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(a) 5 points 
 

 
 

For drawing a circuit in which the power source, resistor, and bulb are wired in 
series 

 1 point

For connecting at least one ammeter in series with the bulb  1 point
For connecting the voltmeter across the bulb in parallel  1 point
For describing measurements that can plausibly be used to answer question 1  1 point
Example: Measure the current entering and leaving the bulb with ammeters 

connected in series on either side of the bulb. 
 

For describing measurements that can plausibly be used to answer question 2  1 point
Example: Measure the potential difference across the bulb with a voltmeter 

connected in parallel with the bulb. 
 

The response does not need to mention multiple measurements.  
 
 
(b) 

(i) 1 point 
 

For describing an analytical method of using the data, and explaining how that 
analytical method can be used to answer question 1 

 1 point

Example: If the current is the same on both sides of the bulb, then the number of 
electrons per second entering and leaving the bulb is the same. 

 

 
(ii) 1 point 
 

For describing an analytical method of using the data, and explaining how that 
analytical approach can be used to answer question 2 

 1 point

Example: If the potential difference across the bulb is not zero, then electrons that 
leave the bulb have different electric potential energy than electrons that enter 
it. 
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(c) 
(i) 1 point 
 

For any of the following: 
Describing any changes to the circuit needed to have a setup that can plausibly 

be used to determine whether the bulb’s resistance is constant as a function 
of current. 

Describing changes to a circuit that are not needed but do not impair the 
ability to determine whether the bulb’s resistance is constant as a function 
of current. 

Correctly indicating that no changes are needed. 

 1 point

Example based on circuit diagram in part (a): Remove one of the ammeters.  
 

(ii) 1 point 
 

For describing any additional measurements needed to determine whether current 
varies linearly as a function of voltage, or indicating that none are needed if the 
appropriate multiple measurements are mentioned in part (a) or (c)(i) 

 1 point

Example: Measure the current through the bulb and the potential difference across 
the bulb for multiple settings of the power source. 

 

 
 
(d) 3 points 
 

For describing an analytical method in which data are represented or manipulated 
in some way that can plausibly be used to determine whether current varies 
linearly as a function of potential difference 

 1 point

Examples: 
Graphing measurements of current as a function of potential difference 
Calculating the ratio of current to potential difference for multiple settings of 

the power source 

 

For identifying that linearity is the relevant feature for determining whether the 
bulb is ohmic 

 1 point

Examples: 
Evaluating whether a plot of current as a function of voltage is linear 
Evaluating whether the ratio of current to potential difference is constant 

 

For describing a strategy for evaluating whether the conclusion of linearity is valid 
for a given data set taking into account the meter uncertainties 

 1 point

Examples: 
Drawing error boxes that represent the uncertainties of the meters around each 

point and evaluating whether a straight line can be drawn that goes 
through all the error boxes. 

Indicating that small differences in the ratios could be due to uncertainty in the 
meters and would not discount the conclusion that the bulb is ohmic 
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Question 2 
 
Overview 
 
The primary focus of this question was on experimental design and data analysis (using circuit elements and 
meters), and student knowledge of series circuits. Students were also asked to account for uncertainty in the 
measurement and to discuss how it affects their results. 

Sample: P1Q2 A 
Score: 11 
 
Part (a) earned 4 points. The only point not earned is the one for connecting a voltmeter in parallel with the 
lightbulb. Parts (b)(i) and (b)(ii) earned full credit for a net of 2 points. Although the voltmeters are not 
connected correctly, in part (b)(ii) the student does show understanding that a potential difference is 
related to a change in electric potential energy. Parts (c)(i) and (c)(ii) also earned full credit for a net of 2 
points. Adjusting the power source does not impair the usefulness of the circuit, and multiple trials for a 
variety of potential differences is useful additional data. Part (d) earned 3 points for full credit. The response 
describes calculating the resistance for each pair of data, indicates that a nonconstant ratio of potential 
difference to current would indicate that the bulb is nonohmic, and indicates that the uncertainties in the 
meters will affect the trend of the data. 

Sample: P1Q2 B 
Score: 8 
 
Part (a) earned 3 points, since no meters are included in the circuit diagram. Parts (b)(i) and (b)(ii) earned 
full credit for a net of 2 points. Parts (c)(i) and (c)(ii) also earned full credit for a net of 2 points. Since the 
original circuit contained two resistors, removing one resistor would effectively alter the potential 
difference across the light bulb and allow for multiple measurements. Part (d) earned 1 point for indicating 
that the consistency of the resistance is the relevant feature to determine if the bulb is ohmic or nonohmic. 
The student has added resistors to the circuit, so it is not clear whether the student is measuring potential 
difference across a resistor or the bulb. The sentence on uncertainties does not address how they affect a 
conclusion. 

Sample: P1Q2 C 
Score: 3 
 
Part (a) earned 2 points, for drawing a circuit in which the power source, resistor, and light bulb are in 
series and correctly connecting an ammeter. Part (b)(i) earned 1 point, and (b)(ii) earned no credit. The 
second explanation does not sufficiently address the data from the experimental procedure that can be 
used to answer question 2. Part (c)(i) earned 1 point for noting that no modification is needed. The circuit 
will still allow the bulb’s resistance to be tested. Part (c)(ii) earned no credit. Although the current needs to 
be measured, something in the circuit needs to be changed to provide multiple measurements. Part (d) 
earned no credit. 

 


