Problem 1. Two parallel, initially uncharged metal plates each have area 400cm? and are c
separated by 2.0cm (see below). A total of 1.0 x 102 electrons are transferred from the left plate

to the right plate, and the plates are then isolated. Treat the plates as large compared with their

separation; the charge on each plate resides on its inner face (the face toward the other plate).

a. What is the surface charge density on the inner surface of each plate?
b. Find the magnitude and direction of the electric field between the plates.

c. Find the potential difference between the plates. Which plate is at the higher potential?
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Problem 2. In a certain region of space the electric potential is

V(z,y,2) = —oy?z + 4oy, C> \//0J0‘0> = 0

where V is in volts and z, y, z are in metres (the implied constants carry the appropriate units).

a. Find the components E,, E,, E, of the electric field. ) - 3 \/
—, —
VoL

b. Evaluate E (magnitude and direction, in terms of %, 3, l}) at the point (1,1,1) m.

c. How much work must an external agent do to move a +2.0 pC charge slowly from the origin
to (1,1,1) m? Does the answer depend on the path taken? Explain.
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Problem 3. A solid conducting sphere of radius a = 2.0cm carries charge +5.0nC. It is

concentric with a thick conducting spherical shell of inner radius b = 5.0cm and outer radius = > A l/\/ A
e lanes Sphve f

¢ = 6.0cm that carries a net charge of —3.0 pC (see below).
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a. Find the charge on the inner and outer surfaces of the shell.

b. Use Gauss’s law to find E(r) in each of the four regions: inside the sphere (0 < r < a), the
gap (a < r < b), inside the shell (b < r < ¢), and outside (r > c).

c. Taking V(o0) = 0, find the potential of the shell and of the inner sphere.

d. Sketch E(r) and V(r) on the same horizontal axis, 0 < r < 10 cm. Where is V' continuous?
Where is E discontinuous, and why?
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e. Suppose the inner sphere is moved off-centre (without touching the shell), as shown below.
Which of your electric-field answers to (b) change, and which do not? Sketch the electric field
lines in all regions, showing how they meet each conducting surface.
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Consider the special case of a positive point charge g at the origin. To calculate the potential caused by g at a
distance r from the origin relative to a reference of 0 at infinity (recall that we did the same for potential energy), let

I - . =2 ks ;
P=randR=o00o,wWithd]l =dr =rtdranduse E = =t When we evaluate the integral
: Py o
-9 Ela . Vp=—/ E-dl
1.4 LIT [- R
’ : for this system, we have

which simplifies to

This result,

Following this approach from the textbook, we can work out the potential by integrating the
electric field in from infinity...
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