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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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0 = —TH Fk(:Z)XO(Z) sin ei, (48)

i=1

dE—2E5%F (48) ZH ) k Mk = 18] 2 3K A1, 1535

d 2
S i = =3 [foli)
k=1 m + 1 =1

Horbr, (i) h (42) N85, LUT 5.
Moy <k <afhh, # (35) XA (47) ALt
Xl

I = _—2/(m+1)
AF@ ~1
)X(z k—x1—1
D N =

ik — 2L AT (49) K xF (50) A kM k=13
o SR, 155

i 7

k=xz1+1

sin 6;

Fo]

(49)

CL; sin Qi, (50)

sin 6;

|z —a1]| 2
e +1Z[f()() foi))y =5 (1)

Wy <k <nfif, ¥ (36) RACA (47) i
GGE

020502-6


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

Y B ¥ R Acta Phys. Sin.

Vol. 69, No. 2 (2020)

020502

M

AFk}—wl—l Cl .

2
I’(k): F( )X(Z) h
0 m+1 4 Z J ti—2

()

F -1
Sy g - e N ) sin6;, (52)
t—2 )

— A FIH (51) 2xF (52) X H ) kM k=15
o SRAN, 153

. I/(k)
;0

|zo — 21| sin §;

2
=Tt Ut +1Z]h0 feli] g (59)

(45) 2UAT (50) 2 (53) EEEIWEEE%H%EPE’J%i
e A AR, P IV RN 1
LA PRER I TR TAE, Fmﬂmﬁ%ﬁ_%ﬁ%fﬁ%
L5 o3 A PR A 2

3 AL B AR AT
3.1 HBAASHERH AN

WA 1 ZE Y dy (21, y1) T do (2, y2) FHLIL
B AR R 2 AT R R (N R — iR
xy < wg). Wo—MER N 5 d(z,y) B HEL AL R ECH
Ulx,y), TEEEABARIF A do(0,0) A9 FLAL U(0,0) M H,

57 45, NFETE 25 vb AT 370 A A9 B o PR ERUR
M=
U(ZE,’IJ) _ To Z (ﬁwl\/a:cl,i - 69(312)\/w02,l)cy71
J m+ 14 (1 —cos;)(AF" + h F{V)’
0< <1y, (54)
Ulz,y) _ o Z (ﬂ11Vwcl,i _B;ig)\/zCZ,i)Cy,i
J m+ 14 (1 - cos;)(AF + hyF{)
emml g <o<a (55)
m+1 ) )
Ulz,y) 7o Z (511VZC1,¢ —5;?%02,1')0@,,1
J m+ 1= (1 - cos;)(AF + h F")
|72 — 21|
Tl Ty ST KN (56)
FRHL, 248 (z,9) = (0,010 A (54) 2UR}, 15544
PRI S do (0,0) LA
" C i C ) C i
U(0,0): JTO ( n z 1, an 52, ) 0,

m+1ml<1cm&xAF“+h1#5’

(57)

(57) 2RI Ry A S BEBE (W FEL A 228 1, BN i
do(0,0) L FALAR R A S H A R (57).

SR (57) AW EEERAEG N, JFHY (54) 2—
(56) IR ILGE7E 2 HIA.

3.2 HEALREFER
Bt do (0,0) WIS A, BUGY) = U(0,0)-
Ulz,y). N (45) XA (49) X —(53) =L, Ph K
(8) 2N (9) AT BAL AL
a) M0 < <o i, $ (45) A (49) ACA
(8) =X, BEIPITT  do (0, 0) Fl d(x, y) Z[A] 1 HL N 25
x,y f C [ ( )Cy,l
((0 0)) m + 1 Z ; s(in 0:/2) - (58)
b) Yz <z < wff, ¥ (45) A (51) AR
A (8) RAGHNBGHY 15 do (0, 0) Flld(x, y) Z IR A 25

yew _ -zl

fO C'O i a:(Z)Cy,z
m + 1 Z sin(6;/2)
(59)
c) Bay, <a<nll ¥ (45) I (53) KA
(8) A (9) AFEIPH Y A do(0,0) Fl d(z, y) Z [A] Y
HLAV 25

00 = g1

plaw _ lr2 =z o

Jo(i)Coi — fa(i)Cyi

m+ 1 Z : s(in (6:/2)
(60)
(42) SR, 3 LB =R TR

O} Ei—]

Hop £, (i)
FLIEE 2N
sm(@l) N sin(@i) B TOCOJ;
ti—2  2h(1 —cos®;) 2rsin(6;/2)
PR R AT PR — X EL, AR 2 (57)
MBS S (42) sUAYE L, WIARARIE L O(0,0) FY HY
1L R

Ummy:mﬁlgg(miym>hm, (61)
¥ (61) 24 B A (58) K —(60) X I H F H
(42) XAk 17 BOAS BT A7 B 55 d (e, ) B FLA 43
A REUAT (54) 20—(56) =X

(54) X (56) FRACH — I LI TH
T2 HL B 28 1) LA, PR, SR 2 iR —
VA DR (R YRS, A SO RT-T sk ik T
ZIE, YR T S AEEAR m x nih
T2 LRI 28 1y LA, pRSCRAEATT=XC, hy PlLBHL I 28 BAF 5T 12
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HET BB T H. (54) 30— (56) 2 = A— ik
R, N T TN S TR IR 1S5S, s
H— 28 HARR .

3.3 HRHKNEA

TR, T TS AN o A R 4 1
T 1 S5 gAY I H e 807 T AL Ar i A%
do(0,0) (IS H ALK HHE (57).

REFR 1 A B o e A A L AR
1858 . T U N FEL B D 1 A4S i A T R
dy (0, y ) Fi AT FL UM SS9 A o (s, o) i S
20 <o <nfif, H(55) XA EUE T AT d(x, v) )
HL 5 3 AT PRER

Ui Jro z“": al) Chi— mAFCy)Cy
T mt1 P 1—c059z)(AFn)+h £
xr
— J.
e (62)
R Y 2y = 0,2 =nbf, A B, =a?
e = WL,

T i Hh £lh1—1<:)r1—r0I5H‘ ﬁanx:
AFD, 4 (i~ DAFY, = AFD, Wl (62) K1

n—x—1 n—x)

R —A TR B2
Jro Zm: AF() 01 — AR Cy )0

Uz
m +1 i=1 —cos; )F'r(L-&)-l
xr
— J.
m+1 (63)

%I/ hh=1er= TOEH‘, E@/\%Mﬁﬁﬁ%)ﬁ Eﬁbﬁ
dy (0, y1) Fl da(n, yo ) L T [6] — 7K -2 1 1) 79 v B
e (63) A EUERE T S d(z,y) E’JEE,h 5,

e Jro i AF( D, — ARy, 00y
Sm+l i=1 — cost; )Flel
xr
Cm+1 J (64)
PiFE 2 g A T AEXT AR IIE T .

it DAFEL B X 4% B 22 AR BT A d (0, 0) AN T AT
AW da(n,m)BT 2 0< e <nfif,

(55) RAFENETETT 5 d(, y) BT 3 PRER,
Tro <= gy + (=1)' T AF]Co,i
Uz
T mt 1 ; (1—cos0;)(AFY + by FY)
Com+1 J (65)

XRER Ky =0,y2 = nli, 7 Co,; = cos (;91‘),
Ca; = cos <m + ;) 6; = cos(in) cos (;F)i), DK it
A (55) R ENEE (65) .
MLFR 3 i A AR A — % L E A
TE . 1 H UL DA R B TR 265 1) ] — 18 2k b A9 T A
d1(11,y1)§ﬁﬁ)\ﬁﬁy\tﬁﬂ/]4ﬁ 'Jj d2($17y2)$ﬁﬁfﬂ, %/l
0 <z <niit, H (54)—(56) AFEUE AT 5. d(x, y)
SR VAR A @
Jro Ba:l\/w (Cri—Co,4)Cy
Uz - <~
m+1 Z (1 —cos0; )(AF,SZ) + th,E”)
(66)
b Oy, B9, 438 SUTE (2) SUR(7) Sz,
S| R L NG S i R E R A e - S S A
£ S 3 =R £ O v C’zz—cos<m+1>9 =

aw)m(&)%umwwiﬁﬂﬁawﬁ
() HIH 3 A RS,

JTO < [ ( ) ]ﬁzl\/zC’O 1Yy,
Ulz,y) =
() 2; - cos&l)(AFn) +hE ))
(67)
NLFH 4 AR A R BRI %
FELIE DA FEL B DR 2% B 22 10 B B 99 05 (0, 1 ) B AT
B O AT B do(0,y0) T Y, M0 <z <nllf, TE
(56) XM 21 = 20 = OFFEUEE T 15 d(, y)
53 PR
Jro  ~— as),m(cﬁ i—Ca;)Cy
U ’ = : < — ’
=)= +1 ; (1 —cos0;)(AFY + by F)
(68)
o Oy, B9 AR A (2) 2R (7) S,
BRI, M5 AR R T AR BT
i BF, i (68) ZAEF

U Jrg i 1)] S),mCO,iCy,i
m+ 1= (1 —cos)(AF + hy F{)
(69)

MA 5 EA 2 AT A R EIE . B
HL U R/INA T B HL i NS 3 5 B35 6 d (0, ) B
A, B IA RN /2 B 3 A i B
BT A da(n, 0)Fl ds(n, m) B9 Fy Hy . X A5 T2 A1
9 2 AT R IREIVE L. B4, 2 A F iR AR
fERT R HRALE 2 M HALZ L, B (62) A
BN 5 d(, y) P53 PRER,
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1 m 1 e
U, y) ﬁrf:zczzcos(w)ai. 75
m+1 k=0 2
I iZa;’GCu—hlAFé”[1+(—1)"]C’07i RIS =0, BRLRIEAUA (73) AL RIS 2
2m+ 1) (1-cost)(AFY +mEY) 7 (12) R

xr

Com+ 1J’ (70)
Hrp AT
Cs; = cos(m+1/2)6; = cos(in) cos (6;/2)
= (71)1‘0071_.
BEFR 6 A 47T AR U

JE. Wl A R/ TR RN AR e B
Ui s, AT HLR RN T T HL I A i A
R B s L XA A 2 A ST L
MIVER. B4, 2 4 ki AR, AR =50 A5 LA
= 2N HALZ A, N (62) A5 F) T S d(x,y) B
HL 5 A PR,

Uz, y)

_ _JIno i(aiflz—hlAFgE“)u—<—1>"]co,z~cy,z-
m+1—=" (1—cos 0,)(AFY + hy F)

_ 2xr
m+1

(71) 2R IR 48 DUAS Ff U A S PR I
1) FLASE AT PR

PR T ABAREA m+ 1A BRI
. WA BRI/ TN S B A
d (0,y0) A, BEU(0,0) = Uy, & XAE (57) R,
JFHB WM NAGB R LW m + 1A 8
di(n,ye) 0, BT A AT R B
J/(m 4+ 1) WHERETS &S d(z, y) WAL AR BRECH

U(z,y)

_ Jro NAEL 4+ (-D)EY,]0LiCy.
S omt 1; (1 — cos ;) (AFS + h B\
xr 72
m+1J’ i
HEH YAFEAE m o+ L HIERT, BT
JEbRE PRAL, WL R AR m + 1
7 Z ARECF AL R, N (62) A5 2055 85 d (e, y) 1Y
FL5 3 AT PRAR

(71)

ii«ﬁﬁmcaﬂ—hiAfﬁ“zjacgj

Ula,y) =200
7 m~+ 1= (1 — cos Oi)(AFT(Li) + m FY)

7

J; (73)

DEF 8 & m + 1A AR H
. BB IR RN T/ (m + 1) B RN A2 i
B bEom + 1A A de(0,yx) il A, BT E X
U(0,0) = Uy, U(n,0) = —Uy, I HHLFL 3N A
R EW m 4 1A 5 di(n, ) B, BEASSY AS
AR T/ (m4 1) AR 5 d(,y) 1
LA 531 PR
U@wy:mil(g—xyﬁ (74)
PEER HAEFE m+ UASHRRE, BT A
SR PR AL, AR S AR m 4+ 1
DEZARECANLL G, B (62) AR BN 5 d(x,y) 1Y
SRR i

NG SR R L

Ulz,y) = ‘ <
m+14< (1 - cos)(AF + h FY)
xIr
_ J’
m+1 (75)

FOMTHRAREY =0, FILMRA (75) 435
c
xr

7

R, st T (57) X438 U =0,
B (76) 2L U,0) = 0 NS 5 A 2h
MEIEU(0,0) = Uy, U(n,0) = —Uplit, (76) )
TS K

U(z,y) = — (76)

Ule,y) = Us — ——7 . (77)

Z 8 Un,0)=-Uy, M 1 B (77) 3 45 %
Uo = 3 (W:‘: 57 AR A (77) BIZAEF] (74) 2.
W (1) REAE g T, AULE oA
(¥ BRI, IR AR A% P T X 246 A [ — 1 T

2 L AR AR IR], K —MRAT R A L

4 FETY It e T X
41 —PMERFEHERAAN

FEF 1 BRI S A — MR A A R AR
TR N LS L S o O B - & M )

A& o300 n A m. KPR T A% A LR
JCR BN r Mlrg , AT SRR BN vy BE
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T BIINN X i, 22k Yl WHE =P
Rdy (w1, y1) Flda (22, yo) ISR RH AN

Rmxn(d17d2) - m+ 1 |I’2 — l’1|7’
m 5(1')02 o 25@)0 ., .+ B(i)ca )
n To Z 1101 1,201,:C0 2,209
m+1 P (1 —cosb;)(AF,, + hF,) ’

(78)

Hrbow,, FO 4 E XAE (2) 8 (5) sz, Of
Az%6" (1) 45

B, = AFDAFY  + (b - DAFY 1. (79)
(78) e FaL AN T .

P H A PR B S TR 1 H R 2 A R
W dy (21, 1) T do (2, y2) 22 180 B 25350 F, BEL, 7 )
W i S A 2]

Roxn(di,de) = [U(z1,y1) — U(za,y2)]/J.  (80)
e (55) 2 43 Bl B (2, y) = (21, 91) FA (2, y) =
(z2,y2) 143
JTO i (ﬁi?\/mlcl,i - ﬁg(cig)\/zlcli)cy,i

mALS (- cosf) (AR + mFY)
(81)

U(Jﬂlyyl) =

JTO us ( §:?Vm201,i - Biig)\/mgcli)cy,i

U(l‘g,yg) = " n
m+ 14 (1—cost)(AFY + h F)
|z2 — 21

B (81) A (82) 1UA (80) AkfIRIFEH (78) =

(78) 2 1 iR & A —MERA A4
PRI m x n FLEE P28 1 — AN B SRR BH A X
A ASCE — A%, PR E — MR E R,
It HAT A dy (2, 1) T do (20, y2) & AR BT A4,
FTLL (78) & T — R IVFF R IE L B9 RO
YER AKX AR, T HE 4 (78) i T4 i
(RIHEIE.

4.2 BEAXA (78) XK A

Case 1 — P Ioo5 M ryH A, 72K 1
B & A — ME A B A AR m x nH
BRI, 20— 00, 21, 22— cofHz —a HAFRA,
It L% B A7 1] 0 P AR Rl S A BRI (E AR,
LEATTCRR), FRZ M R — A2 Te55 5B M 4, HAT:
BT dy (21, y1) Fl da (29, y2) B SE SR BH N

1
Rmxm(d17d2) = m—+ 1

|xe — 1|7

m 2 2 ylz2—z1]
T 01,1' + 02,72 -2\ C1,iCo

+ . (83)
m+14 \/(1+h—h0059i)2—1

(83) B (78) P FRAF ).

Case 2 Mhy=1(ry =ry) B}, Bl 1 BIMLER
R — A F A M 2%, A4 (78) X5 2| A 1
JIT 7 AR HE T S (R T P 284 38 19 55 dy (1, 1)
Flda (29, yo) ZIH] B AERL HLBH

Rupxn(di,da) = %

To u S)lcii_ZﬂS)QCLiCz,i"'ﬂéngz,i

m+1 — (1 —cos Gi)Fr(Ql
o g Bk ) = AR AR,

Case 3 X h, =0}, & 1 LRI N IR
RO, AnIEl 3 Fzi. HIE A i ) 2 Fi BE 2 S B A
— AN AR (78) AR EUE PN A da (21, 11)
Fldo (22, y2) Z AN SR HLBH AT

_ e —

Rmxn(dlde) - m—+ 1

2r 91012@—25§201,i02,i+5§f)203,i
ot 2 NG
=1 n

b gt iR IR B = AFSED

» (85)

3 —ZBLE m x nBy Fan B BH R 25 45 81

Fig. 3. An arbitrary m x n Fan resistor network.

FEAUEIA: SCHk [27—29] B9 258 T Fan M4
AR R, (HORX BL5 th AT HLBH A S A TR 45
A, R SCHR [27—29] 58 Fan MZEIHEEE
B (CBAR) Jrin ST AR, A SR 2
B (RIBIN) 5 ) e 37 6 B 2. 3 1 B VR A AN ) A
S Jr AR T LIS SR R) i SR B Ak
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Case 4 P17 sSHPALTE AR [R) ¢ H 4h 4k I
ff, MR (78) AARHNE 1 WIS ALY 1 dy (2, v1)
%ﬂdQ(x,yz)ZlEﬂﬁ/‘J%ﬁlEﬁﬁﬂ/A\ﬁ

{ey2}y _ _TO
Rlaw) = ma1

i AFDIAFD + (hy — 1)AFD, ]
X i i
— AEY 4+ by Y

(Cri— Cai)°
1 — cosb;
ML, A dy B do o BIE A R R B BT
NP R, (86) AT LI — kA

(86)

{zm} _ 210 -~ 1-(=1)’
Riwo) _m+1z 2

i=1

y AFY [AF,EZ_)CE + (h1 — 1)AF7(Li—)x—1]
AFY + by FY

1

x cot? (291) : (87)
ULHH: SCHR [33]) BRI T Case 4 BRI, JIf
HARBIMEERYE (86) Xod e —2, HiEx Byl
(1 H B SO — S R (78) SRR TS Y, Xt
SRIAMEGUE 1 A ST 1 TE AR 1.

Case 5 /19 SU7EAH [ A K-l 2 B,
M4 (78) NAFFNE 1 W48 Kl 26 AT 291
di (w1, y) Fldo (22, y) Z AR HLBH A

R{m»y} _ |:L‘2 - $1| To

{z1,y} m+1 T+m+1

m (8 — 28 + 6
AFY 4 hy FY

X

=1
O 1+ 5)0i

1 —cosb;

Hob g0 = AR [AFRD, 4+ (- 1)AFY, .
Case 6 Yjh;=1, 1pid = (0,y1) 0 T4
Fb,HFHEHN R d = (n,y) T AL L, RYE
(78) 2 A5 2 & 1 9 £ o AT B P Y A5 d (0, 91) FI

da(n, yo) Z ] SR HL BHAA 5K

n
Rmxn g)’;jf} - 7m+ 17"+

: (88)

To
m+1

X

" (CF;+ CF)AFY — 20,0y
i1 (1 —cos Gi)F,(LQl

Case 7 Y dy=(z, 00 FIRBA L, M
dy = (zo,m) i T LA b, AR4E (78) X2 A 1

(89)

PR 2 AT BB 1T 8 dy (1, 0) Bl do (w2, m) Z[H] B ZERY
H R =K

xo2,mY __ x To
Rmxn {iﬂio } = m+1T+ m1
m g0 _or_1)igd) 4 g 1
X2 = (m) . u)ﬂQ’QCOtQ ((’i)- (90)
= 2AFY +hEY) 2

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
foen 10073 = 5
AR — (=)', (1
=1 n+1

A (91) B — DR m x n HIE ML
B R IF B S R SR R B A 2L X e — MR R
B ()R, 322 [) ARG 22 4 SCHiR [15,16) IR ABFSY, (H 2
XY (91) 2U A 5, B A T AT
HEPE R AIFSE.

DL R AR LB b A B T (78) =X, (B2
XS AR LI AR MIANES By B o 1 3 ik
e — PR AR T A AR AR, T 4G
i (78) XAEm = 1 — RS IE T 194

Case 9 Ym =11, K 1 EBILN—NEHT
BANARN L x n M, NE 4 PR, g
WTHO =in/(m+1)=n/2, IFH

M=14+h+/A+h)?>-1,
M=1+h+/(1+h)>-1,
BT A5 AR F By R 4 AT A, Ho
k R NZE AN ER kRIS, 1R (78) 5
I — RN,
M Ay = (0,0), B = (k, 1), i (78) X535

(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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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

PACS: 05.50.4+q, 84.30.Bv, 02.10.Yn, 01.55.+b DOI: 10.7498/aps.69.20191303

* Project supported by the Natural Science Foundation of Jiangsu Province, China (Grant No. BK20161278).

1 Corresponding author. E-mail: tanzzh@163.com

020502-15


http://dx.doi.org/10.7498/aps.69.20191303
mailto:tanzzh@163.com
mailto:tanzzh@163.com
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

