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Abstract

Beyond power orthogonality, the guided modes of dielectric channels satisfy orthogonality conditions re-
lated to the momentum of the optical electromagnetic field. The modes thus act as individual carriers of
momentum.

Guided optical waves

Consider a straight lossless dielectric channel waveguide along the z-axis, specified through the tensorial Hermi-
tian relative permittivity é(x, y) that is a function of the transverse x-y-coordinates only. Guided electromagnetic
fields in the frequency domain are superpositions of guided modes

(E,H)(z,y,2) = Z cm (Em, Hpy)(x,y) exp(—ikN,, 2)

m

for vacuum wavenumber k, assuming a time dependence ~ exp(iwt) with frequency w = ke, for vacuum speed
of light c. Individual modes with electromagnetic profile (E,,, H,,) and effective index N,, contribute with
amplitudes c¢,,.

Momentum-related orthogonality

For the above guided field, the momentum flux M, the momentum (Minkowski, time-averaged, z-component,
[1]) transferred per time unit through a cross-section plane, can be written

M: <E7H;E7H>7

where, for two integrable electromagnetic fields E,, H, and Ey, Hy, the product (.; .) is
1 ~ * * ~ * *
(E.,H,; Ey, Hy) = i // [eo (E.© (EEL)" + Ef, ©€EE,) + o (Hy, © HY, + Hy, © Ha)]dxdy,

with AOB=_-(A;B, +A,B,—A.B,).
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Using the former definitions, we show [2] that nondegenerate modes m, n of the same channel, normalized to
power P,,, are orthogonal as

(B, Hp By Hy) =0 My, with P, /M, = w/(ENp,) = ¢/Np,.

The momentum transferred per time unit along the channel, M =3%" |em |2 M, thus separates into contribu-
tions of individual modes.

We shall outline the derivation of these relations, report on a numerical check for the vectorial hybrid modes
of realistic thin-film lithium niobate channels, and discuss implications. In particular, the momentum-related
modal orthogonality paves the way towards a rigorous, self-consistent procedure for the quantization of guided
electromagnetic fields in the typical channels found in integrated photonic circuits [2].
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