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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,

 

• Give standard SI units with your results unless specifically asked for a certain 

unit. 

• 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 7 points. 

 

 

 

 

 

 

 

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

 

__________________________________________ 

Problem #1 /24 

Problem #2 /24 

Problem #3 /24 

Total /72 



1.   Point Charges 

 

a. Consider the four point-charges shown on the 

right on the corners of a square with sides of 

length 𝐿.  The charge in the upper left corner 

and the charge in the lower right corner have 

charges +𝑄.  The other two charges are 

negative in sign but have unknown magnitude 

𝑞.  If the net force on the upper left charge is 

zero, what is the magnitude of the other 

charges (assumed equal) in the upper right and 

lower left corners (the red circles) in terms of 

𝑄?   

 

From the horizontal forces: 

𝐹𝑄,−𝑞 − 𝐹𝑄,𝑄 =
𝑘𝑄𝑞

𝐿2
−

𝑘𝑄𝑄

2𝐿2
cos 45 =

𝑘𝑄

𝐿2
(𝑞 −

√2𝑄

4
) = 0 

 

 → 𝑞 −
√2𝑄

4
= 0 → 𝑞 =

√2𝑄

4
 

 

 

Or, from the vertical forces: 

−𝐹𝑄,−𝑞 + 𝐹𝑄,𝑞 = −
𝑘𝑄𝑞

𝐿2
+

𝑘𝑄𝑄

2𝐿2
sin 45  =

𝑘𝑄

𝐿2
(−𝑞 +

√2𝑄

4
) = 0 

 

 → −𝑞 +
√2𝑄

4
= 0 → 𝑞 =

√2𝑄

4
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b. How much work was done to assemble the distribution of point-charges if 𝑄 =
2𝜇𝐶 and 𝐿 = 1𝑐𝑚?  Assume that each charge was brought in one at a time, from 

very far away and placed at the charge’s final location. 

 

Labeling the charges clockwise from the upper we have: 

𝑊1 = 0 to place the first charge. 

 

𝑊2 = −𝑞2∆𝑉1 = − (−
√2𝑄

4
) [

𝑘𝑄

𝐿
− 0] 

 𝑊2 =
√2𝑘𝑄2

4𝐿
=

√2×9×109𝑁𝑚2

𝐶2 (2×10−6𝐶)
2

4×0.01𝑚
= 1.27𝐽 to place the 2nd charge. 

 

𝑊3 = −𝑞3(∆𝑉1 + ∆𝑉2) = −(𝑄) [(
𝑘𝑄

√2𝐿
− 0) + (−

√2𝑘𝑄

4𝐿
− 0)] 

𝑊3 =
𝑘𝑄2

𝐿
(−

1

√2
+

√2

4
) =

9×109𝑁𝑚2

𝐶2 (2×10−6𝐶)
2

0.01𝑚
(−

√2

2
+

√2

4
) = −1.27𝐽 to place the 

3rd charge. 

 

𝑊4 = −𝑞4(∆𝑉1 + ∆𝑉2 + ∆𝑉3)

= − (−
√2𝑄

4
) [(

𝑘𝑄

𝐿
− 0) + (−

√2𝑘𝑄

4√2𝐿
− 0) + (

𝑘𝑄

𝐿
− 0)] 

𝑊3 =
𝑘𝑄2

𝐿
(

2√2

4
−

√2

16
) =

9×109𝑁𝑚2

𝐶2 (2×10−6𝐶)
2

0.01𝑚
(

2√2

4
−

√2

16
) = 2.23𝐽 to place the 4th 

charge. 

 

 𝑊𝑛𝑒𝑡 = 𝑊1 + 𝑊2 + 𝑊3 + 𝑊4 = 0𝐽 + 1.27𝐽 − 1.27𝐽 + 2.23𝐽 = 2.23𝐽 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



c. What is the net electric field at the center of the square? 

 

 

Labeling the charges clockwise from the upper left 

charge, we have that due to the symmetry in the 

problem, the net electric field at the center of the 

square is zero. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

d. Which of the following statements about electric fields and electric potentials is 

valid? 

1.   If the electric potential at a particular point is zero, the electric field at that 

point is zero. 

2.   If the electric field at a particular point is zero then the electric potential at that 

point must be zero. 

3. If the electric field throughout a particular region is constant, then the electric 

potential throughout that region must be zero. 

4. If the electric potential throughout a particular region is constant, then the 

electric field in that region must be zero. 

5. All of the above statements about electric fields and electric potentials are 

valid. 

6. None of the above statements about electric fields and electric potentials are 

valid. 
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2. RC Circuits 

a. A carbon ion ( 𝐶+2𝑒
6

12 ) is accelerated from rest to a speed 5 × 105𝑚

𝑠
.  The carbon 

ion is then directed toward a hole in a set of capacitor plates as shown below.  

What potential difference across the plates would be needed to bring the carbon 

ion to rest just at the rightmost plate? 

 

 

 𝑊 = −𝑞∆𝑉 = ∆𝐾 = 1

2
𝑚𝑣𝑓

2 − 1

2
𝑚𝑣𝑖

2 

 

 𝑊 = −𝑞∆𝑉 = −1

2
𝑚𝑣𝑖

2 

 

∆𝑉 =
𝑚𝑣𝑖

2

2𝑞
=

(12 × 1.67 × 10−27
𝑘𝑔)(5 × 105𝑚

𝑠 )
2

2 × (2 × 1.6 × 10−19𝐶)
 

 

∆𝑉 = 7828𝑉 = 7.83𝑘𝑉 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

b.   If the plates of the capacitor are square with a side of length 𝐿 = 85𝑐𝑚, and are 

separated by a distance of 𝑑 = 3𝑐𝑚, what is the capacitance of the system and 

how much charge was stored on the capacitor when fully charged? 

 

 𝐶 =
𝜅𝜖0𝐴

𝑑
=

8.85×10−12 𝐶2

𝑁𝑚2×(0.85𝑚)2

0.03𝑚
= 2.1 × 10−10𝐹 

 

 𝑄 = 𝐶𝑉 = 2.1 × 10−10𝐹 × 7828𝑉 = 1.7 × 10−6𝐶 = 1.7𝜇𝐶 
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c.   How much energy is stored in the fully charged capacitor and what is the electric 

field between the plates? 
 

 𝑊 = 1

2
𝐶𝑉2 = 1

2
× 2.1 × 10−10𝐹 × (7828𝑉)2 = 0.0064𝐽 = 6.4𝑚𝐽 

 

𝐸 = −
∆𝑉

∆𝑥
= −

7828𝑉

0.03𝑚
= −2.6 × 105 𝑉

𝑚
, or 2.6 × 105 𝑉

𝑚
 pointing to the left opposite to the 

velocity of the carbon ion. 

 

 

 

 

 

 

 

 

 

 

 

 

 

d.   Suppose that you had four individual capacitors (each with a different 

capacitance) that were each separately fully charged using a battery with potential 

difference V and connected to a resistor with resistance R , forming four separate 

RC circuits.  The capacitors charge through their individual resistor and plots of 

the potential difference across the charging capacitors as a function of time are 

shown below.  From the graph below, which curve has a time constant of 𝜏 =
50𝑠? 

 

1. The blue curve.  
2. The red curve. 

3. The green curve. 

4. The purple curve. 

5. It is not possible to determine which curve has a 𝜏 = 50𝑠 time constant 

without more information. 
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3. Electric Circuits 

 

Consider the circuit shown below in which several identical resistors each with resistance 

𝑅 = 100Ω are connected to a 10𝑉 battery.  

 

a. What is the current produced by the battery? 

 

 

 

 

Resistors 𝑅4 and 𝑅5are in series. 

𝑅45 = 𝑅4 + 𝑅5 = 100Ω + 100Ω = 200Ω 

 

Resistors 𝑅2, 𝑅3 and 𝑅45are in parallel. 
1

𝑅2345
=

1

𝑅2
+

1

𝑅3
+

1

𝑅45
=

5

200Ω
→ 𝑅2345 =

200Ω

5
= 40Ω 

 

 

Resistors 𝑅1, 𝑅2345and 𝑅6 are in series.  
𝑅𝑒𝑞 = 𝑅123456 = 𝑅1 + 𝑅2345 + 𝑅6 = 100Ω + 40Ω + 100Ω = 240Ω 

 

 

The total current:  𝐼𝑇 =
𝑉

𝑅𝑒𝑞
=

10𝑉

240Ω
= 0.0417𝐴 = 41.7𝑚𝐴 

 

 

 

 

 

 

 

b. What is the current through and the potential drop across the resistor labeled 𝑅2? 

 

The potential drop across resistors 𝑅1 and 𝑅6 are given by 𝑉1 = 𝐼𝑇𝑅1 = 0.0417𝐴 ×
100Ω = 4.17𝑉and 𝑉6 = 𝐼𝑇𝑅6 = 0.0417𝐴 × 100Ω = 4.17𝑉 respectively. 

 

Thus the potential drop across 𝑉2, given by conservation of energy, is 𝑉 − 𝑉1 − 𝑉2345 −
𝑉6 = 0 → 𝑉2345 = 𝑉2 = 𝑉 − 𝑉1 − 𝑉6 = 10𝑉 − 4.17𝑉 − 4.17𝑉 = 1.66𝑉. 

 

 

 The current through is given by Ohm’s law:  𝑉2 = 𝐼2𝑅2 → 𝐼2 =
𝑉2

𝑅2
=

1.66𝑉

100Ω
= 0.0166𝐴 =

16.6𝑚𝐴 

 

 

 

 

 

 

 

 

𝑉 

𝑅6 

𝑅2 𝑅3 

𝑅4 

𝑅5 

𝑅1 



c.   Suppose that we found a resistor laying around the lab with the equivalent resistance of 

the circuit in part 3a.  We connect this resistor to the same 10𝑉 battery and an initially 

uncharged 3000𝜇𝐹 capacitor.  As soon as the battery is connected to the 

resistor/capacitor combination the capacitor begins to charge through the resistor.  At 

what time will the capacitor have a stored energy equal to 48% of its maximum amount?   

 

 

 𝐸 = 1

2
𝐶𝑉2 = 1

2
𝐶 (𝑉𝑚𝑎𝑥 (1 − 𝑒−

𝑡

𝑅𝐶))

2

= 1

2
𝐶𝑉𝑚𝑎𝑥

2 (1 − 𝑒−
𝑡

𝑅𝐶)
2

 

𝐸 = 𝐸𝑚𝑎𝑥 (1 − 𝑒−
𝑡

𝑅𝐶)
2

→ 𝑡 = −𝑅𝐶𝑙𝑛 (1 − √
𝐸

𝐸𝑚𝑎𝑥
) 

𝑡 = −240Ω × 3000 × 10−6𝐹 × 𝑙𝑛 (1 − √
0.48𝐸𝑚𝑎𝑥

𝐸𝑚𝑎𝑥
) = 0.85𝑠  

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

d. Consider the following circuit in which a light bulb is connected to a battery.  At 

which point in the circuit is the current the largest? 

1. Point A 

2.  Point B. 

3.  Point C. 

4. Point D. 

5. It’s the same at all points. 

6. There is not enough information to answer this question. 
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g = 9.8 m

s2

1e =1.6 ´10-19C

k =
1

4peo
= 9 ´109 Nm 2

C 2

eo = 8.85 ´10-12 C 2

Nm 2

1eV =1.6 ´10-19J

mo = 4p ´10-7 Tm
A

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

  

Circles : C = 2pr = pD A = pr2

Triangles : A = 1
2
bh

Spheres : A = 4pr2 V = 4
3
pr3
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