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Instructor(s): Profs. P. Kumar, Z. Qiu

PHYSICS DEPARTMENT
PHY 2054 Exam 2 October 31, 2013

Name (print, last first): Signature:

On my honor, I have neither given nor received unauthorized aid on this examination.

YOUR TEST NUMBER IS THE 5-DIGIT NUMBER AT THE TOP OF EACH PAGE.
(1) Code your test number on your answer sheet (use lines 76–80 on the answer sheet for the 5-digit number).

Code your name on your answer sheet. DARKEN CIRCLES COMPLETELY. Code your UFID number on your
answer sheet.

(2) Print your name on this sheet and sign it also.
(3) Do all scratch work anywhere on this exam that you like. Circle your answers on the test form. At the end of the

test, this exam printout is to be turned in. No credit will be given without both answer sheet and printout.
(4) Blacken the circle of your intended answer completely, using a #2 pencil or blue or black ink. Do not

make any stray marks or some answers may be counted as incorrect.
(5) Hand in the answer sheet separately.

Useful Constants:

K = 9× 109Nm2/C2 ǫ0 = 8.85× 10−12C2/(Nm2)

electron charge = −1.6× 10−19C electron mass = 9.11× 10−31kg

V=volt N=newton J=joule m=“milli”=10−3 C=coulomb

k=“kilo”=103 “pico”=10−12 n=“nano”=10−9 proton charge = +e proton mass = 1.67× 10−27 kg

µ=“micro”=10−6 g = 9.8 m/s2 M=“mega”=106 µ0 = 4π × 10−7 T-m/A

1. Unpolarized light of intensity I0 is sent through 4 polarizers, each of the last three rotated 30◦ from the previous polarizer
so that the last polarizer is perpendicular to the first. What is the intensity transmitted by this system?

(1) 0.21 I0 (2) 0.50 I0 (3) 0.42 I0 (4) 0.75 I0 (5) 0

2. If a 20 W laser beam, which has an initial diameter of 2.0 mm, spreads out to a diameter of 2.0 m after traveling
10,000 m, what is the initial Erms of the beam?

(1) 4.9× 104 V/m (2) 2.5× 103 V/m (3) 1.2× 103 V/m (4) 1.9× 102 V/m (5) 1.7× 102 V/m

3. In a vacuum, the components of an EM wave are Ey = 50(V/m) cos[(5.00m−1)x+ωt], Ex = 0, and Ez = 0. What is ω?

(1) 1.50× 109 rad/s (2) 1.20× 109 rad/s (3) 1.00× 109 rad/s (4) 8.00× 108 rad/s (5) more information is needed

4. Two 100 W bulbs differ in that one is designed for the American 120 V rms and the other is designed for the European
220 V rms. Which bulb has the greater resistance, and what is that resistance?

(1) European, 484Ω (2) American, 144Ω (3) American, 288Ω (4) European, 242Ω (5) They are the same, 265Ω

5. A series LR circuit includes a 9.0 V battery, a resistance of 0.50Ω and an inductance of 0.80 H. When the switch is
closed, how long does it take for the current to reach one half of its maximum value?

(1) 1.1 s (2) 1.6 s (3) 2.3 s (4) 0.80 s (5) 0.55 s

6. A copper pipe is held vertically and a magnet is dropped down the pipe. The magnet is oriented with the north pole
down. What direction do the eddy currents flow as viewed from above the pipe? If a copper bar of approximately the
same size and weight is dropped down the tube, will it fall faster or slower?

(1) CW above the magnet and CCW below the magnet; copper bar will fall faster
(2) CCW above the magnet and CW below the magnet; copper bar will fall slower
(3) CW above the magnet and CCW below the magnet; copper bar will fall slower
(4) CCW above the magnet and CW below the magnet; copper bar will fall faster
(5) Need more information
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7. A 10 turn circular loop with radius 0.01 m and resistance 5Ω is placed in the
center of a solenoid. The solenoid has a length 0.8 m, a radius of 0.1 m, and
1000 turns. The current in the solenoid is ramped up uniformly from 2 A to
12 A in 1 s. What is the average current (in µA) in the loop during this time?

solenoid

loop

(1) 9.9 (2) 4.9 (3) 19.7 (4) 29.7 (5) 7.5

8. A conducting bar with mass M = 10 kg can slide with no friction along two
conducting rails separated by distance L = 0.5 m, as shown in the figure. The
rails are connected to a 0.5Ω resistor. A uniform 2 Tesla magnetic field points
into the page, as indicated by crosses. An external force Fapp pulls the bar
to the right with a constant speed v = 3 m/s. What is the magnitude of the
external force Fapp (in N)?

(1) 6 (2) 45 (3) 12 (4) 3 (5) 10

9. As shown in the figure, four wires have current flowing perpendicular to the
plane of the page. The wires go through the corners of a square. If wires 1
and 2 each carry current I flowing into the page, while wires 3 and 4 each have
current I flowing out of the page, what is the direction of the magnetic field
at the center of the square?

y

x

1 2

4 3

x x

(1) −x̂
(2) x̂
(3) ŷ
(4) −ŷ
(5) ẑ

10. An airplane with a wingspan of 60.0 m flies parallel to the Earth’s surface at a point where the Earth’s magnetic field
has a magnitude of 0.8 Gauss and is directed at an angle of 60◦ with respect to the vertical. If the induced potential
between wingtips is 0.700 V, what is the plane’s speed?

(1) 292 m/s (2) 375 m/s (3) 333 m/s (4) 417 m/s (5) 250 m/s

11. A series RC circuit has a time constant of 1.0 s. The battery has a voltage of
50 V and the maximum current just after closing the switch is 500 mA. The
capacitor is initially uncharged. What is the charge on the capacitor 2.0 s after
the switch is closed?

C

R

50 V

(1) 0.43 C
(2) 0.66 C
(3) 0.86 C
(4) 0.99 C
(5) 1.25 C

12. If E = 24 V, at what rate is thermal energy generated in the 20-Ω resistor?

ε 

20 Ω

15 Ω 30 Ω

(1) 13 W
(2) 3.2 W
(3) 23 W
(4) 28 W
(5) 39 W
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13. Two 110-V light bulbs, one “40 W” and the other “100 W”, are connected in series to a 110 V source. Then:

(1) none of these
(2) the current in the 100-W bulb is greater than that in the 40-W bulb
(3) the current in the 100-W bulb is less than that in the 40-W bulb
(4) both bulbs will light with equal brightness
(5) each bulb will have a potential difference of 55 V

14. A proton cyclotron has a magnetic field of 0.32 T between its poles and a radius of 0.50 m. What is the maximum
energy for the protons from this machine?

(1) 2.0× 10−13 J (2) 1.3× 10−12 J (3) 2.0× 10−12 J (4) 1.3× 10−13 J (5) 4.9× 10−14 J

15. A singly charged 9Be ion is accelerated from rest through a potential difference of 32000 V. The ion is then sent into a
mass spectrometer where the radius of the path is 29 cm. What is the magnetic field in the spectrometer?

(1) 0.27 T (2) 0.13 T (3) 0.067 T (4) 0.0028 T (5) 0.54 T

16. A 150 turn coil of area 50 cm2 is placed in an 80 mT magnetic field. If the coil carries a current of 3.3 A and if the
normal to the area of the coil makes an angle of 20◦ with the direction of the magnetic field, what is the magnitude of
the torque on the coil?

(1) 0.068 N·m (2) 0.19 N·m (3) 0.072 N·m (4) 0.20 N·m (5) 0.039 N·m

17. Two parallel wires run in a north-south direction. The eastern wire carries
30.0 A southward while the western wire carries 12.0 A northward. If the
wires are separated by 30 cm, what is the magnetic field direction at a point
between the wires at a distance of 10 cm from the western wire?

Ν

10 cm 20 cm12 A                                                             30 A

(1) 54µT (2) 12µT (3) 30µT (4) 6.0µT (5) 180µT

18. One wire, lying on the x-axis, carries a current of 4.0 A in the positive x-direction. Another wire, lying on the y-axis,
carries a current of 6 A in the positive y-direction. What is the magnitude of the magnetic field at (x, y) = (4.0 cm,
6.0 cm)?

(1) 1.7× 10−5 T (2) 3.0× 10−5 T (3) 1.3× 10−5 T (4) 4.3× 10−5 T (5) 4.0× 10−10 T

19. Two long straight wires pierce the plane of the paper at vertices of an equilateral
triangle with a = 16.0 cm as shown. They each carry 4 A, out of the paper.
The magnetic field at the third vertex (P) has magnitude (in T):

a                 a

4 A 4 A

P

a

(1) 8.5× 10−6 (2) 0.5× 10−6 (3) 1.0× 10−5 (4) 2.5× 10−6 (5) 4.4× 10−6

20. The diagram shows three equally spaced wires that are perpendicular to the
page. The currents are all equal, two being out of the page and one being into
the page. Rank the wires according to the magnitudes of the magnetic forces
on them, from least to greatest.

x
1              2              3

(1) 2, 1 and 3 tie (2) 1, 2, 3 (3) 2 and 3 tie, then 1 (4) 1 and 3 tie, then 2 (5) 3, 2, 1


