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Question 2: Free-Response Question                                                                        15 points 
 
(a)(i) For correctly placing the voltmeter in parallel with the inductor 1 point  

 Example Response 

 

 

(a)(ii) For a procedure that indicates that the voltmeter should be used to measure the potential 
difference for at least one time 

1 point  

 For measuring the potential difference from immediately after the switch is closed to when 
steady-state conditions have been established or during a time interval that would allow the 
time constant to be determined 

1 point  

 Example Response 

Close the switch. Using the voltmeter, record the potential difference as a function of time 
until steady-state conditions are established. 

 

 Total for part (a) 3 points 

(b)(i) For correctly labeling potential difference on the vertical axis and time on the horizontal axis  1 point  

 For a concave-up and decreasing curve 1 point  

 For a curve that asymptotically approaches zero, or a curve that starts at the origin and 
approaches a horizontal asymptote that is consistent with the placement of the voltmeter in 
the response in part (a)(i) 

1 point  

 For including a vertical intercept or a horizontal asymptote that is consistent with the 
placement of the voltmeter in the response in part (a)(i) that is correctly labeled as   

1 point 
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 Example Response 

 

 

(b)(ii) For indicating that a curve fit to the graph is that of an exponential function or for correctly 
relating the area under the curve to the current in the circuit 

1 point 

Alternate Solution 

For indicating the time on the graph where the potential difference is approximately 0.37 , 
or 0.63  for a curve that starts at the origin and approaches a horizontal asymptote that is 
consistent with the placement of the voltmeter in the response in part (a)(i)  

 For indicating that the coefficient in front of the t  of the curve-fit equation is equal to 2 
R 
L  

or for correctly relating R  to L  and the current 

1 point 

Alternate Solution 

For indicating that the time constant is equal to 2L 
R  

 Example Response 

The data in the graph should be fit with an exponential function for the equation 

2 
Rt L 

LV e  
−  

=     
  
 . Because   and L  are known, R  can be calculated. 

 Alternate Example Response  

The potential difference at 0.37  along the vertical axis corresponds to the time constant 

along the horizontal axis. Because the time constant is equal to 2L 
R 

 

, and L  is known, R  

can be calculated.  

 Total for part (b) 6 points 
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(c) For a multi-step derivation that begins with an attempt at using Kirchhoff’s loop rule 1 point 

 Example Response 

Δ Δ 0R  LV  V−  −  =   

 

 For indicating that the potential difference across the parallel combination of resistors is 

( )2 
RI  

1 point 

 For indicating that the absolute value of the potential difference across the inductor is dIL dt   
1 point 

 Example Solution 

Δ Δ 0R  LV  V−  −  = 

02 
R dII L  dt−  − = ( )

2 
IR dI 

L L dt−  = 

2 
R I dI 
L R dt−  −  = ( )

  

 

 Total for part (c) 3 points 

(d) For selecting 2Δ  > ΔV 1V  with an attempt at a relevant justification 1 point 

 For indicating that the potential difference across the original inductor is zero when steady-
state conditions are established 

1 point 

 For indicating that the potential difference across the inductor of nonnegligible resistance is 
nonzero when steady-state conditions are established 

1 point 

 Example Response 

2Δ  > ΔV 1V . The potential difference 1ΔV  across the original, ideal inductor is zero at 
steady state. The potential difference across the new inductor would be nonzero due to the 
inductor’s nonnegligible resistance. The value of 2ΔV  would be the product of the steady-
state current and the inductor’s resistance. 

 

 Total for part (d) 3 points 

 Total for question 2 15 points 
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Queatton 2 -

(b) 

Continue your response to QUESTION 2 on this page. 

i. On the axes shown in Fi,ure 2, produce a arapb that represents the expected trend of the data by 
completing the following tasks.

• Label the quantities graphed on the vertical and horizontal axes.
• Sketch a line or curve that represents the expected trend of the collected data.
• Label any appropriate intercepts and/01' uymptot.es in terms of the quantities provided.

Figure 2 

ii. Describe how the infomwion from the arapb in part (b)(i) would be used to determine the
experimental value for R.

"" / M  O\ <;  h--'1V\   clo""'  M 1"'"- \.  C."""· 

Uneultlol1zed   or reuN of 1h11 page It ntegal. PaQe"t 00 ON TO THE NEXT PAGE. 

UN a pencil or a pen with black or dark blu. Ink. Do NOT write yc,ur name. Do NOT write outside the box. 

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

•   ..

■ 

• 

■■ 

• 

•••• 

• • 

• 

• • ••• ·-



PCEM Q2 Sample B p3 of 3



PCEM Q2 Sample C p1 of 3



• 

(b) 

PCEM 02 Sample C p2 of 3 

Question 2 

Continue your response to QUESTION 2 on this page. 

i. On the axes shown in Fipre 2, produce a araph that repreaents the expected trend of the data by

completin, the followin1 taus.

• Label the quantities grapbed  1 the vertical and horizontal axes.

• Sketch a line or curve that represents the expected trend of the collected data.

• Label any appropriate intcrceptl and/or asymptotes in terms of the quantities provided. 

1---

-------------------------• 

Figure 2 

ii.   how the information from the graph in part (b)(i) would be wed to determine the
experlmental value for R.

Unauthoriz.ed copying o, l'9tJM of Ihle P-oe Is Illegal. Page9 00 ON TO THE NEXT PAGE. 

UH a pencil or a pen with black or dark blue Ink. Do NOT wrtt. your name. Do NOT wrfte ou1lldl 1ht box. 
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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: 
 Calculate the equivalent resistance of a parallel circuit. 
 Determine the potential difference across an inductor in a LR circuit at t  0  and t   . 
 Identify the placement of a voltmeter to illustrate a decreasing potential difference over time as the inductor 

is energized. 
 Apply Kirchhoff’s loop rule to an LR circuit. 
 Graphically model the behavior of an LR circuit to determine a best curve-fit to the data chosen. 
 Derive an expression for the resistance in an LR circuit based on experimental data and a known inductance 

value.  
 Sketch a graph that shows a functional relationship between potential difference and time across an inductor 

in a LR circuit.  
 Select and plot data from an experimental procedure to represent a decreasing measured quantity.  
 Linearize exponential data and/or determine the best-fit curve of exponential data.  
 Determine and justify the relationship between the voltages of an ideal inductor and an inductor with 

internal resistance.  

Sample: 2A 

Score: 15 

Part (a) earned 3 points. The first point was earned for correctly indicating that the voltmeter is in parallel with the 
inductor. The second point was earned for indicating that potential difference measurements were taken at least 
once. The third point was earned for indicating that the switch was closed, and potential difference data was 
recorded until steady-state conditions had been established. Part (b) earned 6 points. The first point was earned for 
correctly labeling the y -axis (potential difference or voltage) and x -axis (time). The second point was earned for 
correctly including a concave-up and decreasing curve. The third point was earned for including a curve that 
asymptotically approaches zero. The fourth point was earned for including a vertical intercept that is correctly 
labeled as  . The fifth point was earned for indicating the time on the graph when the potential difference is 

approximately 0.37 . The sixth point was earned for indicating that the time constant is equal to 
2L 
R . Part (c) 

earned 3 points. The first point was earned for including a multi-step derivation of Kirchhoff’s loop rule. The 
second point was earned for indicating a correct response for the potential difference across the resistor. The third 
point was earned for indicating a correct response for the potential difference across the inductor. Part (d) earned 
3 points. The first point was earned for selecting 2 1V V    with a relevant justification. The second point was 
earned for indicating that the original inductor had zero potential difference across it. The third point was earned 
for indicating that the potential difference across the new inductor of nonnegligible resistance is nonzero when 
steady-state conditions are established. 
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Question 2 (continued) 

Sample: 2B 

Score: 7 

 
Part (a) earned 2 points. The first point was not earned because the response does not correctly indicate that the 
voltmeter is in parallel with the inductor; the voltmeter is in series with the inductor. The second point was earned 
for indicating that potential difference measurements were taken at least once. The third point was earned for 
indicating that the switch was closed, and potential difference data was recorded until steady-state conditions had 
been established. Part (b) earned 3 points. The first point was earned for correctly labeling the y -axis (potential 

difference or voltage) and x -axis (time). The second point was earned for correctly including a concave-up and 
decreasing curve. The third point was earned for including a curve that asymptotically approaches zero. The 
fourth point was not earned because the response does not include a vertical intercept that is correctly labeled as 
 . The fifth point was not earned because the response does not indicate a curve fit to an exponential function or 
the time on the graph when the potential difference is approximately 0.37 . The sixth point was not earned 

because the response does not indicate the coefficient in front of t or the time constant is equal to 
2L 
R . Part (c) 

earned 1 point. The first point was not earned because the response does not include a multi-step derivation of 
Kirchhoff’s loop rule. The second point was not earned because the response does not indicate a correct response 
for the potential difference across the resistor. The third point was earned for indicating a correct response for the 
potential difference across the inductor. Part (d) earned 1 point for selecting 2 1V V    with a relevant 
justification. The second point was not earned because the response does not indicate that the original inductor 
had zero potential difference across its. The third point was not earned because the response does not indicate that 
the potential difference across the new inductor of nonnegligible resistance is nonzero when steady-state 
conditions are established. 

Sample: 2C  

Score: 2 

 
Part (a) earned 1 point for correctly indicating that the voltmeter is in parallel with the inductor. The second point 
was not earned because the procedure does not indicate that potential difference measurements were taken at least 
once. The third point was not earned because the response does not indicate that the switch was closed, and that 
potential difference data was recorded until steady-state conditions had been established. Part (b) did not earn any 
points. The first point was not earned because the response does not correctly label the y -axis (potential 
difference or voltage) and x -axis (time). The second point was not earned because the response does not correctly 
include a concave-up and decreasing curve. The third point was not earned because the response does not include 
a curve that asymptotically approaches zero. The fourth point was not earned because the response does not 
include a vertical intercept that is correctly labeled as  . The fifth point was not earned because the response does 
not indicate a curve fit to a graph of an exponential function or the time on the graph when the potential difference 
is approximately 0.37 . The sixth point was not earned because the response does not indicate the coefficient of 

t  or that the time constant is equal to 
2L 
R . Part (c) earned 1 point. The first point was not earned because the 

response does not include a multi-step derivation of Kirchhoff’s loop rule. The second point was not earned 
because the response does not indicate a correct response for the potential difference across the resistor. The third 
point was earned for indicating a correct response for the potential difference across the inductor. Part (d) did not 
earn any points. The first point was not earned because the response does not select 2 1V V    with a relevant 

justification. The second point was not earned because the response does not indicate that the original inductor 
had zero potential difference across it. The third point was not earned because the response does not indicate that 
the potential difference across the new inductor of nonnegligible resistance is nonzero when steady-state 
conditions are established. 
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