
From transmission line to waveguide to fibers
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Coaxial line

Two wires diameter a spaced by d

Impedance

Planar: width b spaced by d
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WAVEGUIDES – Eigenvalue – eigenfunction approach.

Remember something like            H  

−β2E +∇2tE + k2E = 0

E = E(x, y)ei(ωt−βz)



METALLIC WAVEGUIDE

TE: 
TM: 

Phase velocity: 

Group velocity: 

E
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CO2 laser: 10.6 m c/ = 3 1013 Hz

Frequency  below cutoff:  imaginary  attenuation

d = 5 m

Order m = 1, cutoff 10 micron

Order m = 2, cutoff 5 micron

So 10 micron light will not pass in second order.



Important for waveguide CO2 lasers

Propagation of infrared light in flexible hollow waveguides
E. Garmire, T. McMahon, and M. Bass
January 1976 / Vol. 15, No. 1 / APPLIED OPTICS 145



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

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

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.



DIELECTRIC WAVEGUIDE



DIELECTRIC WAVEGUIDE

E

In medium 2:

From Snell’s law:

Reflection coefficient TE:



DIELECTRIC WAVEGUIDE

E

In medium 2:

From Snell’s law:

Reflection coefficient TE:

k1 = Ωn1/c

k2 = Ωn2/c

Field reflection:n1−n2
n1+n2

= k1−k2
k1+k2

κm = notation for metallic
waveguide - here it is kx,1



DIELECTRIC WAVEGUIDE

E

In medium 2:

From Snell’s law:

Reflection coefficient TE:

For m= 0, 2, 4…

κm = notation for metallic
waveguide - here it is kx,1





Slab waveguide solution


