Physics 212. Exam 2 Spring 2014

Last Name: First Name NetID
Discussion Section: Discussion TA Name:

Instructions—

Turn off your cell phone and put it away.

Keep your calculator on your own desk. Calculators may not be shared.
This is a closed book exam. You have ninety (90) minutes to complete it.

1. Use a #2 pencil; do not use a mechanical pencil or a pen. Fill in completely (until
there is no white space visible) the circle for each intended input — both on the
identification side of your answer sheet and on the side on which you mark your answers.
If you decide to change an answer, erase vigorously; the scanner sometimes registers
incompletely erased marks as intended answers; this can adversely affect your grade.
Light marks or marks extending outside the circle may be read improperly by the
scanner.

2. Print your last name in the YOUR LAST NAME boxes on your answer sheet and
print the first letter of your first name in the FIRST NAME INI box. Mark (as described
above) the corresponding circle below each of these letters.

3. Print your NetID in the NETWORK ID boxes, and then mark the corresponding
circle below each of the letters or numerals. Note that there are different circles for the
letter “I” and the numeral “1” and for the letter “O” and the numeral “0”. Do not mark
the hyphen circle at the bottom of any of these columns.

4. You may find the version of this Exam Booklet at the top of page 2. Mark the
version circle in the TEST FORM box in the bottom right of your answer sheet. DO
THIS NOW!

5. Do not write in or mark the circles in any of the other boxes (STUDENT NUMBER,
DATE, SECTION, SCORES, SPECIAL CODE).

6. Sign your name (DO NOT PRINT) on the STUDENT SIGNATURE line.

7. On the SECTION line, print your DISCUSSION SECTION. You need not fill in
the COURSE or INSTRUCTOR lines.

Before starting work, check to make sure that your test booklet is complete. You should
have 11 numbered pages plus two Formula Sheets at the end.

Academic Integrity—Giving assistance to or receiving assistance from another
student or using unauthorized materials during a University Examination can be
grounds for disciplinary action, up to and including expulsion.
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This Exam Booklet is Version A. Mark the A circle in the TEST FORM box in the
bottom right of your answer sheet. DO THIS NOW!

Exam Grading Policy—
The exam is worth a total of 111 points, composed of two types of questions.

MCS5: multiple-choice-five-answer questions, each worth 6 points.
Partial credit will be granted as follows.

(@) If you mark only one answer and it is the correct answer,

you earn 6 points.

(b) If you mark two answers, one of which is the correct answer,
you earn 3 points.

(c) If you mark three answers, one of which is the correct answer,
you earn 2 points.

(d) If you mark no answers, or more than three, you earn 0 points.

MC3: multiple-choice-three-answer questions, each worth 3 points.
No partial credit.

(a) If you mark only one answer and it is the correct answer,
you earn 3 points.
(b) If you mark a wrong answer or no answers, you earn 0 points.
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The next three questions pertain to the following situation.

Consider an electrical circuit shown below. It consists of an ideal battery and five
resistors, whose values are: e =12V, R1 =4 Q, R, =R3=R;=Rs =3 Q.

>

1. What is the ratio I,/13 of the currents flowing through R, and R3?

a. l,/13=0.333
|2/|3 =1
C. |2/|3 =3

=3

N

What is the electric potential difference between the points A and B?

Va—-Vg=+7.68V
Va-Vg=+3.0V
Va—-Vg=+1.25V
VA - VB =-3.0V
VA - VB =-7.68V

P oo o

3. If the ideal battery is now replaced with a non-ideal battery of the same voltage, how
would the current I, through R; change?

a. stay the same
b. decrease
C. increase
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The next two questions pertain to the following situation:

Consider an electrical circuit shown below. It consists of two ideal batteries and three
identical resistors, whose values are: ¢ =12 V, ¢, = 15V, R=5 Q. The positive directions
for the currents 1y, I, and 13 are indicated by the directions of the arrows.

I, I, R

. b

4. Which of the following equations is not valid?

R+ LRy —g =0
lb=1+1;3
C. bRy +13R3— =0

oo

5. What is the current 1,?

I, =+28A
I, =+1.2A
I, =+0.2 A
I1=-26A
I1=-14A

P o0 o

4 of 11 pages
(25 problems)



Physics 2124 Exam 2 Spring 2014

6. Two cylindrical resistors are made of the same material with known resistivity. Their
lengths are L and 2L, respectively, as shown below. If the ratio of their resistance values
is Ro/Ry = 4, what is the ratio of their radii ro/r,?

r;

a. rfry=05
b. r2/r1 =1.414

C. I/ry =0.707 2L

The next two questions pertain to the following situation:

A circuit is constructed with three resistors and one capacitor as shown. The values for

the resistors are: R; = R, = R3 = 6 Q. The capacitance is C = 50 uF and the battery voltage
isV = 10V. The switch S is initially open.

R, S

7

7. What is the magnitude of the current through R, immediately after the switch is
closed?

a. 1.67 A
b. 0A
c. 3.33A

8. After being closed for a long time the switch is opened again. What is the charge on
the capacitor at a time 200 s after the switch is opened?

9.4 x 10“C
1.2 x10*C
44 x10°C
1.7 x10%C
6.6 x 10°C

P00 o
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The next two questions pertain to the following situation:

A particle of charge g = 20 uC moving with constant velocity v = 50 m/s X enters a
region containing a constant magnetic field of magnitude 12 T. The particle leaves the
field region with a velocity in the —y direction, having moved a vertical distance of 4 mm,
as shown below.

q,m y

in

9. In what direction could the magnetic field point in order to make the particle have the
trajectory shown above?

a. +z direction
b. +y direction
c. —z direction

10. Assume that the particle’s initial velocity is perpendicular to the direction of the
magnetic field, and that it moves only in the x-y plane. Find the mass of the particle.

9.1 x 103 kg
1.6 x 10%" kg
9.6 x 10°kg
3.8 x 10%kg
1.9 x 10%kg

Poo0 o
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The next three questions pertain to the following situation:

A circuit is constructed with three resistors and one inductor as shown. The values for
the resistors are: R; =2 Q and R, = R3; =4 Q. The battery voltage is V = 12V. The
switch S is initially open.

7

11. After the switch has been opened a long time, it is closed. What is the magnitude of
the voltage across L immediately after the switch is closed.

ov
12V
8V
24V
6V

P00 o

12. After the switch has been closed a long time it is opened again. What is the
magnitude of the current through R, immediately after the switch is opened?

a. 2A
b. 1.5A
c. 3A

13. After the switch is opened, it takes the current a time 6.0 us to drop to 1/e of its
initial value. What is the value of the inductance of the circuit?

a. 24 pH
b. 48 uH
c. 60 uH
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The next three questions pertain to the following situation:

A wire loop is attached to an axis (dotted line in Figure) about

which it can freely rotate. There is a constant magnetic field d

and a current flowing counter-clockwise in the wire as shown b

in the image. The length of the line segments are a, b, ¢, and d [l «—

as indicated at right. «—3

a4 ——

c D

14. What is the net torque about the axis on the wire loop? V1 ,.

a. -IB(ac+bd) y 7 X

b. I1B(ac+bd) y |

c. -IB(a+b+c+d) 9 z

d. IB(a+b+c+d) y

e. 0

15. The loop is allowed to relax to its lowest energy position. What is the work done on
the loop by the magnetic field?

21B(a+b+c+d)
IB(a+b+c+d)
IB(ac+bd)
—IB(a+b+c+d)
—IB(ac+bd)

Pop o

y
16. Which of these sketches best represents the potential energy as a
function of the rotation of the wire loop? (The angle 6 = 0 initially P S x
when the loop is in the x-y plane, and increases with clockwise / A -
rotation around the y-axis, as depicted at right). 5
U U U

f
E ]
(@]
|
8
|
(SR E ]
b1y
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The next two questions pertain to the following situation:

A conducting cylinder is oriented along the z-axis as
shown in the picture at right. The inner radius is a = 4 cm,
the outer radius is b = 8 cm, and the current density
through the cylinder is J = 30 A/m*.

17. What is the magnitude of the magnetic field at a
distance r = 12 cm from the center of the cylinder?

3.4x107 T
7.5x107 T
59x107 T
7.5x10° T
3.4x10°T

o0 oW

18. Suppose that the cylinder is deformed as shown on the
right. The total current remains the same. Which of these
statements about the interior of the cylinder (i.e., r <a) is
FALSE?

a. The magnetic field is no longer zero for 0 <r < a.
b. Ampere’s law can be used to determine the magnetic field.

c. The integral 56§ -dl over the dotted line to the right is
equal to zero.

19. A wire with current I, =1 Ain the y-
direction is situated on the x-axis, a distance 2 cm
from the origin. An infinite sheet of current with

\:
NN

uniform current density J; = 2 A/m in the -z A oF P
direction crosses the x-axis at a distance 10 cm x=4cm // X
from the origin. [Note that J = nl, where n is the /
number of wires per unit length]. 4

X=2cm x=10cm

What is the value of the magnetic field at a point P on the x-axis 4 cm from the origin?

a. (1.3x10°9 —1x10°2) T
b.9x107 % T

c. (8x107 § +1.3x10°2) T
d. (-1x10°§y +1.3x10°2) T
e. (2x10°9 - 1x1072) T
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The next four questions pertain to the situation below.

A circular conducting metal loop of radius 3 cm, lying in the xy-plane, is placed in a
spatially uniform, but time-varying magnetic field B, which is oriented parallel to the z-
direction (Note, the positive z-direction is pointed out of the page.) The loop has a
resistance of 5 Q. The magnetic field has the sinusoidal time dependence shown on the
right: B,(t) = By cos(2xf t), where Bo =3 T and f = 0.5 Hz.

Ay .
2
— 1_
=
< 0
m
Z(e 1 -
-3 T | T | T | T |
0 1 2 3 4

Time (s)

20. Which way is the current circulating in the loop att = 0.5 s?

a. Counter-clockwise
b. Clockwise
c. There is no current at this time

21. What is the magnetic flux through the loop att = 2.0 s?

a. @=2.7x10" T.-m?

b. &=5.6x10° T.m?

c. &=85x10°T.m?

22. Which way is the current circulating in the loop att = 1.0 s?
a. Clockwise

b. There is no current at this time

c. Counter-clockwise

23. Calculate the magnitude of the circulating current at t = 0.8 s. (Note: Make sure to
either set your calculator to radians, or convert the phase into degrees.)

a. [I|=23mA
b. [I|=1.4mA
c. I|=3.1mA
d. I|=4.3mA
e. [I|=6.9mA
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The next two questions pertain to the situation below.

A square conducting metallic loop is moving in the x-direction through a region of space
with a magnetic field pointing along the negative z-direction. The loop has dimension

a = 20 cm, and resistance of 2 Q. The magnitude of the magnetic field increases linearly
in the x-direction B, = Ax, where A = 100 T/m.

AY

02 ® 02 ® ® K
02 ® ®’V ® ® KL
O® g ® 02 ® ® KL
g X ® 02 ® ® KL
02 ® 02 ® ® K
02 ® @ 02 ® ® KL

24. Calculate the flux through the loop when the left edge of the loop is located at
x = 0.7 m. Only consider the flux due to the external field.

O O 0O T D
S
1
N
—
3
N D NN o

25. Calculate the force on the loop when the left edge of the loop is located at x = 2.3 m,
and moving with velocity v =3 m/s.

a. F=-13Nx
b. F=-57NxXx
c. F=-80Nx
d F=-340Nzx
e. F=-24 N x

Check to make sure you bubbled in all your answers.
Did you bubble in your name, exam version and network-1D?
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