Homework 10 Solution
Problems 1 and 2 are similar to the solutions of the first two problems (except for numbers)

Problem 1: change ¢, to 4 instead of 9 and coefficient of cos6 to 2 instead of 3.
Problem 4.45 A 2-cm conducting sphere 1s embedded in a charge-free dielectric
medium with &5, = 9. IfE; = R3cosH — 03:in@ (V/m) in the surrounding region,
find the charge density on the sphere’s surface.

Solution: According to Eq. (4.93),
n; - (D; — Dz) = p..

In the present case, n; = R and D} = 0. Hence.
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P:= RDJ r=2cm
R-£2(R3cosh 63 sin @)

= 27ggcosf  (C/m?).

Problem 2: Change 150 change to 500

Problem 4.46 If E = R150 (V/m) at the surface of a 5-cm conducting sphere
centered at the origin, what 1s the total charge Q on the sphere’s surface?

Solution: From Table 4-3, n- (D; —D3) = p.. E; mnside the sphere 1s zero, smce we
. . i ]
assume 1t 1s a perfect conductor. Hence, for a sphere with surface area 5§ = 4ma~,
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Problem 3
Problem 4.53 Use the result of Problem 4.52 to determine the capacitance for each
of the following configurations:
(a) conducting plates are on top and bottom faces of rectangular structure m Fig.
4-35(a) (P4.53(a)).
(b) conducting plates are on front and back faces of structure i Fig. 4-35(a)
(P4.53(a)).
(¢) conducting plates are on top and bottom faces of the cylindnical structure in
Fig. 4-35(b) (P4.53(b)).

Solution:
(a) The two capacitors share the same voltage; hence they are in parallel.
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Problem 4

Problem 4.55 TUse the expressions given in Problem 4.54 to determine the
capacitance for the configurations in Fig. 4.35(a) (P4.55) when the conducting plates
are placed on the right and left faces of the structure.

Solution:
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Problem 5:

Problem 4.56 With reference to Fig. 4-37 (P4.56). charge @ 1s located at a
distance 4 above a grounded half-plane located in the x—y plane and at a distance 4
from another grounded half-plane in the x—z plane. Use the image method to
(a) establish the magnitudes, polarities, and locations of the images of charge O
with respect to each of the two ground planes (as if each 15 infinite 1 extent),
and
(b) then find the electric potential and electric field at an arbitrary point P(0,y,z).
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Figure P4 56: Charge @ next to two perpendicular, grounded. conducting half planes.

Solution:

(a) The original charge has magnitude and polarity +0 at location (0.4, 4). Since
the negative y-axis 1z shielded from the region of interest, there might as well be a
conducting half-plane extending in the —y direction as well as the 4 direction. This
ground plane gives rise to an image charge of magnitude and polarity —Q at location



Figure P4.56: (a) Image charges.

(0.d,—d). In addition, since charges exist on the conducting half plane in the 4=
direction, an image of this conducting half plane also appears in the —z direction.
This ground plane in the x-z plane gives rise to the image charges of —Q at (0. —d.d)

and +Q at (0,—d, —d).
(b) Using Eq. (4.47) with N =4,
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From Eq. (4.51).

. ( £x  $(v d). 2z d) fx  $(v . d) . 2z d)
AR g e ) @ e e DY
h’-l—?b'-!—ﬂrj-i-i(:-l-:’?réﬁ tx+§v—d)+2(z+d) (Vim).

@, p.dP @ )" @ e dP @ )"



Problem 6:

Problem 4.58 Use the image method to find the capacitance per unit length of an
mfinitely long conducting cylinder of radius a situated at a distance 4 from a parallel
conducting plane, as shown in Fig. 4-39 (P4.58).

Solution: Let us distribute charge p; (C/m) on the conducting cylinder. Its image
cylinder at z = —4 will have charge density —p;.

For the line at z = & the electric field at any point = (at a distance of ¢z from the
center of the cvlinder) 1s, from Eq. (4.33),
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Figure P4.58: (a) Cylinder and 1ts image.



where —z 1s the direction away from the cylinder. Similarly for the image cylinder at
distance (d +z) and carrying charge —py.
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The potential difference between the cylinders 1s obtained by integrating the total
electric field fromz = —(d —a) toz = (d —a):
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and the capacitance per unit length 1s
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