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AP® Physics C: Electricity & Magnetism 2021 Scoring Guidelines

Question 1: Free-Response Question 15 points
(a) For an indication that the capacitors act like a short circuit immediately after the switch is 1 point
closed

For using Ohm’s law to calculate the current through R, 1 point
[y _1ov)

R (1 00 Q)
I=0.10 A

Total for part (a) 2 points

(b) For correctly determining the equivalent resistance during steady-state 1 point

U U N DS I
R R, R, 300 60Q°

Rpp = Ry +Rp =100 Q+20 Q =120

Rp =200

For correctly calculating the current through the battery 1 point
AV (10V)
TR (1200Q)

1=0.083 A

The potential difference across R,
AV =(0.083 A)(100 Q) =83V

Total for part (b) 2 points

(¢) i. For using a correct equation to calculate the potential difference across C; 1 point
AV, =AV,=1IR, =(0.083 A)(20 Q) =1.67 V

For using the correct equivalent capacitance of the series combination to calculate the 1 point
charge stored in capacitor C,

1 1 1 1 1

Cs = 6.0 uF

Cs G TG T10pF T5pF
0, =0, = C,AV, =(1.67 V)(6.0 uF) =10 uC

ii. For selecting “Greater than” and attempting a relevant justification 1 point

For a correct justification 1 point

Example response for part (c)(ii)
The potential difference across the series combination of C, and C, is the same as the

potential difference across Cs; thus, capacitor C; has a greater potential difference
across its plates than C, and has a greater capacitance. Because Q = CAV , C; stores a

greater charge.

Scoring note: A justification showing a mathematical proof earns full credit.
Total for part (c) 4 points
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(d) i. For indicating that the current through R, is zero when the switch is opened 1 point
[1 = 0
ii. For indicating that the potential difference across R, is equal to the potential difference 1 point
across the capacitors before the switch was opened
AV =AV, =167V
For using Ohm’s law to calculate the current through R, 1 point
1AV _ (1.67 V)
R, (30 Q)
1=0.056 A
Total for part (d) 3 points
(e) For a curve starting at a nonzero, labeled maximum value 1 point
For a concave-up curve with the horizontal axis as an asymptote 1 point
Example response for part (e)
b.’
[
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L =1 - |
0
Total for part (e) 2 points
) For selecting “Below” and attempting a relevant justification 1 point
For a correct justification 1 point

Example response for part (f)

Because the equivalent capacitance of the circuit would decrease, the time constant would
also decrease. Thus the capacitors would discharge more rapidly, and the new curve

would be below the original curve.

Total for part (f) 2 points

Total for question 1 15 points
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Begin your response to QUESTION 1 on this page.
PHYSICS C: ELECTRICITY AND MAGNETISM
SECTION I
Time—45 minutes
3 Questions

Directions: Answer all three questions. The suggested time is about 15 minutes for answering each of the questions,
which are worth 15 points each. The parts within a question may not have equal wcighl Show all your work in this
booklet in the spaces provided after each part.

AMA

| m=1000 .‘ | 'l'c,=1‘)
OVE  R=3003Z IR=60Q — Cy=20 yF
s |er e
' 44.7 @

1. The circuit shown above is composed of an ideal 10 V battery, three resistors and three capacitors with the
values shown, and an open switch S. The capacitors are initially uncharged. Switch S is now closed.

(a) Calculate the current through R; immediately after switch S is closed.

V=IR oA
o= I Do/t T = .1 A

Switch S has been closed for a long time, and the circuit has reached a steady state.
(b) Calculate the potential difference across R;.

V=T, R T,= .09  |00o-.0%3 =V

© IIDV5T-M u: s’_gv
i. Calculate lhecharge stored on the positive plate of capacitor C;.
("7*-— =Gy o~ %3-2‘5 0.2 = Q"

@ C-;-:GPF .7= &’

ii. Is the charge stored on capacitor C greater than, less than, or equal to the charge stored on capacitor C, ?

_.E_Gmaterﬂun — Less than —__Equalto Q
. _ @ = 34
Justify your answer. PR ‘ 7= — -0
becandt J"q Ua'“u’l o 'Z.GA/)”W
Wwhes awe  Cs ;W.u QB

(
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Continue your response to QUESTION 1 on this page.
Switch S is then opened.,
(d)
i. Determine the current through R, immediately after the switch is opened.

OA

ii. Calculate the current through R; immediately after the switch is opened.
V=TR
L 7y=T-30 T7-OSFA

(e) On the axes below, sketch a graph of the potential difference V across capacitor C as a function of time ¢
if switch S is opened at time t = 0, Label the maximum value,

Capacitor Cj is replaced by two 10yF capacitors connected in series, switch S is closed, and the circuit
reaches equilibrium. Switch S is then opened at time ¢ = 0,

(f) For ¢ > 0, would the sketch of a graph of the new voltage across C; as a function of time be above, below,
or the same as the sketch for part (e) ?

Below )Qﬁ_ The same

Above

Justify your answer.

bowmse e IOuF Gpuihos ad (i Bawe o
Ons w/u,F&/uafﬁr
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Begin your response to QUESTION 1 on this page.
PHYSICS C: ELECTRICITY AND MAGNETISM
SECTION II
Time—45 minutes

3 Questions

Directions: Answer all three questions. The suggested time is about 15 minutes for answering each of the questions,
which are worth 15 points each. The parts within a question may not have equal weight. Show all yonr*rkm this

booklet in the spaces provided after each part. &,, &\f

.| Ri=100Q c,=1o _L - ©
OVE  R=3003 3R=600 o

C3=20
T Ca= 15 WF T 3=20uF

S

1. The circuit shown above is composed of an ideal 10 V battery, three resistors and three capacitors with the
values shown, and an open switch S. The capacitors are initially uncharged. Switch S is now closed.

(a) Calculate the current through R; immediately after switch S is closed.

V-TR =7 T=¥% 12— - p\4

R \00
Switch S has been closed for a long time, and the circuit has reached a steady state.
e {
(b) Calculate the potential difference across R;. - =, _— .:'bf)
O% - Tood- T (720)=D "0 B
oY = LO o
© V=
lcCaiculmethechargestmdontbcpoa veplatl:Ll‘cc)al:lt%J l@(,ﬁ?.-\@
-b
Q=CV = (IS0 20c $ -8
- .8 x0T C RN

n)echargestomdoncapacltoﬂ:'_grcawrﬂmnlesstlmn.orequaltothechugenoredouca.pacnorcz?
Greaterthan  ____ Lessthan  _\_ Equalto =N

Justify your answer. ' | ‘%ﬂ?}{JO)
Chovpf wale Al fogt himee =2 x10" -U

Capartance avo (_1\11_ L. (,3\;

Unauthorized copying or reuse of this page is llegal. Page 2 GO ON TO THE NEXT PAGE.




EQ1B2of2

GonﬂnueyourrupormtoﬂUlﬁiONﬁonmhptpa

Switch S is then opened.
(d)
i. Determine the current through R; inimdiately after the switch

O A

R A
ii. Calculate the current through R, immediately after the switch:is opened. AR

V=T R ~
10 =T L2od @ =0.48 Q

(¢) On the axes below, sketch a graph of the potential difference V
if switch 8 is opened at time ¢ = 0. Label the maximum value.

.isopened.

br20="Ww

across capacitor C; asafumtionoftimer!

Vv

[l I
[

i

1

i

i

i

O

. i
Capacitor Cs ls,'t'eplacedbytwo 10puF capacmconnecledmlerivei,switchs is closed, and the circuit

reachueqmlibdum. Switch S is then opened at time ¢ = 0,

(f)Fort > 0, waﬂdlhesketchofamphoﬁhemwvoiﬂgem
or the same as the sketch for part (e) ?

Above __ Below The same

Justify your answer.

=V, if copaotoance Oertoses, !'lrm\/ol}w}a

nureases becoued C’W
e o el (s optna.
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GO ON TO THE NEXT PAGE.




EQ1C1o0of2

Begin your response to QUESTION 1 on this page.
PHYSICS C: ELECTRICITY AND MAGNETISM
SECTION II
Time—45 minutes

3 Questions

Directions: Answer all three questions. The suggested time is about 15 minutes for answering each of the questions,
which are worth 15 points each. The parts within a question may not have equal weight. Show all your work in this
booklet in the spaces provided after each part.

AV
N RI=IDOQ : : lcl.]ouF
V= R,=30Q3 3IR=600Q Cy=20uF
] s ' Ta=tw T
-

1. The circuit shown above is composed of an ideal 10 V battery, three resistors and three capacitors with the
values shown, and an open switch S. The capacitors are initially uncharged. Switch S is now closed.

(a) Calculate the current through R; immediately after switch S is closed.

Py iy
L

Switch S has been closed for a long time, and the circuit has reached a steady state.

(b) Calculate the potential difference across R).

:.Q-f U - u“""
A T=3" |

¢

© re
i. Calculate the charge stored on the positive plate of capacitor C;.

: - )\
M’-% U‘,"l-,,ﬁ"”wls) 140 = -Lﬁ-’) o
\JL*. 1‘)0 . Q,‘ \50(/
ii. Is the charge stored on capacitor C5 greater than, less than, or equal to the charge stored on capacitor C; ?
__ Greater than y! Less than — Equalto

Justify your answer.
by ks o lwor Gyoitdane  thon (; % L
ot holl  wore (rhaﬂ;b
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Continue your response to QUESTION 1 on this page.
Switch S is then opened.
(d)
i. Determine the current through R, immediately after the switch is opened.

ii. Calculate the current through R, immediately after the switch is opened.

(e) On the axes below, sketch a graph of the potential difference V across capacitor C; as a function of time ¢
if switch S is opened at time ¢ = 0. Label the maximum value.

e ————————— ——

o

Capacitor C is replaced by two 10uF capacitors connected in series, switch S is closed, and the circuit
reaches equilibrium. Switch S is then opened at time r = 0.

(f) For t > 0, would the sketch of a graph of the new voltage across C; as a function of time be above, below,
or the same as the sketch for part (e) ?

Below _l The same

Above

Justify your answer.

Tt cnow Gogdihues world Sl equl o fofel

" of TopF on the cthercsife of +he
paralel Cieelt 5 3 wwafq” changt vihot floppmd 1 (o
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AP® Physics C: Electricity and Magnetism 2021 Scoring Commentary

Question 1
Note: Student samples are quoted verbatim and may contain spelling and grammatical errors.

Overview

The responses were expected to demonstrate the ability to:

e Identify a short in a circuit.

¢ Recognize that the steady-state current is zero in branches with fully-charged capacitors.

e Determine the potential difference across charged capacitors, wired in series and/or in parallel.

e Determine the potential difference across a resistor with charge flowing through it and across resistors
wired in series and/or in parallel.

¢ Identify equipotentials in a circuit.

e Analyze how changes in the overall capacitance affect the time it takes for capacitors to discharge and to
model these changes graphically.

e Relate the charge stored on a capacitor to its capacitance and the potential difference across it.

¢ Relate the current in a resistor to its resistance and the potential difference across it.

Sample: EQl1 A
Score: 13

Part (a) earned 2 points. The first point was earned for indicating that the resistance of the circuit at t =0 is

100 Q. The second point was earned for using Ohm’s law to calculate current. Part (b) earned 2 points. The
first point was earned for determining the equivalent resistance of 120 Q. The second point was earned for
calculating the current through the battery to determine the potential difference across R;. Part (c)(i) earned

2 points. The first point was earned for using a correct equation to determine the potential difference across Cs
or Ci2. The second point was earned for using the equivalent capacitance of C; . to determine the charge on C..
Part (c)(ii) earned 2 points. The first point was earned for checking “Greater than” and attempting a relevant
justification. The second point was earned for identifying that AV; > AV;, that C; > Cz, and that Q = CAV.

Part (d)(i) earned 1 point. The point was earned for indicating that the loop containing R; is now open,
resulting in 0 A in R;. Part (d)(ii) earned 2 points. The first point was earned for identifying the correct potential
difference across R.. The second point was earned for using 30 Q to calculate the current through R». Part (e)
earned 2 points. The first point was earned for starting the graph on the vertical axis with a labeled maximum
value. The second point was earned for a concave up curve with the horizontal axis as the asymptote. Part (f)
earned no points. The first point was not earned because “The same” is checked. The second point was not
earned because any reference to a decreased equivalent capacitance causing the capacitor to discharge more
rapidly is omitted.

© 2021 College Board.
Visit College Board on the web: collegeboard.org.
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Question 1 (continued)

Sample: EQ1 B
Score: 8

Part (a) earned 2 points. The first point was earned for indicating that the resistance of the circuit at t =0 is

100 Q. The second point was earned for using Ohm’s law to calculate current. Part (b) earned 2 points. The
first point was earned for determining the equivalent resistance is 120 Q as implied by the loop rule. The
second point was earned for calculating the current through the battery to determine the potential difference
across R;. Part (c)(i) earned no points. The first point was not earned because a reference to the correct
potential difference across Cs or C; 2 is omitted. The second point was not earned because the capacitance of
C.is used to determine the charge on C; instead of the equivalent capacitance of C .. Part (c)(ii) earned

1 point. The first point was earned for checking “Greater than” and attempting a relevant justification. The
second point was not earned because the response uses 10 V across Cs. Part (d)(i) earned 1 point. The point
was earned for indicating that the loop containing R; is now open, resulting in 0 A in R;. Part (d)(ii) earned no
points. The first point was not earned because the correct potential difference across the capacitors, just before
and just after the switch was opened, is not used. The second point was not earned because the resistance of
Rz, 30 Q, is not used to calculate the current. Part (e) earned 2 points. The first point was earned for starting the
graph on the vertical axis with a labeled maximum value. The second point was earned for a concave up
sketch with the horizontal axis as the asymptote. Part (f) earned no points. The first point was not earned
because the “Above” box is checked. The second point was not earned because any reference to the decreased
overall capacitance and its effect on the rate of discharge is omitted.

Sample: EQ1 C
Score: 2

Part (a) earned 2 points. The first point was earned for indicating that the resistance of the circuit at t =0 is
100 . The second point was earned for using Ohm’s law to calculate current. Part (b) earned no points. The
first point was not earned because an incorrect equivalent resistance when the capacitors are fully charged is
used. The second point was not earned because the response does not include a current calculation to
determine the potential difference across R.. Part (c)(i) earned no points. The first point was not earned
because an incorrect value for the potential difference across the branch with C; and C; is used. The second
point was not earned because an incorrect value for the equivalent capacitance is used. Part (c)(ii) earned no
points. The first point was not earned because “Less than” is checked. The second point was not earned
because the justification omits AV3 > AV.. Part (d)(i) earned no points. The first point was not earned because
the response is left blank. Part (d)(ii) earned no points. The first point was not earned because the response is
left blank. The second point was not earned because the response is left blank. Part (e) earned no points. The
first point was not earned because the sketch starts at a minimum value. The second point was not earned
because the curve presented is concave down. Part (f) earned no points. The first point was not earned because
“The same” is checked. The second point was not earned because any reference to the decreased overall
capacitance and its effect on the rate of discharge is omitted.
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