.J. Jeffery Y. Onish J. Phys. Al13 1980 2847. 22 W.R. Smythe Static and Dynamic Electricity ~Hemisphere
E.J. Yarmchuk J.F. Janak IEEE Trans. Mag. MAG — Publishing Corporation New York 1989  p.128.
18 1982  1268. 23 H. Levy F. Lessman Finite Differences Equations Sir Isacc

T.B. Jones R.D. Miller J. Electrost. 22 1989 231. Pitman & Sons. Ltd. London 1959 p.151.



8 1463

IMAGE DIPOLE METHOD FOR THE DIPOLE MOMENTS OF
CONDUCTING PARTICLE CLUSTERS

JIANG ZE-HUT XU SU-JUAN
Department of Applied Physics Harbin Institute of Technology Harbin 150001 China

CHEN WEI MEN SHOU-QIANG LU KUN-QUAN
Institute of Physics  Chinese Academy of Sciences  Beijing 100080 China

Received 9 December 1999  revised manuscript received 24 February 2000

ABSTRACT

Often it is difficult to calculate the dipole moments of clusters of conducting particles imposed to uniform electric
fields because of the difficulty in handling the mutual coupling between the particles. Such mutual coupling generally
causes the polarization of the particles to be dependent upon the structures and the sizes of the clusters. In this paper an
image dipole method is employed for the analysis of this effect. First a pair of two identical conducting spheres with arbi-
trary separation immersed in a longitudinal or transverse field is considered and the image dipoles and image charges and
their distribution induced in each sphere are determined. Then the dipole moments for the clusters with 4 and 8 spheres
arranged on the vertexes of a square or a cube are estimated and closed-form expressions are given. Comparison with pre-

vious calculations is made and good agreement has been obtained.
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