BIIBHTH
2006 4£ 7 A

X Fo¥ M
ACTA PHOTONICA SINICA

Vol. 35 No. 7
July 2006

SR 58 B Y £ 145 0300 B 25 W 4 9%

EX 22

K OE OHTR

(L A¥EESERIEYEE, Li§ 200072)

B OE REBZZ- ik — AR MR A, PEE- g R AUA RAF B AR A R
HERBRFERAETHRXY . CESABENERIEKARLZRAHOAANL T .CLZ2GR
BREFRGEGE-CERG LGB ENME . HALRRAECEDLARNBRARMEEFHY,
FX—EMFHEERTHEARLL LA GB/ERK A LEREEABNLFEANERS .
(@R AHALFHERASBER-FHBIEEFRXD;BERK

E S %S
0 317

AT R it Fis FDBE ROLE a4, B
S FE ICET B2 4 R LA BOB & AL 1R S i i ik
Gioy A . BAh, SR ET b A% BB AR I YE B B B 1) 3 0 A
Xt TSGR R THE OB & B A S th R A
EMERBPEREEXRERN . BRTRDILAGSH
HAM R A7 LR 3 0 8 A7 A T 4, R 2 508
S i RE R 3 00 R R I AR 7 8 SR A » AR O 9
WKB JiE5, S8 R & R0 28 40 07 k00 SRR BR
LR AT LA B 7 8, I A- B 5 k™ B
BRFAFES ,ERTHTES , ZRLHE 5% .
BAPEITEREH K, B EEREBN AT H
i EIAR G . 8 P o 8 /K-8 30 2 R R R b £ i B
- 7 U SRR 4y O B R SR A T A
BB ER TREERBSEENESHR
KRG MREE, Bt AR E I AR ILIRA R B R
WHET . TERNZ/R-FHFERICRERA LT &
B RBAE L, B R 55 R HERAR . BT
0 SR AR A LI B 25 /R - T B R BUR IT , RRIESF
RS LR SR ERRENT.

2% 3C AR B0 B 2K — g O B RO A Y
fEF B2 -nug & R EERERAIEXGZE,
EFNBR-BHRPAREHERARXRZUBEN
ERER . IRAEGNERERUNE. 2%
M RARBRKEAT . 1F0E DL B 22 ek &
FER—ARLH, XHETHE T AR ELE Z [
HMEERE .

TN253 Xk ARIR A

"HEERAFEA(60277025) Fo Lo H E L F AR IKA
B (T0102) ¥ 84
Tel;021- 56333252
J A% B #8:2005- 03— 29

Email : zhwang@staff. shu. edu. cn

1 RBXAWBEZ-MBEHFERE
ik [

% B — AN B X ARG LR, B A AR 1k Bk B A Ak A
(r,0,2). : IS KA MAES, EIFHRIAH (R’
H

nt(R) =n4+ (% —n2) F(R) QD)
R n A ERL LT HERRE, na A THE
EH§R. Brlirgad e aea H—HAR=r/
a. F(R)RHE—r ks . GRS vHE
Wi

2w, 1 dv . I

@’ TR HE—H:V (F(R—B) Rz]‘I/—O(Z)
R V==ka n’—nh 1 B=[(B/k)* —n’]/(nk —
) RHA— RS H— L EEEE L A B BZEE
ERERE.SNENEBER m AR MERRGR
% JE& 4 #i R cos m@ or sin m@). KA 3G B B b
=R - B R

= gcm 0<<R<oo 3
K

$.=L[2V

n!

(ntm)!
K X=VR?,Lr (X)W EHHHILBEHR" ,n R
ZaEER . XKOPHERBE—HLRH

of¢,.¢n/RdR=6,,,.f )

EEZFTESB P RBER G BHER R n=N
ZEEE . B ERARQ , BHEXQBHREU ¢
FHELEHBTRLY, BRI -KETEHA . R#
X—LEFBRARERAREF AN, B+ 50/
E HERLBINE—LERFERNEGRITRE
c.r WEIEERY ¢

1 BUBL 35 /K - 39 2 bR R T A HL AR A AR
B B AT R T PR M T 7 S R o A B 3, W R 0K
4 0 R B AR R FRGE Ab i R AR A S 3F BLAL A %

Vrexp (— 3 XLy (X)(4)



734 EFEE . KRB R0 E 2% - e & 07 i 987

g, Kb abES . BT RERE SRR
FENRERET RS, X — Mt B w7 A —
A EE R B, B R BN B R B SR A
RAWEGELEPERRNK . ERFEMUEH
R —A 8RN BB 2 -t & 07 ik R AR A
JLERITHIE . AR GRMEMREERERE . TR
KORGRMBENZERRBENE. ETERFE
M S PR R R ERRERH, RE A% . X
ST BL A B 2% - A g U, AR r B LN

[ T=2.$, 0<<R<1
v, = (6
i K, (wR)

L4S0-avem: I<R<

AP B - I AP RS RG), v )
FERE R=1LME, w=VvBV HEZREA— TR
HE . XK. BREEMEN - TR EERE
R T . ARER AT NI R BOE X g
BHAKRER. BREENE.XGOFPH LS
w R OB G2 5 8 & 08 X R D , BE
RIS MBS EL e RERE . 53X
(41, [90AR AR E B R B ABENERERERE
2% B RAERBITREZ A X B RAERBITEZ
=

T ERITH RAG LR TR ESEGHE
Wl T B BR G 4 SR OB AT B — 4R, B
R AR — B TR A e A SO B R . V=
2 B BROLET B LP R Z B iR & KA
WREREH— LR AR AL 28 TR 1. B
(DRRWEGHIE N=10 b8BW . B P ELLHEX
TTHREER AR ARBCT N BRZ - Mk & T ESE
R RFEMBEMITEREMRMILEE V=5
LPo B2, 7R TR 252 V=5 LP W, /n TH 3 5
% V=4 LPuﬁﬁrj"ﬂ?ﬂ:E 4. U\@ 1~4 ‘ﬁIUEHj,
RAARICOTTEEE M (RS 5, 25 R R
KRR FHY VR BANERNL. TEK

20

0 —~c

204 \

Relative error of field/(%0)
&
—

i 2 3 4 5
Normalized radial coordinate R
W1l V=25 LPo & EH MR E
Fig. 1 Relative error of field in cladding,for V=2
LP; mode

100 T
0 Y
€ o \
5 TWr i
5 i '
B 200+ i /:
5] 1
5 -300} \ /
5 3 /
p 4007 Vo
B s00f v/
2 v
600} \ ‘/-‘
700 N VS .
1 2 3 4 5
Normalized radial coordinate R

H2 V=5 LPn#®EEFHMMTIEEL
Fig. 2 Relative error of field in cladding, for V=5
LP,, mode
20

U e

8
,,.a-"‘""

&
[
—

Relative error of field/(%6)
A
<

2 &

-120

1 2 3 4 5
Normalized radial coordinate R

B3 V=5u LP,#4a BZFH ik
Fig. 3 Relative error of field in cladding, for V=5

LP,; mode
150
A

< T
S 100 i 1
3 i
! i
B !

- H
§ 0 - 7 T
g \
& 50¢ 1\‘.

‘\..
100} 2 3 4 5
Normalized radial coordinate R

B4 V=auf LPhnHEEHHWHEMEZ
Fig. 4 Relative error of field in cladding, for V=4
LP;; mode

G ET B B 2K - G 6 07 9 o B i S BRI PR B AR
BT .

2 FEMHEZ-MBETEITEX
HBEFH

MTBERBNITBEEH A EEHR
GHY L EEGERENRE LR FERS RO
BEERE, TMEAR T HERA T — R4 85
RIS T R B B B 2% - e < O I R
HRFEEAE RO LPo B Z MBI RRE BB . P17
BERWRLET 1M 2, EfTHEEEE050 a
M oa, Chfii 3t X B BPARM R KL, TEA



988 X F ¥ R 35 %

ar=ay) , B B X FR I 3 5 B4 A

nf (Risp) =

i+ (nk, — i) Fi(R,) for 0<{r,<lq,
nl for a,<lr

(Riyo) R i=1,2 HENTUE HBHZ R P08
HEAAR, XA « I mETF —BREH
d. na Fy 3[R 0602 37 3 26

A R B AN

Co=s5 [ ARGDT DT (r)dA  (8)

21 core
K A (D HFE 2 SHABEQCRERITHRE,
Wy (r ) F W, () AR BOGET 1 51 2 B A7 7 I (B
PR HE TR B LP B . Kir iR
- ST EREN v v RARGIHTHER
BREGCHATENERSR . WE BB K
JeEr Z B B HR-A B B0H K I 9 T A% e AR —
MEITFRERASOTEITERE RBBERE . A
A VAEIE LT  BIARAE R A9 B BROG &7 38 2 ] &

(i=1,2) (D

A Cua . o8 = .
Zﬂﬂ@%n?\ﬁm(ﬁiAﬁ}uﬁ@);%ﬁﬁiﬁ

$1 %2 WA —fBE R D— L 07 (L R T 5.

XEBIFTHAE N=10. BIPEKHK V=3, BKN
V=4, 8 %N V=5 i BB REGEHE /D E S
“o” RANIMATHLEL . M 5 W WA I HE R
SWHBEILE RS XS . AR %S 8t
HRERABMREERTIOE N=10 Bt 2H Y
KE, R EE DR .

10"

<
3

10—2. »

Coal A

107}

20 25 30 35 40 45 50
D=dla

Bs BEAKLSEHHXR

Fig.5 The coupling coefficient as a function of distance

3 &R

2 SCHR i B 2K -l < O ik B — I U B G
B - & 07 Bk OUU R 18 B 46 B DO A 1 A2 1R
HERAGETHEAYE . GQRGRAERHKREER
UEREZKRBHFIZR oD EFHNE. &
1IE DU /R R 3L 2 3 Be r 35 R - 6 0T 2 oK OB T X
WEBRSERAERR. TRRAEN-RHEE

AR T BE-MEEFTERNEERS . HEER
KGR ERENBGERMYEBER, B EY
VB R RK, N R/ . R — 05 B0 A
TREEAZEBERENIE, KSR SHEHRE
JLPFEREX 4 . 0 R R B 2% - s & Bt
BERERABNERERA BN, B B4 RHNIT
BEFEANCEGRNRIK .
&% Uk
1 Adams M J. The cladded parabolic-index profile
waveguide: Analysis and application to stripe-geometry
lasers. Opt Quant Elect ,1978,10(1):17~29
2 Hartog A H, Adams M ]. On the accuracy of the WKB
approximation in optical dielectric waveguides. Opt Quant
Elect,1977,9(3):223~232
3 Ghetak A K, Thyagarajan K. Graded index optical
waveguides; a review,in E. Wolf ed. Progress in Optics,
1980,XVIII;1~126
4 Okoshi T, Okamoto K. Analysis of wave propagation in
inhomogeneous optical fibers using a variational method.
IEEE Trans Microwave Theory Tech ,1974,22(11):938
~945
5 Gambling W A, Matsumura H, Ragdale C M. Wave
propagation in a singlemode fiber with dip in the
refractive index. Opt Quant Elect ,1978,10(5) :301~309
6 Okamoto K, Okoshi T. Vectorial wave analysis of
inhomogeneous optical fibers using finite element
method. IEEE Trans Microwave Theory Tech,1978,26
(2):109~144
7 Clarricoats P ] B, Chan K B. Electromagetic wave
propagation along radially inhomogeneous dielectric
cylinders. Electron Lett,1970,6(22) :694~695
8 Meunier J P,Pigeon J,Massot ] N. A general approach to
the numerical determination of modal propagation
constants and field distributions of optical fibers. Opt
Quant Elect,1981,13(1):71~83
9  Angelis G D, Panariello G, Scaglione A. A variational
method to approximate the field of weakly guiding
optical fibers by Laguerre-Gauss/Bessel expansion. J
Lightwave Technol ,1999,17(12) :2665~2674
10 Adams M ]. It discusses the slab waveguides but also
suits to optical fibers, An Introduction to Optical
Waveguides. New York;John Wiley & Sons, 1981. 100
~102
11 Abramowitz M, Stegun A. Handbook of Mathematical
Functions. New York:Dover,1965
12 Snyder A W. Coupled-mode theory for optical fibers. J
Opt Soc Am,1972,62(11) :1267~1277
13 5% ZFHEM AENBEEABERNORE. T
238 ,2003,32(11):1316~1320
Feng D, Li Z, Tang D. Acta Photonica Sinica ,2003,32



TH EFFEE. REBEATEGHEMUR K-S T7E 989

(11):1316~1320 15 AAFILZEY, £ BERCABA SN, b
14 BRI BLAER, HER. SR ETRMEE T LT F2¥4% ,2004,33(5) :540~543

23R ,2004,33(7) :803~805 Lin X, Li P, Wang Q. Acta Photonica Sinica, 2004, 33

Xue C,Zhu S X, Xiao Z G. Acta Photonica Sinica ,2004, (5) :540~543

33(7) :803~805

Approximate Ritz-Galerkin Method for Field Distribution of
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Abstract Ritz-Galerkin method is used only for obtaining propagation constant and the radial mode field in
core region of graded-index optical fibers. Cladding field has been constructed by using the accurate
functional form (modified Bessel function) with two approximate parameters:the transverse decay constant
in the cladding and the field value at core-cladding interface, which are already known. Numerical results
show that the improvement on accuracy is significant. This approximate Ritz-Galerkin method has been
applied to the calculation of coupling coefficient between two step-index optical fibers. Results are agreed
well with exact values.
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