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I. Lecture multiple choice (45 points – 9 questions) 
 

1) (5 pts) Two initially uncharged metallic spheres are in contact and 
are resting on insulating stands.  As shown in figure a), you touch 
sphere 1 with a positively charged rod.  Then the charged rod is 
removed.  Finally, sphere 2 is moved slightly so that it is not in 
contact with sphere 1, as shown in figure b).  What is the sign of 
the charge on each sphere in this final state?  

 
A. Sphere 1 is negatively charged and sphere 2 is uncharged. 

B. Sphere 1 is negatively charged and sphere 2 is positively charged. 

C. Sphere 1 is positively charged and sphere 2 is negatively charged. 

D. Spheres 1 and 2 are both positively charged. 

E. Spheres 1 and 2 are both negatively charged. 

 
 

 
2) (5 pts) Consider two particles which have the same sign of charge.  When the particles are 

separated by 10 cm the magnitude of the force between them is 1 μN.  If the distance between 
the particles is reduced to 5 cm, which statement best describes the new force between the 
particles? 

 
A. Repulsive and four times larger than the original force. 

B. Repulsive and two times larger than the original force. 

C. Repulsive and of equal magnitude to the original force. 

D. Attractive and of equal magnitude to the original force. 

E. Attractive and four times larger than the original force. 

 
 

 
3) (5 pts) Three charged particles are located as shown.  

What is the magnitude of the net electric force on the 
8.0 nC charge?  Note that 1 nC = 10-9 C and 1 cm = 10-2 m. 
 
A. 2.0 × 10−3 N 

B. 2.2 × 10−3 N 

C. 2.6 × 10−3 N 

D. 2.8 × 10−3 N 

E. 4.5 × 10−3 N 
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4) (5 pts) Consider two charged particles, A and B.  Particle A is located at the origin and has charge 
+1.0 nC.  Particle B is located along the 𝑥-axis at 𝑥 = 1.8 m and has charge +6.0 nC.  At what 
location on the 𝑥-axis is the electric field created by the system of the two charges zero? 
 
A. 𝑥 = 0.09 m 

B. 𝑥 = 0.13 m 

C. 𝑥 = 0.26 m 

D. 𝑥 = 0.52 m 

E. There is no location on the 𝑥-axis where the electric field is zero. 

 
 

 
5) (5 pts) Four particles are located at the four corners of a square.  The 

particles have charges, as shown.  The electric field is measured to be 
non-zero at the center of the square.  Which of the following charge 
configurations is possible? 
 
A. 𝑄A = 𝑞, 𝑄B = 𝑞, 𝑄C = 𝑞, 𝑄D = 𝑞 

B. 𝑄A = 𝑞, 𝑄B = 𝑞, 𝑄C = 0, 𝑄D = 0 

C. 𝑄A = 𝑞, 𝑄B = 0, 𝑄C = 𝑞, 𝑄D = 0 

D. 𝑄A = 𝑞, 𝑄B = −𝑞, 𝑄C = 𝑞, 𝑄D = −𝑞 

E. More than one of the above answers is correct. 

 
 

 
6) (5 pts) Consider two dipoles, A and B, as shown.  Dipole A is located at the 

origin and has a dipole moment vector at an angle 𝜃 from the 𝑥-axis.  Dipole B 
is located on the negative 𝑦-axis and has a dipole moment vector in the 
positive 𝑥 direction.  At what angle 𝜃 will the magnitude of the torque on 
dipole A be maximized? 

 
A. 0 

B. 
𝜋

4
 

C. 
𝜋

3
 

D. 
𝜋

2
 

E. 𝜋 

  

    

    

 

   

  

 



Name ________________________________________UW net ID _______________ @uw.edu 
 last first 

 

Phys 122 Autumn 2025 - Midterm exam 1  3 

7) (5 pts) Consider the two different charge distributions shown.  In 
case A a particle with charge +𝑄 is placed at the origin.  In case B 
a sphere with charge +𝑄 uniformly distributed on the surface is 
centered at the origin.  Rank the magnitudes of the electric fields 
at point P in both cases. 

 
A. 𝐸A > 𝐸B 

B. 𝐸A < 𝐸B 

C. 𝐸A = 𝐸B 

D. More information is required. 

 

 

 

 

 
8) (5 pts) A parallel plate capacitor has positive charge on the left plate and negative 

charge on the right plate, as shown.  A charged particle between the plates of the 
capacitor is moving to the left and slowing down.  Which of the following 
statements about the electric field between the plates of the capacitor and the 
charge of the particle are true? 

 
A. The electric field points to the right, and the particle is positively charged. 

B. The electric field points to the right, and the particle is negatively charged. 

C. The electric field points to the left, and the particle is positively charged. 

D. The electric field points to the left, and the particle is negatively charged. 

E. Not enough information is provided. 

 
 

 
9) (5 pts) Consider a thin rod of length 𝐿 that lies between 𝑟 

and 𝑟 + 𝐿 along the 𝑥-axis, as shown.  The rod is 
uniformly charged with linear charge density 𝜆.  Which of 
these integrals could be evaluated to calculate the 
electric field at the origin (point P)? 

 

A. 𝐸⃗ =
−𝜆𝑖̂

4𝜋𝜖0
∫

1

𝑥2 𝑑𝑥
𝐿+𝑟

𝑟
 

B. 𝐸⃗ =
−𝜆𝑖̂

4𝜋𝜖0
∫

𝑦

(𝑦2+ (𝑥−𝐿)2)3/2 𝑑𝑥
𝐿+𝑟

𝑟
 

C. 𝐸⃗ =
−𝜆𝑖̂

4𝜋𝜖0
∫

𝑥

(𝑦2+(𝑥−𝐿)2)3/2 𝑑𝑥
𝐿+𝑟

𝑟
 

D. 𝐸⃗ =
−𝜆𝑖̂

4𝜋𝜖0
∫

 1

(𝑥−𝐿)2
𝑑𝑥

𝐿+𝑟

𝑟
 

E. Not enough information given. 
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II. Lab multiple choice (15 points) 
 

10) (5 pts) In lab A1 you placed an initially uncharged metal sphere on a 
fulcrum, as shown.  You rubbed an acrylic rod with a wool cloth and 
then touched the acrylic rod to the metal sphere.  You then rubbed 
the acrylic rod with the wool cloth again, before bringing the rod 
close to the metal sphere, without touching it.  You observed that 
the metal sphere and the acrylic rod were initially repelled from 
each other, but as you brought the rod closer, they were attracted to 
each other.  Which of the following explanations explains all your 
observations? 

I. The rod and the sphere have opposite charges. 

II. The rod and the sphere have the same charges. 

III. The sphere gets less polarized the closer the rod gets. 

IV. The sphere gets more polarized the closer the rod gets. 

 
A. I. only 

B. II. only 

C. I. and III. only 

D. II. and III. only 

E. II. and IV. only 

 
 

 
11)  (5 pts) As part of Lab A2, a group measure the force exerted on a 

negative charge when it is placed 0.70 m from a positive charge.  
They carry out three trials and tabulate their data as shown.  Based 
on the rules for this course, how could they report the force? 

 
A. 15.61 ± 0.05 N 

B. 15.61 ± 0.01 N 

C. 15.6 ± 0.18 N 

D. 15.6 ± 0.2 N 

E. 15.61 ± 0.2 N 

  

Trial Force (N) 

1 15.63 

2 15.78 

3 15.43 
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12) A student group does the VR experiment for Lab A2 to test three models for how force varies 
with charge separation.  Based on their measurements they produce the following three graphs: 
F vs 1/r, F vs 1/r2, and F vs 1/r3. 

 

 

 
Which of the following is a reasonable conclusion based on the rules developed in this course? 

 
A. Their results are consistent with only the model that F = k/r 
B. Their results are consistent with only the model that F = k/r2 
C. Their results are consistent with only the model that F = k/r3 
D. Their results are consistent with both models: F = k/r and F = k/r2 
E. Their results are consistent with all three models: F = k/r, F = k/r2, and F = k/r3 

  

1/r (m-1) 

1/r2 (m-2) 

1/r3 (m-3) 
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III. Lecture free response (25 points)  
 
A spherical metal shell with outer radius 𝑅2 and inner 
radius 𝑅1 has a net excess charge of +𝑄𝑠.  A particle 
with charge +𝑄𝑂 is located as shown.  The figure also 
shows the electric field lines. 
 

13) (5 pts) Rank the magnitudes of the electric 
fields at points A, B, and C.  Explain your 
reasoning. 

 
 
 
 
 
 
 

14) (3 pts) Write an algebraic expression for the electric flux through Gaussian surface A in terms of 
variables given above and constants. 

 
 
 
 

15) (3 pts) Write an algebraic expression for the electric flux through Gaussian surface B in terms of 
variables given above and constants. 

 
 
 
 

16) (5 pts) If 𝑟𝐴 is the radius of Gaussian surface A, and 𝐸𝐴 is magnitude of the electric field at point 

A, can the flux through Gaussian surface A be written as 4𝜋𝑟𝐴
2𝐸𝐴?  Explain your reasoning. 

 
 
 
 
 

17) (5 pts) If 𝑟𝐵 is the radius of Gaussian surface B, and 𝐸𝐵 is magnitude of the electric field at point 

B, can the flux through Gaussian surface B be written as 4𝜋𝑟𝐵
2𝐸𝐵?  Explain your reasoning. 

 
 
 
 
 

18) (4 pts) If you ground the outside of the metal sphere by briefly touching it, what would be the 
net charge on the metal sphere after you are no longer touching it? 

 
 
  

+  

+  
 

 

 

         
        

         
        𝐸𝐵 > 𝐸𝐴 > 𝐸𝐶 

The magnitude of the electric field is 
proportional to the density of electric field 
lines. 

Φ𝐴 =
𝑄𝑆 + 𝑄𝑂

𝜖0
 

Φ𝐵 =
𝑄𝑂

𝜖0
 

Yes.  The flux through a surface is given by ∫ 𝐸⃗ ∙ 𝑑𝐴 , but if 𝐸⃗  is perpendicular to 𝑑𝐴  at all 

points on the surface, and the magnitude of 𝐸⃗  does not change over the surface then the 
expression for flux can be simplified to 𝐸𝐴 and the area of a sphere is 4𝜋𝑟2. 

No.  The flux through a surface is given by ∫ 𝐸⃗ ∙ 𝑑𝐴 .  Since 𝐸⃗  is not perpendicular to 𝑑𝐴  at all 

points on the surface, and the magnitude of 𝐸⃗  is not constant over the surface then the 
expression for flux cannot be simplified to 𝐸𝐴. 

−𝑄0 



Name ________________________________________UW net ID _______________ @uw.edu 
 last first 

 

Phys 122 Autumn 2025 - Midterm exam 1  7 

IV. Tutorial free response (15 points)  
 
Consider the three different charge distributions shown.  Case A has a particle of charge +𝑄 at the 
origin.  Case B has two particles of charge +𝑄/2, one located at 𝑥 = −𝐿 2⁄  and the other at 𝑥 = 𝐿 2⁄ .  
Case C has a thin rod between 𝑥 = −𝐿 2⁄  and 𝑥 = 𝐿 2⁄  with charge +𝑄 uniformly distributed along the 
rod.  In all cases there is a particle with charge +𝑞 on the 𝑦-axis at 𝑦 = 𝑠. 

 
 

19) (5 pts) Compare the magnitude of the net electric force on the +𝑞 charge in cases A and B.  
Explain your reasoning.  

 
 
 
 
 
 
 

20) (5 pts) Compare the magnitude of the net electric force on the +𝑞 charge in cases B and C.  
Explain your reasoning.  

 
 
 
 
 
 
 

21) (5 pts) Now consider case D, which is similar to case C, except another 
particle with charge +𝑄 is added on the 𝑦-axis at 𝑦 = −𝑠.  Compare 
the magnitude of the net electric force on the +𝑞 charge in cases C and 
D.  Explain your reasoning. 

 
 
 
 
 
 

                  

+ /2

 

 

+ /2

 /2  /2

 

+ 

 

 

 

 

 

 /2  /2

 

+ + + 

                  

A>B 
The amount of charge is the same in both cases, but in case B the charge is split into two 
equal parts and in a different location.  In case B the charge is further from 𝑞, so the force is 
reduced, and because the direction of the forces from the two charges is different, the x-
components cancel so only the y-components contribute to the total force. 

C>B 
The amount of charge is the same in both cases, but in case C the charge distributed 
between the points where it is in case B.  In case C the charge is closer to 𝑞, so the force is 
increased.  In case C the forces from different portions of the charge have larger y-
components and because the x-components cancel this leads to a larger force. 

D>C 
We can use the principle of superposition to add the vector forces 
due to the rod and the charge below.  The force from the rod is 
the same in case C and D, and the force from the new charge in 
case D is in the same direction as the force from the rod, so this 
causes a greater magnitude of force on 𝑞. 


