Propagation in Dielectric Rod

(see Balanis p. 506, Harrington p. 220)

y

Region II

Region I

Dielectric rod
of radius a

e Dielectric rod 1s the basic form of an optical fiber.

e Modes are found by satisfying wave equation in cylindrical coordinates and satisfying con-
tinuity conditions on 7 x H and 7 x E across the two regions (Regions I and ).

¢ BCs can only be satisfied when both TE* and TM? modes are present.

— This gives rise to hybrid modes called Hybrid Electric/Magnetic modes or HEM.

— HEMy; is the lowest order mode in the dielectric rod.

Proposed Modes
Interior Potentials (Region H):

A = 2A T (kp,p) cos(mo) e~ 7%=
F = 2B Jy(kp,p) sin{mey) e~ /%=

where
(kpz)z + (kz)z = k% = CDZ.'UZ'SZ = k(%:urzarz

Exterior Region Potentials (Region I):

A =34 H,Sf) (ko,p) cos(m) e IRz
F =3B H,SE) (ko,p) sin(mo) P



where
(ko) )2 + (k) = ki = e
¢ We chose J,, as the Bessel solution in region II (interior) because the field must be finite at
p=0.

e We chose H,S?) as the Bessel equation solution in region I (exterior) because
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ie., H,E? ) represents outgoing waves.
Also, we know that for a mode to exist, the field must decay as p becomes larger. Thus, we
expect kp, = — jolp,, S0 that
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in which the last term is exponentially decaying.

¢ Note that by definition

.m T .
—J i (5) H?‘-(Wz)(_Jamp) :Km(amp)

where K,,(-) is the modified Bessel function of the second kind.
e Thus, for region I, it is appropriate to rewrite the potentials as

A = 24" K, (0, p)cos(mp) e““_ﬂ‘zz
B = 2B" K,{(0p,p)sin{mp) e /%=
*chl +k§ - k% = k%(srllurl)

} Region I

e To find the appropriate values for o, and k,,, we need to satisfy the BCs at p = a. For
metallic guides we had set E, = 0 and this resulted in Jy,(kyp)|p=q = 0 or J;, (kpp) [p=a = O
leading to kp = Ymn/a and ky = y,,/a respectively.

o For the dielectric rod, the only BCs are those of tangential field continuity at p = a. Specifi-
cally, on setting £} = EJ', H} = H}', Hy = H, and Ey = Eyl, we get a set of four equations,
Setting the determinant of the four equations to zero leads to a non-trivial solution (see Har-
rington p. 221, Balanis p. 511) for o, and &p,. Namely, the equation satisfied by &, and kp,
is
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For m = 0, this breaks to two equations to be solved for k,, and k&p, .
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Fis. 5-10. Bome circular waveguides. (z) Partially filled; (b) diclectric slab; (<)
coated conductor; (¢ corrugated eonductor.
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Thuse constant for thae eireular dielectria rad.  (After A1, O Cray.)
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Fia. 5-11. Phase constant for the partially filled circular wavepguide, €, —
b = 0.4x;. (Ajfter I. Seidel.)
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