From transmission line to waveguide to fibers
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WAVEGUIDES - Eigenvalue — eigenfunction approach.

Most wavegnide study use Helmholz equation. From Maxwell's equation:
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The plane wave [no dependence in r or y) solution is:
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For a guided wave, we can insert in Helmholtz equation ' = £(z, ) exp(—ifz),

to get _ 12 2 2¢
@H'E—ﬂ@ BE+ViE+EE=0

A "mode” will have a phase velocity w /3, and a group velocity dw/dj3.
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Remember something like Hy =Evy ?



METALLIC WAVEGUIDE
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CO, laser: 10.6 um c/h =3 108 Hz
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Order m = 1, cutoff 10 micron

Order m = 2, cutoff 5 micron

So 10 micron light will not pass in second order.
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The polarization of the lowest loss mode in these long, thin multimode waveguides has an
electric field parallel to the long dimension of the guide cross section. This is the opposite
polarization from single-mode rectangular microwave guides. This difference is attributable to
the complex dielectric constant in the ir case.

The microwave analysis with a real conductivity is not valid at 10.6,4m.

n,K>>1 "3 copper waveguide 100 ,m thick and 6 mm wide will transmit 95% of the incident
light through a meter.
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DIELECTRIC WAVEGUIDE

Kkm = notation for metallic Emd + ¢ + kmd + ¢ = 2mm
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Emd + @+ kmd + ¢ = 2mm — 4¢ — 2k, 1d
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Yod = ky 1dtank, 1d/2 Form=0, 2, 4...
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to get the equation of a circle:
(v2d)? + (kz1d)? = kgd®(nf — n3)

The right hand side of this expression is the radius R of a circle. Dimensi-

onless radius:
R = kody/n3 — n3




Slab waveguide solution
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