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Question 1: Free-Response Question 15 points 
  
(a) For correctly drawing and labeling the electrostatic force directed to the right 1 point 
 For drawing the force of tension up and to the left and the gravitational force in the 

downward direction 
1 point 

 Scoring Note: A maximum of 1 point may be earned if extraneous forces are included. 
 
Example Response 
 

 
 

 

 Total for part (a) 2 points 
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(b) For equating the horizontal component of tension to the electrostatic force 1 point     
 Example Response 

 
( )sinE TF F θ=  

 

 For equating the vertical component of tension to the gravitational force 1 point 
 Example Response 

 

cos
g Ty

T

F F
Mg F θ

=

=
  

 

 For an attempt to simultaneously solve the equations 1 point 
 Example Response 
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 Example Solution 
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 Total for part (b) 3 points 
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(c) For applying Coulomb’s law to determine tension  1 point 
 Scoring Note: This point may be earned if the student used the vertical component of 

tension. 
 
Example Response 
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 For correct substitution into an expression for tension consistent with part (b) or a correct 
expression for tension 

1 point 

 Example Solution 
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 Total for part (c) 2 points 
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(d)(i)            For a line that approximates the trend of the data 1 point 
  Example Response  
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(d)(ii) For using two points from the trend line drawn by the student to calculate the slope 1 point 
 

 Scoring Note: Points of data may be used only if points of data are located directly on the 
line. 
 
Example Response 
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For correctly relating the slope of the graph to the equation 
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1 point 

 Example Response 
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 For substituting the value of the slope of the graph into the equation 
( )0 4 slope

Qq
Mgε

π
=   to 

calculate an experimental value of 0ε   

1 point 
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 Example Solution 
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 Total for part (d) 4 points 
  



AP® Physics C: Electricity and Magnetism 2023 Scoring Guidelines                

© 2023 College Board 

(e)(i) For a “+” drawn on the left side of the sphere 1 point 
 Example Response 

 

 

 

(e)(ii) For a statement that indicates correct charge rearrangement on Sphere 3  due to the electric 
forces from the charges on Sphere 2  

1 point 

 Example Response 
 
The negative charges on Sphere 3  move to the right due to the attractive forces from the 
positive charges on Sphere 2 , leaving a net positive charge on the left side of Sphere 3 . 
 

 

(e)(iii)  For selecting “ 2 1θ θ< ” with an attempt at a relevant justification 1 point 

 For statement that indicates one of the following: 
• The average distance between the repulsive charges is greater. 
• The electrostatic or repulsive force is less. 

1 point 

 Scoring Note: Points 1 and 2  of part (e)(iii) can be earned with an answer that is consistent 
with the location of the excess positive charges drawn in part (e)(i). 
 
Example Response 
 
Excess charges on Sphere 3  are now free to move, so excess like charges will be 
concentrated on the far ends of Sphere 3  when the spheres are in static equilibrium. The 
excess like charges, located on opposite sides of Sphere 3 , repel with less force than if the 
excess charges were located at the centers of Sphere 3 . Thus, the downward force due to 
gravity on Sphere 2  causes the center of Sphere 2  to hang closer to the center of Sphere 3 . 

 

 Total for part (e) 4 points 
 Total for question 1 15 points 
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Question 1 

Note: Student samples are quoted verbatim and may contain spelling and grammatical errors. 

Overview 

The responses were expected to demonstrate the ability to: 
• Draw a free-body diagram indicating the forces exerted on a nonconducting, positively charged sphere 

hanging from a string near another positively charged sphere. 
• Derive the relationship between the distance between two charged spheres and the angle θ  of the string to 

validate a given expression for distance in terms of θ , requiring the application of Newton’s second law in 
two dimensions. 

• Calculate the tension in the string using an appropriate application of Coulomb’s law. 
• Draw a best-fit line that shows the trend of given data.  
• Calculate the slope of the best-fit line and use the slope to find an experimental value of permittivity. 
• Draw a representation of polarization on a sphere.  
• Explain how charges move on a conducting sphere when near another charged sphere. 
• Describe the motion of a charged conducting sphere when near another charged sphere. 

Sample: 1A 
Score: 15 
 
Part (a) earned 2 points. The first point was earned for correctly showing an arrow to the right labeled for the 
electrostatic force. The second point was earned for correctly showing a downward arrow labeled for the 
gravitational force and an arrow pointing up and to the left labeled for the tension force. Part (b) earned 3 points. The 
first point was earned for correctly equating the horizontal component of tension to the electrostatic force. The 
second point was earned for correctly equating the vertical component of tension to the gravitational force. The third 
point was earned for correctly using both horizontal and vertical force equations to find an expression for the 
distance d . Part (c) earned 2 points. The first point was earned for correctly applying Coulomb’s law for the 
electrostatic force. The second point was earned for correctly substituting numerical values in a correct and 
consistent expression for tension. Part (d) earned 4 points. The first point was earned for correctly including an 
appropriate student drawn best-fit line that shows the trend of the data. The second point was earned for correctly 
calculating the slope using two points from the best-fit line. The third point was earned for correctly relating the 
slope and given equation. The fourth point was earned for correctly substituting the slope into a correct equation to 
find an experimental value of 0ε . Part (e) earned 4 points. The first point was earned for correctly showing a “+ ” 
sign on the left side of the sphere. The second point was earned for correctly explaining that the charges on  
Sphere 3  move due to the repulsive force from Sphere 2 . The third point was earned for indicating a correct 
selection and including an attempt at a relevant justification. The fourth point was earned for correctly stating that 
the greater charge separation results in a smaller force, which results in a smaller angle. 
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Question 1 (continued) 
 
Sample: 1B 
Score: 7 

Part (a) earned 2 points. The first point was earned for correctly showing an arrow to the right labeled for the 
electrostatic force. The second point was earned for correctly showing a downward arrow labeled for the 
gravitational force and an arrow pointing up and to the left labeled for the tension force. Part (b) earned no points. 
The first point was not earned because the response does not equate the horizontal component of tension to the 
electrostatic force. The second point was not earned because the response does not equate the vertical component of 
tension to the gravitational force. The third point was not earned because the response does not show an attempt to 
solve a system of equations. Part (c) earned 2 points. The first point was earned for correctly applying Coulomb’s 
law for the electrostatic force. The second point was earned for correctly substituting numerical values in a correct 
and consistent expression for tension. Part (d) earned 1 point for including an appropriate student drawn best-fit line 
that shows the trend of the data. The second point was not earned because the response does not include a 
calculation of slope using two points from the best-fit line. The third point was not earned because the response does 
not include showing a relationship between the slope and given equation. The fourth point was not earned because 
the response does not include using the slope to calculate an experimental value of 0ε . Part (e) earned 2 points. The 
first point was earned for correctly showing a “+ ” sign on the left side of the sphere. The second point was earned 
for correctly explaining that the charges on Sphere 3  move due to the repulsive force from Sphere 2 . The third 
point was not earned because the response does not include a correct selection. The fourth point was not earned 
because the response does not include a correct justification. 

Sample: 1C 
Score: 2 

Part (a) earned no points. The first point was not earned because the response does not include an arrow representing 
the electrostatic force. The second point was not earned because the response does not draw the tension force arrow 
up and to the left. Part (b) earned no points. The first point was not earned because the response does not equate the 
horizontal component of tension to the electrostatic force. The second point was not earned because the response 
does not equate the vertical component of tension to the gravitational force. The fourth point was not earned because 
the response does not show an attempt to solve a system of equations. Part (c) earned no points. The first point was 
not earned because the response does not indicate an application of Coulomb’s law. The second point was not earned 
because the response does not include an expression for tension. Part (d) earned 1 point for correctly including an 
appropriate student drawn best-fit line that shows the trend of the data. The second point was not earned because the 
response does not include a calculation of slope using two points from the best-fit line. The third point was not 
earned because the response does not include showing a relationship between the slope and given equation. The 
fourth point was not earned because the response does not include using the slope to calculate an experimental value 
of 0ε . Part (e) earned 1 point for correctly showing a “+ ” sign on the left side of the sphere. The second point was 
not earned because the response does not include an explanation that the charges on Sphere 3  move due to the 
electrostatic force from Sphere 2 . The third point was not earned because the response does not include a correct 
selection. The fourth point was not earned because the response does not include a correct justification. 
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