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Question 2: Experimental Design                                                                                12 points 

 
(a)  For a correct ranking 

 

     1     AV            1     BV            3     CV            2     DV  

1 point 

 For indicating that the resistors in parallel will have the same potential difference 1 point 

 For a justification that indicates D CV V    because 2D CR R  1 point 

  Total for part (a) 3 points 

(b)(i) For calculating the correct value of the charge on the 200 F  capacitor, including units 

 
Example Response 
 

Q
V

C
   

  200 F 0.91 VQ C V     

41.82 10  CQ    

1 point  

(b)(ii) For indicating one of the following as evidence that the capacitors are in series:  

 the potential differences across the capacitors are different  

 the sum of the potential differences across the capacitors is constant 

 the sum of the potential differences across the capacitors is approximately equal to the 
potential difference across the battery 

1 point 

(b)(iii) For an explanation that correctly addresses one of the following: 

 that the potential differences across the known and unknown capacitor will always be 
the same  

 that the charge on the unknown capacitor cannot be determined 

1 point 

 Example Response 

Both charge and potential difference across the capacitor are needed to determine C. 
Arranging the capacitors in parallel will mean both capacitors will have the same potential 
difference. However, capacitors in parallel will have differing amounts of charge, making it 
impossible to determine the charge, and, therefore, the capacitance of the unknown 
capacitor. 

 

  Total for part (b) 3 points 
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(c)(i) For choosing two quantities that will produce a linear plot that can be used to find UC  1 point 

 Example Responses 
 

 known known Uknown ) and(  C V VQ     

 UQ  and UV   

 knownC  and U

known

V
V



 

 

(c)(ii) For labeling the axes and including appropriate units consistent with Part (c)(i) 1 point 

 For correctly plotting points (with valid scaling consistent with units) so that the plotted 
points cover at least half of the grid’s width and height 

1 point 

  For drawing an appropriate linear best-fit line 1 point 

 Example Response 
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(c)(iii) For using points on the best-fit line to calculate the slope of the line 1 point 

 For correctly determining the capacitance from the slope of the line  1 point 

 Example Response 
 
Capacitance is equal to slope 
 

U

U

212 μC 190 μC
4.10 V 3.67 V

51.2 μF

C

C





  

 

 

  Total for part (c) 6 points 

 Total for question 2 12 points 
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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: 
• Differentiate between the potential difference across resistors that are connected in series and parallel. 
• Calculate the amount of charge on a fully charged capacitor using data from an experiment. 
• Use data to describe the arrangement of capacitors in a circuit, i.e., whether the capacitors are connected in 

series or parallel. 
• Utilize the fact that the amount of charge stored on two capacitors in series is equal in order to analyze 

experimental data. 
• Plot data with appropriate scaling, labeling the axes of a graph with the appropriate quantities and units. 
• Draw a best-fit line using a straightedge that follows the trend of the data. 
• Calculate the slope of a best-fit line using two points on the line. 

Sample: 2A 
Score: 12 

Part (a) earned 3 points. The first point was earned for a correct ranking. The second point was earned for indicating 
that the resistors in parallel will have the same potential difference. The third point was earned for discussing the 
proportionality of the potential difference across a resistor in series to the resistor’s resistance. Part (b)(i) earned  
1 point because the response includes the correct value and units for the charge on the known capacitor. Part (b)(ii) 
earned 1 point because the response correctly points out the evidence that the capacitors are in series because the 
total potential difference across the capacitors is approximately 4.5 V. Part (b)(iii) earned 1 point because the 
response addresses that the issue with connecting the capacitors in parallel is that the capacitors would have the same 
potential difference, so the charge on the unknown capacitor cannot be determined. Part (c)(i) earned 1 point because 
the response provides quantities that when plotted, produce a graph that can be used to determine the unknown 
capacitance. Part (c)(ii) earned 3 points. The first point was earned because the axes are labeled with the quantities 
provided in part (c)(i) and include units. The second point was earned because the data points are spread over the 
graph and are accurately plotted. The third point was earned because a reasonable linear best-fit line is also drawn. 
Part (c)(iii) earned 2 points. The first point was earned because two points on the best-fit line that are not data points 
are used to calculate the slope. The second point was earned because the correct value of the capacitance is 
calculated from the slope. 
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Question 2 (continued) 

Sample: 2B 
Score: 7 

Part (a) earned 2 points. The first point was not earned because the ranking is inaccurate. The second point was 
earned because the response does include a statement that resistors in parallel have the same potential difference. 
The third point was earned because the response indicates that the resistor with the large resistance will also have a 
larger potential difference across it when the resistors are in series. Part (b)(i) earned 0 points because the calculated 
charge is not the correct value, and the units are not correct. Part (b)(ii) earned 0 points because the response 
discusses how to calculate the equivalent capacitance but does not reference data from the table. Part (b)(iii) earned  
0 points because the response does not address that the potential differences across the known and unknown 
capacitors will always be the same, or that the charge on the unknown capacitor cannot be determined. Part (c)(i) 
earned 1 point because the response provides quantities that when plotted, produce a graph that can be used to 
determine the unknown capacitance; the capacitance will be the reciprocal of the slope. Part (c)(ii) earned  
2 points. The first point was not earned because the axes are labeled with the quantities provided in part (c)(i), but 
the units are not included. The second point was earned because the data points are spread over the graph and are 
accurately plotted. The third point was earned because a reasonable linear best-fit line is also drawn. Part (c)(iii) 
earned 2 points. The first point was earned because two points on the best-fit line that are not data points are used to 
calculate the slope. The second point was earned because the correct value of the capacitance is calculated from the 
slope. 

Sample: 2C 
Score: 3 

Part (a) earned 0 points. The first point was not earned because the ranking is inaccurate. The second point was not 
earned because the response does not include a statement that resistors in parallel have the same potential difference. 
The third point was not earned because the response does not describe the relationship between resistance and 
potential difference for resistors in series. Part (b)(i) earned 0 points because the calculated charge is correct, but the 
units are not consistent. Part (b)(ii) earned 0 points because the response discusses how to calculate the equivalent 
capacitance but does not reference data from the table. Part (b)(iii) earned 0 points because the response does not 
address that the potential differences across the known and unknown capacitors will always be the same, or that the 
charge on the unknown capacitor cannot be determined.  Part (c)(i) earned 0 points because the response does not 
provide quantities that when plotted, produce a graph that can be used to determine the unknown capacitance.  
Part (c)(ii) earned 2 points. The first point was not earned because the axes are labeled with the quantities from  
part (c)(i) but do not include appropriate units. The second point was earned because the data points are spread over 
the graph and are accurately plotted. The third point was earned because a reasonable linear best-fit line is also 
drawn. Part (c)(iii) earned 1 point. The first point was earned because two points on the best-fit line that are not data 
points are used to calculate the slope. The second point was not earned because the correct value of the capacitance 
is not calculated from the slope. 
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