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ENGR 336 FIELDS 11 15 September 1971
Problem Set # 1
Due: 27 Sept. 1971

Using complex Poynting's theorem find the complex admitta
sys Use an equivalent parallel R L C circuit
(b) Find an equa for the admittance n 2 resonant frequency and
determine the Q .
(c) Determine the cha i resona quency for a small change in the
magnetic eability. Hint: Consider equivalent fnductance to be
ortional to the permeability.

(a

A resistor is fed by a battery as sketched in the accompanying fig

(a) Determine the electric and magnetic fields in the resistor (surrounding
region has zero conductivity).

{b) Show the solution for the potential within the space between the
battery and the resistor is a solution of Laplace's equation.

(¢} Find and sketch the solution for potentfal and electric field within
the space.

(d) Find and sketch the magnetic field within the space.

(e) Sketch Poynting's vector. R= PV’

{(f) Show that Poynting's theorem is satisfied by your results by
investigating it in integral form on the resistor

{g) Convince yourself that power flows out of the battery into free space
to the resistor.

NOTE: Work the problem per unit length %n the z-direction.
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Find Poynting's vector, electric and magnetic energy density for a uniform
plane wave.
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ENGR 336 FIELDS I1I 28 September 1971

Problem Set No. 2
Reading: Xerox Notes
Due: 3 October 1971

Problem

Calculate the fields in a TE01 mode cylindric waveguide in the

following manner:

/(1)

/ (2)

(3)

/()

b/gs)

g

(7)

Since this is a TE mode write the equation governing ﬁz using
cylindric coordinates. '

Express ﬁz as a oroduct solution:
h, = f(r) g(e)
and separate the equation appropriately by letting the azimuthal

dependence be periodic. ‘<
( wW
Show that f(r) is given by, ?jﬁ%d 4 e‘b
g..z..t*-l.g.f.-g- (kz-ﬂ?—) f=0
ar2 T € r2
having a solution which may be written as f = A Jn(kcr) +

B Yn(kcr) . Choose the appropriate solution for this problem.
(See Sec. 3.25 of the text.) Note: ké : w? My € * Y2

Find and sketch the dependence of the pronagation constant, 8 , as
a function of angular frequency, w (Y = j8) .

Wthat are the boundary conditions on hz for perfectly conducting
walls? (Remember that the electric field is related to hz
through derivatives.)

Find the fields for the TEO] mode. This mode has no azimuthal
variation and one-half cycle variation of hz in the radial direction
from the axis to the wall. Determine the cut-off frequency for this
mode in terms of the guide radfus, a . If a=1cm, calculate the
cut-off frequency.

Sketch the E-field in a z-cross section and the H-fields with z in
an equatorial slice. Show at least 1/2 wavelength.



ENGR 336 . FIELDS II 8 October 1971

Problem Set # 3 .

Reading: Secs. 4.11, 4.12, 5.13, 5.14, 5.15
Secs. 6.07, 6.09, 6.13, 6.15

Due: 15 October 1971

Problems from Text

(1) 4.12e. After working out this problem consider the following: Place
some excess charge, q , at the center of a solid conducting sphere of
radfus R=1 cm (don't ask how we can do this!). 'hert are the charges in
the steady state after we release them? Now calculate the velocity
these charges must move at 1f the materfal {s copper (o = 5.8 x 107 ,
€ " 3%; x 10°%) . Comment with some maturity on your results.

how 4%54-'*kfj relax

(2) 6.13a
(3) 6.13b

(4) 6.15¢
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ENGR 336 FIELDS II 15 October 1971
Problem.Set No. 4 V
Due: 22 October 1971
Quiz I: 27 Octcher

Show that for an imperfect conductor the integra1'of the real part of the

ccmplex Poynting vector over a unit area of the conductors surface is just

equal to % [1(§_- E*)dv where the volume is bounded by the same area and
vo

extends to infinity into the conductor.

Calculate the ratio of power loss per unit length to power flow in the
direction of propagation for the TEm mode circular guide whose solutions

you have already found. Use the perturbation apnroach f—‘ K$¢ Hdigiﬁb
v bo poswee sdedd kw ‘\"\O ‘CW‘A'
Determine the power absorbed Non.an imperfect conductor (o av1nq

a dielectric coating of thickness t onits surface with permittivxty € .
Assume .the wave to be launched from free space and propagating normally to
the surfaces.

What is the skin depth of stainless steel at 1 MHz > IQO fHz , 1 GHz

and 10 GHz ? ,,}ff}, fog, f 5 {; fﬁﬁlifg ',3
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ENGR 336 FIELDS I1 22 October 1971

Problem Set # 5
Due: 29 October 1971

Reading: Sectfons 1.13 through 1.19,
Section 7.11

Problems:
1.16a
1.16b
1.17a
1.18¢c
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ENGR 336 FIELDS 11 29 October 1971
Problem Set # 6
Due: 5 November 1971

A one ohm lossless transmission 1ine has the w-p diagram shown. A source

drives a one ohm inductive reactance load % wavelength away. If a one volt

amplitude signal at frequency w, appears at the load.

(;) Find the 1ncident and reflected voltage and current at the load.

(b) Sketch the phasor diagram for (a).

(c) Sketch the phasor diagram for the incident reflected voltages and
currents at the source.

(d) What circuit element does the 1ine appear to be at the source?
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An {deal voltage source feeds a 10 o coaxial 1ine with a ten volt step at
t =0 . The 1ine 1s 300 meters long and open-circuited. Plot and dimension
the voltage and current at the load and the source as a function of time for
0 <t < 10 psec. |

Determine the resonant frequencies of the system shown below for the electricf;

field in the x-direction and the magnetic field in the y-direction. The

system is infinfte in the x-y plane. The

center dielectric is lossless.

Hint: Consider the load impedances looking ‘
both ways from the center of the system,
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ENGR 336 FIELD 11 5 November 1971

Problem Set #7
Due: 19 Nov. 1971
Reading: Sections 6.04, 6.05

1. Problem 1.202
2. Problem 1.20d

3. For a transmission 1ine whose equivalent circuit s for a differential

> length s given in the figure, find the
; :L_: complex propagation constant, v , for
& : ) the case where R << joul. and the shunt

| conductance 6 << Juc . Show that if
R Gzo
Yyeg+ Jg,8% eIl and a*u—--I-T where zb.\/g
0

4, Find and sketch the dispersfon relation (w,8 dfagram) for each of the
incremental equivalent circuits shown below. Sketch the group velocity vs.
w for each.

N o)
. o000~ 1
&) ¢ by (& C_f L
4._.° °~ .

G bt LG $Le

5. Sketch the w,8 diagram for the dispersion relation

o 2
82 = g2 P -1
O\ (6 - 8vg)2 - a2

where ’o"’p"’ and «_ are constants and . > . . Sketch the

[ (S c p
group velocity vs. w for the above waves.



ENGR 336 FIELDS II 10 November 1971
Problem Set #7 Addendum
Reading: Sectfons 10.01-10.06, 10.08

Problem 6

Using your solutions for the TEm mode cy]iﬁdric wavequide (Probiem
Set No. 2 and, Problem Set No. 4, Problem 2). Calculate the fields
(E & H) and the Q for the TE0]1 mode cylindric ca§1ty with cbhpér waiTs.
Sketch the field and show how you might use the cavity as a filter by proper

placement of coupling devices.
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