Physics 208 — Spring 2006 — Exam 1 Solution

George R. Welch

Problem 1 (Nearly identical to example 21.9. Very similar to homework problem 21-46.

Similar to homework problem 21-23, but easier.)

Looking at the Figure, we let F, be the field
produced by +@), and E_ be the field produced
by —@). These charges have the same magnitude,
and are both the same distance from the point of
interest, so the magnitudes of the fields produced
by them are equal: £, = E_.
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Furthermore, it is obvious that the y-

components of the two fields cancel, and the z-
components add. Thus,
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Problem 2 (This was very similar to example 21.22 and homework problem 21-87.)

This is very similar to problem 1, but instead of dE, y
a charge +@) located a distance d from the origin,
we have to consider a portion dg that is located Calculate electric
a distance x from the origin, and then add up <5 field here
(integrate) the contributions for all values of z N
from 0 to d. This will give us the field £, from \\\
the positive rod: AN
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Just as before F_ = F,, and so £, =0 and E, = 2E, =
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Physics 208 — Spring 2006 — Exam 1 Solution, continued.

Problem 3 (This was basically identical to homework problem 22-6.)

Gauss’ Law tell us the flux is the enclosed charge divided by ¢;. We just look at the total
charge enclosed by each of the surfaces:

(a) P=(nn+q+g)eo (1)2=0 (c)®=(q+g)/c
(d) = (1 +q)/c0 (e) D= (q0)/c0

Problem 4 (Parts a and b were basically like homework 22-14. Part ¢ was basically like
homework 22-36. The whole thing was basically the same as homework 22-42.)

We can solve each part with Gauss’ Law. We use a spherical gaussian surface of radius
r concentric with the charged spheres:
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(a) No charge in a conductor, s0 Qena =0s0 £ =0 .

(b) Qencl = _Q so B =
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where the minus sign means the field is pointing in.

(c) This is the tough one. The enclosed charge is the entire —(@ sphere plus the part of
the +@Q sphere that is in our volume. Let p be the charge density of the outer spherical shell:
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(d) Now the enclosed charge is the —(@ inner sphere and the entire +() outer sphere, so
Qenct =0s0o E=0.

Problem 5 (Very similar to homework 23-56.)
The field between two large parallel plates is constant, so V = Ed = FE=V/d.
The force on the charge from the electric field is F' = gFE = ¢V/d .

v
In equilibrium, this must equal the force from the spring: ¢V/d = kz . So x = qk;id )




Physics 208 — Spring 2006 — Exam 1 Solution, continued.
Problem 6 (Part a was just like example 23-11 and homework 23-68. Part b is just thinking.
Part ¢ was like homework problems 23-3 or 23-13.)

(a) We can just add up a bunch of differential elements along the bent rod. For each
element dV = dq/(4megR) so we have

1
V = /dV = 47:2}% = IR /dq (because R is constant)
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(b) Look at the symmetry of the bent rod. The charge will move away from the center
of the rod, so along a line y = —x.
(c) Use conservation of energy:
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Problem 7 (This was just like homework 23-42, and similar to 23-46.)

ov 0 1 2q 2¢ 0 /, o\ —1/2
o= v __ Y9 (- 4 \__19
* ox ox (47‘(‘60 Va2 +x2> deg Ox (a e )

_ % (_1) (4 +a*) " (22)

4meg 2
B 2qx
drey (22 + a?)*/?
oV
E, = —=0
ov
E, = ——=0



