Make sure to fill out the grading sheet completely including your name, instructor, exam flavor and UIN. You are allowed to
write and work on this exam copy, but your answers must be bubbled in on the grading sheet to receive credit.

Physics 207 Exam 1 — Flavor 1

Question 1: Consider two nuclei of the most common carbon isotope. Each has 6 protons and 6 neutrons, and consider
that each has had its electrons “stripped” off. Initially both nuclei are at rest at a separation of 40.0 pym. They are then
simultaneously released. How fast is each moving when they are infinitely far apart? (10 points)

A) 58.7 m/s [5 points]
B) 76.5 m/s
C) 102 m/s [10 points]
D) 144 m/s [8 points]
E) 189 m/s
F) 203 m/s [7 points]
G) 254 m/s
H) 328 m/s
Y
Question 2: A thin, straight, insulating rod with uniform charge density and
total charge —@ has its ends at (—a, —b) and (0, —b). Which option below shows
the integrals needed to find the electric field vector at the origin? (10 points)
Option D was correct for 10 points. ® 3
Options B, C and H were worth 8 points.
Options A, F and G were worth 5 points.
Option E had all 3 was worth 2 points. (—a, —b)
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Question 3: Three charges, +2¢, +¢ and —3q are configured as shown in the figure below. What is the total potential
energy of this system? (10 points)
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Question 4: Two thin, insulating rods are each in the shape of 3/4 of a circle with radii @ and 2a as shown in the figure
below. The rod with radius a has a uniform charge density +X; and the rod with radius 2a has uniform charge density —A,.
What is the net electric potential at the origin? (10 points)

Option F was correct for 10 points.
Options C and G were worth 8 points.
Option E was worth 6 points

Options B and D were worth 3 points.
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For Questions 5 and 6: There exists a +40.0 nC charge at the position (-4,0). There is an unknown charge ¢ at the origin.
What does the sign (#5) and magnitude (#6) of ¢ have to be so that the y-component of the electric field due to only these
two charges is zero at the position (-4,3)? All positions are given in m.

Question 5: (3 points)

A) Positive y

B) Negative [3 points] (—4,3)

C) Zero ¢

Question 6: (7 points) q

A) |q| =0.922 x 1077 C ® &

[
B) |g| = 1.11 x 10~7 C [4 points] (—4,0)
C) |g| = 1.39 x 10~7 C [5 points] 1+40.0 nC
D) |g| = 1.85 x 10~7 C [7 points]
E)
P)

lgl =2.05 x 1077 C
lgl =2.42x 1077 C



Question 7: A solid, insulating sphere with radius r; has a charge density p(r) = por where r is measured from the center
of the sphere. Surrounding the insulator is a conducting spherical shell with inner radius r2, outer radius r3 and total charge
—@Q. Which of the following options describes both the electric field within the insulator (r < r1) and within the solid part
of the conductor (ro < r < r3)? (10 points)

Option D was Correct for 10 points.
Option A was 7 points.

Options E and F were 6 points.
Option G was 4 points.

Options B and C were 3 points.
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Question 8: In the figure below, object A is a solid, insulating sphere of radius 3.00 cm and net charge -0.600 pC. Object B
is a point charge of -4.00 uC that is to the right of the surface of the sphere by a distance d. There is also a uniform external
electric field of magnitude 250 kN/C that points to the right. If the -4.00 uC charge feels zero net electric force, what is d?
(10 points)

0.117 m [10 points]
0.147 m [8 points]

)
) 0.350 m [7 points]

)
| —4.00 4C
) 0.380 m [5 points] ‘ L
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=

)
F) 0.715 m
G) 0.745 m
H) oo (An infinite distance away) [2 points]
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Questions 9 through 13 are 6 points each.

Question 9: The figure below represents electric potential as a function of position in the z-direction. Identify the pair of
points where the electric field is zero and where the electric field points in the —% direction.

Option C was correct for 6 points.
Options A, B and E were worth 3 points.
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Question 10: The picture to the right represents a point charge of +1¢g surrounded by
a conducting spherical shell with total charge —3¢ and a conducting cubic shell with total
charge —4q. In equilibrium, what is the total charge on the inside surface of the cubic shell?

+2q [6 points]

)

C)

D)) —2q [3 points]
) +3¢ [2 points]

Question 11: Two charges are at points A and B. These two charges feel electric forces of the same magnitude, but the
directions of the forces differ. Which of the following statements is true?

A) The two charges must have the same sign.

B) The two charges must have opposite sign.

C) The two charges can have either the same or opposite signs. [6 points]



Question 12: The following picture shows four immovable and uniform positive charge distributions, and corresponding
points P each centered horizontally with respect to its charge distribution. Three of the distributions give, at the points P,
only an electric field along y. The remaining distribution produces an electric field with components in both x and y. Which

is that remaining distribution?

Option B was the correct answer for 6 points.

Option B) Option C) Option D)
Option A) “Sine” wave of charge. Semicircle of charge. Solid disc of charge.
. Straight line of charge. 1.3 1.3 ]:
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Question 13: Which of the following shows the correct ranking of flux from most negative to most positive through the
different possible surfaces?

54

A) S5 <S54 < S3

) S3 < 52 < S5 [6 points]
) S5 < S1< 53

)

B
C
D) S1<852<S3




