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Waveguides

• Waveguide: Tx line which can convey EM waves only in higher-order 
modes.

• Circuit Theory and Field Theory

Can such a pipe convey EM energy



Waveguides

• TE Mode Wave in the infinite Parallel-Plane Tx Line or Guide

• TE: E is everywhere transverse, but H longitudinal , as well as transverse, 
comp.

• Ey vanishes at the sheets!
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Waveguides

• Resultant 
waves belong 
to higher 
order mode.

• TE mode not 
transmitted 
unless 
sufficiently 
short 
wavelength: 
Cutoff 
Wavelength
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Waveguides

• n corresponds to a particular higher order 
mode. For example, if n=1,

Longest wavelength:
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Waveguides

• Permeability (Hm-1, Permittivity Fm-1)

• Phase velocity approaches an infinite values as the wavelength is 
increased towards the cutoff value. And, v approaches v0.

• Phase velocity of higher order mode wave formed by the sheets is always 
equal or greater than the velocity in an unbounded medium.

• Energy velocity is always equal or less than the velocity in an unbounded 
medium.
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Hollow Rectangular Waveguide
• Start w. Maxwell’s equation

• Restriction of harmonic variation wrt time

• Harmonic variation and attenuation wrt x

• Select mode TE or TM

• Find four fields in terms of Hx

• Develop Wave equation for Hx

• Solve this Eq. for Hx subject to boundary condtions

• Substitute Hx for other fileds

8 Steps!



Hollow Rectangular Waveguide

• Step 1



Hollow Rectangular Waveguide

• Space free from charge

• Step 2-3: Assume, field comp varies harmonically with both 
time and distance and also may attenuate with distance
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Hollow Rectangular Waveguide

• Step 4: TE Mode



Hollow Rectangular Waveguide

• Step 5:
From (32) And (33)

Transverse-wave impedance

(37) Into (30)

(37) Into (29)



Hollow Rectangular Waveguide

Step 6:
35:<38, 39



Hollow Rectangular Waveguide

• Step 7:
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Hollow Rectangular Waveguide

Boundary conditions:
Ey=0 at z=0 and z=z1

Ez=0 at y=0, and y=y1

Multiplication by constant factor:



Hollow Rectangular Waveguide

• Step 8:

• For example: Ey has a sinusoidal variation across the guide (z-
direction), being a max in the center and zero at the walls, and has
no variation as a function of y.

• m, n number of half-cycle variation wrt z and y respectively! 

If m=1, n=0: Hx, Hz, Ey



Hollow Rectangular Waveguide

• TE10
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Hollow Rectangular Waveguide

• General Significance:

For Lossless dielectric medium:


