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AP® Physics C: Electricity and Magnetism 2022 Scoring  Guidelines  

Question 1: Free-Response Question		 15  points  

(a)		 For correctly determining the charge on the outer surface of the shell 1 point  

Example Response 

q net  qi nner  qouter 
qout er	  qne t  qinner  
qout er   3Q  Q
qout er   2Q

(b) 

Scoring Note: A correct response may earn a point even if no work is shown.  

Total  for part  (a)  1 points  

For using Gauss’s law by substituting for either the area or the enclosed charge 1 point 

Example Response 

qe nc  E dA    0    E  4 r 2 

For using a correct  expression for  qenc  as a function of  r	  1 point  

Example Response  

 
 
 Q  4 r3
	qe nc  V   r 3  Q   
4 	 3 	 3

	  
R3  R 

 3		  

Scoring Note: The response may earn this point regardless of  the  sign of q enc .

For using the correct area 1 point 

Example Response 

1		  r3  1E  qenc   
 Q 

4 r	 2  R 3

  4 r 20	 0 

 
rE  Q  

4 3
0R 

Scoring Note: The response may earn this point regardless of the sign of E . 


Total for part (b) 3 points 
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AP® Physics C: Electricity and Magnetism 2022 Scoring Guidelines 

(c)		 For recognizing the electric field varies as an inverse square of the separation distance 
from the center of the nonconducting sphere 

1 point 

Example Response 

1E    
r 2

For the correct magnitude, including units, of the electric field at  2R  1 point

Example Response 

Eold 8 N/C En ew  
4 4   

En ew  2 N/C 

 Total for part (c) 2 points
	

(d) 	 For using the equation relating potential difference to the electric field with an attempt at 
either integration limits or evaluating the integral 

1 point 

Example Response 
s f 

Vf  Vi	    Edr 
si
  

r 4R
 

V    Edr 
r  R 

For substituting the correct  expression for the  electric field or  an expression for  E  that  is 
consistent with the explicit  functional  dependence of  E ( r ) from part (c) 

1 point 

Example Response 

r 4R 


QV     dr 

4 r2 r R 0
	

r 4R

Q	 1V  dr
4  2

0 r  R r
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AP® Physics C: Electricity and Magnetism 2022 Scoring Guidelines 

For correctly integrating the electric field expression that was substituted in the previous 
point with correct limits of integration 

1 point 

Example Response 

Q r 4R Q r 
 1   1 

 R Q 1 1 Q 4  1    V        
4  0 r r R 4  0 r r 4R 4 0  R 4R  4 0  4R 
3QV   
16  0R 

    

Alternate Solution
	

For using a difference in potentials treating the inner sphere as a point charge by 
symmetry 

1 Point 

Q QV  
4 0 r f 4 0 ri 

For using the correct  charge on both of the terms; Q  not  Q  and 3Q   1 Point 


For using the correct values for  r  1 Point 

Q QV  
4 0 R 4 04R
 

3Q
V  
16  0 R 

Total for part (d) 3 points
	

(e)(i) For indicating that E  is negative and the magnitude of E  increases linearly from 0 to R 1 point 

For a curve that is continuous at R  and asymptotically approaches zero in the region 
R  r  4R 

1 point 

For a positive, concave-up, and decreasing curve for  r  4R  1 point 

Example Response
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AP® Physics C: Electricity and Magnetism 2022 Scoring Guidelines 

(e)(ii) For a potential curve that is always increasing from 0  to 4R 1 point 

For a potential curve that is decreasing for r  4R  1 point 

For a continuous graph across all three regions 1 point 

Example Response
	

Scoring Note: The intercept of the curve on the vertical axis is irrelevant. The intercept of 
the curve on the horizontal axis is irrelevant. The curve can, hence, cross the horizontal 
axis at any location or even be entirely on the negative side of the horizontal axis as long 
as the other criteria are met. 

Total for part (e) 6 points
	

Total for question 1 15 points
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AP® Physics C: Electricity and Magnetism  2022  Scoring Commentary  

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: 
•	 Determine the distribution of charge on the surfaces of a conductor in electrostatic equilibrium in the 

presence of other charges. 
•	 Use Gauss’s law and spherical symmetry to determine the electric field inside and outside an insulator with 

uniform charge density. 
•	 Use proportional reasoning to relate the magnitude of the electric field at two points based on the functional 

dependence of E on r. 
•	 Calculate the potential difference between two points by integrating the electric field over a distance. 
•	 Sketch graphs of the electric field and electric potential with respect to radial position for static spherically 

symmetric charge distributions. 

Sample: 1A 
Score:  14  

Part (a) earned  1 point  because  the  response correctly indicates the charge of  +2Q  on the outer  surface of  the  
shell.  Part (b) earned  3 points. The  first  point was earned  because the  response correctly uses Gauss’s law,  
including an attempt at  a substitution for area  and enclosed charge. The  second point was earned because the  
response indicates and uses the correct enclosed charge. The third point was earned because the  response indicates 
and uses the correct area. Part  (c) earned 2 points. The  first  point was earned because  the response correctly  
indicates that the electric field has an inverse-square dependence.  The  second point  was earned because  the  
response indicates the correct answer  of  ±2  N/C. Part (d)  earned  2 points.  The first point was earned  because  the  
response  correctly uses the  equation relating potential  difference to electric field, including an attempt at  
integration limits and evaluating the integral. The second point was earned because the  response substitutes the  
correct expression for the electric field. The third point was not  earned  because  the  response does not correctly  
integrate the expression for electric field.  Part (e)(i) earned 3 points. The first point was earned because  the  
response indicates t hat  E  is negative and  linearly increasing in magnitude in the region  0 < <r R . The second 
point was earned  because  the  response correctly indicates a positive or  negative curve that is continuous at  R  and 
asymptotically a pproaches zero in the region R < <r 4 R . The third point was earned because the response 
correctly indicates a positive, concave-up, and decreasing curve in the region r > 4R . Part  (e)(ii) earned  3 points.  
The first point was earned  because the  response correctly indicates that  the potential is always increasing in the 
region 0 < <r 4R . The second point was earned because the  response correctly  indicates that the potential is 
decreasing for  r > 4R . The  third point was earned because the  response correctly indicates that  the potential  
graph  is continuous across all three regions.  
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AP® Physics C: Electricity and Magnetism 2022 Scoring Commentary 

Question 1 (continued) 

Sample: 1B 
Score:  10  

Part  (a) earned 1 point  because the response correctly indicates the charge of  +2Q  on the outer  surface of  the  
shell. Part  (b) earned  3 points.  The first point was earned because the response correctly uses Gauss’s law,  
including an attempt at  a substitution for area and enclosed charge.  The second point was earned because the 
response indicates and uses the correct enclosed charge. The third point was earned because the response indicates 
and uses the correct area. Part  (c) earned 1 point.  The first point was earned because the response correctly  
indicates that the electric field has an inverse-square dependence. The second point was  not  earned  because the 
response  does not  indicate the correct  numerical answer. Part  (d)  earned 2 points.  The first point was earned  
because the response correctly uses the equation relating potential difference to electric field,  including an attempt  
at integration limits and evaluating the integral. The  second point was  not  earned because the response substitutes 
the  expression for electric  field from  part (b) for  r < R  instead of either  the  correct expression for the electric  
field for R < <r 4 R  or the  expression for  E r( )  from  part (c).  The third  point was earned because the response  
correctly integrates  the expression  that was  substituted in the previous point using correct integration limits.  
Part (e)(i) earned  2 points.  The first point was  not  earned because the response indicates that  E  is  positive rather  
than negative in the region 0 < <r R . The second point was earned because the response correctly indicates a 
positive or negative curve that  is continuous at  R  and asymptotically approaches zero in the region R < <r 4R .
The third  point was earned  because the response correctly indicates a positive, concave-up, and decreasing curve  
in the region r > 4R . Part  (e)(ii) earned 1 point.  The first point was not  earned because the r esponse  does not  
indicate that the potential is always increasing in the region  0 < <r 4R . The second  point was earned because 
the response correctly  indicates t hat  the potential is decreasing for  r > 4R . The  third point was not earned 
because the response indicates that  the potential  graph  is not  continuous across all three regions.  

Sample: 1C 
Score:  5  

Part (a) earned  1 point  because the response correctly indicates the charge of  +2Q  on the outer  surface of  the  
shell.  Part (b) earned  0 points. The  first  point was  not  earned  because the  response  does not write or  use Gauss’s  
law. The  second point was  not  earned because the response  does not  indicate  and use  the correct enclosed charge.  
The third point was not  earned because the response does not indicate and use the co rrect  area.  Part (c) earned   
2 points.  The first point was earned  because the response correctly indicates that the electric field has an  inverse-
square dependence.  The second point was earned  because the  response indicates  the correct  numerical answer  
with units. Part  (d) earned 0  points.  The first point was  not  earned  because the  response  does not write and use  an  
equation relating pot ential difference  to electric  field. The second point was  not  earned  because the response  does  
not substitute  an expression for  electric field.  The  third point was  not  earned  because the  response  does not  
perform an integration. Part (e)(i)  earned 0 points. The first point  was not  earned  because the  response  does not  
indicate that E  is  negative and linear  in the  region  0 < <r R . The  second point was  not  earned  because the  
response  does not  indicate  a positive or negative curve that asymptotically approaches zero in  the region  
R < <r 4R . The third point was  not  earned  because the response  does not  indicate a positive,  concave-up, and 
decreasing curve in the region r > 4R . Part  (e)(ii) earned  2 points.  The first point was earned because the 
response  correctly  indicates that the potential is always increasing  in the region  0 < <r 4R . The second point  
was not  earned  because the response  does not  indicate that the potential is decreasing  for  r > 4R . The third  point 
was earned because the response indicates that the  potential  graph is continuous across all  three regions.  
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