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I. Lecture multiple choice (45 points — 9 questions)

1) (5 pts) Consider two dipoles, A and B, as shown. Dipole A is located at the N
origin and has a dipole moment vector at an angle 8 from the x-axis. Dipole B Yy Pa
is located on the negative y-axis and has a dipole moment vector in the {9

positive x direction. What angle 8 will minimize the potential energy of the
system of both dipoles?
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2) (5 pts) An electron initially at rest accelerates through a potential difference of 800 V. What is
the speed of the electron after this acceleration?
Note that the electron massis 9.11 x 10731 kg.

A. 1.82 %107 m/s
B. 1.68 x 107 m/s
C. 1.43x10” m/s
D. 1.23x 107 m/s
E. 1.07 X 107 m/s
3) (5 pts) Four particles are located at the four corners of a square. The Qa Qg
particles have charges, as shown. The electric potential is measured to Q """""" '
be zero at the center of the square. Which of the following charge ;
configurations is possible? 5
Note that the potential at infinity is zero. |
P — o
Qa=q,0=q0Qc=q 0 =q Qo Qc

Qa=9q,08=qQc=0,0p=0
Qa=¢q,08=0,0c=¢q,Qp =0
Qa=q,08=-90Qc=qCp=—q

More than one of the above answers is correct.
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4)

(5 pts) You want to store 2.5 J of energy in a capacitor with a capacitance of 20 uF. What
potential difference do you need to apply between the electrodes?
Note that 1 uF = 10° F

250V
354V
500V
707V
1500 V

mo o>

5)

(5 pts) Consider the four capacitors arranged as shown in
the figure on the right. What is the equivalent
capacitance?

+[—

20 uF 16 uF
0.21 pF
20 pF =
36 puF
44 pF
76 puF

16 uF

E,
i
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6)

(5 pts) Consider a circuit made with two different long wires with circular
cross-sections. The wires are connected in series to a battery. The table
below shows the properties of the two wires.

Wire 1

Wire 1 Wire 2
Length L 2L
Cross-sectional radius r 2r
Resistivity p 2p

Wire 2

What is the relationship between the magnitudes of the electric fields in wire 1, E;, and wire 2,
E;? Assume the current is uniform over the cross-section of the wires.

A E,=E =0
B. E,=_1E
C. E;=1E
D. E;=1E
E. E,=2E,
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7) (5 pts) An infinitely long wire carries current I and is bent at 90° y
with the bend at the origin of a co-ordinate system, as shown. I
Which one of the following expressions allows you to determine
the magnetic field at the origin?

B oo Hol[; (0dx o rody
A. B= | oo 32 Jfo yz] !
B o Mol [_;(0dx  , rody h—
B. B=7"|-1/,2 ]fo yZ] — —
B B[R [O% | f(° L
c B="kf 5 +k], yz] Z/
B Bol[p (0% _p(ow
D. B=t[k 05—k, yz]
E. B=0
8) (5 pts) Consider two infinite wires, as shown to the right.
Wire 1 is at the origin and carries current I into the page, and y
wire 2 is on the x-axis at x = r and carries current 3I out of I 3]
the page. At what point along the x-axis will the magnitude ©
of the magnetic field be zero? x =1 X
A x=-r/2
B. x=-r/3
C. x=+r/\2
D. x =+4r/V3
E. Thereis nowhere on the x-axis where the field is zero.

9) (5 pts) Consider a finite length solenoid connected to a battery as shown at
the top right. The image at bottom right shows a slice along the length of
the solenoid showing that the wires at the top have current flowing out of
the page, and the wires at the bottom have current flowing into the page.
Which one of the following statements about the magnetic field at points 1
and 2 is correct? The magnitude of the magnetic fields at points 1 and 2 are

B; and B,, respectively. °2

A. B; < B,, and the magnetic field at point 1 is to the left. o1

B. B; > B,, and the magnetic field at point 1 is to the left. RRAANRAIRXR
C. B; < B3, and the magnetic field at point 1 is to the right.

D. B; > B,, and the magnetic field at point 1 is to the right.

E. B; = B,, and the magnetic field at point 1 is to the right.
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Il. Lab multiple choice (15 points)

10) (5 pts) In Lab A3 a team placed two minty particles in their VR simulation and observed that the
distance between them oscillated, coming close and then moving away repeatedly. They then
measured the force on a minty charged particle, F, while varying the distance, d, to another
minty particle. They measured positive forces for distances less than 0.5 m and negative forces
for distances greater than 0.5 m. Based on their observations and measurements, which one of
the following statements is true?

A. Positive force is attractive.

B. Negative force is attractive.

C. Their force measurements are not consistent with their observations, so they must have
made a mistake.

D. Not enough information is provided.

11) (5 pts) In Lab A4 a team explored how many different types of particles are in their VR
simulation. They spawned five particles and gave them all different colors. Then in pairs they
placed the particles 1 m away from each other and determined if the force is attractive (A),
repulsive (R), or no force (N). They obtained the following table.

Blue Orange | Green | Red Purple
Blue N A A N
Orange | N R N A
Green | A R A R
Red A N A N
Purple | N A R N

Which of the following conclusions is consistent with their data?
l. Blue and Red are the same type of particle
II.  Green and Orange are the same type of particle
lll.  Orange and Purple are the same type of particle

A. lonly.
B. Il only.
C. lllonly.
D. landll.
E. landlll.

12) (5 pts) In the VR simulation each member of a team measures the force on a particle, and they
obtain the following results: 0.56 N, 0.56 N, 0.56 N, and 0.56 N. Based on the rules for this
course, which one of the following statements is most correct?

A. There is no uncertainty in their measurements.
B. Thereis a random uncertainty of 0.005 N.
C. Thereis an instrumental uncertainty of 0.005 N.
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lll. Lecture free response (25 points)

A spherical metal shell with outer radius R, and inner radius
R, has a net excess charge of +Q. A particle with charge
+Qy is located as shown. The figure also shows the electric
field lines. Assume that the electric potential at infinity is zero.

13) (5 pts) Sketch two equipotential surfaces; one that
passes through point A, and one that passes through

point B.

14) (5 pts) Is the electric potential at point A, V4, greater
than, less than, or equal to the potential at point B,
Vg? Explain your reasoning.

Vg > V4. From the equation sheet Vg — V) = — ff E-ds. Moving from A to the metal shell the E
field is in the opposite direction as dS, so the integral is negative. Within the metal shell the E field is
zero, so there is no change in potential. Moving from A to the metal shell the E field is in the opposite
direction as dS, so the integral is negative. Therefore Vg — V, is positive.

15) (5 pts) On the graph below sketch the electric potential as a function of the distance from the
center of the spherical metal shell, ignoring the region with radius less than R;.
V b

.
Ignore \

Ri Ry

Consider an infinitely long wire with a circular cross-section of radius R, as
shown at the right. The wire carries current [, out of the page. Assume that
the current is uniform across the wire’s circular cross section. Circular path
16) (5 pts) Consider a closed circular path of radius R,, /2 as shown. Using
variables given above and constants, derive an algebraic expression for

§ﬁ§ - d§ around the path. Show your work.

From Ampere’s law ¢ B-ds= Kolthrough- The circular path has half the radius, so one quarter
the area of the wire. The current is uniformly distributed across the wire, so for the circular
path Iihrough = Iw/4. Therefore $ B -ds = poly/4

17) (5 pts) Using variables given above and constants, derive an algebraic expression for the

magnitude of the magnetic field at a distance R,,/2 from the center of the wire. Show your
work.

From 16) 955 -dS = pgl,, /4. From the symmetry of the wire Bis always in the direction ds
around the path, and the magnitude of B is always constant, so we can write §5§ -dS = BL,
where L = 2w R,, /2 is the circumference of the path. Therefore B2 R, /2 = ol /4 or

"~ 4mR,,
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IV. Tutorial free response (15 points)

Consider a hemispherical (half sphere) Gaussian surface with radius s, as
shown at right. A particle with charge +Q is located a distance s/2 directly

below point P, which is at the center of the flat surface of the Gaussian
surface. The magnitude of the electric field at point P is Ep. m
18) (5 pts) Is the flux through the flat circular surface of the Gaussian
surface greater than, less than, or equal to Epmts?? Explain your

reasoning.

Less than. The flux through a surface is given by f E - dA. This can only be written as EA
when the electric field is perpendicular to the surface at all points and constant over the
surface. Point P is the closest point to the charge on the flat surface, so the electric field at

not perpendicular to the flat surface at all points on the surface.

other points is less than Ep. Also, the electric field points radially out from the charge, so it is

19) (5 pts) Now a particle with charge —Q is added a distance s/2 directly
above point P, as shown at right. When the new particle is added, does

the electric flux through the curved surface of the Gaussian surface
increase, decrease, or remain the same? Explain your reasoning. “

Decrease. The flux through a surface is given by [ E - dA. The electric field from the
+Q points radially out from the charge, so it has a component in the same direction as
the area vector on the curved surface, so the flux from that is positive. The electric :
field from the -Q points radially in towards the charge, so it has a component in the
opposite direction as the area vector on the curved surface, so the flux from that is
negative. Since the -Q is further from the curved surface than the +Q, the electric field
from the -Q is smaller. Therefore the flux is positive and smaller than originally.

Two particles, each with charge +Q are fixed in place as shown at

right. A third particle with charge —q is moved in a controlled fashion

such that it starts at rest at point A, and ends at rest at point B, which ® i
is midway between the other charges. +0

20) (5 pts) Is Vg — V, greater than, less than, or equal to zero? Explain your reasoning.

0 e—>

The force on -q from the right +Q charge, Fg, is to the right.

The force on -g from the left +Q charge, Fy, is to the left.

Since -q is closer to the right charge Fr>F,, to the net electric force on -q is to the right.
To control the speed of the -q charge you need to apply a force to the left, so the net force is close to zero.
In moving from A to B the displacement is to the left, so the external force and the displacement are in the
same direction and therefore the work is positive.

Since W = AU the potential energy of the system increases.

Since AU = gAV and the charge of the particle we are moving is negative AV decreases.
Therefore Vg < Vy




