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Problem 23.38,44,84; 24.12,22 from MasteringPhysics
with minor clarifications.

23.38 - parallel conducting plates

Two large parallel conducting plates carrying opposite
charges of equal magnitude are separated by L=2.20 cm.

Part A

If the surface charge density for each plate has magnitude
47.0 nC/m?, what is the magnitude of E in the region
between the plates?
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Part B

What is the potential difference, AV, between the two
plates?

The potential difference could be positive or negative,
but not enough information was given to determine which.
So we’ll make AV a positive value.

Part B

Calculate the potential V(r) for rq < r <.

We are inside one of the spheres and outside the other.
The potential for the sphere we are inside constant and the

other varies.
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Part C

Calculate the potential V(r) for r > rp.

V(r) :k%%l"i =[o].

Part D

Find the electric field E, at a point outside the larger
sphere at a distance r from the center, where 7 > 7.

This is a spherically symmetric charge distribution
with a net charge of zero, therefore

o N
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23.44 - metal spheres

A metal sphere with radius r, is supported on an insulating
stand at the center of a hollow, metal, spherical shell with
radius rp. There is charge +q on the inner sphere and charge
-q on the outer spherical shell. Take V to be zero when r is
infinite.

Part A

Calculate the potential V(r) for r < r,. (Hint: the net
potential is the sum of the potentials due to the individual
spheres.)

The potential is the sum of the potentials from the
two spheres. From fig 23.16 in the text, we see that the
potential deesswetr is constant inside a uniformly charged
spherical shell. So inside the two spheres

Vi) =kt 4L = kq<ii> :
Ta (&) Ta Ty

23.84 - electric potential in space

The electric potential V' in a region of space is given by
V(z,y,2) = A(z? — 3y? + 2?) where A is a constant.

Part A

Derive an expression for the electric field E at any point in
this region.
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(Ey, Ey, E,) = ( ) = —A (22, -6y, 22)

=z 1 (-2A T, 614 Y, “'“2./4 Z)

Part B

The work done by the field when a 1.50 uC test charge
moves from the point (z, y, z)=(0, 0, 0.250 m) to the origin
is measured to be W=6.00 x107° J. Determine A.

Note that the electric field does positive work on this
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charge. The Work, W, is minus the charge in potential 24.22 - capacitor network
energy.
C1 = 6.00pF, Cy=3.00uF, C3=5.00uF. The capacitor net-

W= —AU = —qg AV work is connected to an applied potential V. After the
charges on the capacitors have reached their final values,
= —q [A(J:é ~3y2 4 22) — Afa? — 32 + z?)} the charge on Cy is Q2=40.0uC.
, c
= —qA (0 21) = qAz;
W 6x107°J eV e
gzi (1.5 x 106 C) (0.25 m)” m?
®
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Part C bo— —

Determine the electric field at the point (0, 0, 0.250 m).

- Part A
(Erlfv E’j&j:l Ez) ==

Part D

In every plane parallel to the xz-plane the equipotential Part B
contours are circles. What is the radius of the equipotential
contour corresponding to V' = 1280 V and y = 2.00m?

Part C
24.12 - spherical capacitor

A spherical capacitor is formed from two concentric, spher-
ical, conducting shells separated by vacuum. The inner
sphere has radius R;=15.0 cm and the capacitance is C=116
pF.

Part A

What is the radius of the outer sphere, R,?

Part B

If the potential difference between the two spheres is V=220
V, what is the magnitude of charge on each sphere?
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