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For questions 1-5, select the best answer. For problems 6-10, solutions must begin
with an Official Starting Equation, when appropriate. Work must be shown to receive
credit. Calculators are not allowed. Use appropriate units. Provide answers in terms of
given variable and fundamental constants.
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D? 5. (Free) You deserve free points today because ...

B 1. An electron is released from rest in a region with an electric field. The

electron moves in a direction that ...
[A] decreases electric potential

[B] increases electric potential

[C] maintains constant electric potential

A 2. Two capacitors are connected in series. The combined capacitance

is ...

[A] less than the capacitance of either capacitor.

[B] the average of the two capacitances.

[C] greater than the capacitance of either capacitor (but not the sum of the two).
[D] the sum of the two capacitances.

B 3. A dipole consisting of two particles each of mass m —qo (_) =
having charges q, and —q, and held a distance d apart with g, > 0. E
The dipole is released from rest in a uniform electric field E = Eyiin d
the orientation illustrated. Determine the maximum kinetic energy -
of the dipole after it is released. qo @
[A] Knax =0 »

[B] Kmax = quEO
[C] Kmax = 2quEO
[D] Kmax = md?

Cc 4. A conductor is placed in a region with an electric field. Select the

statement that must be true.

[A] The electric potential in the conductor is zero.

[B] The electric potential at the center of the conductor is zero.
[C] The entire conductor is at the same electric potential.

[D] The electric potential on the surface of the conductor is zero.

[A] you have studied intensely all semester.

[B] you came to every class, recitation, lab and PLC.
[C] you are the number one physics fan on campus. 140
[D] you wasted time reading this silly question.




6. Three point charges are placed on three corners of a rectangle with sides of
length 3L and 4L as shown. The fourth corner of the rectangle is located at the

origin.
(20) a. Using the coordinate system given, calculate the total electric force on
the +2Q charge. Express your answer in unit vector notation.
4
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(20) b. Using the coordinate system given, calculate the electric field at the

origin due to all three charges. Express your answer in unit vector

ET = E‘FQ + EZQ + E_Q

. 20 4 3 =@
Er = (3L)2(])+ <_§l_§’) @L)?

Er=k=|—-<j—mzl——=zj+ =1
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(30)

(10)

A charge Q is uniformly distributed along a line from

(—a,0) to (—a,c) as illustrated. (—a,c) |

Write an integral to determine the electrical potential

P(a,b)

at P at (a,b). [Do not solve the integral.]

(_ar [})

dQ =2dy at (—a,y)

7 =2ai+ (b—y)j

r=.4a%+ (b —y)?

Cc
d
VP:ka Y
¢Jo \J4a? + (b —y)?

Q
c ?dy

Vo= | k
Tl J4aZ + (b —y)?

A charge q, is placed at P. Write an integral

dy

C
to determine the potential energy of the new U=k ngf >
arrangement. [Do not solve the integral.] 0 V4a

+ (b —y)?

U=qV
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8. An insulating sphere with radius a has a uniform charge with total charge —2Q.
It is surrounded by a uniform conducting material with outer radius of 3a and

total charge of —Q, as shown.

Give your answers in terms of Q, a, and constants.

(15)

o

Using Gauss’s law, find the electric field
inside the insulating sphere.

Draw a Gaussian surface and indicate your choice

of a coordinate system.

FE - dA = Teme

€o

Conducting shell —()

i1'1.'1’3
2Q<2 3) 3 —Qr
2y — 3ma” ) _ 2Qr - —
E(4nr®) = € €ad E 21‘[60a3r
(10) b. Find the inner and outer charge surface density of the conducting
shell, o;, and o,,;.
= L _Q
In the conductor, E = 0 implies 0 = g = —20Q + Qi Oin =5 2
Qin 2Q
Qin = +20Q %in = = e
Qin + Qout = —0Q 2Q + Qoue = —0Q — —Q
out ™ 12ma?
_ _ Qout _ __ 30Q
Qout - 3Q O-O‘Ll.t - Aout - 4-77.'(361)2
(15) c. Determine the work required to move a charge Q from r; = 6a to

rr = 2a where 7 is the distance from the center of the sphere.

W =AU=QaV =—Q [ 'E - d3

w=-Q [ D ar—q [*odr

6a 4mer?

v-ofz]! -2 -

4TTEYT 6a 4mey \3a 6a

N2
=2 or w=-X

" 8mega 2a
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(10)

(10)

(10)

C; Cy
Consider the given circuit with Cs =4 pF, C> =4 pF, 1 |l
C3=2pF,Cs=4pF,and V=10V. ——C

2
a. Calculate Crthe equivalent capacitance of
the entire circuit. G
(1 1\ /1 1\ 1 I |
Clz—(c—1+c—2) _(4_[3F+4_pF) —ZpF ||
\Y%
C123 = C12 + C3 = ZpF + 2pF = 4‘pF
(1 1\ 1 1\ ! Cr = 2pF
CT N (C123 + C_4) N (4_pF + 4_pF)
b. Find V3 the voltage across Cs.
_ _ Qs _ _Qr _ _ CrVr
V3_VT_V4-_VT_C4_VT C4_VT Ca V3:5V
v, = 10V — &AW _ 4oy — 5y
4pF
C. Find the charge Q4 on Ca.
Q4 = Qr = CyVr = (2pF)(10V) Q, = 20pC
d. Capacitor C4 is a parallel plate capacitor with an area of 400 cm?. Find the
spacing d between the plates of the capacitor.
d = 8.85cm

Aeyg _ (400 cm?)(0.01 m/cm)?(8.85x10712C2/Nm?)
C 4x10~12F

d =
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