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• Transmission line can be used to guide EM energy from one point (generator) to

another (load).

• A waveguide is another means of achieving the same goal.

However, a waveguide differs from a transmission line in following aspects.

• A transmission line can support only a transverse electromagnetic (TEM) wave,

whereas a waveguide can support many possible field configurations.

• At microwave frequencies (roughly 3-300 GHz), transmission lines become

inefficient due to skin effect and dielectric losses; waveguides are used at that

range of frequencies to obtain larger bandwidth and lower signal attenuation.

Moreover, a transmission line may operate from dc to a very high frequency.

• A waveguide can operate only above a certain frequency called the cutoff frequency and

therefore acts as a high-pass filter. Thus, waveguides cannot transmit dc, and they

become excessively large at frequencies below microwave frequencies.

• Although a waveguide may assume any arbitrary but uniform cross section, common

• waveguides are either rectangular or circular.

WAVEGUIDES





RECTANGULAR WAVEGUIDES

Assume that the waveguide is filled with a source-free lossless dielectric material and its

walls are perfectly conducting.













TRANSVERSE MAGNETIC (TM) MODES

Boundary conditions:

At the walls of the waveguide, the tangential components 

of the E field must be continuous; that is,

Equations (12.17a) and (12.17c) require that A1 = 0 = A3 in eq. (12.11), so eq. 

(12.11) becomes

Also eqs. (12.17b) and (12.17d) when applied to eq. (12.18) require that



Substituting eq. (12.21) into eq. (12.18) gives

We obtain other field components from eqs. (12.22) and (12.15)



• Integer m equals the number of half-cycle variations in the x direction, and integer n 

is the number of half-cycle variations in the y-direction. 

• Also notice from eqs. (12.22) and (12.23) that if (m, n) is (0, 0), (0, n), or (m, 0), all 

field components vanish. Thus neither m nor n can be zero. Consequently, TM11  is the 

lowest-order mode of all the TMmn modes.

By substituting eq. (12.21) into eq. (12.16), we obtain the propagation constant

CASE A (cutoff):



CASE B (evanescent):

CASE C (propagation):

from eq. (12.25) the phase constant becomes



The waveguide therefore operates as a high-pass filter. The cutoff frequency is 

obtained from eq. (12.26) as

phase velocity of uniform plane wave in the lossless dielectric medium filling the 

waveguide. 

The cutoff wave length is given by



The phase constant in eq. (12.27) can be written in terms of fc as

The phase velocity up and the wavelength in the guide are, respectively, given by

The intrinsic wave impedance of the mode is obtained from eq. (12.23) as



Field configuration



TRANSVERSE ELECTRIC (TE) MODES

In the TE modes, the electric field is transverse (or normal) to the direction of wave 

propagation.



For TE modes, (m, n) may be (0, 1) or (1, 0) but not (0, 0). Both m and n cannot be zero at the

same time because this will force the field components in eq. (12.36) to vanish.

This implies that the lowest mode can be TE10 or TE01 depending on the values of a and b,

the dimensions of the guide.

Standard practice to have a > b

Thus  TE10 is the lowest mode because. This mode is called the dominant mode of the waveguide 

and is of practical importance. The cutoff frequency for the TE10 mode is obtained from eq. 

(12.28) as (m = 1, n= 0)

The intrinsic impedance for the TE mode is not the same as for TM modes. From eq. (12.36),



Field configuration



Important Equations for TM and TE Modes



EXAMPLE PROBLEMS



Solution: The guide is operating at 

TMI3 or TE13



Repeat Previous Example Problem if TE13 mode is assumed. Determine other field 

components for this mode.



Answer:



The group velocity ug is the velocity with which the resultant repeated reflected waves 

are traveling down the guide and is given by

Group velocity 

a group velocity is essentially the velocity of propagation of the wave-packet 

envelope of a group of frequencies. It is the energy propagation velocity in the 

guide and is always less than or equal to u'.



POWER TRANSMISSION AND ATTENUATION

To determine power flow in the waveguide, we first find the average Poynting vector

Poynting vector is along the z-direction so that

The total average power transmitted across the cross section of the waveguide is



When the dielectric medium is lossy and the guide walls are not perfectly conducting 

there is a continuous loss of power as a wave propagates along the guide. The power 

flow in the guide is of the form

In order that energy be conserved, the rate of decrease in Pave must equal the time average 

power loss PL per unit length, that is,

where ac and ad are attenuation constants due to ohmic or conduction losses



Rs is the skin resistance of the wall



PRACTICE EXERCISE




