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AP® Physics C: Electricity and Magnetism 2023 Free-Response Questions 

Begin your response to QUESTION 1 on this page. 

PHYSICS C: ELECTRICITY AND MAGNETISM 

SECTION II 

Time—45 minutes 

3 Questions 

Directions: Answer all three questions. The suggested time is about 15 minutes for answering each of the questions, 
which are worth 15 points each. The parts within a question may not have equal weight. Show all your work in this 
booklet in the spaces provided after each part. 

1. Students perform an experiment to determine the value of vacuum permittivity e0. Sphere 1 is nonconducting
with charge +q and is attached to an insulating rod. Sphere 2 is nonconducting with charge +Q and has
mass M . Sphere 2 is hung from a string of negligible mass and length L. Sphere 1 is brought near, without
touching, Sphere 2 , as shown. Equilibrium is established when the centers of the two spheres have the same
vertical position, are a horizontal distance d apart, and the string is at an angle q from the vertical.
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AP Physics C: Electricity and Magnetism: 2023 Set 1Name: 

AP® Physics C: Electricity and Magnetism 2023 Free-Response Questions 

Continue your response to QUESTION 1 on this page. 

(a) On the following dot that represents Sphere 2 at the position shown in the previous figure, draw and label the
forces (not components) that act on Sphere 2 . Each force must be represented by a distinct arrow starting on,
and pointing away from, the dot.

(b) Derive the relationship between the distance d and the angle q to show that d =
Qq

4 Mg tan 0pe q
. 

(c) These values are collected in one trial: −8
Q = q = 6.0 ¥ 10 C, q = 12°, and d = 0.057 m. Calculate the

expected force of tension exerted on Sphere 2 by the string.
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AP Physics C: Electricity and Magnetism: 2023 Set 1Name: 

AP® Physics C: Electricity and Magnetism 2023 Free-Response Questions 

Continue your response to QUESTION 1 on this page. 

(d) The students vary d and measure q after equilibrium is reached. The students use the collected data to plot the

following graph of 
1

d
2 vs. 

tanq
. 

i. Draw the best-fit line for the data.

ii. Using the best-fit line, calculate an experimental value for the vacuum permittivity e0

when M = 0.0050 kg and Q = q = 6.0 ¥ 10−8
C.
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AP Physics C: Electricity and Magnetism: 2023 Set 1Name: 

AP® Physics C: Electricity and Magnetism 2023 Free-Response Questions 

Continue your response to QUESTION 1 on this page. 

(e) The students modify the experiment by replacing Sphere 1 with a conducting Sphere 3 that has the same size
and charge +q. The experiment is repeated.

i. The circle in the following figure represents Sphere 3 when spheres 2 and 3 are at equilibrium. On the
circle, draw a single “+” sign to represent the location of highest concentration of the excess positive
charges.

ii. Briefly explain your reasoning for the sketch drawn in part (e)(i).

iii. In the original experiment, when the centers of the two spheres are a horizontal distance d1 apart, the
string makes an angle q1 from the vertical. In the modified experiment, when the centers of the two spheres
are a horizontal distance d1 apart, the string makes an angle q2 from the vertical.

Is q2 greater than, less than, or equal to q1 ? 

_____ q > q 2 1 _____ q < q 2 1 _____ q = q2 1

Briefly justify your answer. 
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AP® Physics C: Electricity and Magnetism 2023 Free-Response Questions 

Begin your response to QUESTION 1 on this page. 

PHYSICS C: ELECTRICITY AND MAGNETISM 

SECTION II 

Time—45 minutes 

3 Questions 

Directions: Answer all three questions. The suggested time is about 15 minutes for answering each of the questions, 
which are worth 15 points each. The parts within a question may not have equal weight. Show all your work in this 
booklet in the spaces provided after each part. 

1. Students perform an experiment to determine the value of vacuum permittivity e0. Sphere A is nonconducting
with charge +q and is attached to an insulating rod. Sphere B is nonconducting with charge +Q, and has
mass M . Sphere B rests on an insulating platform of negligible mass that is attached to a vertical ideal spring
with spring constant k s . Sphere B and the spring are initially at rest.

Sphere A is then brought near Sphere B without touching. When the centers of the spheres are separated by a
vertical distance H, the spring has been compressed a distance y , as shown in the figure. The students
measure y for different values of H.
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AP Physics C: Electricity and Magnetism: 2023 Set 2Name: 

(a) On the following dot that represents Sphere B in the figure on the previous page, draw and label the forces
(not components) that are exerted on Sphere B. Each force must be represented by a distinct arrow starting on,
and pointing away from, the dot.

(b) Derive the relationship between y and H to show that 
1 Qq Mg

y = +
4pe k0 ks H

2
s

.

AP® Physics C: Electricity and Magnetism 2023 Free-Response Questions 

Continue your response to QUESTION 1 on this page. 
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AP Physics C: Electricity and Magnetism: 2023 Set 2Name: 

(c) The students plot collected data of y as a function of
1

2
H

, as shown in the graph. 

AP® Physics C: Electricity and Magnetism 2023 Free-Response Questions 

Continue your response to QUESTION 1 on this page. 

i. Draw the best-fit line for the data.

ii. Using the best-fit line, calculate an experimental value for the vacuum permittivity e0
−6

Q = q = 2.00 ¥ 10 C and k = 25 N/ms when .

iii. Using the best-fit line, calculate an experimental value for the mass of Sphere B.
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AP Physics C: Electricity and Magnetism: 2023 Set 2Name: 

AP® Physics C: Electricity and Magnetism 2023 Free-Response Questions 

Continue your response to QUESTION 1 on this page. 

(d) The students modify the experiment by replacing nonconducting Sphere B with conducting Sphere C that has
the same charge +Q and mass M . Sphere A is brought near Sphere C without touching, compressing the
spring. Sphere C comes to rest.

i. In the original experiment, when the centers of spheres A and B are a vertical distance H1 apart, the
spring is compressed a distance y 

1
. In the modified experiment, when the centers of spheres A and C are a 

vertical distance H1 apart, the spring is compressed a distance y 
2
.

Is y 
2

greater than, less than, or equal to y 
1

? 

____ y > y 
2 1 ____ y < y 

2 1
____ y = y

2 1

Justify your answer. 

ii. Sphere C is then grounded with a wire. On the following figure, draw an arrow indicating the direction
that the platform will move immediately after being grounded. If the platform remains stationary, write
“does not move.”
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AP Physics C: Electricity and Magnetism: 2022 Set 2Name: 

AP® Physics C: Electricity and Magnetism 2022 Free-Response Questions

Begin your response to QUESTION 1 on this page. 

PHYSICS C: ELECTRICITY AND MAGNETISM 

SECTION II 

Time—45 minutes 

3 Questions 

Directions: Answer all three questions. The suggested time is about 15 minutes for answering each of the questions, 
which are worth 15 points each. The parts within a question may not have equal weight. Show all your work in this 
booklet in the spaces provided after each part. 

1. A very long nonconducting cylinder is surrounded by a thin concentric conducting cylindrical shell, as shown in 
the cutout view. A segment of length L of the inner cylinder has a net charge of +Q uniformly distributed 
throughout its volume. A segment of length L of the outer shell has a net charge of +4Q. The radii of the inner 
cylinder and outer shell are R and 3R, respectively, as shown in the cross-section view. 

GO ON TO THE NEXT PAGE. 
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AP Physics C: Electricity and Magnetism: 2022 Set 2Name: 

AP® Physics C: Electricity and Magnetism 2022 Free-Response Questions

Continue your response to QUESTION 1 on this page. 

(a) Determine the charge on the outer surface of the cylindrical shell within length L . 

(b) Using Gauss’s law, derive an expression for the electric field a distance r from the center of the inner cylinder 
for r < R. Express your answers in terms of Q, R, r , L , and physical constants, as appropriate. 

GO ON TO THE NEXT PAGE. 
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AP Physics C: Electricity and Magnetism: 2022 Set 2Name: 

AP® Physics C: Electricity and Magnetism 2022 Free-Response Questions

Continue your response to QUESTION 1 on this page. 

(c) The magnitude of the electric field at r = R is 12 N  / C . Calculate the value of the electric field at r = 2R. 

(d) Derive an expression for the absolute value of the potential difference between the surface of the 
nonconducting cylinder and the inner surface of the cylindrical shell. 

GO ON TO THE NEXT PAGE. 
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AP® Physics C: Electricity and Magnetism 2022 Free-Response Questions

Continue your response to QUESTION 1 on this page. 

(e) 

i. On the following axes that include regions I, II, and III, sketch the graph of the electric field E as a function of 
the distance r from the axis of the inner cylinder. 

ii. On the following axes that include regions I, II, and III, sketch the graph of the electric potential V as a 
function of the distance r from the axis of the inner cylinder. 

GO ON TO THE NEXT PAGE. 
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166 V OFFSET Rear Bklt 8.625x11

AP® Physics C: Electricity and Magnetism 2021 Free-Response Questions

Begin your response to QUESTION 2 on this page. 

2. Students perform an experiment to study the force between two charged objects using the apparatus shown above,                
which contains tw  o identical conducting spheres.     The upper sphere is attached to an insulating string, which can be              
used to mo  ve the sphere do   wnward.  The lo wer sphere sits on an insulating rod, which is on an electronic balance.            
The electronic balance is zeroed before the lo       wer sphere and insulating rod are in place.       

For the first trial, a charge of Q is placed on each sphere and then the upper sphere is slowly moved downward. The 

students measure the distance d between the centers of the spheres and the magnitude F of the force that appears on 

the electronic balance. The recorded data are shown on the graph of F as a function of 
1 
2d  

shown below. 

(a) 

i. Draw a line that represents the best fit to the points shown.

ii. Use the graph to calculate the charge Q.

GO ON TO THE NEXT PAGE. 

Use a pencil or pen with black or dark blue ink only. Do NOT write your name. Do NOT write outside the box. 
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166 V Front Bklt 8.625x11

AP® Physics C: Electricity and Magnetism 2021 Free-Response Questions

Continue your response to QUESTION 2 on this page. 

iii. On the graph on the previous page, draw a circle around the data point that was taken when the distance
between the centers of the spheres was the least.

iv. Determine the distance between the centers of the spheres for the data point indicated above.

v. What physical quantity does the vertical intercept represent?

Justify your answer. 

The experiment is extended by collecting additional data points, which appear on the right side of the graph 
shown above. The new data points do not follow the linear pattern seen with the first points. The group of 
students tries to explain this discrepancy. 

(b) One student suspects that charge is slowly leaking off the top sphere. Could this explain the discrepancy?

____ Yes _____ No 

Justify your answer. 

GO ON TO THE NEXT PAGE. 
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166 V OFFSET Rear Bklt 8.625x11

AP® Physics C: Electricity and Magnetism 2021 Free-Response Questions

Continue your response to QUESTION 2 on this page. 

(c) A second student suspects that the excess charges have rearranged themselves, polarizing the spheres.

i. On the circles representing the spheres below, use a single +“ ” sign on each sphere to represent the locations 
of highest concentration of the excess positive charges.

ii. Explain how this rearrangement could be responsible for the discrepancy.

(d) A third student suggests that the experiment be modified so that the top sphere is given a negative charge
that is equal in magnitude to the positive charge given to the bottom sphere.

i. On the circles representing the spheres below, use a single “ ”+  sign on the bottom sphere to represent the
location of highest concentration of the excess positive charges.  Use a single “ ”−  sign on the top sphere to
represent the location of the highest concentration of the excess negative charges.

ii. For a separation distance equal to that of the data point indicated in part  ii(a)( i), would the magnitude of the

force reading with spheres of opposite charges be greater than, less than, or equal to the magnitude of the force

reading with spheres of the same charges?

_____ Greater than          _____ Less than          _____ Equal to 

Justify your answer. 

GO ON TO THE NEXT PAGE. 

Use a pencil or pen with black or dark blue ink only. Do NOT write your name. Do NOT write outside the box. 
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         2018 AP® PHYSICS C: ELECTRICITY AND MAGNETISM FREE-RESPONSE QUESTIONS 

PHYSICS C:  ELECTRICITY AND MAGNETISM  
SECTION II  

Time—45 minutes  
3 Questions 

Directions:  Answer all three questions. The suggested time is  about 15 minutes for answering each of the questions, 
which are worth 15 points each. The parts within a question may not have equal  weight. Show  all your work in this 
booklet in the  spaces provided after each part. 

1. A solid plastic sphere of radius a and a conducting spherical shell of inner radius b and outer radius c are shown
in the figure above. The shell has an unknown charge. The solid plastic sphere has a charge per unit volume
given by  ρ r( ) = βr , where β is a positive constant and r is the distance from the center of the sphere. Express
your answers to parts (a), (b), and (c) in terms of β , r, a, and physical constants, as appropriate.

(a) Consider a Gaussian sphere of radius r concentric with the plastic sphere. Derive an expression for the
charge enclosed by the Gaussian sphere for the following regions.

i. r < a

ii. a r< < b

(b) Use Gauss’s law to derive an expression for the magnitude of the electric field in the following regions.

i. r < a

ii. a r< < b

(c) At any point outside of the conducting shell, it is observed that the magnitude of the electric field is zero.

i. Determine the charge on the inner surface of the conducting shell.

Justify your answer.

ii. Determine the charge on the outer surface of the conducting shell.

GO ON TO THE NEXT PAGE. 
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        2018 AP® PHYSICS C: ELECTRICITY AND MAGNETISM FREE-RESPONSE QUESTIONS 

(d) 

i. On the axes below, sketch the electric field E as a function of distance r from the center of the
sphere. Sketch the graph for the range r = 0 at the center of the sphere to r = c at the outside of the 
conducting shell.

ii. The figure below shows the sphere and shell with four points labeled W, X, Y, and Z. Point W is at the
center of the sphere, point X is on the surface of the sphere, and points Y and Z are on the inner and
outer surface of the shell, respectively. Rank the points according to the electric potential at that point,
with 1 indicating the largest electric potential. If two points have the same electric potential, give them
the same numerical ranking.

____ W ____ X ____ Y   ____ Z

GO ON TO THE NEXT PAGE. 
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