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SECTION:

To receive credit, you must place your auswers in the boxes.
Closed book; no notes; scientific, non-graphing calculators allowed.
You may use the back of each page for additional scrap space if needed.

Important note #1: The challenge problems are significantly more difficult. Give
them a try when you get to them. If you know what to do right away, go ahead. If
you get stuck on one, move on to the rest of the exam before spending much time on
them.

Important note #2: Successive parts within a given problem become more difficult.
If you get stuck, skip to the next parts or problems and come back later.

Important note #3: Sometimes we give you the answers for earlier parts of a prob-
lem. {“Show that ....") If you get stuck on one of these parts, skip ahead and use the
given information to complete the later parts of the problem.
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1.2 Equilibrium charge distribution (3 pts)

The figure below shows the cross-section of a hollow spherical conductor which inside contains

1 Spherical capacitor (25 pts total)

71,

g
=
=
<
o
-~
=
@
£
g
£
(5]
2
[
=
<
~
<&

Using the definition o

another (solid) spherical conductor that sits centered with respect to the outer conductor.
The outer conductor carries a charge 4} and the inner conductor carries a charge —@Q, and

the charges have arranged themselves into their electrostatic equilibrium locations.

terms of only @, r1, 79, r3 and any relevant mathematical
(e.g., 2, 7, etc.) and fundamental physical constants (co,

surface charge density of each conductor surface (r
r = ry and r = rs, respectively). Express all

ing the directions of the electric
ning/ending points of the field

field lines clearly, and the signs of any charges at the b

Sketch the field lines associated with this sit
lines.

1.1 Field lines (6 pts)
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your result from Problem 1.2 for o(r,) is consistent with this electric field.

The electric field for this situation is F(7)
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Show that
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1.4 Energy density and total energy stored (6 pts)

What is the energy density u(r) stored in the electric field for points r; < r < ry in terms of
@, 7, eo and any relevant mathematical constants?
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Next, using this energy density, compute the total energy U/ (o) gtored in the electric field

for this situation in terms of @, 71, r» and €; and mathematical constants
T2 dr -1 =1
Hint: %“ &= (=t
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1.5 Challenge: Capacitance (5 pts)

Use your result from Problem 1.4 to compute the capacitance C between the inner and outer
spheres in terms of only 7y, ry, €o and mathematical constants

2 Q S
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3 Automobile circuits and power (15 pts total)

The schematic to the right shows a simplified
circuit diagram for a car. On the left of the
diagram, you have the 12 V battery with an
internal resistance r = 0.01 2. The battery
powers the headlights, and, when the ignition
switch is turned to the “on” position, the bat-
tery also powers the starter motor.

_ Ignition
\switch mmm&_mzm

M
Starter
Eoﬁoﬂ

3.1 Headlight resistance (9 pts)

A car usually has two headlights, each with a resistance R, wired together in parallel as
a unit with an equivalent resistance Re,. A standard automotive headlight has a nominal
power rating of 55 W. This means that when each light is wired by itself to an ideal emf (no
internal resistance) of £=12 V, the power consumed is 55 W,

Use the above facts to determine the resistance R of each headlight individually and the
equivalent resistance R., of the two headlights taken together as a unit. Give numerical
answers in units of ohms. /M 2
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3.2 Challenge: Starter motor current (6 pts)

Now, cousider a car with a special high-power
headlight systemn with an an equivalent resis-
tance R, =1 0. (This is not the answer to the
previous question, just a very rough approxima-
tion to it.)

|Headlights

Kmn
M
Starter

motor - D

_ A

When you leave these headlights on while you start the car, you observe that the headlights
dim while the starter motor is running. Suppose the starter motor under these conditions
draws 250 A of current (a realistic number for a car with a large engine). By what fraction
is the power to the headlights reduced? E.g., what is P/Py, where Py is the power to the
headlights when the ignition switch is in the “off” position, and P is the power to the lights
when the ignition switch is in the “on” position.
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4.3 Open phase (6 pts)

Stage 1 Stage 2

5
Suppose that the capacitor is fully charged s / rw\ T
with the charge Qr from above, and that, + +~ j
, ={Q.C
H LS
i #~

at time ¢ = 0, the switch opens as in the ! |- R ("Load")
figure to the right. W

What will be

o [R(0") (the value of the current through the load R right after the switch opens at
t=0),

e Ip(oo) (the final value of the current through the load as t — 00),

o and 7 (the time constant characterizing the exponential approach to the final value)?

Express your results in terms of only £, R, r, and C.
; Q= Wl
P e BC Yo :Wz & ¢
+ 2 - =) L= v
£

)

Ll O = L k@ @ — \OLR. E@
= I () m& A

s NN TE 4
% Dwyms.m\ »W Ré I(0%) = . Ip{oo) = m.“u T = N\f« _w/v 4

(Additional workspace on the next page.) = Pos Ley _Nu ﬁ\ (+R
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5.2 Forces on a wire loop (8 pts)

The rest of this exam (Problems 5.2-5.4) concerns the sitnation in the figure below.

In this scenario, a rectangular loop of length L and height H sits at a distance 7 above
the z-axis in the zy-plane as indicated in the figure. The loop carries a current I in the
clockwise direction and experiences a magnetic field in the k direction that depends only on
the y coordinate according to the formulas

B = Bk
Bly) = Boe ™™,
where By and a are some given positive constants. Note that, because this field depends
only on y, the field, for any given value of y, is conipletely constant and does not depend on

x at all. Finally, because a > 0, this field gets smaller with distance from the z-axis for
points in the upper-half of the zy-plane.
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Rectangular current-carrying wire loop in a magnetic field.

Sketch, directly on the figure above, the directions of the forces Qm% Nm? F,, Fy) which
the field B exerts on each of the four sides (a), (b), (c), (d) that make up the rectangular
wire loop, respectively.

(Exam continues next page.)

17

(d)

5.3 Relative magnitudes (7 pts)

Circle the option (1-4) below which correctly represents the relative magnitudes of the forces
from the magnetic field on each of the sides.

(1) |Fy) = 1R and |Fy > |Fy (2) |Fy] = |7 and |F] < |Fy

G Ey > 1 I

P > |E| and |F)| =|F}

8 ic Lot A ek o,
.MW% \}J V\Aﬂ \\:.d w?” Nww.u

o 1S v\wQﬁ

- .@k& it
evp )y
mb\ Qwﬁ ~

(3) [Py < |EY and |Fo} = |Fy

18
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