
Lec7 Transmission Lines 
and waveguides (II)



3.4 CIRCULAR WAVEGUIDE
A hollow, round metal pipe also supports TE and TM 
waveguide modes.
we can derive the cylindrical components of the 
transverse fields from the longitudinal components as



TE Modes

For TE modes, Ez = 0, and Hz is a solution to the wave equation,

apply the method of separation of variables.



Kφ must be an integer, n.

which is recognized as Bessel’s differential equation.

The solution is



The solution for hz can then be simplified to

We must still determine the cutoff wave number kc, which we can do by enforcing the
boundary condition that Etan = 0 on the waveguide wall.

For Eφ to vanish at ρ = a, we must have



Values of p’nm are given in mathematical tables;

the cutoff wave number      kcnm = p’nm/a, 
where n refers to the number of circumferential (φ) variations and m refers to the 
number of radial (ρ) variations.

The propagation constant of the TEnm mode is with a cutoff frequency of



The first TE mode is the TE11 mode since it has the smallest p’nm.
Because m ≥ 1, there is no TE10 mode, but there is a TE01 mode.

The transverse field components are,

The wave impedance is



A and B control the amplitude of the sin nφ and cos nφ terms, which are independent.
The actual amplitudes of these terms will depend on the excitation of the waveguide.

Now consider the dominant TE11 mode with an excitation such that B = 0. The 
fields can be written as



The power flow down the guide can be computed as

which is seen to be nonzero only when β is real, corresponding to a propagating 
mode.



Attenuation due to dielectric loss is

The attenuation due to a lossy waveguide conductor can be found by computing the 
power loss per unit length of guide:

The attenuation constant is then



TM Modes

we must solve for Ez from the wave equation in cylindrical coordinates:

the general solutions
the boundary conditions

then



The propagation constant of the TMnm mode is

the cutoff frequency is

the first TM mode to propagate is the TM01 mode, with p01 = 2.405.



Since p01 = 2.405 is greater than 

the TE11 mode is the dominant mode of the circular waveguide.

m ≥ 1, so there is no TM10 mode.

the transverse fields can be derived as

The wave impedance is



the attenuation of the TE01 mode decreases to a 
very small value with increasing frequency.

This property makes the TE01 mode of interest 
for low-loss transmission over long distances. 
Unfortunately, this mode is not the dominant 
mode of the circular waveguide, so in practice 
power can be lost from the TE01 mode to lower 
order propagating modes.









EXAMPLE 3.2 CHARACTERISTICS OF A CIRCULAR WAVEGUIDE

Find the cutoff frequencies of the first two propagating modes of a Teflon-filled
circular waveguide with a = 0.5 cm. If the interior of the guide is gold plated,
calculate the overall loss in dB for a 30 cm length operating at 14 GHz.

Solution
The first two propagating modes of a circular waveguide are the TE11 and TM01 
modes. The cutoff frequencies can be found as

So only the TE11 mode is propagating at 14 GHz. The wave number is



and the propagation constant of the TE11 mode is

The attenuation due to dielectric loss is

the attenuation due to conductor loss is



3.5 COAXIAL LINE
TEM Modes

the fields can be derived from a scalar potential function, which is a solution to 
Laplace’s equation

In cylindrical coordinates Laplace’s equation

With the boundary conditions

By the method of separation of variables,



By the usual separation-of-variables argument,

The general solution
0



Applying the boundary conditions

After solving for C and D, we get the final solution

The E and H fields can now be found using



The coaxial line, like the parallel plate waveguide, can also support TE and TM 
waveguide modes in addition to the TEM mode.

Higher Order Modes

In practice, these modes are usually cut off (evanescent), and so have only a 
reactive effect near discontinuities or sources, where they may be excited.

It is important in practice, however, to be aware of the cutoff frequency of the
lowest order waveguide-type modes to avoid the propagation of these modes.

Undesirable effects can occur if two or more modes with different propagation 
constants are propagating at the same time.

如何确定传输线的工作带宽？



For TE modes, Ez = 0, and Hz satisfies the wave equation of

The boundary conditions are

Then



An approximate solution of the cutoff number 
for the TE11 mode that is often used in practice 
is





EXAMPLE 3.3 HIGHER ORDER MODE OF A COAXIAL LINE

Consider a RG-401U semirigid coaxial cable, with inner and outer conductor 
diameters of 0.0645 in. and 0.215 in., and a Teflon dielectric 2.2. What is the highest 
usable frequency before the TE11 waveguide mode starts to propagate?



Coaxial Connectors



Most coaxial cables and connectors in common use have a 50 characteristic impedance, 
with an exception being the 75 cable used in television systems. The reasoning behind 
these choices is that an air-filled coaxial line has minimum attenuation for a 
characteristic impedance of about 77 (Problem 2.27), while maximum power capacity 
occurs for a characteristic impedance of about 30 (Problem 3.28). A 50  characteristic 
impedance thus represents a compromise between minimum attenuation and maximum 
power capacity.

Coaxial Connectors

Connectors are used in pairs, with a male end and a female end (or plug and jack).

SMA: The need for smaller and lighter connectors led to the development of this 
connector in the 1960s. The outer diameter of the female end is about 0.25 in. It can 
be used up to frequencies in the range of 18–25 GHz and is probably the most 
commonly used microwave connector today.



Homework
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