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AP® Physics 2: Algebra-Based 2024 Scoring Guidelines

Question 4: Short Answer/Other 10 points

(a) For indicating that the final kinetic energy of a particle is equal to [gAV/| 1 point

Scoring Note: Explicit indication of an absolute value is not required for this point to be
earned.

Example Response

lgAV| = K

For K, _5 1 point
1

Example Solution
AU +AK =0
-AUp = AK
lgAV| = K

K, =|-0av| = oAV

K, = [+20AV| = 20AV

K, _20AV
K, OAV
KZ

2 -2

Kl

Total for part (a) 2 point

Scoring Note: Parts (b)(i) and (b)(ii) can be scored together.

(b))  For a correct expression for the speed of Particle 2 in terms of K, and M 1 point

Example Response

K
=2 |—%
V= u

Example Solution

Kzémv2
_ (M)
K, 2(2)v

K

=2 |—%

YT M

© 2024 College Board



AP® Physics 2: Algebra-Based 2024 Scoring Guidelines
(b)(ii)  For substituting an appropriate expression for the magnetic force exerted on a moving 1 point
charged particle in a magnetic field into a Newton’s second law equation

Example Response

_  ¢VvxB
a, ="
For correct substitutions of the mass, charge, and speed of Particle 2 from the response in 1 point
part (b)(i) into an appropriate expression
Example Response
(M) 2K
\2 M
T 208
1 point

For indicating that Ax = 2r

Example Solution
D F
a==—

m

qv x B

Total for part (b) 4 points
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AP® Physics 2: Algebra-Based 2024 Scoring Guidelines

(c) For drawing a path for Particle 1 that is concave up and to the right 1 point
For drawing a path for Particle 2 that is concave up and in the opposite direction of 1 point
Particle 1
For drawing the path for Particle 1 with a larger radius of curvature than the path for 1 point
Particle 2
Example Response

Region of +y
Constant Uniform N
Magnetic Field ® Pasticls
W +Z
I| |J| |I
L L] ".._ L] L] L] _." - L L] L] L i
\ / B :
_ \ /
L] - L] 'I-.___!_.-' L] L ] L] L] - L -
Particle 2 By \\M #,/
. - . . . . - :"'x___t_ ___o-"" . .
Particle 1
L] - L] L L] L] - L] - - L] -
Total for part (¢) 3 points

(d) For indicating one of the following: 1 point
e That the electric field is directed in the +x -direction
e A direction of the electric field that is consistent with the path of Particle 1 drawn in

part (¢)
Example Response
+x -direction
Total for part (d) 1 point
Total for question 4 10 points

© 2024 College Board



P2 Q4 Sample A p1of 3



- P2 Q4 Sample A p2 of 3

Question 4

Continue your response to QUESTION 4 on this page.

Region of
Constant Uniform .
Magnetic Field \ e é_ +x

- e o ] - ———— =

Figure 1

After exiting the device, the particles enter a large region of constant uniform magnetic field of magnitude B,
that is directed in the +z-direction (out of the page), as shown in Figure 1. Each particle is moving in
the —y-direction when entering the region, and each particle is moving in the +y-direction when exiting the
region.
(®)
i. Determine an expression for the speed of Particle 2 in the region. Express your answer in terms
of M, K;, and physical cons i T

{C—;n)uc: I,

ii. Derive an expression for the horizontal distance Ax between the locations where Particle 2 enters and

) leaves the region. Expieu your mwer‘!inwrmsof M, 0, K, A'gi)/'.{and physical % , as appropriate.
(Vg - p oo NCE - TR o B
C , mVFC~%- - __/}ﬁ = € " n }QV\ZD

Unauthorized copying or reuse of this page is lllegal. Page 12 GO ON TO THE NEXT PAGE.

Use a pencil or a pen with black or dark biue ink. Do NOT write your name. Do NOT write outside the box.
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Question 4

Continue your response to QUESTION 4 on this page.

Region of +y
Counstant Uniform @ Panti
B ricle
Magnetic Field o X

B L S Tl e L L LT T T T pipi i

Figure 1

After exiting the device, the particles enter a large region of constant uniform magnetic field of magnitade B,
that is directed in the +z-direction (out of the page), as shown in Figure 1. Each particle is moving in
the —y-direction when entering the region, and eacb particle is moving in the +y-direction when exiting the

region.

®)

Unawthortzed copying of reuse of this page is Begal. Page 12

i. Determine an expression for the speed of Particle 2 in the region. Express your answer in terms
of M, K, and physical constants, as appropriate. = Mv
Fus qQWB » MV K,;= AME“{A\/ 2Q 8, Y2

r . AL \,=og°§’
i

ii. Derive an expremxian for the borizontal distance Ax between the locations whero Particle 2 enters and

leaves the region. Express your answer in teqms of M, O, K, By, and physical constants, as appropriate.
= M =

ax= 2r Ax%B, —Y"\‘—FM-FC

r> é_)i @l\ QBOPV: f:_/\-V
z . é’eo-éé‘_fM\/

Ax:&
QB,

GO ON TO THE NEXT PAGE.

Use a pencil or & pen with biack or dark biue ink. Do NOT write your name. Do NOT write outside the box.
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Question 4

Continue your response to QUESTION 4 on this page.

Region of
Constant Uniform . |
Magnetic Field @ Pacticle +x

B e R e e it et T TP

Figure 1

After exiting the device, the particles enter a large region of constant uniform magnetic field of magnitude By,
that is directed in the +2z-direction (out of the page), as shown in Figure 1. Each particle is woving in
the —y-direction when entering the region, and each particle is moving in the +y-direction when exiting the
region.
®)

i. Determine an expression for the speed of Particle 2 in the region. Express your answer in terms

of M, K,, and physical constants, as appropriate.

L8 Tz MV
\/=~mor Ka M

ii. Derive an expression for the horizontal distance Ax between the locations where Particle 2 enters and
leaves the negion Expreas your answer in terms of M, O, K;, By, and physical constants, as appropriate,

)2 Mo 1 _./"01 N AN T
Be: ‘Rér T 8o hX K(‘#v_(z) Fum/ZW‘B(D

Unauthorized copying or reusq of this page Is liegal. Page 12

GO ON TO THE NEXT PAGE.

Use & pencii or & pen with black or dark bius ink. Do NOT write your nawpe. Do NOT writs outside, the box.

)
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AP® Physics 2: Algebra-Based 2024 Scoring Commentary

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:

e Relate the kinetic energies of two charged particles that are accelerated from rest through an electric
potential difference as a ratio.

e Determine an expression for the speed of a particle using its kinetic energy.

e Derive an expression for the speed of a charged particle in the presence of a magnetic field using Newton’s
second law of motion.

e Sketch the path of a charged particle moving through a uniform magnetic field.

e Determine the direction of an electric field that would allow a charged particle to move through a magnetic
field with a constant velocity.

Sample: 4A
Score: 10

Part (a) earned 2 points. The first point was earned for correctly indicating that the final kinetic energy of a
particle is equal to |gAV|. The second point was earned for giving the correct ratio between K, and K,

% = 2). Part (b) earned 4 points. The first point was earned for determining a correct expression for v in terms
1

of K,and M . The second point was earned for correctly substituting an expression for magnetic force into a
Newton’s second law equation. The third point was earned for correctly substituting the mass, charge, and speed
of Particle 2 from part (b)(i) into an appropriate expression. The fourth point was earned for correctly indicating
that Ax = 2r . Part (c) earned 3 points. The first point was earned for correctly drawing the path for Particle 1 as
concave up and to the right. The second point was earned for correctly drawing the path for Particle 2 as concave
up and in the opposite direction as the path for Particle 1. The third point was earned for correctly drawing the
path of Particle 1 with a larger radius of curvature than the path for Particle 2. Part (d) earned 1 point for
correctly indicating that the electric field is directed in the +x -direction.

Sample Identifier: 4B
Score: 7

Part (a) earned 2 points. The first point was earned for correctly indicating that the final kinetic energy of a

particle is equal to |gAV|. The second point was earned for giving the correct ratio between K, and K,
K,
K

expression for v that is not in terms of K, and M . The second point was earned for correctly substituting an

= 2 ). Part (b) earned 2 points. The first point was not earned because the response determines an incorrect

expression for the magnetic force into a Newton’s second law equation. The third point was not earned because
the response does not correctly substitute the mass, charge, and speed of Particle 2 from part (b)(i) into an
appropriate expression. The fourth point was earned for correctly indicating that Ax = 2r . Part (c) earned

2 points. The first point was earned for correctly drawing the path for Particle 1 as concave up and to the

right. The second point was earned for correctly drawing the path for Particle 2 as concave up and in the opposite
direction as the path for Particle 1. The third point was not earned because the response does not draw the path of
Particle 1 with a larger radius of curvature than the path for Particle 2. Part (d) earned 1 point for correctly
indicating that the electric field is directed in the +x -direction.

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



AP® Physics 2: Algebra-Based 2024 Scoring Commentary

Question 4 (continued)

Sample: 4C
Score: 2

Part (a) did not earn any points. The first point was not earned because the response does not indicate that the
final kinetic energy of a particle is equal to |gAV|. The second point was not earned because the response does not

K
give the correct ratio between K, and K| (72 = 2). Part (b) did not earn any points. The first point was not
1

earned because the response did not determine a correct expression for v in terms of K, and M . The second

point was not earned because the response does not substitute an expression for magnetic force into a Newton’s
second law equation. The third point was not earned because the response does not substitute the mass, charge,
and speed of Particle 2 from part (b)(i) into an appropriate expression. The fourth point was not earned because
the response does not indicate that Ax = 2r . Part (c) earned 1 point. The first point was not earned because the
response correctly draws the path for Particle 1 as concave up but incorrectly to the left rather than to the

right. The second point was not earned because the response draws the path for Particle 2 as concave up but not
in the direction opposite the path of Particle 1. The third point was earned for correctly drawing the path of
Particle 1 with a larger radius of curvature than the path for Particle 2. Part (d) earned 1 point for correctly
indicating that the electric field is directed in the +x -direction.
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