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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.

(8) C 1. An electron is initially traveling horizontally (+x-direction) with a speed
v, enters a region where there is a uniform electric field. The electron is
observed to slow down. What is the direction of the electric field?

[A] +y-direction  [B] -y-direction [C] +x-direction [D] -x-direction

(8) A 2. The figure shows an electric dipole with its

moment oriented at an angle 6 with respect to a uniform /p<'e
electric field. For this orientation the torque on the dipole >
is

[A] pE sin 6 into the paper
[B] pE sin 6 out of the paper
[C] pE cos@ into the paper
[D] pE cos@ out of the paper

(8) B 3. A positive point charge Q is fixed at the origin so it cannot move.
Another point charge of mass m and charge q is held at a distance R from Q.
The charge q is then released. When q is a distance 4R away from Q, its speed

will be:
2kQq 6kQq 4kQ kQq
Al e Bl e N N e
C C
(8) C 4. Four capacitors are arranged as —] |— — —
shown. The equivalent capacitance for the
arrangement is given by: <
[A] 6C [B] 3C [C] 3C/2 [D] 2C/3 — —
2C 2C
(8) 5. (Free) What is 427
[A] Life
[B] The universe
[C] Everything /140
[D] Six times seven




R (a,b)

6. A charge Q is uniformly distributed along the y-axis between Q
the origin and (0, b), as illustrated. One wishes to determine
the electric field at point P located at (a, b). -

(25) Write the integral to determine EP the electric field at P. [Do not solve the
integral. Express your answer in unit vector notation.]

(b —y)j

cp @ e Qe
fo[ al+fo[

E, =
S TR CEEE @+ (b =977

Ja2+(b-y)? L \/a2+(b—y)2]

Alternatively, # = cos 6 i + sin 0 j, where 6 is the angle between 7 and horizontal. This is
used by students who first calculate |E| and then E, = |E| cos 6 and E,, = sin 6.

7. Three charges are arranged along y
the x-axis as illustrated. q; = 8¢y is b & =10 i = — 1%
atx = —a. g, = q is at the origin. 4 ? 4
qs = —12q, is at x = 2a. " o
(15) Determine F’ZT the total force acting on q,.
2
= qo
S S > For =11k—1
Fz = F12 + F32 2T azl

5o _ 1, (840)(q0) 4 (=12q0)(q0) ,
F, =k 2 I+k 207 (=D

- 2
F, = k%(8+3)i
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(20)

(10)

(10)

A wire of finite length has a uniform linear

charge density Ao and is bent into the shape
shown in the figure. Assume the potential is I
zero at infinity.

Find V, the electric potential at point P (the origin) due to the curved portion of

the charged wire.

/2, AgRd kAo
Va= fO k OR Va = 2

Alternatively, one could note that all of the charge

Is a distance R from P.

VA =k —Aoi(g)

Find 1, the electric potential at point P due to the vertical linear portion of the

charged wire.

For any location along the vertical charge Vy = ko In (R ; L)
distribution, dq = Apdy and r = y.

__ (R+L, Apay
Vo= fy

Find Vg the electric potential at point P due to the horizontal linear portion of the

charged wire.

R+1L
Note that the horizontal contribution is the same as | Vy = k4q ln( R )
the vertical contribution, since V is a scalar.
(Direction is irrelevant.)
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(19)

A very long (~infinite) cylindrical solid conductor of radius a carrying

b
a positive charge per unit length A is coaxial with an equally long >{
conducting cylindrical shell of inner radius b>a and outer radius c>b
carrying a negative charge per unit length -A (see figure). £
a. Determine the electric field inside the inner conductor (r<a).
The field in the interior of a conductor is -
zero in electrostatics. E=0
b. Determine the surface charge per length A, on the surface of
the inner conductor (r=a).
denc = 0 everywhere in the interior of the conductor Ao =14
requires that all of the charge is on the surface.
C. Determine the surface charge per length Ay on the inner surface of the
outer conductor (r=b).
0= =Ag+ 4
enc a b Ab -2
_/1(1 = /1b
d. Determine the surface charge per length Ac on the outer surface of the
outer conductor (r=c).
Ap + Ac = Aconducting shelt Ac=0
A+ A =—-1
e. Determine the electric field (magnitude and
direction) between the two conductors (a<r<b) . 1
as a function of the surface charge per length E=> _p
Aa, the distance from the axis of the coaxial ol
cable, €o, and a.

FE - dA = deme

€o

— Aal
EQ2nrlL) = - 140

2



10.

(10)

(10)

(10)

(10)

Three capacitors are connected toa 10 V
battery as illustrated. The capacitors

have values of ¢, = 5/, nF,C, = 10 nF 0V

and C; = 8 nF.
a. Calculate the equivalent

capacitance C,, of capacitors C;
and C,.

1 1\71 2 1 \71 5 \71
€1z = (6_1 + C_z) - (ﬁ + 10nF) - (10nF)

b. Calculate the equivalent capacitance of the

entire circuit Ceg.

Ceq = C12 + Cg = ZnF + 8nF

C. Calculate the charge Q5 on capacitor Cs.

Q3 = (3V3 = C3Vp = (8nF)(10V)

d. Calculate the voltage V; of capacitor C;.
Q1 = Q12 = Cy3Vi; = €12V = (20nF)(10V) = 20nC

_ Qi _ _20nC
Vi = ¢i1  (5/2)nF

Alternatively, one could fine Q;,:4;, calculate
Q1 = Qtota1 — Q3 and then find V; as indicated.

5/2 nkF
C,
10 nF
Cr
Ci2 = 2nF
Ceq = 10nF
Q; = 80nC
V; =8V
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