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Fig. 1. An arbitrary rectangular m X n resistor network
with an arbitrary boundary. Bonds in the horizontal and
vertical directions are resistors r and 7y except for r; on the

right boundary.
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Fig. 2. Segment of resistor network with current directions

and parameters.
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H R =K
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Case 8 Y hy = 10}, JF H 45 45 dy = (0,0) fll
dy = (n,m) A F—XIR LR R, MR 40 (78) =X
PR BN A1 P2 PR Y 5L da(0,0)Fl da(n,m) Z
[NV GV ERA.

n,m n To
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AR — (=)', (1
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A (91) B — DR m x n HIE ML
B R IF B S R SR R B A 2L X e — MR R
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XY (91) 2U A 5, B A T AT
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XS AR LI AR MIANES By B o 1 3 ik
e — PR AR T A AR AR, T 4G
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BT A5 AR F By R 4 AT A, Ho
k R NZE AN ER kRIS, 1R (78) 5
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(92)

T T By, T
BU —  +—v------- — 1+—ee------- 1 Bn
I ) I ) :
——t------- — 1—e------- —
Ao T T Ay r Ay

M4 —ESHEEALAML > nHrdi LM%
Fig. 4.1 Xx n resistor network with an arbitrary right

boundary.
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(95)
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— AR R HL R 2. AR (78) U152
Ryxo({0,91}, {0, 92})

2
1 1
m {cos <y1 + ) 0; — cos (yg + ) 9,»]
To Z 2 2

C m41 ¢ 1 —cosb;
=1

(100)

Hor 0; = im/(m + 1), AT JE 0 26 Pk H I H B

d1(0,y1) 1 d2(0,y2) Z 8] B8] A |y2 — y1 |4~ HELBELIT
ERE S GEN i)

Rimx0({0,91},{0,92}) =

FbAs (100) R0 (101) A3

1 1 2
m |cos|yr+=)0; —cos|y2+=)6;
1 Z 2 2
m—+1 4

(Y2 — y1)7“0- (101)

1 — cosb;
= ly2 — 1. (102)
(102) A2 —MRA A E S, 2 520 DR
FISCHR [13] BPRIE 25 TUERH, {H2 0 U2 R 3

TE AR AT A 2.

4.3 —PHFHHFRXEEZERX

(1) 2 STl [13] TEr = ro THIE T A WY
FEE 265 1 S B BHL, TTAS SC 1 T AR ) S A H B
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Abstract

The development of natural science raises many complex new problems and requires people to find the
basic method to resolve them. It was found that many problems could be resolved by building the resistor
network model. In 1845, the German scientist Kirchhoff set up the node current law and the circuit voltage
law.Since then the basic theory of electric circuit has been established. At present, three general theories for
studying large-scale resistor networks have been developed, for example, In 2000 Cserti [Am. J. Phys. 2000, 68,
896] set up the Green function technique to evaluate the resistance of infinite lattices. In 2004 Wu [J. Phys. A:
Math. Gen. 2014, 37, 6653] formulated a Laplacian matrix method and calculated the resistance of arbitrary
finite and infinite lattices by using the eigenvalues and eigenvectors. In 2011 Tan [Resistance Network Model
(Xi’an: Xidian University Press) 2011, pp16-216] proposed the recursion-transform (RT) method which depends
on the one matrix along one directions and avoids the trouble of the Laplacian method that depends on two
matrices along two directions. Among them, only two theories can calculate both finite and infinite networks.
One is Wu's Laplacian matrix method and the other is Tan's RT method. However, there is only one way to
compute a resistor network with arbitrary boundary, that is, the Tan's RT method.

Potential distribution problem in arbitrary rectangular circuit network has always been a problem of
scientific research. In this paper, we develop the RT-I theory of resistor networks to calculate the arbitrary m x n
circuit network model. We study the potential distribution and the equivalent resistance of a class of m x n
rectangular network with an arbitrary boundary, a profound problem that has not been resolved so far, because
previous research depends on the boundary conditions of rules or a zero-resistance boundary condition. Other
methods, such as Green function technique and Laplacian method to calculate potential function are difficult
and also impossible to study the resistor network with arbitrary boundary. Potential function problem is an
important research subject in natural science and engineering technology, for example, the solution of Laplace's
equation is one of research work. In this paper, we present an analytical expression of the node potential
function of m X n rectangular resistor network with an arbitrary boundary, and also obtainan equivalent
resistance formula between any two nodes, and the results in some special cases as well. In the comparative

study of different results, a new mathematical identity and several interesting inferences are discovered.

Keywords: complex networks, recursion-transform theory, matrix equation, potential function, boundary

conditions, fraction identity
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