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Fig.1 The cross section of an elliptical fiber made
from LHM

BBAL 7 I R = BhIET7 [, BT A B R B
PIEF e * = k. AXHPETF P CHH .
FEMG B AL AR R P B> B AR B, IR Y = T )
o EEERR AT,

Ez1=§AmJem($’)’f)cem(q,7§) €N
H.=2B,Jo, (&7 se. (3,71 (2
Ezz=§CmKem(Ey7§)cem(q,7§) &)
sz=§DmKom(E,)’§)sem(7],7§) 4)

2 SR A 1 ] A48 8 2R B 428 1) D A T A AR 7 =
q' (kini =) /4,q=va' =" B R = T M L& K
B ko N H 2 O BER n R X AT BT 5
cen (s 7") vsen (s V) A B REL, Je, (6,7) Jo, (&,
YO RE—RBIED B EH, Ke, (6,7°) Ko, (&, 7))
HEZRBELBEL . A,..B..C..D, B
HER. HERNHEIEA, THEMEALFR P E
HEGIBE A oy B S5 R 4 B R R



1100 * F

E

35 %

E, — i
q +/sinh® E+ sin’ p(f
JH.,
{wﬂ E _'_B

—kin?)

3 = (5a)
H, = i .
g v/sinh® g+sin® p(F —kin})
aE
8%, oy % 3

(5b)

E, = .
g +/sinh?® E—l-sm (F —kin?)

{w/z 357 _ﬁaﬁ ]

(5¢)

H.= pl .
g v/sinh? e+ sin? p(F —k3nd)
{‘8 e z’+w€ %E{J
KR DO~WORARG 5D E,. . H, ., Fl A
E..H..E,, .H, 7 §=&(&=In v (a+b)/(a—b) B}
V8 05 RS, 7 SRR A S (0L A BET , BR A
W m=n I, A] [ AL 7 R
—n’a’Jen (& 71)J0,(& ¥ [F ZUKe, (& ,75) *
Ko, (&, 73) + kYWKe, (&, ¥5) Ko, (&, 7)1+
naYJe, (&7 Ko, (& 75) [mukiW]o, (& ,71) *
Ke, (&, 7)) + FVZ]o, (&, ) Ke, (&, 7)1+
ntaWJo,, (& 7)) Ke, (& 7)) [nekiY]e, (&, 7)) »
Ko, (&, 75) + f XUle, (&, 1) Ko, (&, 73)] —
WYKe, (& 7)) Ko, (&, 7)) [F X Ve, (& ,7D)
Jo, (& 7D +r'kin*Je, (& 7)) ]0, (&, 7)) ]=0 (&)
v s

(5d)

=(F —kin®) /(F —kD)
X= fce (7D sen (7D dy

g
V="Tsé, (e Dcen (s 7 dy
Y= {se, (o ) sen Cor )y
2= [se, (g R cen (g 7>y
U= Zice (s 7 se (s ¥ dip

W= icem(y,}’%)cem(rl,}’g)dq

R)RE 9 5 ¥ Bl AR A R AR 5 B2 9 R TR AR
Il B B L AL AR B S5 1R T, A ASAE 5 R R (B AR A
LT B .

2 HWETER

HAE TS AT LR Y, HAEERRES EZF A K
B p Me, MIERA R, MS » WIEREX, BitA
FABEE FHEREESH TN PO S HEE

Rt NERIE bR 4R A 20, R B A R
B AR K/ 2 B W B B0 A5 1 R S TR 6 R T
F i, BT B B BE Xt S R R R A e, X
So 5 B R RR AR L R R B A, i T A AE Ty
T, RS E T Bk A F AR
MEE I R R . BT 3BRENEESE
PRBTE R MBEIT RSB AT 28 m, 1k
Bt B TR AR X RASCRE SRR . fEE
BZHE LI ERR L RE THA DB R B
EDBRBAHEIHRAITRER BFHESERS
SCERL7 IR B 4 i — BB R LB e 2 HE AT

B AL R PR LAY — > B B TR 20 H L L AR
AR T B SR IE— R (kia) 5H—
AR BB/ ) ZEB KR R FBm=1,n=
—1.5,4,=—2.25,6,=—1.0,6=0. 8a (& 2(a)) I
b=0.6a (B 2(b)). & 2 27 F 4 Bk B L § F1E
AR 0RO T, B BEERNEH— R TE
BEIH— LRI AR R R IHE SRR MR 3=
DL 20 Xk LA 18 R PR O R M AR R, O R R
ey G UE — 4 B A AR AR DS

0.7

06F —— HEM,

--- HEM
05t .

04F

Bk

03
02
O1f

036 38 40 42 44 46 48
kyafrad
(a) b=0.8a
08

0.7
06
0.5
041
03
02
01r

Bk

® 30 32 34 36 3%
koalrad
(b) =0.6a

M2 H-fEBEESH-AARNEALXAR
Fig. 2 Normalized propagation constant vs normalized
frequency for the different eccentricities
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Abstract Using the method of separation of variables in the elliptical coordinate system, the approximate

eigenequation for an elliptical optical waveguide made from LHM is given. To find the propagation
characteristics of fundamental mode in the elliptical optical waveguide, numerical methods are applied.
Numerical examples reveal the influences of the permittivity, permeability of LHM and the eccentricity of
the elliptical optical waveguide made from LHM on the fundamental mode propagation characteristics.
These results show that the propagation characteristic of fundamental modes in the elliptical optical
waveguide is influenced weakly by the permittivity and permeability of LHM and influenced strongly by the
eccentricity of the elliptical optical waveguide. In addition, fundamental mode propagation characteristics
in an elliptical optical waveguide made from LHM are compared with fundamental mode propagation
characteristics in an elliptical optical waveguide made from RHM.

Keywords Elliptical optical waveguide; Left handed material; Propagation characteristic; Mathieu

function
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