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ECE357 Electromagnetic Fields

First Test, February 16, 2006

Examiners — M. Mojahedi

Only Calculators approved by Registrar allowed

Answer the questions in the spaces provided or on the facing page
A complete paper consists of answers to all questions

For numerical answers specify units

DO NOT REMOVE STAPLE

Do not write in these spaces
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£, =8.854x10" [F/m], n,=4rx10"7[H/m], c=3x10°[m/s]
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esch 2=1/sinh 2
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coth z=1/tanh 2
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Frgurz 4.6, Hyperbolic functions.

Relation to Circular Functions (see 4.3.49 to 4.3,34)

Hyperbolic formulas can be derived from

trigonometric identities by replacing 2 by iz

45,7

sinh 2=—i sin 42

4.5.20

45.2
45.22

45.23

cosh z—sinh z=¢*
Negative Angle Formulas
sinh (—z)=—sinh
cosh (—z)=cosh z
tanh (—z)=—tanh z

Addition Formulas

4.5.24 sinh (z,42)=sinh 2, cosh 2,

+cosh 2 sinh 2,

4.5.25 cosh (2+2)=00sh 2 cosh 2,

4.5.20 tanh (z,+2)=(tanh z,+tanh z)/

4521 coth (z+2)=(coth 2 coth 2,41)/

+sinh 2 sinh

(14tanh z tanh 2,)

(coth 2+coth 2,)

Half-Angle Formulas
45.28
sinh %= (cosh z—l)%
2\ 2
e’ vel? e’ —e

, sinf=



Problem 1: On a lossless transmission line with characteristic impedance of 150 Q the
following observations were noted: distance of first voltage minimum from the load = 3
cm; distance of first voltage maximum from the load = 9 cm, standing wave ratio = 3.
Determine the value of the load impedance (Z;). (Total points: 30)
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Problem 2: In class we showed that the input impedance [ Z.(/) ] for a lossless

transmission line terminated on a short is identically zero at/ = 1/2, 4,34/2, 24, ...

Prove that for a short circuited lossy transmission line the input impedance is never
identically zero at/ = /2, 1,31/2, 24, ... (Total points: 35)
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Problem 3: A transmission line is modeled by an equivalent circuit shown below. For
this transmission line, find the general transmission line equations (the so-called
telegrapher’s equations) for instantaneous voltage and current, i.e., as a function of time
(f) and space (z). Show all your work. (Total points: 35)
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