TM and TE mode derivation for a parallel plate waveguide
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Based on the solution of the wave equation and the boundary conditions, we obtained the expres-
sions
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These two components are sufficient to define the rest of the field components in the guide. Note
also that these expressions are “complete” as is the case with the Fourier expansions.
Although, we could begin now using (Ey,E,) and get the rest of the field components, it is
customary to use the pairs

(Ey,Hy), forx propagating waves
(Ey,H,), fory propagating waves
(E, H;), forzpropagating waves

as the components for defining the others. For our case, we will select the (E,, Hy) pair. In fact,
we proceed with one more subdivision of these components. Specifically, using superposition, we
can express the field components as follows (£ and H waves or TM and TE modes)

E=Eg+Eg

in which Eg, is due to the E, component (with H, = 0), and Eg is due to the H, components (with
Ey = 0). The contribution from Eg is often referred to as the TM wave since the corresponding
magnetic field is transverse to the direction of propagation.



£y 44

A X
PG NP —g e e
—
= .
F‘ Ex, HX:O H”‘) Ex=0

i | H
TMX W owe.s T tlawed

The contribution from Eg is referred to as the TE wave since the corresponding electric field is
transverse to the direction of propagation as shown.
From the relations (h? = ° + k(z))
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For our case, the derived fields are
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From the relation
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it is clear that (note that E)TM = 0 since there is no y dependence)
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Here, ngEx denotes the H; components of the nth mode associated with the TE, mode fields (only
TE fields have a non-zero H, component).
As an example for the TM modes we have
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Note that for n = 0 (zeroth mode), then
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which is the usual plane wave form since only transverse E and H fields exist. We also remark that
for n = 0 the TE}_, mode vanishes. That is, for » = 0 the non-zero field components are simply
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and these are completely transverse to the propagation x. For this reason this field is referred to
as transverse electric and magnetic field (TEM), and the components satisfy the usual plane wave
relations. The TEM mode is the field existing in 2-wire and coax transmission lines, and will be
seen later as not having a cutoff frequency. That is, it propagates unattenuated for all frequencies.



Summary of parallel plate waveguide modes

TM modes (H, = 0)
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e TM; (n= 1) cxists for
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Note: vg can be greater than the speed of light, but v, is always less than the speed of light.
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Note: TE; exists for Ag. > z1/2.

All parameters, such as 7, Bg, &, Aoc, Ag, Vg, Ven etc. are identical to those computed for the
TM; modes. However, for n = 0, both Egy and Eg, vanish because of the sin(nmz/z;) term in their
expression. Thus, E =0 for n = 0, implying that the lowest order TE mode to propagate occurs
for n > 1. Lowest cutoff frequency is that of mode 1, viz.
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Power: (TM modes)
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Example

Consider a parallel plate waveguide whose plates are separated by 3 ¢cm (i.e., z; = 3 ¢cm). The
guide is excited by a signal whose carrier frequency is fj = 10 GHz.

(a) Find how many modes (TM and TE) will propagate.

(b) For each of the modes give the parameters Bg, Ay, Aoc, Vg, Ven, ZTE and Zyy.

Solution:

(a) Find cutoff mode frequencies.
Those modes with fc < fy will propagate
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n=0 foc=(foc)o=0 (TEM mode, has no cutoff frequency)
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= both TM; and TE; mode will propagate
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TM; and TE; can exist in the guide (near the source) but do not propagate

) x 10° =5GHz < 10 GHz (%o, = 0.06 m)

) %107 =10GHz = fo (hoe, = Ao = 0.03 m)

(b) Table of mode parameters
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