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AP® Physics C: Electricity and Magnetism 2022 Scoring  Guidelines  

Question 2: Free-Response Question 15 points 

(a) For a schematic diagram with the capacitor in series with the resistor 

OR 

1 point 

For a schematic diagram with the resistor on the  parallel path  

For a schematic diagram with the voltmeter in parallel with the capacitor 1 point 

For a schematic diagram that uses a switch to connect the battery to the capacitor 1 point 

For a schematic diagram that uses a switch that allows the capacitor to discharge through 
the resistor 

1 point 

Example Responses
	

OR  


OR 


Total for part (a) 4 points
	

(b) For using an appropriate loop equation 1 point 

Example Response  

VC   V R  0  

For correctly substituting  
q 
C
 and IR  in a  loop equation consistent  with the  first point  

1 point  

Example Response 

q 
IR 

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

For using a differential  expression consistent with the  loop rule in the first point that 

includes a substitution of 
dq 

I   
dt 
for the current   

1 point 

Example Response 

q dq  R
C dt 
1 1 dt  dq
RC q 

1 
t t q q

  1 dt  dq  
RC t 0 q q0 q 

t  q t   q t  t RC q t  q
  0 l      n    e  e t RC  V t   V e t RC 

0  
RC  q0  q0  C C

   

Scoring Note: The point can be earned regardless of the sign used in the substitution of 

dq
dt

 
 for the current. 

Total for part (b) 3 points
	

(c)(i) For drawing an appropriate best-fit line 1 point 

Example Response 

© 2022 College Board 



     

  

    
 

 
 

 

 

  
 

 
 

 
  

   
 

 
 

 

    

      
 

       
 

  

   
  

   

 

     

    

     
  

 
 

  

     

 

  

AP® Physics C: Electricity and Magnetism 2022 Scoring Guidelines 

(c)(ii) 	 For using an appropriate equation to relate the unknown capacitance to the data 1 point 

Example Response 

V  	 t RC	 V t  t  V e 	  e t RC  V t   t
0  ln      

V0	 		  V0  RC 

For correctly calculating the slope using two points from the best-fit line 1 point  

Example Response 

  V	    ln 	   
  V0 	   0.70  ( 0.40)    slope  	 1.25  s 1  

t 0.54 s  0.30 s  

Scoring Note: A response may earn this point regardless of the associated unit. 

For correctly relating the slope to the unknown capacitance 1 point 

Example Response 

1  1 1slope    C    5 F  
RC slope   R     1.25  s 1    1 50  k  

Total for part (c) 4 points 

(d) For selecting “Less steep” and an attempt at a relevant justification 1 point 

For correctly relating the correct change in capacitance to the slope of the graph 1 point 

Example Response 

Increasing the area of the plates increases the capacitance of the capacitor; thus, the 
magnitude of the slope will decrease. 

Scoring Note: Part (d) is scored consistently with part (c). 

Total for part (d) 2 points 

(e)(i) Correct answer: “No” 

For selecting “No” AND correctly describing the effects of the internal resistance of the 
battery on the slope of the graph at t  0  

1 point 

Example Response 

No. The capacitor still discharges only though resistor R , so the slope is the same. 

© 2022 College Board 



     

  

    
    

 

  
 

       
        

   

 

    

     
 

AP® Physics C: Electricity and Magnetism 2022 Scoring Guidelines 

(e)(ii) For selecting “No” AND correctly describing the effects of the internal resistance of the 
battery on the initial value of the graph 

1 point 

Example Response 

No. The best-fit line does not change, because the internal resistance of the battery does 
not affect the final potential difference across the charging capacitor. 

Scoring Note: This point is scored with consistency with the circuit drawn in part (b). 

Total for part (e) 2 points
	

Total for question 2 15 points
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AP® Physics C: Electricity and Magnetism  2022  Scoring Commentary  

Question 2 

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

Overview 

The responses were expected to demonstrate the ability to: 
•	 Identify the behavior of capacitors in circuits, specifically the properties of charging and discharging RC 

circuits, including their time dependence. 
•	 Draw a circuit diagram that allows a capacitor to be charged and then discharged through a resistor and 

ammeter using given circuit elements. 
•	 Use Kirchoff’s and Ohm’s laws to write a differential equation for a discharging RC circuit that can be 

integrated to determine the voltage across the capacitor as a function of time. 
•	 Associate the parameters in an equation for an RC circuit with the characteristics of a corresponding 

graph.  
•	 Use a graph to determine the capacitance of a capacitor using the slope of the line and an equation for the 

voltage across a discharging capacitor. 
•	 Provide reasoning to justify a claim concerning the changes of the slope and intercept of the graph based 

on a model for the capacitor circuit. 

Sample: 2A 
Score:  14  

Part (a) earned 4 points. The first point was earned because a schematic diagram with the resistor on a parallel 
path with the capacitor is shown. The second point was earned because the diagram shows the voltmeter in 
parallel with the capacitor. The third point was earned because the schematic diagram uses a switch to connect the 
battery to the capacitor. The fourth point was earned because the schematic diagram uses a switch that allows the 
capacitor to discharge through the resistor. Part (b) earned 3 points. The first point was earned because an 

appropriate loop equation is used. The second point was earned because both q 
C and IR  are substituted into  the  

loop equation. The  third point was earned because  the differential  expression  dqI = dt  is  substituted into the loop 

equation to make an integrable equation. Part (c)(i) earned 1 point  because an appropriate best-fit  line is shown on 
the graph. Part (c)(ii)  earned 3 points.  The  first  point was earned  because  the response correctly relates the 
unknown capacitance to the  data.  The second point was earned because  the response correctly calculates the slope 
using two points from the best-fit line. The  third point was  earned because  the calculated slope is correctly related  
to the unknown capacitance. Part (d) earned  2 points.  The first point was earned  because  “Less steep” is selected  
and  a justification is attempted. The second point was earned  because  the  justification for the change in 
capacitance and its relation to  the slope is correct. Part (e)(i)  earned 0 points  because  the correct answer  “No” is 
not checked.  Part (e)(ii) earned  1 point  because  the correct answer “No” is selected, and a correct justification  is  
given.  
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AP® Physics C: Electricity and Magnetism 2022 Scoring Commentary 

Question 2 (continued) 

Sample: 2B 
Score:  10  

Part  (a) earned 2 points.  The first point was earned because a schematic diagram with  the capacitor  in series with  
the resistor is shown.  The second point was  not  earned because  the diagram  does not  show the voltmeter  in  
parallel with  the capacitor.  The third  point was earned  because the schematic diagram uses a switch to connect the 
battery  to the capacitor. The fourth point  was not  earned because the schematic diagram does not contain a switch  
that allows the capacitor to  discharge through the resistor. Part  (b)  earned 3  points. The first point was earned  

because an appropriate  loop equation is used. The  second point was earned because both q  C and IR  are 

substituted into the loop equation.  The third point was earned because the differential expression dq  I = dt  is 

substituted into the  loop equation to make an integrable equation. Part  (c)(i) earned 1 point  because an appropriate 
best-fit  line  is shown on the graph. Part (c)(ii)  earned 1 point. The first  point  was  not  earned because the response  
does not relate the unknown capacitance to the data. The second point was  not  earned because the response d oes 
not  show a  correct calculation of  the  slope using two points from the best-fit line. The  third point  was  earned 
because the calculated slope is correctly related  to  the unknown capacitance. Part  (d) earned 2 points.  The first  
point was earned because “Less steep” is selected and  a justification is attempted.  The second point was earned  
because the justification for  the change in capacitance and  its relation to the slope is correct.  Part (e)(i)  earned   
0 points because the correct answer  “No”  is not checked. Part (e)(ii) earned 1 point because the correct answer  
“No” is selected, and  a correct  justification  is given.  

Sample: 2C 
Score:  5  

Part  (a) earned 2 points.  The first point was earned because  a schematic diagram with  the resistor  on a parallel  
path with the  capacitor is shown. The second point was not  earned because the diagram does not show the 
voltmeter in parallel with the capacitor.  The third point  was earned because the schematic diagram uses a switch  
to connect the battery to the capacitor. The fourth point was not earned because  the schematic diagram does not  
contain a switch that allows the capacitor  to discharge through the  resistor. Part  (b) earned 0 points.  The first point 
was not  earned because an appropriate  loop equation is  not given. The second point  was  not  earned  because both  
q
C

 
 
and IR  are shown but not substituted into a loop equation. The third point was  not  earned because the 

differential expression dqI = dt  is  not  substituted into a  loop equation. Part (c)(i) earned 1 point  because an  

appropriate best-fit  line is shown on the graph. Part (c)(ii) earned 1 point. The  first point was not earned because  
the  response  does  not  relate the unknown capacitance to the data. The  second point was  earned because the 
response  correctly  calculates the  slope using two points from the best-fit line. The  third point  was not  earned 
because the calculated slope is  not  correctly related to the unknown capacitance. Part  (d) earned 1 point. The  first  
point was earned because the choice of more steep is commensurate with  the statement in part  (c)  that  the 
capacitance is equal  to the slope. The  second point  was  not  earned because the justification for the change  in 
capacitance and its relation to  the slope is not correct; the capacitance is not related  to the area of the plates.   
Part  (e)(i)  earned 0 points because the correct answer  “No”  is not  checked. Part (e)(ii) earned 0  points  because the 
correct answer “No” is not  selected.  
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