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AP PHYSICS C: ELECTRICITY AND MAGNETISM 2026 = FREE-RESPONSE QUESTIONS

The following information applies to parts A and B.

3. In Experiment 1, students are asked to collect data that can be graphed to determine the
inductance L, of an inductor. The students have access to multiple charged capacitors, each of a
different known capacitance, and a voltmeter that measures potential difference as a function
of time. In each trial, the inductor is connected to a charged capacitor and an initially open
switch, as shown in Figure 1.

Figure 1

Part A
i. Indicate quantities that could be measured by the students that would allow them to
determine Z; using a linear graph.

ii. Briefly describe a method to reduce experimental uncertainty.
PartB
i. Indicate what quantities the students could graph on the horizontal and vertical axes to

create a linear graph that can be used to determine L, .

ii. Briefly describe the relationship between L, and a feature of the graph from part B (i).
Your answer may include an equation that relates 2, and the chosen feature of the
graph.
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AP PHYSICS C: ELECTRICITY AND MAGNETISM 2026 = FREE-RESPONSE QUESTIONS

The following information applies to parts C and D.

In Experiment 2, the students are asked to use a graph to determine the inductance L, of a

new inductor. The inductor is connected to a 12 V battery, a 10 Q resistor, and an initially open
switch, as shown in Figure 2.

Figure 2

N

2V= 3L,

MWV
10 Q

After the switch is closed, the current I in the circuit is measured at different times and the
corresponding rate of change of the current, %, is determined. The collected data are shown in
Table 1.

Table 1
18 | L pp
0.40 280
0.50 230
0.75 150
0.90 100
1.00 68
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Table 2 is provided in your booklet for scratch work and will not be scored.

Clearly label each axis with a numerical scale.
Plot the corresponding data points on the grid.

units, as appropriate. The graphed quantities should yield a linear graph that can be used

i. Label the axes of the grid provided with measured or calculated quantities. Include
to determine Z,.

ii. On the grid provided, create a graph of the quantities indicated in part C (i).

AP PHYSICS C: ELECTRICITY AND MAGNETISM 2026 = FREE-RESPONSE QUESTIONS
Part C

Quantity (units, if appropriate)

Quantity (units, if appropriate)

10

iii. Draw a best-fit line for the data plotted in part C (ii).
Using the best-fit line that you drew in part C (iii), calculate an experimental value for L,.

PartD
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AP® PHYSICS C: ELECTRICITY AND MAGNETISM 2026 = SCORING GUIDELINES

Question 3 Experimental Design and Analysis (LAB)

General Scoring Notes
NR (No Response): A score of NR is only assigned to responses that are blank.

VR873023 v1.0

10 points

A (i) For indicating that the potential difference across the capacitor or the inductor is
measured over time

(ii) For indicating a reasonable method of reducing experimental uncertainty
Examples of acceptable responses may include the following:
e Different capacitors are used in subsequent trials
e  Multiple trials are completed with the same capacitor
Example Response

Measure the potential difference across the capacitor as a function of time after the
switch is closed for long enough to measure the period of oscillation. Repeat the
procedure with different capacitors in subsequent trials.

Point Al

Point A2

B (i) Forindicating appropriate quantities that can be graphed to determine L, , consistent

with the response in part A (i), such as:

e Tas a function of \/E

e T?*asa function of C

|
e Angular frequency @ as a function of \/g

Scoring Note: Responses that include the reciprocals of the preceding examples, in
addition to other equivalent graphs, also earn this point.
(ii) For correctly relating an appropriate feature of the graph to L,

Example Response

Graph T as a function of 271\/6. The slope of the best-fit line is equal to \/LT

Point B1

Point B2
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AP® PHYSICS C: ELECTRICITY AND MAGNETISM 2026 = SCORING GUIDELINES

Point C1

(i) For indicating appropriate quantities that can be graphed to determine L, , for example:

C

dl
dt

AVaery — IR as a function of

dl
dt

AV, as a function of

Scoring Note: This point may be earned

If the vertical and horizontal variables are reversed

For other equivalent graphs

ii Point C2

(ii) For labeling both axes (including units where appropriate) with a linear scale

Point C3

For correctly plotting data points consistent with one of the following:

The quantities indicated in part C (i)

The quantities provided in the table

Point C4

(iii) For drawing a line or curve that approximates the trend of the plotted data

Example Response
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AP® PHYSICS C: ELECTRICITY AND MAGNETISM 2026 = SCORING GUIDELINES VR873023 v1.0

D For correctly relating the slope of the best-fit line of the graph to L, Point D1
For a value of L, that is within a range of 0.026 H to 0.032 H Point D2

Example Response

Determine the Potential Difference Across the Inductor.

AVpatery = AV, =AYV, =0
AI/L = AI/Battery - AI/R
AI/L = AI/Battery - [R
Determine the Inductance of the Inductor.
1
AV, | = et
dt
A(AY,
slope=L = M

(i)

AAV)  (77V)-(53V)

A(dij (260 A/s)—(180 A/s)
dt

~L,=0.03H
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Sample 3A Page 1 of 2

Use a pencil or a pen with black or dark blue ink. Do NOT write your name. Do NOT write outside the box.
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Question 3 continues on the next page.




Sample 3A Page 2 of 2

Use a pencil or a pen with black or dark blue ink. Do NOT write your name. Do NOT write outside the box.

PART C 5
Quantity (units, if appropriate)
12 -101 v
i T gt ot o -
e.3 1
Table 2 6

Anything you write in Table 2
will not be scored.
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Go to Question 4 when you’'re done with this question.
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Use a pencil or a pen with black or dark blue ink. Do NOT write your name. Do NOT write outside the box.
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[ __]
- Use a pencil or a pen with black or dark blue ink. Do NOT write your name. Do NOT write outside the box.
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Use a pencil or a pen with black or dark blue ink. Do NOT write your name. Do NOT write outside the box.
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Question 3 continues on the next page.




Sample 3D Page 2 of 2

[=7]
-
_ (<]
8 o
@ a nU
£ o _mm
QD
2 g <
M 2 { =r
: ] S u
= =
= =% [ — .
ke 3 & ] 7 £ B
(@] = <] 3 W 2
= wn.., b . A o
8 E = &
@ = ﬂ.b 0
5 . I =
- -t
3 - o o <
3 23 o \D) £
e 5 My ’ ®
E 5 o/ 1) S
— o ™} °
o} (=] i @
s B vl 5
a \ i o
el S Wl BV e‘;nm < = -
= ) ] B
m Q m o | .m v M...W <ﬁau. Mmum O P " M .
o T . 3
¥ .m " fm Ww « A
© c
M mn.r O qw S =
B o ™7 @
% F< | o T » ¢ ®
M % e ] v o
E= 'E E & o
3 & =N wel -
=i+ g =
45 =
o | Ere 22 -
5 E Yt FiE ol S "
5 § P Tt A - R
SO I ? ¥
™ -
© . z " _
3 (& ] a "
M (14 L =
& &




Sample 3E Page 1 of 2

Use a pencil or a pen with black or dark blue ink. Do NOT write your name. Do NOT write outside the box.
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Question 3 continues on the next page.
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e
Use a pencil or a pen with black or dark blue ink. Do NOT write your name. Do NOT write outside the box. -
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Use a pencil or a pen with black or dark blue ink. Do NOT write your name. Do NOT write outside the box.
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Question 3 continues on the next page.
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E— 1

- Use a pencil or a pen with black or dark blue ink. Do NOT write your name. Do NOT write outside the box.
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Use a pencil or a pen with black or dark blue ink. Do NOT write your name. Do NOT write outside the box.
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Question 3 continues on the next page.
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Go to Question 4 when you're done with this question.
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AP PHYSICS C: ELECTRICITY AND MAGNETISM 2026 = SCORING COMMENTARY

Question 3

Sample Identifier: PCEM Sample 3A

Score: 10

Point Al was earned. The response indicates that the potential difference across the capacitor
is measured over time.

Point A2 was earned. The response indicates that multiple trials could be used to reduce
uncertainty. Multiple capacitors are used, and each capacitor is used multiple times. Either of
those claims by itself is sufficient to earn this point.

Point B1 was earned. The response indicates quantities that can be graphed to produce a
linear graph. Correct responses make use of the equation w?=1/(LC). In this case, the
substitution w=2r/T is used as well.

Point B2 was earned. The response correctly indicates that the slope of the graph would be
equal to L.

Point C1 was earned. The response indicates that the potential difference across the inductor
(which is equal to the actual quantity graphed: battery voltage - IR) and the derivative of the
current with respect to time are quantities to graph that will produce a linear graph.

Point C2 was earned. The response includes appropriate labels with units on the axes, and
the graph has a linear scale.

Point C3 was earned. The response correctly plots points that are consistent with the
quantities labeled in part C (i).

Point C4 was earned. The response includes a best-fit line that approximates the trend of the
plotted data.

Point D1 was earned. The response correctly indicates that the slope of the best-fit line is
equal to L.

Point D2 was earned. The calculated value of inductance is between 0.026 H and 0.032 H.

Sample Identifier: PCEM Sample 3B

Score: 9

Point Al was earned. The response does indicate that the potential difference was measured
over a time interval.

Point A2 was earned. The response indicates that multiple trials could be used to reduce
uncertainty.

Point B1 was earned. The response indicates that (7/2m)? and C can be graphed to produce a
linear graph.

Point B2 was earned. The response indicates that the slope of the graph would be equal to L;.
Point C1 was earned. The response indicates that the potential difference across the inductor
and the derivative of the current with respect to time are quantities that will produce a linear
graph.

Point C2 was earned. The response includes appropriate labels with units on the axes, and
the graph has a linear scale.

Point C3 was earned. The points plotted on the graph are consistent with the quantities
labeled in part C (i).

Point C4 was earned. The response includes a best fit line that approximates the trend of the
plotted data.
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Point D1 was earned. The response indicates that the slope of the best-fit line is equal to L.
Point D2 was not earned. The value for L is not between 0.026 H and 0.032 H.

Sample Identifier: PCEM Sample 3C

Score: 8

Point A1l was earned. The response indicates that the period T of a voltage vs time graph was
measured.

Point A2 was earned. The response indicates that multiple trials could be used to reduce
uncertainty.

Point B1 was earned. The response does indicate two variables that produce a linear graph,
period squared and capacitance.

Point B2 was earned. The response correctly states how the slope is related to L.

Point C1 was earned. The response indicates that the potential difference across the resistor
and the derivative of the current with respect to time are quantities that produce a linear
graph.

Point C2 was earned. The response includes appropriate labels with units on the axes, and
the graph has a linear scale.

Point C3 was earned. The points plotted on the graph are consistent with the quantities
labeled in part C (i).

Point C4 was earned. The response includes a best fit line that approximates the trend of the
plotted data.

Point D1 was not earned. The response does not indicate a correct relationship between the
slope of the best-fit line and L.

Point D2 was not earned. The response does not have a value for L that is between 0.026 H
and 0.032 H.

Sample Identifier: PCEM Sample 3D

Score: 8

Point A1l was earned. The response indicates that the potential difference is measured over
time.

Point A2 was earned. The response indicates that multiple trials could be used to reduce
uncertainty.

Point B1 was earned. The response does indicate two variables that produce a linear graph.
Point B2 was earned. The response correctly indicates how slope relates to L.

Point C1 was earned. The response indicates that the derivative of the current with respect to
time and current are quantities that produce a linear graph.

Point C2 was earned. The response includes appropriate labels with units on the axes, and
the graph has a linear scale.

Point C3 was earned. The points plotted on the graph are consistent with the quantities
labeled in part C (i).

Point C4 was earned. The response includes a best fit line that approximates the trend of the
plotted data.
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Point D1 was not earned. The response does not indicate a correct relationship between the
slope of the best-fit line and L.

Point D2 was not earned. The response does not have a value for L, that is between 0.026 H
and 0.032 H.

Sample Identifier: PCEM Sample 3E

Score: 6

Point A1l was earned. The response indicates that the potential difference across the device is
measured over time.

Point A2 was earned. The response indicates that multiple capacitors could be used to reduce
uncertainty.

Point B1 was not earned. The response does not indicate two variables that produce a linear
graph.

Point B2 was not earned. The response does not indicate the use of a feature of the graph to
find L1.

Point C1 was earned. The response indicates that the current and the derivative of the current
with respect to time are quantities that produce a linear graph.

Point C2 was earned. The response includes appropriate labels with units on the axes, and
the graph has a linear scale.

Point C3 was earned. The points plotted on the graph are consistent with the quantities
labeled in part C (i).

Point C4 was earned. The response includes a best-fit line that approximates the trend of the
plotted data.

Point D1 was not earned. The response does not indicate how the slope of the best-fit line is
related to Lo.

Point D2 was not earned. The response does not have a value for L, that is between 0.026 H
and 0.032 H.

Sample Identifier: PCEM Sample 3F

Score: 5

Point Al was not earned. The response does not indicate that the potential difference over
time was measured.

Point A2 was earned. The response indicates that multiple trials could be used to reduce
uncertainty.

Point B1 was not earned. The response does not indicate two variables that will produce a
linear graph.

Point B2 was not earned. The response does not indicate the use of a feature of the graph to
find L1.

Point C1 was earned. The response indicates that the current and the derivative of the current
with respect to time are the quantities to graph to produce a linear graph.

Point C2 was earned. The response includes appropriate labels with units on the axes, and
the graph has a linear scale.

Point C3 was earned. The points plotted on the graph are consistent with the quantities
labeled in part C (i).
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Point C4 was earned. The response includes a best-fit line that approximates the trend of the
plotted data.

Point D1 was not earned. The response does not indicate how the slope of the best-fit line is
related to L.

Point D2 was not earned. The value for L is not between 0.026 H and 0.032 H.

Sample Identifier: PCEM Sample 3G

Score: 4

Point A1l was not earned. The response does not indicate that the potential difference over
time was measured.

Point A2 was not earned. The response does not indicate a method to reduce uncertainty.
Point B1 was not earned. The response does not indicate two variables that will produce a
linear graph.

Point B2 was not earned. The response does not indicate the use of a feature of the linear
graph to find L.

Point C1 was earned. The response indicates that the (negative) current and the derivative of
the current with respect to time are the quantities to graph to produce a linear graph.

Point C2 was earned. The response includes appropriate labels with units on the axes, and
the graph has a linear scale.

Point C3 was earned. The points plotted on the graph are consistent with the quantities in
Table 2.

Point C4 was earned. The response includes a best-fit line that approximates the trend of the
plotted data.

Point D1 was not earned. The response does not indicate how the slope of the best-fit line is
related to Lo.

Point D2 was not earned. The value for L is not between 0.026 H and 0.032 H.

Sample Identifier: PCEM Sample 3H

Score: 3

Point Al was earned. The response does indicate that the potential difference over time was
measured.

Point A2 was earned. The response indicates that multiple trials could be used to reduce
uncertainty.

Point B1 was not earned. The response does not indicate two variables that will produce a
linear graph allowing the determination of L.

Point B2 was not earned. The response does not indicate the use of a feature of a linear graph
to find L.

Point C1 was not earned. The response indicates that the emf and the time are the quantities
to graph to produce a linear graph to determine L, which is incorrect.

Point C2 was not earned. The response includes appropriate labels with units on the axes,
but the horizontal axis does not have a linear scale.

Point C3 was not earned. There are no times listed that can be plotted.

Point C4 was earned. The response includes a best-fit line that approximates the trend of the
plotted data.
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e Point D1 was not earned. The response does not correctly indicate how the slope of the best-
fit line is related to L.

e Point D2 was not earned. The response does not contain a value for L, between 0.026 H and
0.032 H.
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