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Instructor(s): Profs. Korytov, Rinzler

PHYSICS DEPARTMENT

PHY 2049, Spring 2015 Midterm 1 February 12, 2015

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× 10−12 C2/N·m2

k = 1/(4πǫo) = 9× 109N·m2/C2 nano = 10−9 micro = 10−6 pico = 10−12

Sphere: A = 4πR2 V =
4π

3
R3

1. In the figure, q1 = 300µC, q2 = 400µC and q3 = 500µC, r12 = 9m, r13 = 12m.
Compute the magnitude of the total force on q3.

q2

r12

q1               r13             q3

(1) 16.5 N (2) 17.4 N (3) 5.6 N (4) 233 N (5) 281 N

2. An electron and a proton are separated by a distance of d = 5.3× 10−11m. What is the magnitude of the acceleration
of the electron immediately after both particles are released from rest?

(1) 9.0× 1022 m/s2 (2) 8.2× 10−8 m/s2 (3) 4.8× 1012 m/s2 (4) 5.6× 1041 m/s2 (5) 1.0× 1013 m/s2

3. Five charges are equally spaced along the x-axis. Each charge has the same
magnitude, e, but some of the charges are +e and some are −e. Four different
configurations of charge are labelled A, B, C, D in the figure at right. Rank
the magnitude of the force on the middle charge for the different configurations
with largest first and smallest last.

(1) C, D, A, B (2) C, A, D, B (3) D, C, A, B (4) A, C, D, B (5) C, B, D, A

4. Charges +3Q and −9Q are held in place at positions x = 0 m and x = 2 m, respectively. At what position in x (in m)
should a third charge be placed so that it is in equilibrium?

(1) −2.73 (2) +1.33 (3) +3.73 (4) −1.33 (5) −1.86
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5. Which of the four-charge configurations has the strongest electric field at its center? The plus symbol indicates a positive
charge +q, and the minus symbol indicates a negative charge −q.

(1) (2) (3) (4) (5) Insufficient information

6. A ball of mass m = 0.75 grams is suspended from a thread of negligible mass.
The ball carries a charge q = +32× 10−6C, and is placed in a uniform electric
field of magnitude E which points to the left. If the angle θ = 28◦, what is the
magnitude of the electric field? (Recall g = 9.80 m/s2.)

uniform E field

g

q

θ

(1) 120 N/C
(2) 60 N/C
(3) 30 N/C
(4) 20 N/C
(5) 10 N/C

7. An electron gun sends electrons through a region with a constant electric field of 1.5×104 N/C over a distance of 2.5 cm.
If the electrons start from rest, how long does it take for the electrons to traverse the gun?

(1) 4.4 ns (2) 1.1 µs (3) 2.2 ns (4) 2.2 µs (5) 1.1 ns

8. The figure shows a closed Gaussian surface in the shape of a cube of edge length
1 m, with one corner at the origin of a coordinate system. The cube lies in a

region where the electric field vector is given by ~E = −2.0x î+2.0 ĵ N/C, with
x and y in meters. What is the net charge, in pC, contained by the cube?

z

y

x

(1) −17.7 (2) −8.9 (3) 0 (4) 8.9 (5) 17.7

9. A uniformly charged thin non-conducting shell (hollow sphere) of radius R
with the total positive charge Q is placed at a distance d away from an infinite
non-conducting sheet carrying a uniformly distributed positive charge with a
surface density σ. The distance d is measured from shell’s center (point O).
What is the magnitude of the total electric field at the center of the shell?
(Hint: Consider electric field at point O made by the shell alone and by the
sheet alone and then, use the principle of superposition of fields.)

O

d

R

(1)
σ

2ǫ0
(2)

Q

4πǫ0R2
+

σ

2ǫ0
(3)

Q

4πǫ0R2
+

σ

ǫ0
(4)

Q

4πǫ0R2
(5)

Q

4πǫ0R
+

σ

ǫ0

10. A point charge +Q is placed at the center of thick conductive shell carrying charge −2Q. What is the charge on the
inner surface of the shell?

(1) −Q (2) +Q (3) −2Q (4) +2Q (5) 0
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11. A plastic rod has been bent into a circle of radius R = 11.8 cm. It has a charge
Q1 = +8.58 pC uniformly distributed along one-quarter of its circumference
and a charge Q2 = −6Q1 uniformly distributed along the rest of the circum-
ference (see figure). With V = 0 at infinity, what is the electric potential in
volts at point O, which is on the center of the circle?

Q2

Q1

R

y

x
O

(1) −3.3 (2) −27.7 (3) −15.0 (4) −9.2 (5) 0

12. A graph of the x component of the electric field as a function of x in a region of
space is shown in figure. The scale of the vertical axis is set by Exs = 20.0 N/C.
The y and z components of the electric field are zero in this region. If the
electric potential at the origin is 30 V, what is the electric potential (in V) at
x = 4.0 m?

1 2 3 4 x (m)E
  

(N
/C

) 

ExS

-ExS

5 6

x

(1) −10 (2) 50 (3) 10 (4) −20 (5) 30

13. An infinite non-conducting thin plate has negative uniform charge density −σ.
What is the difference of potentials between points P and O: VP − VO?

P

O

d

d
−σ

(1)
σ

2ǫ0
· d (2) −

σ

2ǫ0
· d (3)

σ

2ǫ0
·
√
2d (4) −

σ

2ǫ0
·
√
2d (5) −

σ

ǫ0
· d

14. The potential (in volts) in a given region is given by V (x, y, z) = xyz, where x, y, and z are expressed in meters. What
is the magnitude of the electric field in V/m at the point (1,1,1)?

(1) 1.7 (2) 1.0 (3) 3.0 (4) 0 (5) 1.4

15. The rectangle shown in the figure has sides 5 cm and 8 cm. The charges are
q1 = 6µC and q2 = 9µC. How much work done by an external force is required
to move a charge q3 = 4.0µC from point A to point B?

q1

q2A

B

(1) +0.81 J (2) −0.52 J (3) +4.42 J (4) −0.17 J (5) 0

16. Consider two square parallel conducting plates of side length 2 cm, separated by a 3 mm slab of dielectric with κ = 1.5,
that are charged to ±4 nC and then disconnected from the power supply. Considering only electric forces (i.e., ignoring
adhesion, friction, gravity...), how much work (in µJ) must be done by someone to withdraw the dielectric slab?

(1) 2.3 (2) 3.4 (3) 6.8 (4) 0 (5) 4.5

17. What is the equivalent capacitance of the combination shown? 12µF 24µF

12µF

20µF(1) 10µF
(2) 29µF
(3) 40µF
(4) 12µF
(5) 25µF
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18. In the figure the battery has a potential difference of V = 10.0 V and the five
capacitors each have a capacitance of 10.0µF. What is the charge, in µC, on
capacitor 2?

C2

V

C1

+
−

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

19. Three resistors A, B, and C are successively connected to the same 12 V power supply. While they are connected to the
supply you feel each resistor in turn and determine that B was hottest while C was coolest. The resistance values of the
three resistors must be such that:

(1) C>A>B (2) C>B>A (3) B>A>C (4) B>C>A (5) A>B>C

20. A wire has a resistance R. The wire is uniformly stretched to four times its original length, maintaining constant volume.
What is the resistance of the stretched wire?

(1) 16R (2) 8R (3) 4R (4) 2R (5) R


