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Instructor(s): Profs. Andrey Korytov, Yasu Takano

PHYSICS DEPARTMENT

PHY 2049, Spring 2016 Final Exam April 23, 2016

Name (print): 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.

DIRECTIONS
(1) Code your test number on your answer sheet (use 76–80 for the 5-digit number). Code your name on your

answer sheet. Darken circles completely (errors can occur if too light). Code your student 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. 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 with scratch work.
(4) Work the questions in any order. Incorrect answers are not taken into account in any way; you may guess at answers

you don’t know.
(5) If you think that none of the answers is correct, please choose the answer given that is closest to your answer.
(6) Blacken the circle of your intended answer completely, using a number 2 pencil. Do not make any stray

marks or the answer sheet may not read properly. Completely erase all incorrect answers, or take a new answer sheet.
(7) As an aid to the examiner (and yourself), in case of poorly marked answer sheets, please circle your selected answer on

the examination sheet. Please remember, however, that in the case of a disagreement, the answers on the bubble sheet
count, NOT what you circle here. Good luck!!!

>>>>>>>>WHEN YOU FINISH <<<<<<<<
Hand in the answer sheet separately.

Constants

e = 1.6× 10−19C mp = 1.67× 10−27 kg me = 9.1× 10−31 kg ǫo = 8.85× 10−12C2/N·m2

milli (m) = 10−3 micro (µ) = 10−6 nano (n) = 10−9 pico (p) = 10−12

kilo (k) = 103 mega (M) = 106 giga (G) = 109 tera (T) = 1012

k = 1/(4πǫo) = 9× 109N·m2/C2 µ0 = 4π × 10−7 T·m/A c = 3.00× 108 m/s

Sphere: A = 4πR2 V =
4π

3
R3

1. Four parallel infinite sheets of charge spaced by 4 cm between adjacent sheets
are shown edgewise in the figure. Their surface charge densities are as indicated
with σ = 2.0µC/m2. What is the magnitude of the electric field (in N/C) at
point P located midway between two sheets as shown? (Hint: Electric fields
are vectors that add as such.)

A

B

C

D
P

+σ

−2σ

+3σ

−4σ

(1) 6.8× 105 (2) 1.4× 106 (3) 9.0× 105 (4) 4.5× 105 (5) 2.3× 105

2. Three identical charges q = −1 µC form an equilateral triangle, whose side length is 10 cm. How much work (in joules)
is needed to shrink the triangle so that all its sides become 1 cm?

(1) 2.4 (2) 0.27 (3) 8.1 (4) 1.4 (5) 6.3

3. A wire has resistance R. The wire is uniformly stretched to become twice as long, while maintaining its volume. What
is its new resistance?

(1) 4R (2) 8R (3) 2R (4) R (5) R/2
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4. In the figure, E = 18.0 V, R1 = 2.0 kΩ, R2 = 6.0 kΩ, and R3 = 12.0 kΩ. What
is the power dissipated in R3, in mW?

R1

R2

R3E

(1) 12
(2) 56
(3) 74
(4) 24
(5) 35

5. Two circular loops of conductors are placed on the page to the left and right
of a straight wire carrying current, as shown in the figure. The current in the
straight wire is in the direction indicated by the arrow and increasing. The
directions of the induced current in loops A and B, respectively, are:

A B
(1) clockwise, counterclockwise
(2) counterclockwise, clockwise
(3) clockwise, clockwise
(4) counterclockwise, counterclockwise
(5) no induced current

6. Consider an RLC circuit with driving emf amplitude Em = 12 V, resistance R = 4.0 Ω, inductance L = 20 mH, and
capacitance C = 140 µF. Find the amplitude of the potential difference across the capacitor at resonance.

(1) 36 V (2) 12 V (3) 24 V (4) 6 V (5) 9 V

7. Two isolated conducting spheres are separated by a large distance. Sphere 1 has a radius of R and an initial charge 3Q
while sphere 2 has a radius of 3R and an initial charge 7Q. A very thin copper wire is now connected to the spheres.
Charge flows between the spheres until they reach the same electrical potential. How much charge will be transferred
from sphere 2 to sphere 1? (Note that the charge transferred can be positive, negative or zero.)

(1) −Q/2 (2) +2Q (3) −2Q (4) +4Q (5) 0

8. A 12 V battery is connected to a 1 µF capacitor until the capacitor is fully charged, then disconnected. If the charged
capacitor is then connected in parallel with a second (initially uncharged) capacitor, and if the potential difference across
the first capacitor drops to 9 V as a result, what is the capacitance of this second capacitor?

(1) 0.33µF (2) 1.33µF (3) 1µF (4) 3µF (5) 9µF

9. A wire of length L carries a current i. If the wire is bent into a circular coil of N turns and placed in a uniform magnetic
field B, what is the magnitude of the maximum possible torque on the coil?

(1)
L2iB

4πN
(2)

πLiB

2N
(3)

2L2iB

π2N2
(4)

3LiB

πN
(5)

πL2iB

4N2

10. A proton moves in a direction having an angle of 30◦ relative to a uniform magnetic field of 3.0 T, with an energy of
10 MeV (1 eV = 1.6× 10−19 J). What is the radius (in meters) of the helix describing its path?

(1) 0.076 (2) 0.15 (3) 0.30 (4) 0.13 (5) 0.18
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11. A current of 3 A flows into a capacitor with circular plates of radius R = 5 mm.
What is the magnitude of the magnetic field at point P in between the plates
at a radial distance r = 4 mm from the center of the plates?

E

p
i                                 i

+                 −

(1) 9.6× 10−5 T (2) 7.7× 10−5 T (3) 12× 10−5 T (4) 15× 10−5 T (5) 11× 10−5 T

12. A small rocket of mass 10 kg emits an intense light beam as a rocket exhaust. What must be the minimum total power
(intensity times area) of the beam (in gigawatts) needed to lift the rocket against the force of gravity at the earth’s
surface (g = 9.8 m/s2)?

(1) 30 (2) 75 (3) 60 (4) 45 (5) 90

13. A beam of initially unpolarized light is sent along the z-axis into a stack of
three polarizing sheets placed perpendicularly to the z-axis, as shown in the
figure. The angles θ1, θ2, and θ3 of the polarizing directions are measured
counterclockwise from the positive direction of the y-axis. What percentage
of the light’s initial intensity is transmitted by the system when θ1 = 60◦,
θ2 = 15◦, and θ3 = 45◦?

θ3

θ2

θ1

y

x

(1) 19% (2) 42% (3) 12% (4) 34% (5) 24%

14. A ray of light enters from air into a glass cube at point A at an incident angle
of θ = 30◦ and then undergoes total internal reflection at point B. What
minimum value of the index of refraction n of glass can be inferred from this
information?

θ

A

B

(1) 1.12 (2) 1.39 (3) 1.41 (4) 1.22 (5) 1.32

15. A spherical, concave mirror is shown in the figure. The focal point F and
the location of the object O are indicated. At what point will the image be
located?

I        II III   IV          V

F    O

Mirror

(1) V
(2) IV
(3) III
(4) II
(5) I

16. An inverted image is formed 60 cm from an object by a thin lens located between the two. The image is 1/3 the height
of the object. What is the distance from the object to the lens?

(1) 45 cm (2) 48 cm (3) 80 cm (4) 30 cm (5) 15 cm

17. Two identical converging lenses with a focal distance of f = 8 cm are separated by a distance 16 cm. An object of 1-cm
height is placed 2 cm in front of the two-lens system. What is the absolute value of the image height formed by the two
lenses?

(1) 1 cm (2) 0.7 cm (3) 1.4 cm (4) 0.5 cm (5) 2 cm



77777 77777

18. Two coherent radio-frequency point sources separated by d = 2 m radiate in
phase at a wavelength λ = 1 m. A radio wave detector moves in a circular
path of some radius R around the mid-point between the two sources (see
figure) and measures the radio-wave intensity of the signal. Find how many
maxima it detects. Hint: consider the phase difference for wave emitted by
the two sources at the bottommost point of the circle and then at the topmost
point. Contemplate what happens to the phase difference as one moves along
the circle between the bottommost to topmost points.

d

R

(1) 8 (2) 16 (3) 4 (4) 12 (5) 6

19. Costume jewelry beads are made of glass with index of refraction 1.5. To make them more reflective, they are coated
with a layer of material with index of refraction 1.9. What is the minimum coating thickness needed to ensure that
light of wavelength 540 nm and perpendicular incidence will be reflected with maximum constructive interference?

(1) 70 nm (2) 100 nm (3) 150 nm (4) 250 nm (5) 500 nm

20. Two stars that are close together are photographed through a telescope. The black and white film is equally sensitive
to all colors. Which situation would result in the most clearly separated images of the stars?

(1) Large lens, blue stars
(2) Small lens, red stars
(3) Small lens, blue stars
(4) Large lens, red stars
(5) Large lens, one star red and the other blue


