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Exam #1 

 
January 28, 2013 

 
 
 

Name___________________________________ 
 

 
Please read and follow these instructions carefully: 
 

• Read all problems carefully before attempting to solve them. 
• Your work must be legible, and the organization clear. 
• You must show all work, including correct vector notation. 
• You will not receive full credit for correct answers without adequate 

explanations. 
• You will not receive full credit if incorrect work or explanations are mixed in 

with correct work.  So erase or cross out anything you don’t want graded. 
• Make explanations complete but brief.  Do not write a lot of prose. 
• Include diagrams. 
• Show what goes into a calculation, not just the final number.  For example

  

€ 

 p ≈ m  v = 5kg( ) × 2 m
s( ) =10 kg⋅m

s  
• Give standard SI units with your results. 
• Unless specifically asked to derive a result, you may start with the formulas 

given on the formula sheet including equations corresponding to the 
fundamental concepts. 

• Go for partial credit.  If you cannot do some portion of a problem, invent a 
symbol and/or value for the quantity you can’t calculate (explain that you are 
doing this), and use it to do the rest of the problem. 

• All multiple choice questions are worth 3 points and each free-response part is 
worth 6 points 

 
 
 
 
 
 
 

 
I affirm that I have carried out my academic endeavors with full academic honesty. 

 
______________________________ 

Problem #1 /27 
Problem #2 /24 
Problem #3 /24 

Total /75 
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1. Two equal and opposite point charges are situated along the y-axis as shown.  The 

€ 

+q charge is at 

€ 

y = +a, while the 

€ 

−q  charge is a 

€ 

y = −a .  In the questions below, 
express your answers in the simplest form possible, reducing fractions as 
necessary. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

a. What is the net electric field at point P located along the y-axis? 
 

€ 

Enet = Enet ,y = E+ + E− =
kq
r+
2 −

kq
r−
2 = kq 1

y − a( )2
−

1
y + a( )2

 

 
 
 

 

 
 
 

= kq
y + a( )2 − y − a( )2

y + a( )2 y − a( )2
 

 
 
 

 

 
 
 

=
4kaqy

y + a( )2 y − a( )2

 

 
So, the net electric field points in the positive y-direction and has a magnitude 

of 

€ 

Enet =
4kaqy

y + a( )2 y − a( )2
. 

 
 

b. What is the net electrostatic force on a charge 

€ 

−q  placed at point P? 
 
The net force is given by

  

€ 

 
F net = q

 
E net = −q × 4kaqy

y + a( )2 y − a( )2
 

 
  

 

 
  = −

4kaq2y
y + a( )2 y − a( )2
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c. What is the electric potential at point P? 
 
 

The electric potential is given by 

€ 

VP =
kq
r+
−
kq
r−

= kq 1
y − a

−
1

y + a
 

 
 

 

 
 =

2kaq
y 2 − a2

. 

 
 

 
 
 
 

 
d. How much work is done moving the charge 

€ 

−q  to point P from a location 
very far away? 
 
 
 

The work done is given by 

€ 

W = −qΔV = − −q( ) 2kqa
y 2 − a2

− 0
 

 
 

 

 
 =

2kaq2

y 2 − a2
. 

 
 
 
 
 
 
 
 

e. Suppose that instead we were interested in the point P’ located on the x-axis 
as shown.  Which of the following statements would be true for a charge 

€ 

−q
located at the point P’? 
 
1. An external force would be required to move 

€ 

−q  from very far away to 
point P’, meaning 

€ 

W < 0 . 
2. The electric field would do work moving 

€ 

−q  from very far away to point 
P’, meaning 

€ 

W > 0 . 
3. No work would be done on 

€ 

−q , since 

€ 

−q  is moving along an equipotential 
surface. 

4. Non-zero work would be done on 

€ 

−q  but one cannot determine from the 
information given if the system or an external force would do the work. 

 

The potential at point P’ is given by

€ 

VP ' =
kq
r+
−
kq
r−

= kq 1
r
−
1
r

 

  
 

  
= 0 and 

therefore the work done moving 

€ 

−q  from very far away to this location 
would be zero. 
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2. Suppose that you wanted to accelerate a proton to a very high speed using the 

setup shown below, where the right plate has a hole in it to allow the protons to 
escape. 

 
a. Explain how the plates should be charged so that the proton is accelerated to 

the right?  What is the direction of the electric field (assumed constant) 
between the plates?  Explain your choice for the direction of the electric field 
and label the plates below with your choice and also draw the electric field 
between the plates.   
 

Charge the left plate with 

€ 

+Q  so that the proton 
feels a repulsive force. 
 
Charge the right plate with 

€ 

−Q so that the 
proton feels an attractive force. 
 
The electric field 

€ 

E  points from the left to the 
right plate along decreasing values of the 
electric potential. 

 
 

b. If you wanted the protons to be moving with a velocity of 

€ 

2 ×107 m
s when they 

emerge from the hole on the right plate, what potential difference would be 
required to accelerate the proton through?  (Hints:  The mass of the proton is 

€ 

1.67 ×10−27kg  and assume that the proton initially starts from rest.) 
 
 
The speed is given from the work done by the electric field accelerating the 
proton from rest across the gap between the two plates.  Thus we have, 

€ 

W = −qΔV = −q VR −VL[ ] = ΔKE = 1
2mpv f

2 − 0

ΔV =VL −VR =
mpv f

2

2q
=
1.67 ×10−27kg × 2 ×107 m

s( )2

2 ×1.6 ×10−19C
= 2.1×106V = 2.1MV

. 

 
 

c. In the diagram above, which of the following is true? 
 
1. The left plate is at a higher electric potential than the right plate. 
2. The right plate is at a higher electric potential than the left plate. 
3. Both plates are at the same potential. 
4. There is no way to determine which plate is at the higher potential. 

 
 

Since the electric field points along decreasing electric potentials, the 
left plate is at a higher potential than the right plate. 



d. Suppose that the proton (with the velocity given in part b) were directed at an 
atom of copper (

€ 

MCu =1.08 ×10−25kgand 

€ 

QCu = +29e ) located initially very far 
away from the proton.  What is the distance of closest approach that the 
proton would get to the nucleus?  (Hints: 1) ignore the fact that a copper atom 
has electrons surrounding it, at these speeds the proton will zip right on past 
them on towards the nucleus and they will not change the speed of the proton 
by any appreciable amount and 2) there are no external forces acting on the 
system so energy is conserved.) 

 
Since there are no external forces present, then energy is conserved and we 
have the loss of kinetic energy by the proton (due to the repulsive electric 
force of the proton-

€ 

Cu atom combination) manifests as a gain in the electric 
potential energy of the proton-

€ 

Cu atom combination.  Thus, when the proton 
comes to rest, it will be at a distance 

€ 

rf  from the 

€ 

Cu atom having started very 
far away from the 

€ 

Cu atom.  Therefore, assuming that the 

€ 

Cu atom starts 
from rest and remains at rest during the interaction (which is not a bad 
assumption since the 

€ 

Cu atom is much heavier than the proton and we 
probably have a lattice of 

€ 

Cu atoms which is infinitely heavier than a proton)

€ 

ΔKE + ΔEPE = 0 = 1
2mv f

2 − 1
2mvi

2( ) +
kQq
rf

−
kQq
ri

 

 
  

 

 
  

∴ rf =
2kQq
mpvi

2 =
2 × 9 ×109 Nm 2

C 2 × 29 ×1.6 ×10−29C( ) ×1.6 ×10−29C
1.67 ×10−27kg × 2 ×107 m

s( )
2 = 2 ×10−14m

 

 
e. If the proton was directed instead an atom with a higher mass and the 

experiment was done exactly the same, (meaning that the proton was 
accelerated to the same velocity as in part b,)  
 
1. the distance of closest approach would be smaller due to a smaller 

repulsive force between the proton and the nucleus. 
2. the distance of closest approach would be larger due to a smaller repulsive 

force between the proton and the nucleus. 
3. the distance of closest approach would be smaller due to a larger repulsive 

force between the proton and the nucleus. 
4. the distance of closest approach would be larger due to a larger repulsive 

force between the proton and the nucleus. 
 

 
Assuming that the charge 

€ 

Q does not move during the interaction and 

since the distance of closest approach is given by 

€ 

rf =
2kQq
mpvi

2 , as 

€ 

Q 

increases, so to does 

€ 

rf . 
 



3. Suppose that you are given the circuit below that contains a battery (

€ 

VB =12V ), a 
resistor (

€ 

R =10kΩ), and an uncharged capacitor (

€ 

C = 6µF ). 
 
 
 
 
 
 
 

a. As time 

€ 

t = 0 the switch S is closed. As time increases, the potential 
differences across the capacitor and resistor change according to 

 
1.  

€ 

VC   ↑   ;    VR   ↑.  
2.  

€ 

VC   ↑   ;    VR   ↓. 
3.  

€ 

VC   ↓   ;    VR   ↑. 
4.  

€ 

VC   ↓   ;    VR   ↓. 
 

At time 

€ 

t = 0,  VC = 0  and 

€ 

VR =VB .  As time increases, 

€ 

VC  increases and 

€ 

VR  
decreases in order for energy to be conserved. 

 
b. What is the time constant associated with this circuit and how much charge 

could be stored on the capacitor?  
 
 

The time constant is the product of the resistance and the capacitance and is 

€ 

τ = RC =10000Ω× 6 ×10−6F = 0.06s = 60ms.  
 
The charge is given by 

€ 

Q = CV = 6 ×10−6F ×12V = 7.2 ×10−5C = 72 ×10−6C = 72µC . 
 
 
 

c. How long would it take to accumulate 47% of the total charge on the 
capacitor? 

 
For a charging capacitor we have,

€ 

Qf = 0.47Qmax =Qmax 1− e
− t
RC( )

e−
t
RC =1− 0.47 = 0.53→ t = −RC ln 0.53( ) = − 0.06s( ) ln 0.53( ) = 0.038s = 38ms

 

 
 
 
 
 

 

R C 
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d. At what time are the potential differences across the resistor (

€ 

VR ) and the 
capacitor (

€ 

VC ) equal? 
 
 

Since energy has to be conserved in the circuit at any time, as the potential 
across the capacitor is increasing the potential across the resistor is decreasing.  
Thus we have, 

€ 

VR =Vmaxe
− t
RC =VC =Vmax 1− e

− t
RC( )

∴e−
t
RC = 1− e−

t
RC( )→ t = −RC ln 1

2( ) = − 0.06s( ) ln 1
2( ) = 0.042s = 42ms

. 

 
 
 
 
 
 
 
 
 
 

 
 

e. Why are the potential differences across the resistor and capacitor changing 
with time especially since the battery is a source of constant potential? 

 
1. The potential differences across the resistor and capacitor change with 

time because the time constant changes with the value of the resistance 
and capacitance. 

2. The potential differences across the resistor and capacitor change with 
time because the resistance is not constant. 

3. The potential differences across the resistor and capacitor change with 
time because the capacitance is not constant. 

4. The potential differences across the resistor and capacitor change with 
time in order to conserve energy. 

 
 
 
 
 
 
 
 
 
 
 
 



€ 

F = qvB sinθ
F = IlB sinθ
τ = NIAB sinθ = µB sinθ
PE = −µB cosθ

B =
µ 0I
2πr

ε induced = − N ΔφB
Δt

= −N
Δ BA cosθ( )

Δt

€ 

c = fλ =
1
εoµo

S t( ) =
energy

time × area
= cεoE

2 t( ) = c
B2 t( )

µ0

I = Savg = 1
2 cεoEmax

2 = c Bmax
2

2µ0

P =
S
c

=
Force
Area

S = So cos
2θ

v =
1
εµ

=
c
n

θinc = θrefl
n1 sinθ1 = n2 sinθ2
1
f

=
1
do

+
1
di

M =
hi
ho

= −
di
do

Mtotal = Mi
i=1

N

∏

d sinθ = mλ or m + 1
2( )λ

asinφ = m'λ

  

€ 

 
F = k Q1Q2

r2
ˆ r 

 
E =
 
F 
q

 
E Q = k Q

r2
ˆ r 

PE = k Q1Q2

r

V r( ) = k Q
r

Ex = −
ΔVB ,A

Δx
WA→B = qΔVA→B = −qΔVB→A

€ 

g = 9.8 m
s2

G = 6.67 ×10−11 Nm 2

kg 2

1e =1.6 ×10−19C

k =
1
4πεo

= 9 ×109 C 2

Nm 2

εo = 8.85 ×10−12 Nm 2

C 2

1eV =1.6 ×10−19J
µo = 4π ×10−7 TmA
c = 3×108 m

s

h = 6.63×10−34 Js

me = 9.11×10−31kg =
0.511MeV

c 2

mp =1.67 ×10−27kg =
937.1MeV

c 2

mn =1.69 ×10−27kg =
948.3MeV

c 2

1amu =1.66 ×10−27kg =
931.5MeV

c 2

NA = 6.02 ×1023

Ax 2 + Bx + C = 0→ x =
−B ± B2 − 4AC

2A

  

€ 

 
F = Δ

 p 
Δt

=
Δ mv( )
Δt

= m a 
 
F = −k y 
 
F C = m v 2

R
ˆ r 

W = ΔKE = 1
2 m v f

2 − vi
2( ) = −ΔPE

PEgravity = mgy

PEspring = 1
2 ky 2

x f = xi + vixt + 1
2 axt

2

v fx = vix + axt

vvx
2 = vix

2 + 2axΔx

€ 

Circles : C = 2πr = πD A = πr2

Triangles : A = 1
2 bh

Spheres : A = 4πr2 V = 4
3 πr

3
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