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The following conventions are used in this exam.
m 1. Unless otherwise stated, the frame of reference of any problem is
1070 micro u assumed to be inertial.
n
p

leseboard ore/inauiry/ch i hm 9 nano II.  The direction of any electric current is the direction of flow of positive
www.collegeboard.org/inquiry/cbpermit.html. 10 charge (conventional current).
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Visit the College Board on the Webs: collegeboard.org, 10 p: III.  For any isolated electric charge, the electric potential is defined as zero at
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GEOMETRY AND TRIGONOMETRY
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A = area
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b = base
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MECHANICS ELECTRICITY AND MAGNETISM
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PHYSICS C: ELECTRICITY AND MAGNETISM

SECTION II
Time—45 minutes

3 Questions

Directions: Answer all three questions. The suggested time is about 15 minutes for answering each of the questions,
which are worth 15 points each. The parts within a question may not have equal weight. Show all your work in the
pink booklet in the spaces provided after each part, NOT in this green insert.

E&M. 1.

A nonconducting, thin, spherical shell has a uniform surface charge density o on its outside surface and no charge

anywhere else inside.

(a) Use Gauss’s law to prove that the electric field inside the shell is zero everywhere. Describe the Gaussian
surface that you use.

(b) The charges are now redistributed so that the surface charge density is no longer uniform. Is the electric field
still zero everywhere inside the shell?

Yes No It cannot be determined from the information given.

Justify your answer.

Now consider a small conducting sphere with charge +Q whose center is at corner A of a cubical surface, as shown
below.
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(c) For which faces of the surface, if any, is the electric flux through that face equal to zero?
ABCD CDEF EFGH ABGH BCFG ADEH
Explain your reasoning.

(d) At which corner(s) of the surface does the electric field have the least magnitude?

(e) Determine the electric field strength at the position(s) you have indicated in part (d) in terms of Q, L, and
fundamental constants, as appropriate.

(f) Given that one-eighth of the sphere at point A is inside the surface, calculate the electric flux through
face CDEF.
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50Q S, S,

9.0V J:T %25 mF 50H

E&M. 2.

The circuit represented above contains a 9.0 V battery, a 25 mF capacitor, a 5.0 H inductor, a 500 Q resistor,
and a switch with two positions, S; and S, . Initially the capacitor is uncharged and the switch is open.

(a) Inexperiment 1 the switch is closed to position S, at time ¢, and left there for a long time.
i. Calculate the value of the charge on the bottom plate of the capacitor a long time after the switch
is closed.
ii. On the axes below, sketch a graph of the magnitude of the charge on the bottom plate of the capacitor
as a function of time. On the axes, explicitly label any intercepts, asymptotes, maxima, or minima with
numerical values or algebraic expressions, as appropriate.

Charge

Time

iii. On the axes below, sketch a graph of the current through the resistor as a function of time. On the axes,
explicitly label any intercepts, asymptotes, maxima, or minima with numerical values or algebraic
expressions, as appropriate.

Current

Time
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(b) In experiment 2 the capacitor is again uncharged when the switch is closed to position S; at time ¢, . The switch .p
is then moved to position S, at time ¢, when the magnitude of the charge on the capacitor plate is 105 mC,

allowing electromagnetic oscillations in the LC circuit.

i. Calculate the energy stored in the capacitor at time #, .
ii. Calculate the maximum current that will be present during the oscillations.

iii. Calculate the time rate of change of the current when the charge on the capacitor plate is 50 mC. .
Cross-sectional View

(current into page)

E&M. 3.

A section of a long conducting cylinder with inner radius a and outer radius b carries a current /,, that has
a uniform current density, as shown in the figure above.

(a) Using Ampere’s law, derive an expression for the magnitude of the magnetic field in the following regions
as a function of the distance r from the central axis.

i r<a

ii. a<r<b

iii. r=2b

(b) On the cross-sectional view in the diagram above, indicate the direction of the field at point P, which is at
a distance r = 2b from the axis of the cylinder.

(c) An electron is at rest at point P. Describe any electromagnetic forces acting on the electron. Justify your
answer.
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Now consider a long, solid conducting cylinder of radius b carrying a current /,. The magnitude of the magnetic

field inside this cylinder as a function of r is given by B = ,uolor/ 27b* . An experiment is conducted using

a particular solid cylinder of radius 0.010 m carrying a current of 25 A. The magnetic field inside the cylinder is
measured as a function of r, and the data is tabulated below.

Distance r (m) 0.002 0.004 0.006 0.008 0.010
Magnetic Field B(T) | 12x107* | 27x10™ | 3.6 x10™ | 47x107™* | 6.4 x107*

()
i. On the graph below, plot the data points for the magnetic field B as a function of the distance r, and label
the scale on both axes. Draw a straight line that best represents the data.

ii. Use the slope of your line to estimate a value of the permeability .

END OF EXAM
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