ECECS-473
Electromagnetic Fields

TEM Wavesin a Parallel Plate Waveguide
Give atwo plates separated by a distance h. The two plates are oriented as shown in the

figure. The separation distance (h) is assumed to be lot greater than the width (w) of the
platesin the x direction. Thisimpliesthat the fields do not vary in they direction

TEM wave solution is obtained from the solution of the Laplace’ s equation assuming that a

potential difference of V, ( similar to abattery connected between the top plate and the
lower plate as shown in the figure above) is applied between the plates.
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To find the integration constants, we apply the Boundary Conditions:



a)at x=0, f(0)=0
0=C,0+C, ® C,=0
b) at x=h, f(h) = V,
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Theresulting Electric Field is calculated form
E(xy) =-Nif (xy) e

1 ' u .
E(xy) =- geﬂ—xax + oy Aygl e

\VZ
E(x) =- FO ez a  (vim)
Corresponding Magnetic Field is

1.

Hixy) =1 a;" E(xy)
1 .€

H(X’Y):ﬁaz g’

H@M=-%-ﬁ§émay (A/m)

We can define avoltage wave
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Similarly, we can define a current wave
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Thecurrentis;
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Characteristic impedance is defined as:
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Parallel Plate Transmission Line (Cont.):

TM Modesin aPardld plate transmission line
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For TM waves, H,=0 and E,= finite. e, isfound from the solution of

Rfe,(x,y) + kie(xy) = 0
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Assuming that we can neglect they variation

\l

—®0

iy

The wave equation in one dimension becomes
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Solution to thisequation is
e, = A sin(kx) + B cos(k.x) (Eq.1)

We coulo_l have written the solutionsin the form
e, = Celke + p gk (Eq.2)

Applying the boundary conditions to the first equation (Eq.1) at x=0 and x=h,



Boundary conditions:
(@ a x=0, e,(0)=0 ® B=0

(b) a x=h, e,()=0 ® sin(k)=0 ® kh=np (n=1...¥)

n
kc,n = Fp

If we had used the second equations (Eq.2) above

(@ a x=0, e,0)=0 ® C+D=0® D=-C

e, =Ce k¥ 4+ p ik = c(elke. ¢k = 9 Csin(kx)

e, = A sin(kx)

(b) a x=h, e,(h)=0 ® sin(kh)=0 ® kh=np (n=1....¥)
k=P
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We come up with the same form of solution and the asme k...

Theelectricfie_ld isthen;
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The propagation constant and the cut-off frequency is
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Example: Given aparalel plate transmission line with h= 2 mm, and width = w= 100
mm. Find
(@) the characteristic impedance of theline and

(b) Frequency at which the lowest order TM, wave is excited.
= ¢=3-10%m/s

h=2 mm, w= 100 mm, e=g,, MM, v=
+ M&
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Zy=hp =377 55 = 754 W
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¢ = &C0, - 3-10"m/s
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eZhQ’n_ 5 0.002m =7.5-10" Hz. For TM; mode (n=1)



