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Instructor(s): Mueller/Woodard

PHYSICS DEPARTMENT

PHY 2049, Fall 2017 Exam 1 October 3, 2017

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

µB = 9.27× 10−24 J/T mp = 1.67× 10−27 kg me = 9.11× 10−31 kg

e = 1.6× 10−19 C k = 9× 109 N m2/C2 ǫ0 = 8.85× 10−12 F/m

µ0 = 4π × 10−7 T · A/m c = 3× 108 m/s g = 9.8 m/s2

f = femto = 10−15 p = pico = 10−12 n = nano = 10−9

µ = micro = 10−6 M = Mega = 106 G = Giga = 109
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1. Three charges form an equilateral triangle of side length d. The top charge is
q3 = −Q and is located on the y-axis, while the bottom two are q1 = q2 = 4Q and
are located on the x-axis. What is the net force acting on q3?
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2. Two protons are separated by a distance of d = 10−10m. What is the magnitude of the acceleration (in m/s2) of each
proton immediately after both particles are released from rest?

(1) 1.38× 1019 (2) 5.21× 1017 (3) 8.87× 1018 (4) 7.11× 1019 (5) 3.89× 1017

3. Two identical conducting spheres A and B carry identical charges. They are separated by a distance much larger than
their diameters. The magnitude of the electrostatic force between the spheres is F. A third, identical conducting sphere
is first touched to earth ground and then touched to sphere A and moved away. The magnitude of the electrostatic force
between spheres A and B is now:

(1) F/2 (2) F/4 (3) F (4) 2F (5) 4F

4. A charge Q is placed on the x-axis at (a,0). A second charge -Q is placed on the y-axis at (0,a). A third charge of
unknown quantity is now placed on an unknown position in the x-y plane and the resulting electric field at the origin
vanishes. At which of the following locations could this third charge be?

(1) (a,-a) (2) (a.a) (3) (-a,0) (4) (a,0) (5) (-a,-a)

5. A charge q1 = 1µC is located at (a,0), a charge q2 = −2µC is located at (-2a,0), and a charge q3 = 1.5µC is located at
(0,-a). An electron is released at the origin. What is its instantaneous acceleration in m/s2? (a = 1cm)

(1) 3.35× 1019 (2) 4.03× 1020 (3) 5.26× 1021 (4) 1.94× 1019 (5) 8.71× 1019

6. An electric dipole with dipole moment ~p =
(

3î+ 4ĵ
)

1.24 × 10−30Cm is placed into an electric field ~E = 4000N/Cî.

What is the potential energy of the electric dipole in J?

(1) 1.49× 10−26 (2) 9.78× 10−26 (3) 2.42× 10−26 (4) 8.14× 10−25 (5) 3.12× 10−25

7. In the figure two curved plastic rods, one of charge +3q and the other of charge
-q, form a circle of radius R in an xy plane. Note that the positively charged rod
is 3 times longer! The charge is distributed uniformly on both rods. What is the
magnitude of the electric field produced at P, the center of the circle?
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8. The figure shows a Gaussian surface in the shape of a cube with edge length 1.4 m.

What is the net flux Φ (in N m2/C) through the surface if ~E = 3yĵ N/C, with y in
meters?

z

x

y

(1) 8.2 (2) 0 (3) 49 (4) 5.9 (5) 4.2

9. A charged particle is held at the center of two concentric conducting
spherical shells as shown in Figure a. Figure b gives the net flux Φ
through a Gaussian sphere centered on the particle, as a function of
the radius r of the sphere. The scale of the vertical axis is set by
Φs = 5.0× 105 Nm2/C. What is the net charge (in µC) of shell A?
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(1) 11.5 (2) 8.0 (3) 0 (4) 4.4 (5) 1.8

10. An electron is shot directly toward the center of a large metal plate that has surface charge density −2.0× 10−6 C/m2.
If the initial kinetic energy of the electron is 1.6 × 10−17 J and if the electron is to stop (due to electrostatic repulsion
from the plate) just as it reaches the plate, how far from the plate must the launch point be?

(1) 0.44 mm (2) 0.22 mm (3) 0.33 mm (4) 0.55 mm (5) 0.66 mm

11. The electric field in a region of space has the components Ey = Ez = 0 and Ex = 4xN/C, where x is given in meters.
Point A is on the y axis at y = 3 m, and point B is on the x axis at x = 4 m. What is the potential difference VB −VA?

(1) -32 V (2) +64 V (3) -8 V (4) +16 V (5) 0 V

12. A plastic disk of radius R = 64 cm is charged on one side with a uniform surface

charge density σ = 7.73 fC/m
2
, and then three quadrants of the disk are removed.

The remaining quadrant is shown in the figure. With V = 0 at infinity, what is the
potential (in µV) due to the remaining quadrant at point P , which is on the central
axis of the original disk at distance D = 25.9 cm from the original center?

(1) 47 (2) 190 (3) 75 (4) 28 (5) 110

13. What is the magnitude of the electric field (in N/C) at the point (3î− 2ĵ + 4k̂) m if the electric potential in the region
is given by V = 2xyz2, where V is in volts and coordinates x, y and z are in meters?

(1) 150 (2) 64 (3) 96 (4) 250 (5) 160

14. The figure shows a rectangle whose sides have lengths 5.0 cm and 15 cm. The two
charges are q1 = −5 µC and q2 = +2 µC. With V = 0 at infinity, how much work
must be done to move a charge q3 = +3 µC from B to A along a diagonal of the
rectangle?
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(1) 2.5 J (2) 1.3 J (3) 3.8 J (4) 5.0 J (5) 6.3 J
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15. In the figure the battery has a potential difference of V = 10 V and the five capacitors
each have a capacitance of 10 µF. What is the charge (in µC) on capacitor 1? C2

V

C1

+

−

(1) 100 (2) 80 (3) 60 (4) 40 (5) 20

16. The figure shows a circuit formed by two parallel-plate capacitors connected to a
battery. Capacitor 1 has a plate area of 1.5 cm2 and an electric field (between
its plates) of magnitude 2000 V/m. Capacitor 2 has a plate area of 0.7 cm2 and
an electric field of magnitude 1500 V/m. What is the total charge on the two
capacitors?

C
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C
1

(1) 3.6 pC (2) 2.7 pC (3) 0.93 pC (4) 3.2 pC (5) Insufficient information

17. In the figure a potential difference of V = 100 V is applied across a capacitor
arrangement with capacitances C1 = 10 µF, C2 = 5 µF and C3 = 15 µF. What is
the energy U1 stored in capacitor 1? C2

C1

C3

V

(1) 13 mJ (2) 6.3 mJ (3) 19 mJ (4) 38 mJ (5) 25 mJ

18. What is the current in a wire of radius R = 3.4 mm if the magnitude of the current density is given by J = J0(1− r/R),

in which r is the radial distance and J0 = 5.5× 104 A/m2?

(1) 0.67 A (2) 4.0 A (3) 2.0 A (4) 1.3 A (5) 0.21 A

19. A wire with a resistance of 6 Ω is drawn out through a die so that its new length is three times its original length. Find
the resistance of the longer wire, assuming that the resistivity and density of the material are unchanged.

(1) 54 Ω (2) 18 Ω (3) 6 Ω (4) 2 Ω (5) 0.7 Ω

20. Wire C and wire D are made from different materials and have length LC =
LD = 1 m. The resistivity and diameter of wire C are 2 × 10−6 Ω · m and 1
mm, and those of wire D are 1× 10−6 Ω ·m and 0.5 mm. The wires are joined
as shown in the figure, and a current of 2 A is set up in them. What is the
rate at which energy is dissipated between points 2 and 3? LC

C
D

LD

1                    2                    3

(1) 20 W (2) 10 W (3) 30 W (4) 40 W (5) 50 W


