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AP® Physics 2: Algebra-Based 2022 Scoring Guidelines

Question 1: Short Answer Paragraph Argument 10 points

(2)()

For correctly drawing and labeling the gravitational, buoyant, and tension forces with no 1 point
extraneous forces

Example Response

Ff:ensfo F :
puoyant
Fg ravity

(a)(ii)) For an application of Newton’s laws that is correct or consistent with the diagram in part (a)(i) 1 point

and indicates zero net force

For a correct substitution of the buoyant force into a solution that is consistent with the previous 1 point
equation

Scoring Note: A correct answer with no supporting work earns this point.

Example Response
F =ma

Fr=mg-p,V,g

Total for part (a) 3 points

(b)

For correctly relating the speed of the light in the new medium to the index of refraction 1 point
For indicating that the frequency does not change 1 point
For a correct relationship between speed and wavelength 1 point
For a correct relationship between wavelength and fringe separation 1 point

For a logical, relevant, and internally consistent argument that addresses the question asked and 1 point
follows the guidelines described in the published requirements for the paragraph-length response
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Example Response

The speed of light in the new fluid is less than the speed of light in water because the fluid has a
greater index of refraction. This means that the wavelength of the light in the beam will be
smaller because the frequency does not change. Since the wavelength is smaller, the angular
separation of the bright fringes will decrease, as described by the equation mA = dsiné .

Total for part (b) S points

()

For explicitly indicating that the amount of refraction at the fluid-prism interface depends on the 1 point
ratio of the indices of refraction of the materials

Scoring Note: Basing the explanation on the difference in refractive indices is acceptable.

For correctly relating a larger angle of refraction to the beam hitting the screen below point P 1 point

Example Response

The beam refracts more when the air is present because the difference between the indices of
refraction between the prism and the surrounding medium is greater. So, the beam hits the
screen below point P.

Total for part (c) 2 points

Total for question 1 10 points
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Question 1

Begin your response to QUESTION 1 on this page.

PHYSICS 2
SECTION I
Time—1 hour and 30 minutes
4 thtions

Directions: Questions 1 and 4 are short free-response questions that require about 20 minutes each to answer and are
worth 10 points each. Questions 2 and 3 are long free-response questions that require about 25 minutes each to
answer and are worth 12 points each. Show your work for each part in the space provided after that part.

"Laser -

1. (10 points, suggested time 20 minutes)

Students are investigating electromagnetic wave phenomena in transparent media. They use a string to support a
g'zyj thin, rectangular block of mass m,, volume V,, and density p,. The block has two narrow slits in its
center and is submerged in a glass tank containing water with density p_, as shown above.

Unauthorized copying or reuse of this page is iliegal. Page 2 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.

® Y o o o ° - ]




P2 Q1 Sample A Page 2 of 3

4 Question 1

Continue your response to QUESTION 1 on this page.

(a)
i. On the dot below, which represents the block, draw and label the forces that are exerted on the block.
Each force must be represented by a distinct arrow starting on, and pointing away from, the dot.

ii. Derive an expression for the force exerted on the block by the string in terms of the given quantities and
physical constants, as appropriate.

G thet black i st honoy, Yo i< ne net feee 4(},}? o 3.
g": Frevsin ¢ Fonengom -F = 0. Safmj,f;r -J'k tengion m
—H'e 97{‘”’"0 viawz
Frongion = Fj - Fbaw
= Frwn =mg -/l g

Unauthorized copying or reuse of this page is illegal. 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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Question 1

==

Continue your response to QUESTION 1 on this page.

(b) A monochromatic laser beam is incident perpendicular to the wall of the tank. The beam passes through the
slits in the block. An interference pattern is formed on the screen inside the tank. The water is then replaced
with a clear fluid with a greater index of refraction than that of water. In a coherent, paragraph-length
response, describe how the greater index of refraction of the new fluid affects the interference pattern. Explain
your reasoning in terms of speed, frequency, and wavelength of the light.
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(c) The block is replaced by a triangular prism, as shown above, The path of the beam is indicated by the dotted
line, and the beam reaches the screen at point P. The fluid is then removed from the tank, and the prism is
surrounded by air. Predict whether the beam will reach the side of the tank above point P, at point P, or below
point P whenthepnsm is surrounded by air. Support your answer using physics principles.
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Question 1

Begin your response to QUESTION 1 on this page.

PHYSICS 2
SECTION 11
Time—1 hour and 30 minutes

4 Questions

Directions: Questions | and 4 are short free-response questions that require about 20 minutes each to answer and are
worth 10 points each. Questions 2 and 3 are long free-response questions that require about 25 minutes each to
answer and are worth 12 points each. Show your work for each part in the space provided after that part.

1. (10 points, suggested time 20 minutes)

Students are investigating electromagnetic wave phenomena in transparent media. They use a string to support a
stationary thin, rectangular block of mass my,, volume Vj, and density p,. The block has two narrow slits in its
center and is submerged in a glass tank containing water with density p_, as shown above.

Unauthorized copying or reuse of this page is illegal. Page 2 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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Question 1

Continue your response to QUESTION 1 on this page.

(a)

i. On the dot below, which represents the block, draw and label the forces that are exerted on the block.
Each force must be represented by a distinct arrow starting on, and pointing away from, the dot.

Unauthorized copying or reuse of this page is illegal. Page 3 _GOONTOTHENEXTPAGE.

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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Question 1

- v . L

Continue your response to QUESTION 1 on this page.

(b) A monochromatic laser beam is incident perpendicular to the wall of the tank. The beam passes through the
slits in the block. An interference pattern is formed on the screen inside the tank. The water is then replaced
with a clear fluid with a greater index of refraction than that of water. In a coherent, paragraph-length
response, describe how the greater index of refraction of the new fluid affects the interference pnm Bnpluin

your reasoning in terms of ngth of the light.
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Question 1

Begin your response to QUESTION 1 on this page.

PHYSICS 2
SECTION 11
Time—1 hour and 30 minutes

4 Questions

Directions: Questions 1 and 4 are short free-response questions that require about 20 minutes each to answer and are
worth 10 points each. Questions 2 and 3 are long free-response guestions that require about 25 minutes each to
answer and are worth 12 points each. Show your work for each part in the space provided after that part.

1. (10 points, suggested time 20 minutes)
Students are investigating electromagnetic wave phenomena in transparent media. They use a string to support a

stationary thin, rectangular block of mass m, volume V}, and density p,. The block has two narrow slits in its
center and is submerged in a glass tank containing water with density p,_, as shown above.

Unauthorized copying or reuse of this page is illegal. Page 2 GO ON TO THE NEXT PAGE.
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Question 1

Continue your response to QUESTION 1 on this page.

(a)

i. On the dot below, which represents the block, draw and label the forces that are exerted on the block.
Each force must be represented by a distinct arrow starting on, and pointing away from, the dot,

B

i)

o

ii. Derive an expression for the force exerted on the block by the string in terms of the given quantities and
physical constants, as appropriate,

Totvimy +F0 =%
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Unauthorized copying or reuse of this page is illegal. 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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Question 1

Continue your response to QUESTION 1 on this page.

(b) A monochromatic laser beam is incident perpendicular to the wall of the tank. The beam passes through the
slits in the block. An interference pattern is formed on the screen inside the tank. The water is then replaced
with a clear fluid with a greater index of refraction than that of water. In a coherent, paragraph-length
response, describe how the greater index of refraction of the new fluid affects the interference pattern. Explain
your reasoning in terms of speed, frequency, and wavelength of the light.
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(c) The block is replaced by a triangular prism, as shown above. The path of the beam is indicated by the dotted
line, and the beam reaches the screen at point P. The fluid is then removed from the tank, and the prism is
surrounded by air. Predict whether the beam will reach the side of the tank above point P, at point P, or below
point P when the prism is surrounded by air. Support your answer using physics principles.
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AP® Physics 2: Algebra-Based 2022 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 Apply Newton’s laws to a situation involving buoyancy.

o Relate the index of refraction of a medium, the speed of light in the medium, and the wavelength of the light

in the medium.

e Demonstrate that when light travels from one medium to another, the frequency of the light does not change.
Describe the relationship between the wavelength of light and the interference pattern it produces when
going through a double slit.

Use Snell’s law at an interface between two optical media, including the meaning of the normal line.
Create a free-body diagram.

Perform a mathematical derivation.

Write a coherent paragraph presenting a scientific analysis of a situation.

Sample: 1A
Score: 10

Part (a)(i) earned 1 point by drawing two distinct upward arrows labeled as the buoyant and tension forces and one
downward arrow as the gravitational force. There are no extraneous forces. Part (a)(ii) earned 2 points. The first
point was earned because the response states that the net force on the block is zero. The second point was earned
because the correct substitution for the buoyant force, including the correct subscript for density, is clearly shown in
the response. Part (b) earned 5 points. The first point was earned because the response explicitly states that the index
of refraction decreases the speed of the light. The second point was earned because the response explicitly states that
the frequency of the light is the same in both materials. The third point was earned because the response connects a
decrease in speed with a decrease in wavelength. The fourth point was earned by relating the decreased wavelength
with a decrease in the separation between maxima. The fifth point was earned because the response is relevant,
internally consistent, and in paragraph form. Part (c) earned 2 points. The first point was earned because the response
makes an explicit connection between the angle of refraction at the prism-fluid boundary and the angle of refraction
at the prism-air boundary. The second point was earned because the response correctly connects a larger angle of
refraction in air to the light hitting the screen below point P.

Sample: 1B
Score: 7

Part (a)(i) earned 0 points because on the free body diagram, the arrows must be separate and distinct; in the
response, the arrows are drawn to be coincident and, thus, did not earn this point. Part (a)(ii) earned O points. The
first point was not earned because the prompt asks for a derivation, which must begin with a fundamental property
or relationship. By only stating the derived solution, the response did not earn the point for starting the derivation
with a fundamental principle. The second point was not earned because, while a substitution is made for the buoyant
force, the subscript identifies the density of the block instead of the density of the fluid. Part (b) earned

5 points. The first point was earned because the response connects the greater index of refraction with the slower
speed of light through the fluid. The second point was earned because the response explicitly states that frequency is
consistent from medium to medium. The third point was earned because the response connects a decrease in speed
with a decrease in wavelength. The fourth point was earned because the response connects the decreased wavelength
with the decreased width between maxima. The fifth point was earned because the response is relevant, internally
consistent, and in paragraph form. Part (c) earned 2 points. The first point was earned because the response discusses
the change in angle of refraction as the ray transitions from the prism to the water as compared to the transition from
the prism to the air. The second point was earned because the response states that the increased angle of refraction
will cause the beam to intersect the screen below point P.

© 2022 College Board.
Visit College Board on the web: collegeboard.org.
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Question 1 (continued)

Sample: 1C
Score: 4

Part (a)(i) earned 1 point by including two upward arrows labeled as tension and buoyant force and one downward
arrow representing the gravitational force. There are no extraneous arrows drawn in the free body diagram.

Part (a)(ii) earned 1 point. The first point was earned by creating equality between the upward and downward forces
consistent with the free-body diagram drawn in part (a)(i); the response implies that the net force is zero. The second
point was not earned because even though there is a substitution for the buoyant force, the incorrect density is
identified. Part (b) earned 2 points. The first point was not earned because the speed of light is not addressed,
particularly relative to the increased index of refraction. The second point was not earned because the frequency of
the beam is not addressed. The third point was not earned because while wavelength is addressed, the response does
not explicitly or implicitly relate the wavelength and the speed of the wave in the medium. The fourth point was
earned because the response correctly relates the increased distance between maxima to the increased wavelength.
This relationship is consistent with the other statements in the response, even though the wavelength would decrease.
The fifth point was earned because the response is relevant, internally consistent, and in paragraph form. Part (c)
earned 0 points. The first point was not earned because the response does not discuss the relative change in indices
of refraction between the prism and water versus the prism and air. The second point was not earned because the
response indicates that the beam will strike the screen above point P instead of below point P.
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