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AP® Physics C: Electricity and Magnetism 2024 Scoring Guidelines

Question 1: Free-Response Question

15 points

()

For using a correct equation for electric flux

1 point

Example Response

For the correct numerical answer

Scoring Note: Correct units are not required to earn this point.

1 point

Example Response

N - m?

D, =113
£ C

Example Solution

1.0x107° C

C2
2

8.85x 10712
N-m

N - m?

D, =113

Total for part (a)

2 points

(b)()

For indicating that Wy = 0

1 point

For drawing a bar representing Wy, that has a height of approximately one and a half units

1 point

Example Response

Work

© 2024 College Board



AP® Physics C: Electricity and Magnetism 2024 Scoring Guidelines

(b)(ii) For using an equation that relates the electric field to potential difference 1 point

Scoring Note: This point can be earned if the response begins with a correct relationship
between electric field and potential difference in which numerical values are already
substituted.

Example Responses

dv dV AV ~
E, ==, OR E,| = ‘—d—y OR |E,|= ‘—A—y OR AV =-[E-dF
For correct substitutions of values of electric potential and the distance between equipotential 1 point

lines that can be used to calculate the approximate magnitude of the electric field at
Position B

Example Response

200V - (-10.0V)
1.4m

|Ey| - ‘_

Example Solution

dv
E =_47
dv
R
AV
|£,| = A
|E _| =200V - (=10.0 V)|
e 1.4m |
v
|E,| = 71—
Total for part (b) 4 points
() For selecting only —y with an attempt at a relevant justification 1 point
For indicating that the direction of the electric field vector is perpendicular to a line that is 1 point

tangent to the equipotential line at Position C

For indicating one of the following: 1 point

e The test charge moves from a higher electric potential to a lower electric potential.
o The test charge and the rod have charges of the opposite sign.
e The test charge and the sphere have charges of the same sign.

Example Response

—y . The direction of an electric field vector is perpendicular to an equipotential line. Because

the test charge has a positive charge, the test charge would move from a position of higher
electric potential to a position of lower electric potential when an electric force is exerted on
the test charge. Therefore, at Position C, the electric force is downward because that is the
direction that is perpendicular to the equipotential line and in the direction of decreasing
electric potential.

Total for part (¢) 3 points
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AP® Physics C: Electricity and Magnetism 2024 Scoring Guidelines

(d)(i) For using an appropriate equation for determining the electric potential from a line of uniform 1 point
charge
Example Responses

_ 1 4 y-_L1 [dq - _(E.ar
s D - OR s [“L orR AV =-[E-ar
For a correct determination of #, the distance between Point P and a point on the line of 1 point

uniform charge
Example Responses

_ 0 B 1
VP—kaP_y OR Vp_kj g dq

For a correct integral with A4 dy substituted for dg 1 point

Example Response

p = _kﬂj(yp y)dy

For the correct limits of integration 1 point
Example Response

1

2L 1
Ve = —kA d
' Myp—yJ g
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AP® Physics C: Electricity and Magnetism 2024 Scoring Guidelines

Example Solutions

_ 49
V_47rgozri
1
e = k][5
’ IYP_Y 1
dg =-A4dy
VP=—k/1j( ! )dy
yp—y
v kﬂu( L jd
b 0 \p =V 4

Vo = k2In(yp — ») 5= —kAIn(yp — ») I3,
vl )

OR

AV =-[E - dF

E) = [ dg

I 1
0= [ =)

y y 1 1
L (e L

y—2L 'y
_ JYp
Ve = k/un(yp —2Lj
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AP® Physics C: Electricity and Magnetism 2024 Scoring Guidelines

(d)(ii) For sketching a curve or line that continually approaches the horizontal axis as position 1 point

increases

For sketching a concave down curve that is always negative

1 point

Example Response

E

¥
]

8L

0L  12L

Total for part (d) 6 points

Total for question 1 15 points
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PCEM Q1 Sample A p2 of 5

Question 1

Continue your response to QUESTION 1 on this page.

A positive test charge (not shown) is placed and held at rest at Position C. An external force is applied to0 the test
charge to move the test charge to different positions in the order of C—E—D-—A. The test charge is held
momentarily at rest at each position.

(b) The bar shown in Figure 2 represents the absolute value of the work Wcp done by the external force on the
test charge to move the test charge from Position C to Position E.

i. Complete the following tasks on Figure 2.

* Draw a bar to represent the relative absolute value of the work Wgp, done by the externa! force
on the test charge to move the test charge from Position E to Position D.

* Draw a bar to represent the relative absolute value of the work Wp, done by the external force
on the test charge to move the test charge from Position D to Position A.

* The height of each bar should be proportional to the value of Wcg. If Wep = 0 and/or Wpu, = 0,
write a “0” in the corresponding columns, as appropriate.

Work

R ——

C 2er®

Figure 2

ii. Calculate the approximate magnitude of the x-component of the electric field at Position B.

- Q0 - (-1\0)
er o - Us)
Aav 3 0.\ ‘g2

& - [ 28s
-4
s 1 w3 L
W\
Unautharized copying or reuse of this page is Hliegal. Paca 3 GO ON TO THE NEXT PAGE.

Use a pencl or a pen with black or dark blue ink. Do NOT wrtte your name. Do NOT write outside the box.
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PCEM Q1 Sample A p4 of 5

Question 1

Continue your response to QUESTION 1 on this page.

Roj_lw
A5 J
Figure 3

The sphere and the test charge are removed. The rod has length 2L and uniform negative linear charge
density —A. The rod is held at rest on the y-axis in the orientation shown in Figure 3. Position P (not sbown) is
located on the y-axis adistance yp from the origin, where yp > 2L.

Unauthorized copying or reuse of this page is illegal.

Page 5

. . : Ip
d) The electr al Y} = -k Iln| ——|
(d) The electric potential Vp at yp is Vp = —k4 ) fleren(e
i. Using integral calculus, derive the expression for Vp provided. st and end
£ 60 . 46 5,/ petentio]
av s LS “ar | ° ! y
Ve * - LA lﬂ\f\ ‘ I" “’y'-n.
» v?® .X i_d_q Yy b ’H-J
(e
2 d :
T - . QY -
‘\ - kA \Y\\ \{9l¢ LA n \\'p-' 2
= - a e

} &
: _n[ n | Iv \' 1y \YP‘JL]’

Y
o)

GO ON TO THE NEXT PAGE.

kA n

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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PCEM Q1 Sample B p2 of 5

® Question 1 -
-

-

Continue your response to QUESTION 1 on this page. ar

-

-

-

A positive test charge (not shown) is placed and held at rest at Position C. An external force is applied to the test -
charge to move the test charge to different positions in the order of C—+E—D—A. The test charge is held :
momentarily at rest at each position. -
(b) The bar shown in Figure 2 represents the absolute value of the work W done by the external force on the :
test charge to move the test charge from Position C to Position E. -

i. Complete the following tasks on Figure 2. :

* Draw a bar to represent the relative absolute value of the work Wgp done by the external force -

on the test charge to move the test charge from Position E to Position D. -

*» Draw a bar to represent the relative absolute value of the work Wp, done by the external force :

on the test charge to move the test charge from Position D to Position A. ==

* The height of each bar should be proportional to the value of Weg. If Wgp = 0 and/or Wp, = 0, -
write a ‘0" in the corresponding columns, as appropriate. =

-

-

-

............................ =

____________________________ -

-

____________________________ -

-

Work | __ | [ ] —

-

i ol e S -

/ -

- - - - - - o - - - - -

& ! ' -

b = = a— e e e oo -

Wee Wen Wpa -

-

Figure 2 ad

f"

-

ii. Calculate the approximate magnitude of the x-component of the electric field at Position B. :

-

N "L’ = -

L~ \ N ﬁ—u -

<0 - (-10) =

- -

\ % sIhay F = : -

—&y 1->2 -

-

-

-

Unauthorized copying or feuse of this page is liiegal. Page 3 GO ON TO THE NEXT PAGE. :
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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o
] Question 1

Continue your response to QUESTION 1 on this page.

+y
+12L
+10L
18L
T6L
+4L

Rod 2L
25"

Figure 3

The sphere and the test charge are removed. The rod has length 2L and uniform negative linear charge
density —A. The rod is held at rest on the y-axis in the orientation shown in Figure 3. Position P (not mg) is

located on the y-axis a distance Yp from the origin, where y, > 2L. k)\ >

y 8

(d) The electric potential Vp at yp is Vp = —kA ln[ y—._".z_L i q/
P —

i. Using integral calculus, derive the expression for Vp provided.

a - -§ E4F

Unauthorized copying or reuse of this page is iegal. Page 5 GO ON TO THE NEXT PAGE.

Uss a pencll 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 1

Begin your response to QUESTION 1 on this page.

PHYSICS C: ELECTRICITY AND MAGNETISM
SECTION I
Time—4S minates
3 Questions

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

+y

Figure 1

1. A nooconducting rod of unifurm negative linear charge density is near a spbere with charge +1.0nC. The rod and
spbere arc held at rest on the y-axis, as shown in Figure 1. Equipotential lines and pogitions A, B, C, D, and B
are labeled. Adjacent tick marks on the x-axis and on the y-axis are 0.40 m apart.

(2) Calculate the absolute yajye of the electric flux through the Gaussian surface whose cross section is the 00 V

equipatential line. ) %__c-{\ n=tInl
:Q—E:§EAA‘O £o — .| L" g iE
lnC | — n
z — d’ .z
EAws? e |2
Unauthorized copying or reuse of this page is lliegal. 2 o GO ON TO THE NEXT PAGE.

Uss a pencll 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 1

PCEM Q1 Sample C p2 of 5

momentarily at rest at each position.

Continue your response to QUESTION 1 on this page.

A positive test charge (not shown) is placed and held at rest at Position C. An extermnal force is applied to the test
charge to move the test charge to different positions in the order of C—E—D—A. The test charge is held

(b) The bar shown in Figure 2 represents the absolute value of the work Wy done by the external force on the
test charge to move the test charge from Position C to Position E.

i. Complete the following tasks on Figure 2.

* Draw a bar to represeat the relative absolute value of the work Wgp done by the external force
on the test charge to move the test charge from Position E to Position D.

Work |

* Draw a bar to represent the relative absolute value of the work Wy, done by the external force
on the test charge to move the test charge from Position D to Position A.

* The height of each bar should be propartional to the value of Wcg. If Wgp = 0 and/or Wp, = 0,
write a “0” in the corresponding columns, as appropriate.

UF\%e&\

¥ 92

Unautharized copying or reuse of this page is hegal.

Figure 2

ii. Calculate the approximate magnitude of the x-component of the electric field at Position B.

C kG

F
: k8 «E=g

_ ke
z C F= e

e

Page 3 GO ON TO THE NEXT PAGE.

Use apondloraponwlhbteckofdarkblue ink. Do NOT write your name. Do NOT write outside the box.



PCEM Q1 Sample C p3 of 5



PCEM Q1 Sample C p4 of 5

® Question 1

Continue your response to QUESTION 1 on this page.

‘
.

+y
b
+10L
18L
16L
14L

Roj_lu
254

Figure 3

The spbere and the test charge are removed. The rod has length 2L and uniform negative linear charge
density —A. The rod is held at rest on the y-axis in the orientation shown in Figure 3. Position P (not shown) is
located on the y-axis a distance yp, from the origin, where yp > 2L.

Yp

(d) The electric potential Vp at yp is Vp = —ki ln 5
yp—2L

i. Using integral calculus, derive the expression for Vp provided.
!

g\)p c jOZ-LMXln (525.) NE (;‘3;“

o o*ld
1
Voo -WA ZL
0.4
Unauthorized copying or reuse of this page ie Hlegal. Page 5 GO ON TO THE NEXT PAGE.

Use a pencll or a pen with black or dark biue ink. Do NOT write your name. Do NOT write outside the box.
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AP® Physics C: Electricity and Magnetism 2024 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 Determine the absolute value of the electric flux due to a symmetrical charge distribution by using Gauss’s
law.

e Use an energy bar chart to qualitatively represent the absolute value of the work done by an external force
when moving a test charge between equipotential lines.

e Calculate the magnitude of a component of an electric field by using electric potential values.

e Indicate the direction of the motion of a positive test charge after the test charge is released from rest in an
electric field, requiring the application of both Coulomb’s law and the relationship between electric field
vectors and equipotential lines.

e Derive the relationship between electric potential and the location of a point that is located on an axis that is
extended from the end of a rod of uniform negative linear charge density by using integral calculus.

e Sketch a graph representing the value of the electric field along an axis that is produced by a rod with a
uniform negative charge density, resulting in a negative inverse square relationship between the field and the
distance from the rod.

Sample: 1A
Score: 14

Part (a) earned 2 points. The first point was earned for using a correct expression for electric flux. The second
point was earned for providing a correct numerical value for the absolute value of the electric flux through the
Gaussian surface that is coincident with the zero equipotential line. Part (b) earned 4 points. The first point was
earned for correctly indicating that the work Wy, done on the test charge by an external force is zero. A line

clearly drawn at zero is sufficient to earn this point. The second point was earned for correctly indicating that the
work Wy, done on the test charge by an external force is half of W by drawing a bar with a height of

approximately 1.5 units. The third point was earned for correctly using the equation £ = —62—: to relate electric

field to electric potential difference. The fourth point was earned for correctly substituting values for electric
potential and the distance between equipotential lines that are consistent with Figure 1 that can be used to
approximate the magnitude of the electric field at Position B. Part (c) earned 3 points. The first point was earned
for correctly indicating the —y -direction only and providing an attempt at a relevant justification. The second
point was earned for correctly indicating that the direction of the electric field is perpendicular to the equipotential
surface. The third point was earned for correctly indicating that the electric field, and, therefore, the electric force,
is directed such that the test charge moves from a higher electric potential to a lower electric potential. Part (d)
earned 5 points. The first point was earned for beginning the derivation with an appropriate equation for
determining the electric potential from a line of uniform charge. The second point was earned for correctly
defining the distance from Position P to a point on the line of uniform charge. The third point was earned for
correctly providing an integral with the substitution for dg=Adr . The fourth point was earned for using the

correct limits of integration. The fifth point was earned for showing a curve that is always approaching the
horizontal axis. The sixth point was not earned because the response shows a curve that is neither always negative
nor concave down.

© 2024 College Board.
Visit College Board on the web: collegeboard.org.



AP® Physics C: Electricity and Magnetism 2024 Scoring Commentary

Question 1 (continued)

Sample: 1B
Score: 9

Part (a) earned 2 points. The first point was earned for using a correct expression for electric flux. The second
point was earned for providing a correct numerical value for the absolute value of the electric flux through the
Gaussian surface that is coincident with the zero equipotential line. Part (b) earned 4 points. The first point was
earned for correctly indicating that the work Wy, done on the test charge by an external force is zero. The second

point was earned for correctly indicating that the work W, done on the test charge by an external force is half of
W by drawing a bar with a height of approximately 1.5 units. The third point was earned for correctly using the

equation £ = —Cé—z to relate electric field to potential difference. The fourth point was earned for correctly

substituting values for electric potential and the distance between equipotential lines that are consistent with
Figure 1 that can be used to approximate the magnitude of the electric field at Position B. Part (c) earned
2 points. The first point was earned for correctly indicating the —y -direction only and providing an attempt at a

relevant justification. The second point was not earned because the response does not indicate that the direction of
the electric field is perpendicular to the equipotential surface. The third point was earned for correctly addressing
the relative signs of the test charge, rod, and/or sphere. Part (d) earned 1 point. The first point was not earned
because although the response does indicate a possible starting point for the derivation, the equation is not used to
answer the question. The second point was not earned because the response does not correctly define the distance
from Position P to a point on the line of uniform charge. The third point was not earned because the response
does not provide an integral with the substitution for dg=Ady . The fourth point was not earned because the

response does not use the correct limits of integration. The fifth point was earned for correctly sketching a curve
that is always approaching the horizontal axis. The sixth point was not earned because the response shows a
sketch that is neither always negative nor concave down.

© 2024 College Board.
Visit College Board on the web: collegeboard.org.



AP® Physics C: Electricity and Magnetism 2024 Scoring Commentary

Question 1 (continued)

Sample: 1C
Score: 3

Part (a) earned 1 point. The first point was earned for correctly using a correct expression for electric flux. The
second point was not earned because the response does not provide a correct numerical value for the absolute
value of the electric flux through the Gaussian surface that is created by the zero equipotential line. Part (b) earned
1 point. The first point was not earned because the response does not indicate that the work Wi, done on the test

charge by an external force is zero. The second point was not earned because the response does not indicate that
the work W, done on the test charge by an external force is half of W . The third point was earned for

correctly using the equation £ = —cjl—z to relate electric field to potential difference. The fourth point was not

earned because the response does not correctly substitute values for the electric potential and the distance between
equipotential lines that are consistent with Figure 1 that can be used to approximate the magnitude of the electric
field at Position B. Part (c) earned 1 point. The first point was not earned because the response does not select
that the net electric force exerted on the test charge is in the —y -direction only. The second point was not earned

because the response does not indicate that the direction of the electric field is perpendicular to the equipotential
surface. The third point was earned for correctly addressing the relative charges of the test charge, the sphere,
and/or the rod. Part (d) did not earn any points. The first point was not earned because although the response does
indicate a possible starting point for the derivation, the equation is not used to answer the question. The second
point was not earned because the response does not correctly define the distance from Position P to a point on the
line of uniform charge. The third point was not earned because the response does not provide an integral with the
substitution for dg=Ady . The fourth point was not earned because the response does not use the correct limits of

integration. The fifth point was not earned because the response sketch does not approach the horizontal axis. The
sixth point was not earned because the response sketch is neither always negative nor concave down.

© 2024 College Board.
Visit College Board on the web: collegeboard.org.
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