ECECS-611
Microwave Communications

Transmission Lines as Resonant structures.
Consider alossy transmission line with the following parameters.
g=a +jb with

b= propagation constant,

a= attenuation constant
Z = characteristic impedance.

For alossy line, the input impedance can be calculated from
Z, + Ztanh(a+jb)
©Z.+ Z tanh(a+jb)
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Open circuited | /2 line

An open circuited transmission linewith alength | /2 is shown in the figure below.
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for Z,=o0.
Z;,, = Z.coth (a+jb)
Using the identity

_, 1+jtan(bl) tanh(al)
© tanh(al) + j tan(bl)
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for small losses
tanh (al) » al
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Substituting these into Z;,,
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Therefore, this frequency variation is similar to aparalel RLC circuit. Comparing with the
paralel RLC circuit elements, we can define the equivalent elements for the open-circuited
line
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Short Circuited | /2 line.

Consider now a short-circuited line of length | /2. For this case, Z, =0.
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tanh(al) + jtan(bl)
¢ 1 + jtan(bl)tanh(al)

Z,, = Z, tanh [(a+jb)]

Zin:Z



tan(bl) = tan(wOrre 1) = tan ((w,+Dw)One |
= tan(w,Ope | + DwOrre )
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For this case
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Frequency variation of thiscircuitsis similar to the series RLC circuit. Thus the equivalent
circuit parameters can be written as
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Similar expressions can be driven for

Open-Circuited lineof | /4 (Eq. to series LRC)
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.short-circuited Lineof | /4 (Eq. to parallel LRC)
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