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since J, = 0 there. Current will pass through the three remaining surfaces, and will be found

through
I—/ / —a,) dﬂcdz+/ / ay dﬂcdz+/ / a,)
y= y=1

= 104/ / cos(2x)e™® — cos(2z)e” d:cdz—104/ / sin(2)e %Y dy dz

—104<2>sm(2x)’0(3 2)[1—e" ]—1—104(;)8111(2)6 2y0(3 2) =0

dydz

r=

c) Repeat part b, but use the divergence theorem: We find the net outward current through the
surface of the cube by integrating the divergence of J over the cube volume. We have

0Jy L9y 0Jy

ox y

V-J= = —10"* [2cos(2z)e™ ¥ — 2cos(2z)e ?Y] =0 as expected

Two perfectly-conducting cylindrical surfaces are located at p = 3 and p = 5 cm. The total current
passing radially outward through the medium between the cylinders is 3 A dc. Assume the cylinders
are both of length I.

a) Find the voltage and resistance between the cylinders, and E in the region between the cylinders,
if a conducting material having ¢ = 0.05S/m is present for 3 < p < 5 cm: Given the current,
and knowing that it is radially-directed, we find the current density by dividing it by the area of
a cylinder of radius p and length I:

The voltage between cylinders is now:

3 5
9.55 955  [/5\ 4.88
Ve[ E-dL= | 224, . adp="2m(2) =22y
/5 /3 pl e A= n<3> l

Now, the resistance will be

V. 488 1.63
_= — = — Q
I 3l l

b) Show that integrating the power dissipated per unit volume over the volume gives the total
dissipated power: We calculate

2 2
3 5 14.64
E-Jdv= dpdpdz = —————In| - | = ——W
/ Y / / /0 05)52” pdodz = 5 om) n<3> l
We also find the power by taking the product of voltage and current:
4.88 14.64
P=VIi=—@3)=——W

{ l
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Construct a curvilinear square map of the potential field between two parallel circular cylin-
ders, one of 4-cm radius inside one of 8-cm radius. The two axes are displaced by 2.5 cm.
These dimensions are suitable for the drawing. As a check on the accuracy, compute the

capacitance per moter from the sketch and from the cxact cxprossion:

2me
~ cosh™ ! [(a? + b2 — D?)/(2ab)]

where a and b are the conductor radii and D is the axis separation.

Our attempt at the drawing is shown below. Use of the exact cxpression above yields a
capacitance value of C' = 11.5¢; F/m. Use of the drawing produces:

22 x 2
C = ZeozlleoF/m

il

Download full file from geniustudies.com
4 | p | eTextMainMenu | Textbook Table of Contents



https://www.geniustudies.com/downIoad/solutions—manl1a7l—engineering—electromagnetics—8th—edition—by—william—hayt/

(continued) Now

C(144 + a?)
fo€o(2 x 1010)2

D 1
E=—" = / —VxHdt+Cy, = sin(12y) sin(az) cos(2 x 10'°t) a,
€0 €0

where Cy = 0. This field must be the same as the original field as stated, and so we require

that
C(4d+a®)
N060(2 X 1010)2 N
Using poeg = (3 x 108)72, we find
1/2
(2 x 1010)2
— |22 ) g =66
T B x108)2 =

The phasor magnetic field intensity for a 400-MHz uniform plane wave propagating in a certain
lossless material is (2a, — j5a,)e %" A/m. Knowing that the maximum amplitude of E is
1500 V/m, find 8, n, A, vp, €r, pr, and H(z,y, z,t): First, from the phasor expression,
we identify 3 = 25 m~! from the argument of the exponential function. Next, we evaluate
Hy = [H = vVH -H* = /22 + 52 = /29. Then n = Ey/Hy = 1500//29 = 278.5 Q. Then
A =27/ =2m/25= .25 m =25 cm. Next,

w 27 x 400 x 108

vp:—:T:1.01><108m/s
Now we note that
n=2785=377HE = MR _ (546
€ER €ER
And
v, = 1.01 x 10° = = prer = 8.79

VHRER
We solve the above two equations simultaneously to find eg = 4.01 and pp = 2.19. Finally,
H(z,y,2,t) = Re {(2ay — j5az)e_j25”ej“’t}
= 2cos(2m x 400 x 10°¢ — 25x)a, + 5sin(27 x 400 x 10° — 25x)a, A/m

A 10 GHz radar signal may be represented as a uniform plane wave in a sufficiently small
region. Calculate the wavelength in centimeters and the attenuation in nepers per meter if
the wave is propagating in a non-magnetic material for which

a) €p =1 and € = 0: In a non-magnetic material, we would have:

- 11/2
Ho€o€'R eh 2
a=w\ ———— I+(—7) -1
2 €R
and
- 11/2
Ho€o€R €h 2
B=wy /%R | 14 (R 4
2 €n

With the given values of €}, and €%, it is clear that 8 = w,/noeg = w/c, and so
A =27/B =2mc/w =3 x 1019/10'% = 3 cm. It is also clear that a = 0.
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