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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 1 point
OR

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 1 point

the resistor

Example Responses
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Total for part (a) 4 points

(b) For using an appropriate loop equation 1 point

Example Response

o . . . . ) 1 point
For correctly substituting % and /R in a loop equation consistent with the first point P

Example Response

9 _
C IR
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1 point

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

for the current

dgq

includes a substitution of 7

dt

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

Total for part (b) 3 points

1 point

For drawing an appropriate best-fit line
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Example Response
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(c)(ii) For using an appropriate equation to relate the unknown capacitance to the data 1 point

Example Response

_yoyre V() yre . (VO ot
V(t)=Ve A =e s n v )~ RC

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

4

A@“(VTD _ (070 -(-040)) _ | o
At (0.545-10.305) )

slope =

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
slope = ——— .. C = = = S5uF
RC slope x (R)  (-1.25 s™") x (150 kQ)
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 1 point
battery on the slope of the graph at # = 0

Example Response

No. The capacitor still discharges only though resistor R, so the slope is the same.
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(e)(ii)) For selecting “No” AND correctly describing the effects of the internal resistance of the 1 point
battery on the initial value of the graph

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 (¢) 2 points

Total for question 2 15 points

© 2022 College Board
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Question 2

Bégnlnyourrospometoﬂumzonmpage.

2. The plates of a certain variable capacitor have an adjustable area. An experiment is performed to study the
potential difference across the capacitor as it discharges through a resistor. A circuit is to be constructed with the
following available equipment: a single ideal battery of potential difference AV}, a single voltmeter, a single
resistor of resistance R, a single uncharged variable capacitor set to capacitance C, and one or more switches as
needed.

Variable
Battery  Voltmeter  Resistor  Capacitor  Switch

- O w- e

(a) Using the symbols shown, draw a schematic diagram of a circuit that can charge the capacitor and may also be
used to study the potential difference across the capacitor as it discharges through the resistor.

i

The capacitor is fully charged by the battery. At time ¢ = 0, the capacitor starts discharging through the resistor.

.
(b) Show that the potential difference AV, across the capacitor as a function of time ¢ is AVq(f) = AVpe K€ as

the capacitor discharges.
IU "T'\ﬂ_-. 0 Q{'Eb;uu-t.-llr/p_‘_
a - ~&/,
o - 8 AV L) = V, e e
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Question 2

-

- 7

Continue your response to QUESTION 2 on this page.

(c) The experiment is performed using a resistor of R = 150 k). Data for the potential difference AV, across the

]nsaﬁmctionofriscmtedonmegraph

AV,
AV,

capacitor as a function of ¢ are recorded and a plot of In

below,
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i. Draw the best-fit line for the data.

ii. Using the best-fit line, calculate a value for the unknown capacitance C.
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Question 2

Continue your response to QUESTION 2 on this page.

(d) The capacitor is adjusted so that the surface area of the plates is increased, and the experiment is repeated.
Would the slope of the best-fit line in the second ex nt be more steep, less steep, or unchanged compared
to the slope of the best-fit line in part (c)?

—_ More steep _.Z Less steep — Unchanged

Briefly justify your answer.

(- kto A AT LY (e

d hn.'.\upd. vo lavencly p-urm'\m-" R lu pas e
Svun hous .‘- CQL'O.UJW_;. wirhk o Al rceie

dve N an wmerteg on .Anan, h\.— slope waudd
bovte fo 30 less shearp.
(e) The ideal battery is then replaced with a non-ideal battery with internal resistance r, and the experiment is
repeated.

i. Would the slope of the graph in this final experiment change compared to the graph in part (c)?

_Z Yes —_No

Briefly justify your answer.

Albve.ga 9 wow I rmads '{'MI{“W)‘I'—J ot ¥ oreken b
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ii. Would the vertical intercept of the graph in this final experiment change compared to the graph in part (c)?
—Yes ;/No
Briefly justify your answer.
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—

Question 2

Begin your response to QUESTION 2 on this page.

2. The plates of a certain variable capacitor have an adjustable area. An experiment is performed to study the
potential difference across the capacitor as it discharges through a resistor. A circuit is to be constructed with the
following available equipment: a single ideal battery of potential difference AVj, a single voltmeter, a single
resistor of resistance R, a single uncharged variable capacitor set to capacitance C, and one or more switches as
needed.

Variable
Battery  Voltmeter  Resistor Capacitor Switch

d- O e e

(a) Using the symbols shown, draw a schematic diagram of a circuit that can charge the capacitor and may also be
used to study the potential difference across the capacitor as it discharges through the resistor.

r”

The capacitor is fully charged by the battery. At time ¢ = 0, the capacitor starts discharging through the resistor.

S
(b) Show that the potential difference AV, across the capacitor as a function of time t is AV (f) = AVje RC a5

the capacitor discharges. ;j‘..f‘: ) I:NL _d_@_ - g
L I T}
V=2 .
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1

Question 2

Continue your response to QUESTION 2 on this page.

(d) The capacitor is adjusted so that the surface area of the plates is increased, and the experiment is repeated.
Would the slope of the best-fit line in the second experiment be more steep, less steep, or unchanged compared
to the slope of the best-fit line in part (c)?

— More steep -‘I_Less steep _Unchinged

- Briefly justify your answer.

‘W'ﬁilf‘j the, surlace aren  \woull MU
Ca\fnl\’(a-hl,t Wk\d\ Wm.«l) (L&vu \/R-L u}\d\ iH
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(e) The ideal battery is then replaced with a non-ideal battery with internal resistance r, and the experiment is

i. Would the slope of the graph in this final experiment change compared to the graph in part (c)?
J_Yes —_No

Briefly justify your answer.

_\Ye ore C*u\,\'\ H\, Mfﬁ‘( ML S0 WL Gy Cl‘(ﬂ‘
C vk 135 ke Shofle ¥

ii. Would the vertical intercept of the graph in this final experiment change compared to the graph in part (c)?
Yes _‘!_ No

Briefly justify your answer.
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Question 2

Begin your response to QUESTION 2 on this page.

2. The plates of a certain variable capacitor have an adjustable area. An experiment is performed to study the
potential difference across the capacitor as it discharges through a resistor. A circuit is to be constructed with the
following available equipment: a single ideal battery of potential difference AV, a single voltmeter, a single
resistor of resistance R, a single uncharged variable capacitor set to capacitance C, and one or more switches as
needed.

Variable
Battery  Voltmeter  Resistor Capacitor Switch

- - w  H

(a) Using the symbols shown, draw a schematic diagram of a circuit that can charge the capacitor and may also be
used to study the potential difference across the capacitor as it discharges through the resistor.

. .‘M\nm(_bw) 34 a@aept

- Q:iﬂ?ﬂlfﬂ“""“@ ,

< an uncrosed capaciver € + Variohe

o | ormove SWHY AV —_— Capaeci ter

The capacitor is fully charged by the battery. At time t = 0, the capacitor starts discharging through the resistor.

ot
RC

(b) Show that the potential difference AV, across the capacitor as a function of time ¢ is AVp(f) = AVoe_ as

A
the capacitor discharges. RC
V. (©7AVe®
AV= 1R AVe de . o
- _KC at ¢
Av= RC (é Q(C) T a
Q e £
A= =
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Question 2

Continue your response to QUESTION 2 on this page.

(d) The capacitor is adjusted so that the surface area of the plates is increased, and the experiment is repeated.
Would the slope of the best-fit line in the second experiment be more steep, less steep, or unchanged compared
to the slope of the best-fit line in part (c)?

More steep _ Less steep — Unchanged

Briefly justify your answer.

A L+ Mmereareed
t%" AL TR S i
mort 5 +ef -

(e) The ideal battery is then replaced with a non-ideal battery with internal resistance r, and the experiment is
repeated.

i. Would the slope of the graph in this final experiment change compared to the graph in part (c)?

z Yes No

Briefly justify your answer.
nkgl resistonte wurd  Laufe H
TS;:WW fo decreare Hureroe e Fragn U

Luﬂfdfmau-

ii. Would the vertical intercept of the graph in this final experiment change compared to the graph in part (c)?
—Yes _\é No

Briefly justify your answer.

This becaw® (FHwre (s ne Vilkage Mp:;f; :10
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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:

o Identify the behavior of capacitors in circuits, specifically the properties of charging and discharging RC
circuits, including their time dependence.

e Draw a circuit diagram that allows a capacitor to be charged and then discharged through a resistor and
ammeter using given circuit elements.

e 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.

e Associate the parameters in an equation for an RC circuit with the characteristics of a corresponding
graph.

e 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.

e 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 % and IR are substituted into the

loop equation. The third point was earned because the differential expression / = % 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.

© 2022 College Board.
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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 % and IR are

substituted into the loop equation. The third point was earned because the differential expression / = % 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 does
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

% and /R are shown but not substituted into a loop equation. The third point was not earned because the
. . . dg . . . . . .
differential expression [ = ’n 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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