Make sure to fill out the grading sheet completely including your name, 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. Your bubbled responses
are the only responses that will be considered for the grade.

Physics 207 Comprehensive Exam — Flavor 1

Problem 1 (6 points) Three electrons are held at rest in a line and evenly spaced by a distance d as shown in the figure
below. Electrons 1 and 3 are simultaneously released while electron 2 in the middle is held at rest. What are the speeds of
electrons 1 and 3 when they are an effectively infinite distance away from their starting point?
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Problem 2 (7 points) An insulating sphere has a radius R and has a non-uniform charge density p(r) = ar. What is the
magnitude of the electric field at all points outside the sphere where r > R?
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Problem 3 (6 points) An RC-circuit is composed of a 150 k{2 resistor, a 330 uF capacitor and a battery. When charging, it
takes 25.0 s for the charge on the capacitor to reach 4.58 mC. What is the emf supplied by the battery? Assume the battery
has a negligible internal resistance.

(A) 50.0 V
(B)42.0V
(C) 35.0 V [6 points]
(D) 23.0 V [3 points]
(E) 12.0 V

Problem 4 (7 points) An object with a charge of ¢ = +3 C has a velocity vector ¥ = 200Z — 3007 in the presence of an
electric and a magnetic field. The magnetic field is known to be B = 52 and the net force vector that the proton feels is

—

F =1500& — 1500¢. What is the electric field at the location of the charge?

(A) E = 60004 + 15005 [4 points]
(B) E = 60002 — 45004 [3 points]
(C) E = 4000 + 1000

(D) E = 40003 — 30004

(E) E = 2000 + 500 [7 points]
(F) E = 20004 — 1500 [5 points]

Problem 5 (3 points) There is a constant current moving to the left in the long, straight wire. What direction should the
circular loop move if the motion should result in a counterclockwise oriented induced current in the loop?

1

(A)
(B) Right

(C) Up [1 points]
(D) Down [3 points]



Problem 6 (7 points) A long straight wire is carrying an 8.00-mA current to the right along the z-axis in the positive
a-direction. There is a coil of 25 loops that have a radius of 3.00 m with the center at the location (z,y) = (6.00, —8.00)
where these values are in meters. What is the magnitude of current necessary so that the net magnetic field at the center of
the loop is exactly zero?
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(F) 102 pA [4 points]
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Problem 7 (3 points) What is the direction of the current you found in the previous problem?

(A) Clockwise
(B) Counterclockwise [3 points]

Problem 8 (6 points) In the circuit below all resistors have an identical resistance R (the indices are only for identi-
fication). Both batteries have identical emf £. The current through the resistor marked Ry is I to the left and the current
through Rg is %I downwards. What is the emf in terms of I and R?
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Problem 9 (7 points) What is the total charge stored in the capacitor network below due to the 9 V battery?

5 uF
(A) 8.15 uC [3 points] |
(B) 26.7 uC [1 points]
(C) 73.3 uC [7 points] o
(D) 157 uC 9V — s 15 uF
(E) 240 pC [4 points] 0’(6{5
(F) 338 uC

|
20 uF

Problem 10 (6 points) In the circuit below, what is the current through the 3.0 §2 resistor at the instant the switch is
closed?

5.0 Q
(A) 0.67 A
(B) 1.33 A [4 points] 40 Q
(C) 1.50 A [6 points] ]
(D) 1.79 A [3 points] 12V —
(E) 2.67 A p—

Problem 11 (6 points) The distance between two charges is a. If the charges are —4¢ and —¢, how far away from the —4q
charge is the net electric field zero along the line between the charges?

(A) 5o

(®) S

(©) sa [6 points] g7 =
(D) 7o [3 points] ’
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Problem 12 (6 points) A positive charge ¢ is uniformly distributed in a quarter-circumference of a circle with radius a in
quadrant 1 as shown below. An identical arc is also in quadrant 3. What is the magnitude of the net electric field at the
origin?
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(G) 0 [6 points]

Problem 13 (6 points) What is the total electric potential at the origin due to the arcs of charge in the previous problem?

(A) L [6 points]
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(B) % [2 points]
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(G) 0 [3 points]
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Problem 14 (6 points) What is the voltage across the capacitor if the switch has been closed for a long time?

(A) 120 V 49
(B) 100 V [6 points]

(C) 60 V

(D) 20 V [3 points] 120 V—
(E) 0 V [1 points]

__2uF




Problem 15 (6 points) A square loop of wire with side length £ exists in the zy-plane. There is a magnetic field of strength
By oriented in the positive z-direction. At ¢ = 0 the magnetic field changes to have a magnitude of 3B and also changes so
that it points in the negative z-direction. What is the magnitude of the average induced emf due to this change if it happens
over a span of ¢t seconds?

(A) €= 55 352

(B) £ = 43252 [6 points]
() € = 33362 [2 points]
(D) & = o Dol [4 points]

B, 2
(E)E=1 ?f [2 points]

(F)£=0

Problem 16 (6 points) The average intensity of light that hits Jupiter from the sun is about 51.4 W/m?. What is the
magnitude of the magnetic field of this light?

(A) 6.56 x 10~ T [6 points]
(B) 4.64 x 10~7 T [4 points]
(C) 243 x 1077 T
(D) 1.77 x 1077 T

Problem 17 (6 points) At a given instant in time, the magnetic flux through circuit A due to circuit B is 40.0 mWb and
the magnetic flux through circuit B due to circuit A is 12.0 mWb. You know that circuit A has a current of 250 mA and
contains 500 loops. Circuit B contains 750 loops. What is the mutual inductance of this system?

320 H
200 H



