
Questions and Example Problems from Chapter 23

fliililJ*r"o ball lies within the hollow of a metallic spherical ball of radius R. For three situations, .-

the net charges on the ball and shell, respectiveTy, are (1) +4q,0; Q) -4q, +10 q; (3) +16 q, -12q. Rank
the situations according to the charge on (a) the inner surface of the shell and (b) the outer surface, most
oositive first.
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Problem I
The square surface shown in the figure below measures 3.2 mm on each side. It is immersed in a
rmiform electric fie1d with magnitude E = 1800 N/C. The field lines make an angle of 35o with a
normal to the surface, as shown. Take that normal to be directed "outward," as though the surface
were one face ofa box. Calculate the electric flux through the surface.
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Problen 2
An electric field given by E = 4.0i -3.O(y'z +2.Qj pierces a Gaussian cube of length 2.0 m and
positioned as shown in the figure below. (The magnitude of E is in N/C and position x is in m.) What
is the electric flux t}rough the (a) top face, (b) bottom face, (c) left face, and (d) back face? (e) What
is the net electric flux through the cube?
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Problem 3
A charged particle is suspended at the cent€r of two concentric spherical shells that are very thin and
made ofnonconducting material. Figure a below shows a cross section. Figure b gives the net flux
O through a Gaussian sphere centered on the particle, as a function of radius r of the sphere. The
scale of the vertical axis is set by @s= 5.0 x 105 Nmz/C. (A) What is the charge of the central
particle? What are the net charges of @) shell A and (c) shell B?
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(b) on the outer surface ofthe conductor?
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An isolated conductor of arbitiry .hup" h* u o"t""lhar!e'ofTT0 >< I0+eG-side-fu conductor is a
cavity within which is a point charge q : +3.0 x 10' C. Whati is the charge (a) on thq cavity wall and
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Problem s /
The figure.below is a section ofa conducting rod of radius Rr : 1.3Qlmm and length L: i 1.00 m
inside a thin-walled coaxial conducting cylindrical shell of radius Rz: 10.0Rr and the (same) length

L. The net charge on the rod is Q, : +3.40 x 10rz C; that on the shell is Qz = -2.00Qr. What are the
(a) magnitude E and (b) direction (radially inward or outward) ofthe electric field at radial distance
r = 2.00R2? What are (c) E and (d) the direction at r: 5.00Rr? What is the chmge on the (e) interior
and (f) exterior surface ofthe shell?
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Problem 6
A square rretal plate of edge length 8.0 cm and negligible thicliness has a total charge of 6.0 x10'6 C.
(a) Estimate the magnitude E ofthe electric field just offthe center of the plate (al say, a distance of
0.50 mm) by assuming that the charge is spread unifomrly over the two faces of the plate.
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ili#"U?l" *tow, a small circular hole of radius R = l 80 crn has been cut into tlre micldle of an
infinite flat, nonconducting surface tlpt bas uniform charge density o : 4.50 pC/m". A z axis, with
its origin at the hole's center, is perpendicular to the sutface. In unit vector notation, what is the
electric field at point P at z : 2.56 cm?
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Problem 8
Two charged concentric spheres have radii of 10.0 cm and 15.0 cm. The charge on the inner sphere
is4.00xlOaC,andthatontheoutersphereis2.00xl0-sC.Findtheelectr icf ield(a)atr:12.0cm
and (b) at r : 20.0 cm.
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Problem 9
A solid nonconducting sphere ofradius R = 5.60 cm has a nonuniform charge distribution ofvolume

. chmge density p: (14.1 pclmi) r/R, where r is the radial distance from the sphere's center. (a) What
\--'l is the sphere's total charge? What is the magrritude E of the electric field at (b) r: 0, (c) r = R/2.00,

and (d) r: R?
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