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completely, but stay within the boundary. 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. Be especially careful that your mark covers 
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2.  You may find the version of this Exam Booklet at the top of page 2.  Mark the 
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3.  Print your NETWORK ID in the designated spaces at the right side of the answer 
sheet, starting in the left most column, then mark the corresponding circle below each 
character.  If there is a letter "o" in your NetID, be sure to mark the "o" circle and not the 
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This Exam Booklet is Version A.  Mark the A circle in the TEST FORM box near the 
middle of your answer sheet. DO THIS NOW! 
 
 
Exam Grading Policy— 
 
The exam is worth a total of 129 points, composed of three types of questions. 
 
MC5: multiple-choice-five-answer questions, each worth 6 points.  
Partial credit will be granted as follows. 
 
(a) 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. 
 
  
MC2: multiple-choice-two-answer questions, each worth 2 points.  
No partial credit. 
 
(a) If you mark only one answer and it is the correct answer,  
you earn 2 points.  
(b) If you mark the wrong answer or neither answer, you earn 0 points. 
 
 
Some helpful information: 
 A reminder about prefixes: p (pico) = 10-12; n (nano) = 10-9;  (micro) = 10-6; 

m (milli) = 10-3; k (kilo) = 10+3; M or Meg (mega) = 10+6; G or Gig (giga) = 10+9.    
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PHYS 102 Exams

1)

2)

3)

SP2015 Exam 1 (A)

The next two questions per tain to the situation descr ibed below.

An uncharged conducting sphere A hangs from the ceiling by a non-
conducting string. As shown in the figure below, a positively charged
conducting sphere B is brought close to the hanging sphere but does not
touch it.

What happens to the hanging sphere A?

a.  It moves toward sphere B.
b.  It moves away from sphere B.
c.  It does not move.

Now the two spheres are touched briefly and then separated to the same distance as before. What
happens to the hanging sphere A?

a.  It does not move.
b.  It moves away from sphere B.
c.  It moves toward sphere B.

Consider the three molecules to the
right. Each atom has a partial

charge indicated in the figure. The
bond lengths and δ are the same in all
three molecules.

Which of these molecules has the
largest electric dipole moment?

a.  molecule 1
b.  molecule 3
c.  molecule 2
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4)

5)

6)

The next three questions per tain to the situation descr ibed below.

Consider the following configuration of three point charges
q1 =  12 µC, q2 =  5.9 µC, and q3 =  -2.5 µC arranged in a right
triangle with sides d23 =  0.1 m and d13 =  3.5 m. The point
charges q2 and q3 are both on the x axis of the coordinate
system.

Calculate the x-component F1tot,x of the force on charge q1 due to q2 and q3.

a.  F1tot,x =  -0.0022 N
b.  F1tot,x =  0.003 N
c.  F1tot,x =  0.0015 N
d.  F1tot,x =  -0.0018 N
e.  F1tot,x =  6.8 ×  10-4 N

If q1 were replaced with a charge of the same magnitude but opposite sign, -12 µC, how would the
magnitude |F1tot| of the total force on charge q1 due to q2 and q3 change?

a.  It would increase.
b.  It would remain the same.
c.  It would decrease.

Calculate the magnitude of the electric field, Etot, at the position of charge q3 due to charge q1 and
q2 .

a.  Etot =  0 kV/m
b.  Etot =  9100 kV/m
c.  Etot =  7200 kV/m
d.  Etot =  5300 kV/m

e.  Etot =  1.1 ×  104 kV/m

Page 2 of 11

yoshioono
Typewritten Text
12

yoshioono
Typewritten Text
5.9

yoshioono
Typewritten Text
-2.5

yoshioono
Typewritten Text
= ¥sqrt{0.1^2 + 3.5^2}= 3.5 almost

yoshioono
Typewritten Text
= 3.5

yoshioono
Typewritten Text
= 0.1

yoshioono
Typewritten Text

yoshioono
Text Box
Draw force vectors of interest.

yoshioono
Pencil

yoshioono
Pencil

yoshioono
Pencil

yoshioono
Typewritten Text
As you can see from the figure, the x component iscontributed only from q2.  The magnitude of the forceis kq1q2/(d12^2) 	= (9 x 10^9) (12 x 10^{-6}) (5.9 x 10^{-6})/3.5^2	= 52.01 x 10^{9 - 6 - 6} = 5.2 x 10^{-2} (N)The x component is this times 0.1/3.5, i.e.	5.2 x 10^{-2} x 0.1/3.5 = 1.48 x 10^{-3} N.

yoshioono
Typewritten Text

yoshioono
Pencil

yoshioono
Typewritten Text
Both forces in the figure flip their directions by 180 deg,so the magnitudes cannot change.

yoshioono
Pencil

yoshioono
Pencil

yoshioono
Typewritten Text
E due to 2at 3

yoshioono
Typewritten Text
E due to 1 at 3

yoshioono
Typewritten Text

yoshioono
Typewritten Text
F31

yoshioono
Typewritten Text
F13

yoshioono
Typewritten Text
F12

yoshioono
Text Box
Sketch!

yoshioono
Typewritten Text
As you can see from the figure we compute the magnitudes and  ¥sqrt{their square sum} will give the answer.|E1 at 3| = kQ1/d13^2 = (9 x 10^9) (12 x 10^{-6})/(3.5^2)	= 8.816 x 10^{3} V/m|E2 at 3| = kQ2/d23^2 = (9 x 10^9) (5.9 x 10^{-6})/(0.1^2)	= 53.1 x 10^{9 - 6 + 2} = 5.31 x 10^{6}This implies that E2 dominates the scene.

yoshioono
Typewritten Text

yoshioono
Typewritten Text

yoshioono
Typewritten Text

yoshioono
Pencil

yoshioono
Text Box
superpositionprinciple



7)

8)

Consider the following arrangement of three
charges on the coordinate axes. All of the

charges are positive and have the same magnitude,
i.e., Q1 =  Q2 =  Q3 =  +q. Note that the grid
spacing is the same in x and y.

Where should you place a fourth charge Q4 =  +q
such that the total force on Q3 is zero, i.e.
F3tot =  0?

a.  on the y axis below Q3.
b.  on the y axis above Q3 but below the origin.
c.  on the x axis, to the left of Q1.
d.  on the x axis, to the right of Q2.
e.  at the origin.

A molecule with an electric dipole moment is placed a distance D =  9.9 nm from an ion of charge
Q =  -e and is oriented as shown in the following figure. The molecule has a bond length d =  0.1

nm and partial charges δ =  +0.3e.

Calculate the magnitude of the total force on the dipole due to the ion.

a.  Ftot =  1.4 ×  10-14 N
b.  Ftot =  9.3 ×  10-15 N
c.  Ftot =  4 ×  10-15 N
d.  Ftot =  4.5 ×  10-14 N
e.  Ftot =  3.1 ×  10-14 N
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9)

10)

A molecule consists of three atoms arranged at an angle θ =  120° as shown in the figure below.
The atoms have partial charges, with δ =  +0.1e and the same bond length d =  1.9 ×  10-10 m.

Determine the net electric dipole moment p of the molecule.

a.  p =  3 ×  10-30 C∙m
b.  p =  2 ×  10-30 C∙m
c.  p =  0 C∙m
d.  p =  6.6 ×  10-30 C∙m
e.  p =  9.6 ×  10-30 C∙m

Consider a point charge of mass m =  19 g and charge q =  -6.2 nC suspended from the ceiling by a
massless and non-conducting string of length l =  7 cm. When another point charge of magnitude

Q =  8 nC approaches, the hanging charge swings and comes to rest at an angle of θ =  20°, as shown
in the figure. Assume that the point charge q comes to rest at the same height as the point charge Q.

What must be the separation d between the charges?

a.  d =  0.87 mm
b.  d =  2.6 mm
c.  d =  4.4 mm
d.  d =  1.3 mm
e.  d =  9.6 mm
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11)

12)

The next two questions per tain to the situation descr ibed below.

The following figure describes a uniform electric field E whose magnitude is E. The dashed lines
denote planes perpendicular to the field.

What is the electric potential difference ∆V =  VB - VA between points B and A in the figure?

a.   
b.   
c.   
d.   
e.   

A charge Q is placed initially at B. You drag the charge to point C. What is the work you must
do?

a.  W =  0
b.  W =  -E L
c.  W =  E L

ΔV = EL2√
ΔV = 0
ΔV = − EL2√
ΔV = −EL
ΔV = EL
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13)

14)

What work W do you have to supply to drag charge Q from point A along the curve C back to the
same point A in the uniform electric field E ?

a.  W < 0
b.  W = 0
c.  W > 0

Which of the following arrangements of equal positive charges has the highest potential energy?

a.  B
b.  C
c.  A
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15)

16)

17)

The next two questions per tain to the situation descr ibed below.

On the y axis are two charges Q1 =  1 µC and Q2 =  3 µC separated by a distance L =  0.4 m. Now the
charge q =  4 µC is brought to the position A from infinity. (Assume there are no other charges.)

What is the required work by you to bring the charge q to A from infinity?

a.  W =  0.44 J
b.  W =  0.17 J
c.  W =  0.15 J
d.  W =  0.22 J
e.  W =  0.65 J

Suppose the work needed by you to bring q from A to B is W. If we double both the charges Q1
and Q2 the needed work will become

a.  W / 2
b.  2 W
c.  4 W

The arrows to the right indicate the electric field emanating
from the charge q. No other charges are present. Point B is in

the middle between Point A and Point C. We know Point A has
an electric potential of 40 V and Point C has an electric potential
of 20 V. What statement about the electric potential VB at Point B
is correct?

a.  VB <  30 V
b.  VB =  30 V
c.  VB >  30 V
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18)

19)

Two charges Q1 and Q2 are placed on the x-axis with no other charges around. The charge Q1 is
glued to the origin and has a charge of q = 3.9 μC. The other charge Q2 is firmly glued to the x-

axis at x = 5 m. A small positive test charge QT is brought into the position as shown in the figure and
gently released. The test particle does not start to move along the x-axis. What is the value of Q2?

a. Q2 = 9.8 μC
b. Q2 = 24 μC
c. Q2 = 1.7 μC
d. Q2 = 5.8 μC
e. Q2 = 8.8 μC

A charge of +|q| is placed at the point
(3, 3) and a charge of -|q| is placed at the

point (-3, -3). There are no other charges.
Which of the following points has a potential
of 0 V?

a. (4, -4)
b. (3, 2)
c. (4, -5)
d. (-5, 4)
e. (-1, -1)
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20)

21)

22)

The next three questions per tain to the situation descr ibed below.

Four identical negative point charges, each with
charge -Q, are placed at the corners of a square as
shown below. The edge length of the square is 2L.

What is the magnitude of the electric field E at the center of the square?

a.   
b.   
c.   
d.   
e.   

What is the absolute value of the electric potential at the center of the square?

a.   
b.   
c.   
d.   
e.   

Now we move the charge Q1 at the upper right corner of the square to somewhere infinitely far
away while keeping the other charges fixed in place. Which of the following statements about the

work done by you on the charge Q1 is true?

a.  The work you need to do to move the charge is infinitely large.
b.  The work you need to do to move the charge from the corner of the square to infinity depends

on the path we take.
c.  The work you need to do to move the charge is negative.
d.  The work you need to do to move the charge is zero.
e.  The work you need to do to move the charge is positive.

E = −2 k|Q|/L2√
E = 2 k|Q|/2√ L2

E = 0
E = −2 k|Q|/2√ L2

E = 2 k|Q|/L2√

V = 2 k|Q|/L2√
V = 8k|Q|/L
V = k|Q|/L
V = 4k|Q|/L2

V = 0
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23)

24)

25)

The next three questions per tain to the situation descr ibed below.

On a plane there are many point charges. In the following figure eight (8) charges, A, B, C, D, E, F,
G, H, and I are depicted with field lines on the plane. The charge A is known to be negative.

Choose the correct statement from the following three statements.

a.  B, C, and E are negatively charged.
b.  D, E, and F are positively charged.
c.  F and G are negatively charged.

The electric field vanishes at a point very close to

a.  a
b.  c
c.  b

Suppose the charge I is allowed to move, but the rest are all fixed. In which direction does charge
I start to move?

a.  Roughly in the E direction.
b.  Roughly in the W direction.
c.  Roughly in the S direction.
d.  Roughly in the N direction.
e.  None of N, S, W, E.
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26)

27)

The next two questions pertain to the situation described below.

A positive charge Q1 = 6 μC is located at position (x, y) = (3 cm, 3 cm) and a negative charge
Q2 =  -2 µC is located at position (x, y) = (3 cm, 3 cm).

What is the potential at the origin of the coordinate system (x, y) = (0, 0) due to these two
charges? No other charges are present.

a. V = 340 kV
b. V = 1700 kV
c. V = 420 kV
d . V = 850 kV  NOTE THAT THIS WAS LISTED AS ANSWER  b  IN  THE PRINTED EXAM
e. V = 2100 kV

How much work (absolute value) was done by you to assemble the charge configuration as shown above?  

a. W = 0.52 J
b. W = 1.3 J LISTED AS e
c. W = 3.2 J
d. W = 0.65 J
e. W = 2.6 J
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Physic 102 formula sheet (SP2015)

Kinematics and mechanics

x = x0 + v0t +
1
2
at2 v = v0 + at v2 = v2

0 + 2a∆x

F = ma ac =
v2

r

Etot = K + U K =
1
2
mv2 =

p2

2m
p = mv WF = Fd cos θ

Electrostatics

F12 = k
q1q2

r2
E =

F

q0
U12 = k

q1q2

r
V ≡ U

q0
WE = −∆U = −Wyou

Point charge E = k
q

r2
V = k

q

r
Electric dipole p = qd τdip = pE sin θ Udip = −pE cos θ

Resistance

R =
V

I
I =

∆q

∆t
Physical resistance: R = ρ

L

A

P = IV = I2R =
V 2

R
RS = R1 + R2 + · · · 1

RP
=

1
R1

+
1

R2
+ · · ·

Capacitance

C =
Q

V
Parallel plate capacitor: C = ρ

κε0A

d
E =

Q

ε0A
V = Ed

UC =
1
2
QV =

1
2
CV 2 =

1
2

Q2

C
CP = C1 + C2 + · · · 1

CS
=

1
C1

+
1
C2

+ · · ·

Circuits∑
∆V = 0

∑
Iin =

∑
Iout

q(t) = q∞(1− e−t/τ ) q(t) = q0e
−t/τ I(t) = I0e

−t/τ τ = RC

Magnetism

F = qvB sin θ r =
mv

qB
Fwire = ILB sin θ τloop = NIAB sinϕ

Magentic dipole: µ = NIA τdip = µB sinϕ Udip = −µB cos ϕ

Bwire =
µ0I

2πr
Bsol = µ0nI

Electromagnetic induction

E = −N
∆Φ
∆t

Φ = BA cos ϕ

|Ebar| = BLv Egen = Emax sinωt = ωNAB sinωt ω = 2πf

Vrms =
Vmax√

2
Irms =

Imax√
2

Vp

Vs
=

Is

Ip
=

Np

Ns

Electromagnetic waves

λ =
c

f
E = cB

uE =
1
2
ε0E

2 uB =
1

2µ0
B2 u =

1
2
ε0E

2
rms +

1
2µ0

B2
rms = ε0E

2
rms =

B2
rms

µ0
S = I = uc =

P

A

f0 = fe

√
1 + vrel/c

1− vrel/c
≈ fe

(
1 +

vrel

c

)
I = I0 cos2 θ

1



Reflection and refraction

θr = θi
1
do

+
1
d1

=
1
f

f = ±R

2
m =

hi

ho
= − di

do

n1 sin θ1 = n2 sin θ2 v =
c

n
sin θc =

n2

n1
M =

θ′

θ
≈ dnear

f

Compound microscope: mobj =
Ltube

fobj
Meye =

dnear

feye
Mtot = Meyemobj

Interference and diffraction

Double-slit interference: d sin θ = mλ d sin θ =
(

m +
1
2

)
λ m = 0,±1,±2, · · ·

Single-slit diffraction: a sin θ = mλ m = 0,±1,±2, · · ·
Circular aperture: a sin θ ≈ 1.22λ

Quantum mechanics

E = hf =
hc

λ
λ =

h

p
∆px∆x ≥ ~

2
~ =

h

2π

Bohr atom: 2πrn = nλ n = 1, 2, 3, · · · Ln = mevnrn = n~

rn =
(

~2

meke2

)
n2

Z
≈ (5.29× 10−11 m)

n2

Z
En = −

(
mek

2e4

2~2

)
Z2

n2
≈ −(13.6 eV)

Z2

n2

1
λ
≈ (1.097× 107 m−1)Z2

(
1
n2

f

− 1
n2

i

)
Quantum atom: L =

√
`(` + 1)~ LZ = mε,,~ Sz = ms~

Atomic magnetism: µe,z = − e

2me
Lz µs,z = − ge

2me
Sz, g ≈ 2 µB ≡ e~

2me
≈ 5.8× 10−5 eV/T

Nuclear physics and radioactive decay

A = Z + N r ≈ (1.2× 10−15 m)A1/3 E0 = mc2

mnucleus = Zmproton + Nmneutron −
|Ebind|

c2

∆N

∆t
= λN N(t) = N0e

−λt = N02−t/T1/2 T1/2 =
ln 2
λ

≈ 0.693
λ

Constants and unit conversion

g = 9.8 m/s2 e = 1.60× 10−19 C

ε0 = 8.85× 10−12 C2/Nm2 k ≡ 1
4πε0

= 8.99× 109 Nm2/C2 µ0 = 4π × 10−7 T ·m/A

c =
1

√
ε0µ0

= 3× 108 m/s h = 6.626× 10−34 J · s hc = 1240 eV · nm

1 eV = 1.60× 10−19 J melectron = 9.11× 10−31 kg = 511 keV/c2

mproton = 1.673× 10−27 kg = 938 MeV/c2 mneutron = 1.675× 10−27 kg = 939.5 MeV/c2

SI Prefixes
Power Prefix Symbol
109 giga G
106 mega M
103 kilo k
100 — —
10−3 milli m
10−6 micro µ
10−9 nano n
10−12 pico p

2
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