
Physics 121 

Exam #1 

September 30, 2022 

 

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

 

• 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 free-response part is worth 6 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.   When we’ve done problem involving protons, we’ve assumed 

them to be point charges, meaning that they are a point in 

space with no extent.  In actuality, protons are not points, but a 

bound state consisting of three quarks.  Suppose that you have 

two “up” quarks with a charge of 𝑞𝑢 = +2

3
𝑒 and one “down” 

quark with charge 𝑞𝑑 = −1

3
𝑒 located on the vertices of an 

equilateral triangle.  The distance between each charge is 𝑑 =
2.6 × 10−15𝑚 as shown on the right.   

 

 

a. What is the electrostatic force on the down quark due to the two up quarks?  Assume that the 

quarks are point charges. Assume that the two up quarks are already at their locations when you 

bring the down quark in. 

 

�⃗�𝑛𝑒𝑡,𝑑 = �⃗�𝑑,𝑢 + �⃗�𝑑,𝑢 =
𝑘𝑞𝑢𝑞𝑑

𝑑2 [
〈0,0,0〉 − 〈𝑑

2
, √3𝑑

2
, 0〉

𝑑
] +

𝑘𝑞𝑢𝑞𝑑

𝑑2 [
〈0,0,0〉 − 〈𝑑, 0,0〉

𝑑
] 

�⃗�𝑛𝑒𝑡,𝑑 =
𝑘(2

3
𝑒)(−1

3
𝑒)

𝑑2
〈−

1

2
, −√3

2
, 0〉 +

𝑘(2

3
𝑒)(−1

3
𝑒)

𝑑2
〈−1,0,0〉 

�⃗�𝑛𝑒𝑡,𝑑 =
2𝑘𝑒2

9𝑑2
〈3

2
, √3

2
, 0〉 =

2 × 9 × 109𝑁𝑚2

𝐶2 × (1.6 × 10−19𝐶)2

9 × (2.6 × 10−15𝑚)2
〈3

2
, √3

2
, 0〉 = 〈11.4,6.6,0〉𝑁 

 As a magnitude and direction:  13.2𝑁 @ 𝜙 = 30.10 

 

 

 

b. What is the net electric field at the down quark’s location due to the two up quarks? 

 

�⃗�𝑛𝑒𝑡,𝑑 = 𝑞�⃗⃗�𝑛𝑒𝑡,𝑑 → �⃗⃗�𝑛𝑒𝑡,𝑑 =
�⃗�𝑛𝑒𝑡,𝑑

𝑞𝑑
=

〈11.4,6.6,0〉𝑁

−1

3
× 1.6 × 10−19𝐶

= 〈−2.1, −1.24,0〉 × 1020𝑁

𝐶
 

 As a magnitude and direction:  2.4 × 1020𝑁

𝐶
  @ −30.60 or 30.60 below the negative x-axis. 

 

 

 

 

𝑞𝑢 

𝑞𝑢 𝑞𝑑  

𝑑 



c. What is the value of the electric potential (voltage) at the down quark’s location due the two up 

quarks? 

 

 

𝑉𝑑 = 𝑉𝑢,𝑑 + 𝑉𝑢,𝑑 =
𝑘𝑞𝑢

𝑑
+

𝑘𝑞𝑢

𝑑
=

2𝑘𝑞𝑢

𝑑
=

4𝑘𝑒

3𝑑
=

4 × 9 × 109 𝑁𝑚2

𝐶2 × 1.6 × 10−19𝐶

3 × 2.6 × 10−15𝑚
 

 

𝑉𝑑 = 7.4 × 105𝑉 

 

 

 

 

 

 

 

 

 

 

 

d. How much work would it take to brin the down quark in from very far away and place it at its 

current location? 

 

𝑊 = −𝑞∆𝑉 = − (−
1

3
𝑒) ∆𝑉 =

1

3
× 1.6 × 10−19𝐶 × 7.4 × 105𝑉 = 3.94 × 10−14𝐽 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



2.   Suppose that you have two parallel nonconducting rings with their 

central axes along a common line.  Ring 1 has uniform charge 

𝑞1 and radius 𝑅, while ring 2 has uniform charge 𝑞2 and radius 𝑅.  

The rings are separated by a distance  𝑑 = 3𝑅. 

 

a. What is the electric field at point 𝑃 = 〈0,0, 𝑅〉 from the ring of 

charge 𝑞1?  Express your answer in terms of 𝑘, 𝑞1, and 𝑅. 

 

 

�⃗⃗�1 =
𝑘𝑞1𝑧

(𝑅2 + 𝑧2)
3
2

[
〈0,0, 𝑅〉 − 〈0,0,0〉

𝑅
] =

𝑘𝑞1𝑅

(𝑅2 + 𝑅2)
3
2

〈0,0,1〉 =
𝑘𝑞1

(√2)
3

𝑅2
〈0,0,1〉 

 

 

 

 

 

 

 

 

 

 

b. What is the electric field at point 𝑃 = 〈0,0, 𝑅〉 from the ring of charge 𝑞2?  Express your answer 

in terms of 𝑘, 𝑞2, and 𝑅. 

 

�⃗⃗�2 =
𝑘𝑞2𝑧

(𝑅2 + 𝑧2)
3
2

[
〈0,0, 𝑅〉 − 〈0,0,3𝑅〉

2𝑅
] =

𝑘𝑞2(2𝑅)

(𝑅2 + (2𝑅)2)
3
2

〈0,0, −1〉 =
2𝑘𝑞2

(√5)
3

𝑅2
〈0,0, −1〉 

 

 

 

 

 

 

𝑧 

𝑞
1
 𝑞

2
 

𝑅 𝑅 

𝑦 

𝑥 

𝑑 = 3𝑅 

𝑃 



c. Suppose that at point 𝑃 = 〈0,0, 𝑅〉 the net eledctric field were known to be zero.  What is the ratio 

of 𝑞1 to 𝑞2?  That is, what is 
𝑞1

𝑞2
⁄ ? 

 

�⃗⃗�𝑛𝑒𝑡 = 〈0,0,0〉 = �⃗⃗�1 + �⃗⃗�2 =
𝑘𝑞1

(√2)
3

𝑅2
〈0,0,1〉 +

2𝑘𝑞2

(√5)
3

𝑅2
〈0,0, −1〉 

0 =
𝑘𝑞1

(√2)
3

𝑅2
−

2𝑘𝑞2

(√5)
3

𝑅2
→

𝑞1

(√2)
3 =

2𝑞2

(√5)
3 →

𝑞1

𝑞2
= 2 (√

2

5
)

3

= 0.506 

 

 

 

 

 

 

 

 

 

 

d. The numbers in this part are NOT based on the values found in part c.  Suppose that 𝑞1 = +3𝑛𝐶 

and 𝑞2 = −4𝑛𝐶.  What is the net electric field at the midpoint between the two rings?  Let 𝑅 =
10𝑐𝑚. 

 

�⃗⃗�𝑛𝑒𝑡 = �⃗⃗�1 + �⃗⃗�2 =
𝑘𝑞1𝑧

(𝑅2 + 𝑧2)
3
2

[
〈0,0, 3

2
𝑅〉 − 〈0,0,0〉

3
2𝑅

] +
𝑘𝑞2𝑧

(𝑅2 + 𝑧2)
3
2

[
〈0,0, 3

2
𝑅〉 − 〈0,0,3𝑅〉

3
2𝑅

] 

�⃗⃗�𝑛𝑒𝑡 =
𝑘𝑞1(3

2
𝑅)

(𝑅2 + (3

2
𝑅)

2
)

3
2

[
〈0,0, 3

2
𝑅〉 − 〈0,0,0〉

3
2𝑅

] +
𝑘𝑞2(3

2
𝑅)

(𝑅2 + (3

2
𝑅)

2
)

3
2

[
〈0,0, 3

2
𝑅〉 − 〈0,0,3𝑅〉

3
2𝑅

] 

 

�⃗⃗�𝑛𝑒𝑡 =
3𝑘𝑞1𝑅

2 (√
13

4
)

3

𝑅3

〈0,0,1〉 +
3𝑘𝑞2𝑅

2 (√
13

4
)

3

𝑅3

〈0,0, −1〉 =
3𝑘

2 (√
13

4
)

3

𝑅2

〈0,0, 𝑞1 − 𝑞2〉 

�⃗⃗�𝑛𝑒𝑡 =
3 × 9 × 109𝑁𝑚2

𝐶2

2 × (√
13

4
)

3

× (0.1𝑚)2

〈0,0,3 − (−4)〉 × 10−9𝐶 = 〈0,0,1613〉𝑁

𝐶
 

 

 

 

 

 

 

 



3.   A 𝑚 = 1𝑔 point charge is suspended at the end of an insulating cord of length 𝐿 = 55𝑐𝑚 is observed 

to be in equilibrium in a uniform horizontal electric field of magnitude |�⃗⃗�| = 15000𝑁

𝐶
 when the 

pendulum’s position is 12𝑐𝑚 above its lowest vertical position.   

 

 

 

 

 

a. What is the magnitude of the tension force in the cord in this configuration? 

 

�⃗�𝑛𝑒𝑡 = 〈0,0,0〉 = �⃗�𝑇 + �⃗�𝑊 + �⃗�𝐸 = 〈−𝐹𝑇 sin 𝜃 , 𝐹𝑇 cos 𝜃 , 0〉 + 〈0, −𝑚𝑔, 0〉 + 〈𝑞𝐸, 0,0〉 
 

 In the y-direction:  0 = 𝐹𝑇 cos 𝜃 − 𝑚𝑔 → 𝐹𝑇 =
𝑚𝑔

cos 𝜃
=

0.001𝑘𝑔×9.8𝑚

𝑠2

cos 38.6
= 0.0125𝑁 

 

 

 

 

 

 

 

 

 

 

b. What is the sign of the point charge on the end of the cord?  Be sure to explain fully your choice 

for the sign of the point charge and why you chose this. 

 

Since the point charge moved in the direction of the electric field from hanging vertical, the point 

charge must be positive since it felt an electric force in the direction of the electric field. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

𝑞, 𝑚 

�⃗⃗⃗� 

12𝑐𝑚 

55𝑐𝑚 

𝜃 



c. What is the magnitude of the charge on the point charge on the end of the cord?   

 

In the x-direction:  0 = −𝐹𝑇 sin 𝜃 + 𝑞𝐸 → 𝑞 =
𝐹𝑇 sin 𝜃

𝐸
=

0.0125𝑁 sin 38.6

15000𝑁
𝐶

= 5.2 × 10−7𝐶 = 0.52𝜇𝐶  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

d. Suppose that the electric field were generated by a set of parallel square metal plates with sides of 

length 𝐿 = 1𝑚 that have equal and opposite charges on them.  How much charge in magnitude 

would have been placed on these plates to generate this uniform electric field? 

 

𝐸 =
𝑄

𝜀0𝐴
→ 𝑄 = 𝜀0𝐸𝐴 = 8.85 × 10−12 𝐶2

𝑁𝑚2 × 15000
𝑁

𝐶
× (1𝑚)2 = 1.33 × 10−7𝐶 = 13.3𝜇𝐶 
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