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88E1. The isolated conducting solid sphere of radius a shown above is chargacl to a potential V.

a. Determine the charge on the sphere.

L Q="

V=2

Two conducting hemispherical shells of inner radius b are then brought up and, without contacting the solid sphere
are connected to form a spherical shell surrounding and concentric with the solid sphere as shown below The outer
shell is then grounded.

b. By means of Gauss's law, determine the electric field in the space between the solid s

distance r from the(Senter. g V =

the shell at a

c. Determme the potentlal of the solid sphere relative to ground I8 l \ [
/ E dr v s 'ZA o J \/2?\ —l
(® v
b 2«) 1

\éo%" /_HJr \{af -\/a["} ]:

d. Determine the capacnance of the syigm in terms of the given quantities and fundamental constants.
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1995E1. A very long nonconducting rod of radius a has positive charge distributed throughout its volume.
The charge distribution is cylindrically symmetric, and the total charge per unit length of the rod is A .

a. Use Gauss's law to derive an expression for th

JE = 3= L
Eﬂnrf'_

b. The diagrams below represent cross sections of the rod. On these diagrams, sketch the following.
i. Several equipotential lines in the regionr>a

L
N \ P
\_\ i T

ii. Several electric field lines in the regionr > a

L
N

¢. Inthe diagram above, point C is a distance a from the center of the rod (i.e., on the rod's surface), and point D is
a distance 3a from the center on a radius that is 90° from point C. Determme the following.

i. The potential difference Vc - VD between points C and D 32

]
AY = —fEd  AYTeam [
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ii. The work required by an extemal agent to move a charge + Q from rest at point D to rest at point C

W, = AU = AVq 2

oz 2?0

Inside the rod (r < a), the charge density p is a function of radial distance r from the axis of the'rod

and is given by p=p,(r/a)”, where p, is a constant.
d. Determine the magnitude of the electric field E as a function of r for r < a. Express your answer in terms of p,,

a, and fundamental constants.
e
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. AP® PH\'YSICS C: ELECTRICITY AND MAGNETISM

SR SCORING GUIDELINES

= e

15 points total

()

(b)

i)

ii)

2 points

For using the equation relating the potential difference to the magnitude of the work
done on the electron

W =|gllav] = (16 x10™ C)[ ((2)(20 m)* +(7)(20 m) - (15)) - (0+0~- 15)]

For a correct answer with units

Distribution
of points

1 point

1 point

W=150%10""¢T=940¢cV
2 points

For using the equation relating the magnitude of the work done on the electron to the

speed of the electron
Sapalati oy skl
W—AK—zm(vz-vl)—Emv

For correct substitutions

. JE X [(@)(150x 107 1)

| (011x107" ke)
v =1.82x10" m/s

2 points

For taking the derivative of the electric potential to calculate the electric field

E = —%xv_ = —%(2;:2 +7x-15)

For a correct answer
E =-4x-T7
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1 point

1 point

1 point

1 point
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PHYSICS C: ELECTRICITY AND MAGNETISM

SECTION II
Time—45 minutes

3 Questions

irections: Answer all three questions. The suggested time is about 15 minutes for answering each of the questions,

hich are worth 15 points each. The parts within a question may not have equal weight. Show all your work in this
ooklet in the spaces provided after cach part.

(=B50), foi sl 5y

E&M.1.

A rod of length L lies along the x-axis with its left end at the origin, as shown in the figure above. The rod has a
nonuniform linear charge density A = ax, where « is a positive constant.

el

P
Ko )X

(a) Determine the units of the constént a.

(b) Derive an expression for the total charge on the rod. Express your answer in terms of «, L, and physical
constants, as appropriate. L

s B dg = dx
: " Q - Ljo()‘( JX
dA=dx ; :

\
Q = ZO(X
—
Ok ’Z;t?( L

e

YA

Unauthorized copying or reuse of
any part of this page is illegal.

GO ON TO THE NEXT PAGE.



The rod is replaced with one of the same length but with a uniform positive linear charge density ;.

(¢) Show that the electric field at point A, which is a distance b to the left of the rod, has a magnitudc of
AL
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(d)y A proton 15 placed at point A, at position (-b, 0), near the positively charged rod and released from rest.

i. Sketch a graph of the horizontal component of the acceleration of the proton a, as a function of its

position x for the region in which the proton travels after it is released. Sketch any asymptote, but do
not indicate its value.

ii. Sketch a graph of the horizontal component of the velocity of the proton v, as a function of its

position x for the region in which the proton travels after it is released. Sketch any asymptote but do
not indicate its value.

v, (m/s)
A

Question 1 continues on next page.
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