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AP® Physics 2: Algebra-Based 2022 Scoring Guidelines

Question 4: Short Answer 10 points
(a) For an appropriate use of Newton’s laws to set the magnetic force equal to the electric force 1 point
For using correct expressions for the magnetic and electric forces 1 point
For substituting an expression for the magnetic field to yield a correct expression that 1 point

includes v and the given quantities

Example Response
SF  =ma
Fy—F; =0

Py = Fg

qvB = qE

Hol ) _
V(Zﬁdj =£
b= 2rdE

Hol

Total for part (a) 3 points

(b)())  For an “X” between point B and the dashed line 1 point

Example Response

P,
T ®
L| Coil
L] X
+ =
P,
L ) Wire
- - - ‘ - - -
/
For indicating that the magnetic field strength is inversely proportional to the distance from 1 point

the wire
Example Response

Magnetic field is inversely proportional to the distance from a long, straight current carrying

Hol
B ="
2xr

magnetic field from 3B, to 1.5B,. Therefore, the magnetic field would be equal to 2B,

wire: . Doubling the distance from the wire from L to 2L would reduce the

somewhere between L and 2L .
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(b)(ii) For using the change in flux, with correct substitutions, to determine the emf

1 point

For correctly applying Ohm’s law with correct substitutions

1 point

Scoring Note: It is not necessary to independently calculate a numerical value for the emf.

Example Response

D) (50107 =1.0x107*) Tom’

- =20x10°V
At | 205 *

|e|=\

&l 20x10°V 6
1—7—10—9—2.0><10 A

Total for part (b)

4 points

()

For indicating that the current in the round coil produces a magnetic field

1 point

For indicating that the magnetic field from the round coil produces a flux through the square
coil

1 point

For indicating that the changing flux produces an emf or current in the square coil circuit

Scoring Note: A response that indicates that the magnetic flux only changes during a portion
of the entire time interval does not earn this point.

1 point

Example Response

The current in the round coil produces a magnetic field. The magnetic field from the round
coil passes through the square coil, producing a flux. As the current in the power supply
increases, so does the current in the round coil, and, therefore, the magnetic field created by
the current increases. Since the magnetic field changes, the flux through the square coil
changes. The constantly changing magnetic flux through the square coil produces an emf
and, therefore, current in the square coil to light the lightbulb.

Total for part (c)

3 points

Total for question 4

10 points
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P2 Q4 Sample A Page 1 of 2

Question 4

Begin your response to QUESTION 4 on this page.

e
Fg
X -X v 4N
Wire |
--- —_- -

4. (10 points, suggested time 20 minytes)

At the instant shown above, a negatively charged object is moving to the left with constant velocity v near a long,
straight wire that has a current / directed to the left. The region contains a uniform electric field of magnitude E,
and the charged object is at a distance d from the wire. The figure shows the electric and magnetic forces, Fg and
Fjy, respectively, exerted on the charged object.

(a) Derive an expression for v in terms of E, d, I, and physical constants, as appropriate.

Z‘F" FM ‘Fﬁ inay !‘ly‘.b W*,.Tm
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L x
| 150
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I

(b) The charged object is removed, and a square coil with side length 2L is placed near the long, straight wire, as
shown above. The bottom of the coil is a distance L from the wire. The magnitude of the magnetic field due to
the current in the wire is 3B, at point P, and B, at point P,.

i. Write an “X™ at a location on the figure where the magnitude of the magnetic field is 2By,
Briefly justify your reasoning.

gL L =
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Question 4

Continue your response to QUESTION 4 on this page.

il. Over a time interval of 2.0 s, the current in the wire is decreased. The initial magnetic flux through the

coil is 5.0 x 107% T-m® and the final magnetic flux through the coil is 1.0 X 10~° T- m?, The coil has a
total resistance of 10 Q. Calculate the magnitude of the average current in the coil during the 2.0 s time

1“““‘6“: _abe ~(1m's‘fvh*"5'““‘:vm$) BTN,
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BV 2wy —mh_“:_-_‘-‘
VR e
R 0. T Y M
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Lightbulb

Round Coil

The wire is removed and the square coil is positioned so that the coil is directly above and concentric with a round
coil of wire connected to a power supply. A part of the square coil is removed and a lightbulb is connected to the
coil, as shown above.

(c) During a short time interval, the current in the power supply is constantly increasing. Use physics principles to
explain why the lightbulb is lit during the entire time interval.
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Question 4

Begin your response to QUESTION 4 on this page.

v Am
Fs |
d
Wire l
- - - . ---

4. (10 points, suggested time 20 minutes)

At the instant shown above, a negatively charged object is moving to the left with constant velocity v near a long,
straight wire that has a current I directed to the left. The region contains a uniform electric field of magnitude E,
and the charged object is at a distance d from the wire. The figure shows the electric and magnetic forces, Fr and
Fyy, respectively, exerted on the charged object.

(a) Derive an expression for v in terms of E, d, I/, and physical constants, as appropriate.
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(b) The charged object is removed, and a square coil with side length 2L is placed near the long, straight wire, as
shown above. The bottom of the coil is a distance L from the wire. The magnitude of the magnetic field due to
the current in the wire is 3B, at point P| and By at point P,

i. Write an “X"” at a location on the figure where the magnitude of the magnetic field is 2B8,.
Briefly justify your reasoning.
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Question 4

Continue your response to QUESTION 4 on this page.

ii. Over a time interval of 2.0 s, the current in the wire is decreased. The initial magnetic flux through the

coil is 5.0 x 10° T-m” and the final magnetic flux through the coil is 1.0 X 10~> T- m’. The coil has a
total resistance of 10 €. Calculate the magnitude of the average current in the coil during the 2.0 s time

interval. ) S
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The wire is removed and the square coil is positioned so that the coil is directly above and concentric with a round
coil of wire connected to a power supply. A part of the square coil is removed and a lightbulb is connected to the
coil, as shown above.

(c) During a short time interval, the current in the power supply is constantly increasing. Use physics principles to
explain why the lightbulb is lit during the entire time interval.
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Question 4 L

Begin your response to QUESTION 4 on this page.

8"
Feo |
d
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F

4. (10 points, suggested time 20 minutes)

At the instant shown above, a negatively charged object is moving to the left with constant velocity v near a long,
straight wire that has a current  directed to the left. The region contains a uniform electric field of magnitude E,
and the charged object is at a distance d from the wire. The figure shows the electric and magnetic forces, Fg and

Fyy, respectively, exerted on the charged object.
(a) Derive an expression for v in terms of E, d, [, and physical constants, as appropriate.
Fr = Fe Fa zqVvb=118
qv® - lf-.'.‘..!%‘- Q=lae
&

v= bty =v5e = Kig

Lot N F'I-E

avée

(b) The charged object is removed, and a square coil with side length 2L is placed near the long, straight wire, as
shown above. The bottom of the coil is a distance L from the wire. The magnitude of the magnetic field due to
the current in the wire is 3B at point P and B, at point P,.

i. Write an “X” at a location on the figure where the magnitude of the magnetic field is 2By,
Briefly justify your reasoning.
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Question 4

Continue your response to QUESTION 4 on this page.

ii. Over a time interval of 2.0 s, the current in the wire is decreased. The initial magnetic flux through the

coil is 5.0 X 107> T-m? and the final magnetic flux through the coil is 1.0 x 10~ T- m®. The coil has a
total resistance of 10 Q. Calculate the magnitude of the average current in the coil during the 2.0 s time

interval. 2ds _ (1v0~5_ Sxto™) -'-h'ta"__ =S _
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Power Supply Lightbulb

k= Round Coil

The wire is removed and the square coil is positioned so that the coil is directly above and concentric with a round
coil of wire connected to a power supply. A part of the square coil is removed and a lightbulb is connected to the
coil, as shown above.

(c) During a short time interval, the current in the power supply is constantly increasing. Use physics principles to
explain why the lightbulb is lit during the entire time interval.
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Question 4
Note: Student samples are quoted verbatim and may contain spelling and grammatical errors.
Overview

The responses were expected to demonstrate the ability to:

o Indicate that the magnitude of the electric force on a charged particle in an electric field is given by
|Fe| = |qE|.

o  Use the fact that the magnitude of the magnetic force on a charged particle moving perpendicular to a
magnetic field is given by |[Fm| = |gvB].

e Apply the relationship B = 5—70; for the magnetic field created by a long, straight current-carrying wire.

e Apply Faraday’s law to changing magnetic flux through a conductive loop of wire to analyze induced emf
(potential difference) and current in the loop.

e Calculate the induced current using Ohm’s law and induced emf (potential difference), which depends on
the rate of change of flux in a loop.

Sample: 4A
Score: 9

Part (a) earned 3 points. The first point was earned because the response correctly uses Newton’s second law to set
the magnetic force equal to the electric force. The second point was earned because the response uses correct
expressions for the magnetic and electric forces. The third point was earned because the response substitutes an
expression for the magnetic field that yields a correct expression for v in terms of the given quantities and physical
constants. Part (b)(i) earned 2 points. The first point was earned because the response shows the magnetic field
would be 2B, at a point between A, and the dashed line. The second point was earned because the response uses

the inverse relationship between magnetic field strength and distance from the wire to determine the location where

3L

the magnetic field would be 2B, . Note that an exact value for distance did not need to be calculated, » = 5 but

this serves as a representation of the correct relationship. Part (b)(ii) earned 2 points. The first point was earned
because the response uses the change in flux to correctly determine the emf. The second point was earned because
the response applies Ohm’s law with correct substitutions. Part (¢) earned 2 points. The first point was earned
because the response indicates that the increasing current, the current in the round coil, produces a magnetic field.
Note that the mathematical relationship given is for a long, straight wire, not a coil, but the response still addresses
the fact that electric currents create magnetic fields. The second point was not earned because while the response
mentions flux, the response does not make it clear that there is magnetic flux through the square coil. The third point
was earned because the response indicates a changing flux produces an emf in the square coil.

© 2022 College Board.
Visit College Board on the web: collegeboard.org.
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Question 4 (continued)

Sample: 4B
Score: 6

Part (a) earned 0 points. The first point was not earned because the response does not use Newton’s second law to
equate magnetic force and electric force. The second point was not earned because the response uses incorrect
expressions for the magnetic and electric forces. The third point was not earned because the response does not
substitute a correct expression for magnetic field that can be used to determine velocity. Part (b)(i) earned 1 point.
The first point was earned because the response shows the magnetic field would be 2B, at a point between A and

the dashed line. The second point was not earned because while the response indicates the field varies with distance,
the response does not describe how the field varies. The math shown is a restatement of the conclusion reached to
earn the first point without adding information about the inverse relationship that exists between magnetic field
strength and distance from the wire. Part (b)(ii) earned 2 points. The first point was earned because the response uses
the change in flux to correctly determine the emf. The second point was earned because the response applies Ohm’s
law with correct substitutions. Part (c) earned 3 points. The first point was earned because the response indicates that
the current in the round coil produces a magnetic field: “the resulting B field around the coil.” The second point was
earned because the response indicates that the magnetic field from the round coil produces a flux through the square
coil. The third point was earned because the response indicates the changing flux, “flux through the square coil is
constantly increasing,” is the cause of the emf in the coil with the bulb. Additionally, the response indicates that over
the entire time interval, the flux never stops changing.

Sample: 4C
Score: 2

Part (a) earned 1 point. The first point was earned because the response begins with a use of Newton’s second law to
equate magnetic force and electric force: F, = Fy,. The second point was not earned because while the response

uses a correct expression for the magnetic force, the expression for the electric force is incorrect. The third point was
not earned because the response does not substitute a correct expression for magnetic field that can be used to
determine velocity. Part (b)(i) earned 0 points. The first point was not earned because the response does not show
that the magnetic field would be 2B, at a point between A and the dashed line. The second point was not earned

because the response uses an expression for motional emf, rather than magnetic field created by a current-carrying
wire. Part (b)(ii) earned 1 point. The first point was earned because the response uses the change in flux to correctly
determine the emf. The second point was not earned because the response does not apply Ohm’s law but instead,
uses an equation for magnetic force on a current-carrying wire. Part (c¢) earned 0 points. The first point was not
earned because the response indicates that the current in the round coil produces an electric field, rather than a
magnetic field. The second point was not earned because the response does not indicate that the magnetic field from
the round coil produces a flux through the square coil. The third point was not earned because while the response
indicates there is an induced current, the response does not describe a changing magnetic flux as the cause of the
induced current.
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