EE 363M Spri ng 2000
Honewor k Set 4
Wed. March. 22
Due: Wed. March 29

1. (5 pts) Recall that for a TEMto z wave:
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Assune that E || x throughout the x-y plane (i.e., that Ey ° 0 everywhere). Using the
rel ati ons above show

a) Ex is not a function of y

b) Has a function of E (wite out the x and y vector conponents separately)

c) Hy is not a function of x

d) Ex is not a function of x

A wave TEMto z which has no field variati ons in the x-y plane is called a uniform pl ane

wave.

2. (10 pts) A comon transmission line is the coaxial cable shown in cross -section bel ow
The radius of the inner conductor is a and the cylindrical hole is of radius b. The
cavity between the conductors is filled with a dielectric with e = ge and U = gg. The
outer conductor is held at ground potential (i.e. V =0), while the inner conductor is

connected to a voltage generator which applies a signal Vg el You will find it nost
convenient to work in cylindrical coordinates (see sunmary notes bel ow).
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a) Find the electric field as a function of radial distance r (i.e., E(r), which will be
the sanme as the static field inthis TEMIine). Use Gauss's |aw and show your worKk.

b) Verify that for this E field
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c) For a TEMwave on this line, what is the Hfield? Renenber for a TEM wave once you
have E its easy to get H Verify that
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d) Find the capacitance per unit length C for this |ine.
e) Wiat is the inductance per unit length L?
f) Find Zg for this transm ssion line.

Note that on this Iine you have a TEMto z wave, that it would be considered a plane
wave, but it is not a uniform plane wave.



Not es on cylindrical coords: point (x,y,z) is located by

z R=XXX +yxy +zxZ
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T or by
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R : where r = (x2 + y2)l/2,
//// E and r = cosqx + singy

: > Al so recal | : COSQ:;:i and
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In addition to the r and z directions,

there is an orthoganol direction q ,
gi ven by
g = -sing x + cosqy
In the x-y pl ane:
The followi ng relations hold between the
unit vectors:
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3. (10 pts) Consider the basic T-line with series loss (i.e., Z=R+ jwL Y =jwQ.
For "low' frequencies (i.e., w << R'L), find the conplex propagation constant g=a + jb.
Sketch W vs. b and w vs. a diagrams (make sure to indicate over what range of W's your

sketches are valid). Plot Won the vertical axis, and b on the horizontal axis. Al so
find the phase velocity vp and the group velocity vg for this line, and sketch their

behavi or versus W. Finally, find the "effective index of refraction" (also know as the

"sl ow wave factor") which is defined as negff = b/ bg, where by = w\/ LC = W\/ Ho €& ;
sketch its behavi or versus Ww.

4. (5 points) Rampb, problem5.15c (5.12c 2nd ed.)
L

- Find the conplex propagation constant g = a + jbfor this line.
- Sketch wvs. b and W vs. a diagrans (nmake sure to show behavior for large b).
- Find the phase and group velocities vp and vg, sketch their behavior versus W (make

sure to show behavior for large W).



