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Overview of High School Introductory Physics Test

The spring 2022 high school Introductory Physics test was a next-generation assessment that was administered in two primary
formats: a computer-based version and a paper-based version. The vast majority of students took the computer-based test. The
paper-based test was offered as an accommodation for students with disabilities who are unable to use a computer, as well as
for English learners who are new to the country and are unfamiliar with technology.

Most of the operational items on the high school Introductory Physics test were the same, regardless of whether a student took the
computer-based version or the paper-based version. In places where a technology-enhanced item was used on the computer-based
test, an adapted version of the item was created for use on the paper test. These adapted paper items were multiple-choice or
multiple-select items that tested the same STE content and assessed the same standard as the technology-enhanced item.

This document displays released items from the paper-based test. Released items from the computer-based test are
available on the MCAS Resource Center website at mcas.pearsonsupport.com/released-items.

Test Sessions and Content Overview

The high school Introductory Physics test was made up of two separate test sessions. Each session included selected-response
questions and constructed-response questions. On the paper-based test, the selected-response questions were multiple-choice
items and multiple-select items, in which students select the correct answer(s) from among several answer options.

Standards and Reporting Categories

The high school Introductory Physics test was based on learning standards in the April 2016 version of the Massachusetts
Science and Technology/Engineering Curriculum Framework. These standards are grouped under the three content reporting
categories listed below. Note that standard HS.PHY.1.8 is included in the Energy reporting category.

e Motion, Forces, and Interactions

* Energy

*  Waves

The 2016 Massachusetts Science and Technology/Engineering Curriculum Framework is available on the Department website
at www.doe.mass.edu/frameworks/current.html.

Some items on the high school Introductory Physics test are also reported as aligning to one of three MCAS Science and
Engineering Practice Categories. The three practice categories are listed below.

» Practice Category A: Investigations and Questioning

» Practice Category B: Mathematics and Data

» Practice Category C: Evidence, Reasoning, and Modeling

More information about the practice categories is available on the Department website at www.doe.mass.edu/mcas/tdd/
practice-categories.html.

The table at the conclusion of this document provides the following information about each released operational item:
reporting category, standard covered, practice category covered (if any), item type, and item description. The correct answers
for released selected-response questions are also displayed in the table.

Reference Materials

Each student taking the paper-based version of the high school Introductory Physics test was provided with an Introductory
Physics Reference Sheet. A copy of the reference sheet follows the final question in this chapter. Each student also had sole
access to a calculator.

During both high school Introductory Physics test sessions, the use of bilingual word-to-word dictionaries was allowed for
current and former English learner students.


http://mcas.pearsonsupport.com/released-items/
http://www.doe.mass.edu/frameworks/current.html
http://www.doe.mass.edu/mcas/tdd/practice-categories.html
http://www.doe.mass.edu/mcas/tdd/practice-categories.html

High School
Introductory Physics

SESSION 1

This session contains 21 questions.

Directions

Read each question carefully and then answer it as well as you can. You must record
all answers in this Test & Answer Booklet.

For some questions, you will mark your answers by filling in the circles in your

Test & Answer Booklet. Make sure you darken the circles completely. Do not make
any marks outside of the circles. If you need to change an answer, be sure to erase
your first answer completely.

If a question asks you to show or explain your work, you must do so to receive full
credit. Write your response in the space provided. Only responses written within the
provided space will be scored.



Introductory Physics Session 1

&) The graph shows the speed of a rolling ball over time. In the graph, t, and t,
represent two times during the ball’'s motion.

Speed vs. Time

Speed

Time

Which of the following setups would cause the ball to roll with the motion
shown in the graph?

® t,

4 4
| *— 0—
© t, tz/
e Pl
) t,
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@) The diagram shows two sets of charges.

Set A
d

Set B

2d

Which of the following describes the electric force between the charges?

® Set A has a larger force, which is attractive.
Set A has a larger force, which is repulsive.
© Set B has a larger force, which is attractive.
),

Set B has a larger force, which is repulsive.

€® A simple circuit is shown.

5Q

Which of the following would reduce the total current in the circuit by half?
® adding a 5 Q resistor in parallel

adding a 10 Q light bulb in series

© replacing the 20 V battery with a 10 V battery

0)

replacing the 20 V battery with a 40 V battery
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€ The graph shows how the downward speed of a skydiver changes from the
moment the skydiver jumps out of an airplane to just before the skydiver’s
parachute opens.

Downward Speed vs. Time

Q
£
o
(0]
Q
Q
m ]
0 T : T : T
0 10 20 30 4
Time (s)

Based on the graph, which diagram represents the forces acting on the
skydiver at 30 s?

® i
Fair resistance
Fair resistance Fgravity I:gravity
© Fair resistance 1 @ Fair resistance
K}
¢
I:gravity
v I:gravity

© A 5.0 kg object is accelerated from rest by a force of 20 N to a final velocity
of 5.0 m/s. What is the final momentum of the object?

® 4.0kge+m/s
25 kg » m/s

© 100 kg » m/s
©® 500 kg s m/s
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This question has two parts.

@ Two charged objects, X and Y, are separated by a distance, d, as shown.

d
A
® ©
-2q +q

Part A

Object Y is released so that it is free to move.

Which of the following describes the energy of object Y just before it is
released?

® Object Y has kinetic energy as a result of object X’s electric field.
Object Y has potential energy as a result of object X's electric field.
© Object Y has kinetic energy as a result of object X’s relative motion.

©® Object Y has potential energy as a result of object X’s relative motion.

Which of the following describes the energy and movement of object Y after it
is released?

® Object Y’'s energy is converted into kinetic energy as it moves toward
object X.

Object Y’s energy is converted into potential energy as it moves toward
object X.

© Object Y’'s energy is converted into kinetic energy as it moves away from
object X.

©® Object Y's energy is converted into potential energy as it moves away
from object X.
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Part B

Which of the following diagrams represents the electric field lines around the
two objects?

e
i
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0 During an investigation, a student placed a compass above a wire in a circuit,
as shown in the diagram.

Switch
open

Switch
closed

Compass

The student recorded the position of the compass needle when the switch
was open and when it was closed.

Which of the following claims is supported by evidence produced in this
investigation?

® An electric current produces a magnetic field.
A magnetic field produces an electric current.
© An electric current flows from a negative to a positive terminal.

©® A magnetic field extends from the north pole of a magnet to its south pole.
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€ A launcher was made with a spring held in place inside a tube. The diagrams
show the launcher before and after energy was transferred from the spring to

a block. Initially the block was held at rest, and the compressed spring stored
0.45 ] of elastic potential energy.

Before

m“_

RN

Spring with Block with 0]
0.45 ] of elastic of kinetic energy
potential energy
After
%
—>
e N\
Spring with Block with 0.3 ]
0 J of elastic of kinetic energy

potential energy

After the spring was released, the block exited the launcher with 0.3 J of
kinetic energy. What was the percent efficiency of the launcher?

® 15%
67%
© 75%
©® 150%
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€) The diagram represents a light ray and its path as it travels from air to glass.

Light ray

Which of the following best describes the angle of refraction as the light ray
moves from air to glass?

® The angle of refraction is equal to the angle of incidence because the
speed of light increases.

The angle of refraction is smaller than the angle of incidence because the
speed of light increases.

© The angle of refraction is smaller than the angle of incidence because the
speed of light decreases.

©® The angle of refraction is equal to the angle of incidence because the
speed of light stays the same.

10



Introductory Physics Session 1

(10

Ultraviolet radiation from the Sun can cause sunburn, but sitting in a
classroom under visible light will not. This is because ultraviolet radiation
particles have more energy than visible light particles.

Which of the following explains why ultraviolet radiation particles have more
energy than visible light particles?

@® Ultraviolet radiation particles have a greater mass.
Ultraviolet radiation particles have a greater velocity.
© Ultraviolet radiation particles have a greater frequency.
)

Ultraviolet radiation particles have a greater wavelength.

11
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@ The diagram shows a series circuit containing a battery and three resistors.

3.0 Q
VWWA

12V — %6.09

VWWA
4.0 Q

What is the current in the circuit?
® 0.92A

1.1A

© 9.0A

® 16 A

12
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The following section focuses on an investigation that uses a motion detector.

Read the information below and use it to answer the selected-response
questions and constructed-response question that follow.

Students in a physics class conducted an investigation using a motion detector.

A motion detector can be used to measure the position, velocity, and acceleration
of an object at different times as the object moves. The students used the setup
shown in the diagram for their investigation.

Motion Block String

detector \ Pulley
\ 0.4
kg Hanging
7/ object
Position X Position Y
v=0m/s

Floor

When the students attached a hanging object to the string, the hanging object moved
downward, and the block moved from position X to position Y on the table. The block
and the hanging object moved with the same constant acceleration. Friction and air
resistance acted on both the block and the hanging object as they moved.

The students completed five trials using the motion detector. In each trial, the block
started from rest at position X. The students changed the mass of the hanging
object for each trial. The table shows the data.

Mass of Mass of Acceleration | Net Force Acting
Trial Block Hanging Object of System on System

(kg) (kg) (m/s?) (N)
1 0.4 0.30 2.0 1.4
2 0.4 0.35 2.5 1.9
3 0.4 0.40 3.0 2.4
4 0.4 0.45 3.4 2.9
5 0.4 0.50 3.8 3.4

13
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@ Which of the following best describes what happened to the energy of the
hanging object as it moved closer to the floor?

@® The kinetic energy of the hanging object increased as its thermal energy
decreased.

The kinetic energy of the hanging object decreased as its gravitational
potential energy increased.

© The gravitational potential energy of the hanging object decreased as its
kinetic energy increased.

® The gravitational potential energy of the hanging object increased as its
thermal energy increased.

@ Which pair of diagrams best compares the tension force acting on the block at

position Y in trial 1 with the tension force acting on the block at position Y in

trial 5?
® Trial 1 Trial 1
I:tension I:tension
Block (=3 Block (—3»
Trial 5 Trial 5
F ; I:tension
Block tension Block
© Trial 1 ® Trial 1
I:tension I:tension
Block f———y Block f———y
Trial 5 Trial 5
I:tension I:tension
Block —> Block ——syy

14
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@ In trial 5, the block traveled from position X to position Y in 0.69 s and had a
velocity of 2.33 m/s at position Y. What was the kinetic energy of the block at
position Y?

® 1.0913]
1.61 ]
© 6.43]
©® 8.04]

15
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This question has two parts.

@ vpPartA

Which free-body force diagram best represents the forces that acted on the
block as it accelerated across the table?

® AFnormaI AFnormaI
|:friction r=l=n I:tension I:friction rl I:tension

H‘:ﬁ ﬁ‘ﬁ

VFgravity YI:gravity

© AFnormaI )

. . . AFnormaI

friction -+ tension friction;--—-; Ftension
<_I‘I_> ﬁ‘l—)
YI:gravity vl:gravity

Part B

As the block accelerated across the table, the speed of the block
® increased.
decreased.

© remained the same.

16



Introductory Physics

This question has three parts. Write your response on the next page. Be

sure to label each part of your response.

@@ For a new trial, the students used the same setup, but the hanging object
was 0.6 kg, and they collected different data. During the trial, the students
recorded the time it took the block to travel from position X to position Y and
the change in velocity of the block between those positions. The table shows

the data.
Mass of Mass_ of Time from Cr_|ange n
Hanging Velocity between
Block . XtoY
(kg) Object (s) XandY
(kg) (m/s)
0.4 0.6 0.6 2.65

A. Calculate the average acceleration of the system during the new trial.

Show your calculations and include units in your answer.

B. The original distance between positions X and Y was 0.8 m. The students
reduced the distance to 0.4 m. The students released the block from rest,

allowing it to move the 0.4 m.

Determine whether the velocity of the block at position Y was greater

than, less than, or equal to 2.65 m/s. Explain your reasoning.

C. Describe one way the students could decrease the acceleration of the
system without changing the mass of the hanging object. Explain your

reasoning.

17

Session 1




Introductory Physics Session 1
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@ The velocity of a 75 kg skier increases from 8 m/s to 12 m/s. What is the
change in momentum of the skier?

® 300 kg ¢ m/s
600 kg « m/s
© 900 kg » m/s
©® 1500 kg » m/s

@ The diagram shows a negatively charged sphere suspended a distance, d,
above another negatively charged sphere in a glass tube.

oD
—

©

Td
©

Which of the following would increase the distance, d, the most?
® adding more negative charges to both spheres
removing some negative charges from both spheres

© adding more negative charges to one sphere and making the other sphere
neutral

©® removing some negative charges from one sphere and making the other
sphere neutral

19
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@ Which graph represents the motion of an object that has zero net force

acting on it?
® A
>
)
O
9
()
>
Time
©
>
=
S >» Time
5 \
>

20

Velocity

Velocity

>

Time

» Time

«€
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This question has four parts. Write your response on the next page. Be sure
to label each part of your response.

€D A diagram of a roller coaster track at an amusement park is shown. The
location where passengers get into a car to ride along the track is labeled
“Start.” Four additional points along the track are labeled W, X, Y, and Z.

W
A=50 M ---sememmmemememme e
h=40 m ---rrrrrrre i
h=25 m ---corermmmnnee s
h=8 R Y e T e o e e O T S PO e RS O
Om - =—e
Start

For one ride, a car and its passengers had a total mass of 4500 kg. The car
was pulled with a motor from the starting point to point W. The car was held
at rest at point W until it was released. The car then moved along the track to
point Z with negligible friction.

A. Identify the point on the roller coaster track where the car and its
passengers had the greatest amount of gravitational potential energy.

B. Calculate the amount of gravitational potential energy the car and
its passengers had at the point you identified in Part A. Show your
calculations and include units in your answer.

C. Compare the amount of kinetic energy of the car and its passengers at
point Y to the amount of kinetic energy of the car and its passengers at
point Z. Explain your reasoning.

D. Identify the height at which the kinetic energy of the car and its

passengers was equal to the gravitational potential energy of the car
and its passengers. Explain your reasoning.

21
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20/
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This question has three parts. Write your response on the next page. Be
sure to label each part of your response.

€D A person at a baseball game is seated 200 m away from a batter. The person
sees the batter hit a ball, and then hears the sound of the ball being hit
0.58 s later.

A. Calculate the speed of the sound wave created when the bat hits the ball.
Show your calculations and include units in your answer.

B. Besides the difference in speed of the two types of waves, describe two
additional differences between the visible light waves and the sound waves
produced when the ball is hit.

C. The game is also broadcast over the radio for people who cannot attend
the game. Radio waves carry the broadcast signal.

One way that visible light waves differ from radio waves is that they
can be seen by humans, while radio waves cannot. Describe a second
difference between the two types of waves.

23
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Introductory Physics

SESSION 2

This session contains 21 questions.

Directions

Read each question carefully and then answer it as well as you can. You must record
all answers in this Test & Answer Booklet.

For some questions, you will mark your answers by filling in the circles in your

Test & Answer Booklet. Make sure you darken the circles completely. Do not make
any marks outside of the circles. If you need to change an answer, be sure to erase
your first answer completely.

If a question asks you to show or explain your work, you must do so to receive full

credit. Write your response in the space provided. Only responses written within the
provided space will be scored.

25
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€ The graph represents the motion of a car on a straight highway.

Velocity vs. Time

40
35
30
25
20
15
10

5

Velocity (m/s)

0O 12 3 456 7 8
Time (s)

What distance did the car travel from 4 s to 8 s?
® 80 m

120 m
© 200 m
©® 240 m

26
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€ A box is at rest on a floor. Then a student drags the box across the floor. The

24

diagram shows the horizontal forces acting on the box as it is being dragged.

50 N «— 10 kg—> 58 N

Based on Newton’s second law, what is the velocity of the box 1 s after the
student starts dragging it?

® 0.2 m/s
0.8 m/s
© 5.8 m/s
® 10.8 m/s

Two rubber balls roll along a straight track toward each other at the same
speed. The balls are the same size but have different masses. The two balls
collide.

Which of the following best describes how the total momentum of the rubber
balls is affected by the collision?

@® The total momentum stays the same, because the total momentum is
conserved.

The total momentum is doubled, because each ball gains the other ball’s
momentum.

© The total momentum is reduced by half, because each ball loses half of its
momentum.

® The total momentum becomes zero, because the momentum of each ball
is equal and opposite.

27
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This question has two parts.

€D A hiker walked on a path.

Part A

The graph shows the position of the hiker versus time. The hiker started at
position S. Four additional points on the graph are labeled H, I, J, and K.

Position vs. Time

Position

Time

At which point was the hiker farthest from the starting position?
® point H

point I
© pointJ
)

point K

28
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Part B

The graph shows the hiker’s position during four time intervals,
W, X, Y, and Z.

Position vs. Time

W

Xy Z

Position

Time
During which time interval was the speed of the hiker the greatest?
® interval W
interval X

© interval Y
0)

interval Z

€D A wave travels at 10 m/s with a wavelength of 2 m. What is the frequency of
this wave?

® 0.2 Hz
0.5 Hz
© 5 Hz

©® 20 Hz

29
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€X) A type of radioactive decay is represented by the diagram.

92(1) IOy —
_) [
146 @ 144@ ¢ —
Original Decay Alpha
nucleus product particle

Which of the following best describes what happens to the original nucleus
during the decay process?

® The original nucleus absorbs energy and its mass increases.
The original nucleus releases energy and its mass increases.
© The original nucleus absorbs energy and its mass decreases.

©® The original nucleus releases energy and its mass decreases.

30
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Session 2

€D The diagram shows two wave pulses moving toward each other.

<

Which diagram shows the shape of the wave when the pulses directly

overlap?

®

31
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€ The table provides information about four pairs of objects.

Distance Mass of Each
. between .
Objects - Object
Objects (kg)
(m) 9
SandT 1 2
UandV 1 1
W and X 2 2
Y and Z 2 1

Which pair of objects has the greatest gravitational attraction?

® objectsSand T
objects U and V
© objects W and X
©® objectsY and Z

32
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€D The graph shows the speed of sound at different temperatures in three

media: X, Y, and Z.

Speed of Sound (m/s)

2800
2400
2000
1600
1200

800

400

0

Speed of Sound
vs. Temperature

Medium X

Medium Y

Medium Z

LA,

20 30 40 50 60
Temperature (°C)

The three media are air (a gas), silver (a solid), and water (a liquid). Based

on the graph, each medium is represented by which letter?

® X:
Y:

N < X N

N < X

N < X

water
silver

»air

: silver

water

D air

»air

silver

: water

: water

air

: silver

33
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€ Two steel spheres, A and B, each have a mass of 0.54 kg. Each sphere is

moving to the right at a different speed, as shown.

5 m/s 1 m/s
—> —>
m = 0.54 kg m = 0.54 kg

Sphere A collides with sphere B. After the collision, sphere A slows, but both

spheres continue to move to the right.

Which of the following diagrams shows the velocity of each sphere after the

collision?

® 1m/s 5m/s
> >

2m/s 3m/s
> —>

© 3m/s 2 m/s
o

34
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€D An airbag helps prevent injuries to the driver of a car when the car comes to
a sudden stop. Which of the following best describes how the airbag helps
prevent injuries to the driver?

@® The airbag reduces the initial momentum of the driver, safely slowing the
driver to a stop.

The airbag causes the driver to come to a stop over a larger time interval,
reducing the force felt by the driver.

© The airbag causes the driver to come to a stop over a smaller time
interval, increasing the momentum of the driver.

©® The airbag exerts a greater force on the driver than the driver exerts on
the airbag, safely slowing the driver to a stop.

35
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The following section focuses on thermal energy transfer.

Read the information below and use it to answer the selected-response
questions and constructed-response question that follow.

A student conducted two investigations to learn about thermal energy transfer.
Investigation 1

During investigation 1, the student used two insulated containers, container 1 and
container 2. The student added 500 g of 95°C water to container 1 and 500 g of 5°C
water to container 2. The student closed the containers and placed a thermometer
in each. The student then placed one end of a U-shaped piece of metal into the
water in container 1 and the other end into the water in container 2, as shown.

U-shaped piece

of metal
T = 95°C \ T = 5°C
\

Insulated~__ _~Insulated
container container
Container Container
1 2

Next, the student measured the water temperature in each container over time.
The data are shown in Table 1.

Table 1: Temperature of Water over Time

Time (s) | Container 1 Temperature (°C) | Container 2 Temperature (°C)

0 95.0 5.0
100 77.3 22.7
200 66.6 33.4
300 60.0 40.0
400 56.1 43.9
500 53.7 46.3
600 52.2 47.8
700 50.0 50.0
800 50.0 50.0

36
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Investigation 2

The student investigated how the specific heat capacity of a substance affects the
temperature change of the substance. During investigation 2, the student heated
four liquids, W, X, Y, and Z. Each liquid had a mass of 200 g and was heated for the
same amount of time using the same heat source. The specific heat capacities of
the four liquids are shown in Table 2.

Table 2: Specific Heat
Capacity of Liquids

Specific Heat
Liquid Capacity
(3/g « °C)

4.18
1.97
3.94
3.67

N|=<|X| =

37
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€D The data from investigation 1 are represented in the graph. Four points on
the graph are labeled W, X, Y, and Z.

Water Temperature vs. Time

s 100
@ W
3 80 [—e
© ~~"~. X
g 60 i S Y—2z-
£ ——
Q40
o v
B 20 A
=V
0 QO O L O O 0O O O
,\/0 ,1/0 ,,)0 b<0 (/)0 (00 ,\Q %0
Time (s)
Key
----- Container 1
—— Container 2

At which point did container 1 and container 2 first reach thermal
equilibrium?

® point W
point X
© pointY
)

point Z

38
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(34

Before beginning investigation 1, the student predicted that the direction of
thermal energy transfer would be from container 1 to container 2.

Which of the following observations best supports the student’s prediction?
® The containers are good thermal insulators.
The U-shaped piece of metal is a good thermal conductor.

© The water in container 1 is in thermal contact with the water in
container 2.

©® The water in container 1 is at a higher temperature than the water in
container 2.

39
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€D In investigation 2, liquid Z had an initial temperature of 25°C before 54,316 J
of thermal energy was added. What was the final temperature of liquid Z?

® 49°C
74°C
© 99°C
@ 272°C

40
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This question has two parts.

€D PartA

During the first 50 s of investigation 2, the temperature of 200 g of liquid W
changed from 25°C to 31°C. How much thermal energy was transferred to
liquid W in the first 50 s of investigation 27?

® 5,016 ]
20,900 ]
© 25,916]
©® 41,800 ]

Part B

The student repeated investigation 2 with 400 g of liquid W instead of
200 g. The student used the same heat source and heated liquid W for the
same amount of time.

How were the results of the investigation different when 400 g of liquid W
were used instead of 200 g?

® The change in temperature of liquid W was greater.
The change in temperature of liquid W was smaller.
© The amount of thermal energy transferred to liquid W was greater.

©® The amount of thermal energy transferred to liquid W was smaller.

41
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This question has three parts. Write your response on the next page. Be
sure to label each part of your response.

€) The student analyzed the transfer of thermal energy that took place during
investigation 1.

A.

Identify whether the average molecular motion of the water molecules in
container 1 and container 2 increased, decreased, or remained the same
during the first 100 s of investigation 1. Be sure to label your answer for
each container.

. The student claimed that energy was conserved in the system during the

transfer of thermal energy in investigation 1.

Describe how the student could use the data in Table 1 to support the
claim.

Eventually thermal equilibrium was reached in investigation 1.

Compare the average molecular motion of the water molecules in both
container 1 and container 2 after thermal equilibrium was reached. Explain
your reasoning.

42
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€D The diagram shows a simple circuit. A location near the circuit is labeled X.

(=

Which of the following explains whether there is a magnetic field at point X?

® There is no magnetic field at point X because wires are not magnets.
There is no magnetic field at point X because it is too far from the battery.
© There is a magnetic field at point X because current flows through the wire.
)

There is a magnetic field at point X because the light has magnetic
properties.
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€D Elephants use sound for communication. The table shows the average
frequencies of sound waves produced by adult elephants and their young.

Elephant Fre(ql-tIl:)ncy
adult male 12
adult female 13
young male 22

What additional information is needed to determine the wavelengths of the
sounds produced by the elephants?

® the speed of the sound waves
the period of the sound waves
© the energy the sound waves carry

® the distance the sound waves travel

45



Introductory Physics Session 2

¢ The circuit shown has a current of 0.6 A.

il 50 Q

What is the voltage of the battery?
® 0.01V

30V
© 50.6V
® 83V
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This question has two parts.

@ A student listening to music uses noise-canceling headphones to reduce
outside noise. The headphones create an inverted sound wave that interacts
with the outside noise. The diagram represents how the headphones work.

Noise-canceling
wave

/

Headphone

\ Outside

noise

Part A

Which wave behavior is used by the noise-canceling headphones to reduce
outside noise for the student?

® constructive interference
destructive interference
© reflection

® refraction

Part B

The student then uses the noise-canceling headphones in a location where
the outside noise is louder and has a higher pitch. How would the noise-
canceling wave produced by the headphones need to change for the
headphones to be equally effective when the outside noise is louder and has
a higher pitch?

® The wave's velocity and wavelength would need to increase.
The wave’s velocity and wavelength would need to decrease.
© The wave's frequency and amplitude would need to increase.

©® The wave's frequency and amplitude would need to decrease.
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This question has four parts. Write your response on the next page. Be sure
to label each part of your response.

(D The diagram shows a circuit with a 12 V battery, three resistors, and
component K.

35!
5Q

12V — %Rz
15Q

R3
Sha

A. Identify component K and explain its main function.

B. Component K is replaced with a piece of wire.

Calculate the total resistance of the circuit. Show your calculations and
include units in your answer.

C. Is the amount of current flowing through R, the same as the amount of
current flowing through R,? Explain your reasoning.

D. Calculate the voltage drop across R;. Show your calculations and include
units in your answer.
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ecemenTary anp seconoary  VIassachusetts Comprehensive Assessment System

EDUCATION Introductory Physics Reference Sheet
Formulas
—d — I 919
Saverage T At p =mv Fe =k C1|22 Q = mcAT
— AX _ =1 2 —

Vaverage = At FAt = Ap KE =-mv v = Af
a = Av F o = Ma PE = h T=1

average At net A = mgA f
Ve = V; + aAt Fg = mg W = AE = Fd V =1R

= V. 1 2 — MM, — Eout
AX = VAt +JaAt Fo =G p eff e
Variables
a = acceleration KE = kinetic energy s = speed
¢ = specific heat A = wavelength At = change in time
d = distance m = mass T = period
E = energy p = momentum AT = change in temperature
eff = efficiency APE = change in v = velocity
gravitational . .
f = frequency potential energy V = potential difference (voltage)
F = force q = charge of particle W = work
g = acceleration due to gravity Q = heat added or removed Ax = change in position
. . . (displacement)

Ah = change in height R = resistance
I = current
Unit Symbols
ampere, A hertz, Hz meter, m second, s
coulomb, C joule, ] newton, N volt, V
degree Celsius, °C kilogram, kg ohm, Q
Definitions
speed of electromagnetic waves in a vacuum = 3 x 108 m/s
G = Universal gravitational constant = 6.7 x 10-11 Nk'g'znz
k = Coulomb’s constant = 9 x 109" 'szz
g ~ 10 m/s? at Earth's surface 1N=1keem 1J=1Nem
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High School Introductory Physics
Spring 2022 Released Operational Items

PBT
Page Reporting Science and Engineering | Item o Correct
I;Ie;n No. Category Standard Practice Category Type* Ttem Description Answer**
. . . Analyze a speed vs. time graph for an object
1 3 Motion, For(j’es, HS.PHY.2.10 C. EVIdenc.e, Reasoning, SR to determine the position of the object at A
and Interactions and Modeling . .
different times.
5 4 Motion, F orces, HS PHY.2.4 C. Ev1dencie, Reasoning, SR Compare the electric forces between two pairs A
and Interactions and Modeling of charges.
3 4 Morion, Forc.es, HS.PHY.2.9 | B. Mathematics and Data SR Determine which chang; to a circuit would C
and Interactions reduce the total current in the circuit by half.
. . . . Analyze a speed vs. time graph for an object
4 5 Motion, Forc‘es, HS.PHY.2.1 c Ev1denc_e > Reasoning, SR and identify the free-body force diagram that C
and Interactions and Modeling . :
represents the forces acting on the object.
5 s | Motion Forces, | yq pivo o | B. Mathematics and Data | SR | Calculate the final momentum of an object B
and Interactions that is accelerated from rest.
Describe how the energy between two charged
C. Evidence, Reasoning, objects changes when one of the objects moves e
6 6 Energy HS.PHY.3.5 and Modeling SR and determine which model represents an BAC
electric field around two charged objects.
. . . Identify that an electric current produces a
7 8 Motion, Forc.es, HS.PHY.2.5 ¢ Ev1denc'e > Reasoning, SR magnetic field, based on evidence from an A
and Interactions and Modeling . .
investigation.
8 9 Energy HS.PHY.3.3 | B. Mathematics and Data SR Calculate the efficiency of a device.
C. Evidence, Reasoning, Interpret a diagram of light passing from air
o 10 Waves HS.PHY 4.5 and Modeling SR into glass and describe the angle of refraction.
10 1 Waves HS.PHY 4.1 | None SR Explain why some partlcles.of light have C
more energy than other particles of light.
1 12 Motion, F orces, HS.PHY2.9 | B. Mathematics and Data SR Calcplate th'e current in a series circuit with A
and Interactions multiple resistors.
12 14 | Energy HSPHY3.1 | None SR Dgscrlbe how the energy of an object changes c
as it falls.
. ) . . Identify the magnitudes of a force acting
13 14 | Motion, Forces, \yq prryy 1o C- Evidence, Reasoning, | gp | (o Ghiect during multiple trials of an B
and Interactions and Modeling . N
investigation.
14 15 | Energy HS.PHY.3.1 | B. Mathematics and Data SR Calculate the kinetic energy of an object. A
. ) . . Identify the free-body force diagram for an
15 16 Motion, Fom.es’ HS.PHY.2.10 ¢ Ev1denc_e » Reasoning, SR accelerating object and describe how the GA
and Interactions and Modeling f )
speed of the object changes as it accelerates.
Calculate an object's acceleration, describe
. - how changing the distance over which a force
16 17 M(leor;’ fo:;c‘es, HS.PHY.2.1 g;]g;:/izsr:ilr%amns and CR is applied to the object affects its velocity,
ana fnieractions g and describe one way to change the object's
acceleration.
17 19 Motion, F orces, HSPHY 23 | B. Mathematics and Data SR Ca.lculate the change in momentum of an A
and Interactions object.
Motion, Forces, C. Evidence, Reasoning, Describe a change to a pair of charges that
18 19 and Interactions HS.PHY.2.4 and Modeling SR would increase the distance between them. A
. . . Determine which velocity vs. time graph
19 20 Motion, Forc'es, HS.PHY.2.1 C. Ev1denc§ > Reasoning, SR represents the motion of an object with zero net D
and Interactions and Modeling R . -
orce acting on it.
Interpret a diagram to determine where an
object has its greatest amount of gravitational
potential energy (GPE), calculate the object's
20 21 Energy HS.PHY.3.1 | B. Mathematics and Data CR GPE, compare the object's kinetic energy
(KE) at two positions, and determine the
object's position when its KE and GPE are
equal.
Calculate the speed of a sound wave and
21 23 Waves HS.PHY.4.1 | B. Mathematics and Data CR compare the characteristics of mechanical and

electromagnetic waves.
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PBT
Page Reporting Science and Engineering | Item . Correct
Iltve;n No. Category Standard Practice Category Type* Item Description Answer**
2 | 26 |Motion Forces Ay pys 10| B. Mathematics and Data | SR | Interpreta velocity vs. time graph to B
and Interactions determine the distance a car travels.
Motion. Forces Using a model of the horizontal forces acting
23 27 ’ o HS.PHY.2.1 | B. Mathematics and Data SR on an object, calculate the velocity of the B
and Interactions .
object.
24 27 Motion, For(:ﬂes, HS.PHY 2.2 | None SR Describe how thelmomentum of a system is A
and Interactions affected by a collision.
Interpret a position vs. time graph to
. . . determine when a person was farthest from
25 28 Motion, Forc'es, HS.PHY.2.10 ¢ Ev1denc‘e, Reasoning, SR the starting position and to identify the time B;C
and Interactions and Modeling .
interval when the person had the greatest
speed.
26 29 | Waves HS.PHY.4.1 | B. Mathematics and Data SR Calculate the frequency of a wave. C
C. Evidence. Reasonin Describe how the mass and energy of a
27 30 | Energy HS.PHY.1.8| . & SR nucleus change during a radioactive decay D
and Modeling
process.
. . Interpret a model of two wave pulses
28 31 Waves HS.PHY.4.5 ¢ Ev1denc§ > Reasoning, SR to determine the resulting destructive B
and Modeling .
interference model.
Motion. Forces Interpret a data table to determine which pair of
29 32 ’ S HS.PHY.2.4| B. Mathematics and Data SR objects has the greatest gravitational attraction A
and Interactions
between them.
Interpret a graph of the speed of sound in
30 33 Waves HS.PHY.4.1 | B. Mathematics and Data SR three media to determine which medium is a B
solid, which is a liquid, and which is a gas.
3 34 Motion, F orces, HSPHY2.2 | B. Mathematics and Data SR Based on a model, 1den.t1’.fy the velocities of A
and Interactions two spheres after a collision.
. . . Describe how extending the time interval
32 35 Motion, Forc.es, HS.PHY2.3 ¢ Evldenc.e, Reasoning, SR over which a force acts on an object during a B
and Interactions and Modeling P : -
collision reduces the impact of the collision.
Interpret a temperature vs. time graph for two
33 38 | Energy HS.PHY.3.4 | B. Mathematics and Data SR objects in thermal contact to determine when C
the objects reached thermal equilibrium.
C. Evidence. Reasonin Determine the observation that best supports
34 39 | Energy HS.PHY.3.4| A & SR a student's prediction about the direction of D
and Modeling
thermal energy transfer.
35 40 | Energy HS.PHY.3.4| B. Mathematics and Data SR Calculate the final temperature of an object C
after thermal energy is added.
Calculate the amount of thermal energy
transferred to a liquid and determine how the
36 41 | Energy HS.PHY.3.4 | B. Mathematics and Data SR temperature change of the liquid would have A;B
been different if the mass of the liquid was
greater.
Describe how the average molecular motion of
molecules changed in two containers, use data
37 8 | Energy HS.PHY 3.2 C. Ev1dencve, Reasoning, CR to support' a claim that energy was conservefi,
and Modeling and explain why the average molecular motion
of molecules was the same when thermal
equilibrium was reached.
38 a4 Motion, Forc;es, HS PHY.2.5 | None SR Explam why a magnetic field is present near c
and Interactions a wire.
39 45 Waves HS.PHY4.1 | None SR Determine the additional information needed to A
calculate the wavelength of a sound.
40 46 Motion, F orces, HS.PHY2.9 | B. Mathematics and Data SR C.alcglate the voltage of the battery in a series B
and Interactions circuit.
Identify the wave behavior used by a device
C. Evidence, Reasoning, and explain how the wave produced by the .
4 4 Waves HS.PHY 4.5 and Modeling SR device could be changed to be effective in a B;C
new situation.
Identify a circuit component and describe
Motion. Forces its function, calculate the total resistance of
42 48 ’ o HS.PHY.2.9 | B. Mathematics and Data CR a circuit, compare the current through two
and Interactions .
resistors, and calculate the voltage drop across
a resistor.

* Science and Technology/Engineering item types are: selected-response (SR) and constructed-response (CR).

** Answers are provided here for selected-response items only. Sample responses and scoring guidelines for constructed-response items will be posted to the
Department’s website later this year.

52



	Structure Bookmarks
	High School 
	High School 
	High School 
	High School 
	High School 
	 
	Introductory Physics 

	SESSION 1
	SESSION 1


	Directions
	Directions
	Read each question carefully and then answer it as well as you can. You must record all answers in this Test & Answer Booklet.
	For some questions, you will mark your answers by filling in the circles in your Test & Answer Booklet. Make sure you darken the circles completely. Do not make any marks outside of the circles. If you need to change an answer, be sure to erase your first answer completely. 
	 

	If a question asks you to show or explain your work, you must do so to receive full credit. Write your response in the space provided. Only responses written within the provided space will be scored.

	Directions
	Directions
	Directions

	Read each question carefully and then answer it as well as you can. You must record all answers in this Test & Answer Booklet.
	For some questions, you will mark your answers by filling in the circles in your Test & Answer Booklet. Make sure you darken the circles completely. Do not make any marks outside of the circles. If you need to change an answer, be sure to erase your first answer completely. 
	 

	If a question asks you to show or explain your work, you must do so to receive full credit. Write your response in the space provided. Only responses written within the provided space will be scored.

	High School 
	High School 
	High School 
	 
	Introductory Physics 

	SESSION 2
	SESSION 2


	SC811061342    OP    A
	SC811061342    OP    A
	 The graph shows the speed of a rolling ball over time. In the graph, t and t represent two times during the ball’s motion.
	q
	1
	2

	t1t2TimeSpeed vs. TimeSpeed
	t1t2TimeSpeed vs. TimeSpeed

	 Which of the following setups would cause the ball to roll with the motion shown in the graph?
	A.
	A.
	A.
	A.


	B.
	B.
	B.


	C.
	C.
	C.


	D.
	D.
	D.



	SC295930     OP    A
	 The diagram shows two sets of charges.
	w

	d–q–q+qSet A2dSet B+q
	d–q–q+qSet A2dSet B+q

	 Which of the following describes the electric force between the charges?
	A.
	A.
	A.
	A.

	Set A has a larger force, which is attractive.
	t2t1
	t1t2
	t1t2
	t2t1


	B.
	B.
	B.

	Set A has a larger force, which is repulsive.

	C.
	C.
	C.

	Set B has a larger force, which is attractive.

	D.
	D.
	D.

	Set B has a larger force, which is repulsive.


	SC630646904    OP    C
	 A simple circuit is shown.
	e

	20 V5 
	20 V5 

	 Which of the following would reduce the total current in the circuit by half?
	A.
	A.
	A.
	A.

	adding a 5 Ω resistor in parallel

	B.
	B.
	B.

	adding a 10 Ω light bulb in series

	C.
	C.
	C.

	replacing the 20 V battery with a 10 V battery

	D.
	D.
	D.

	replacing the 20 V battery with a 40 V battery


	SC628500455       OP      C
	 The graph shows how the downward speed of a skydiver changes from the moment the skydiver jumps out of an airplane to just before the skydiver’s parachute opens.
	r

	Speed (m/s)Time (s)Downward Speed vs. Time10100020203030404050
	Speed (m/s)Time (s)Downward Speed vs. Time10100020203030404050

	 Based on the graph, which diagram represents the forces acting on the skydiver at 30 s?
	A.
	A.
	A.
	A.


	B.
	B.
	B.


	C.
	C.
	C.


	D.
	D.
	D.



	SC295853      OP       B
	 A 5.0 kg object is accelerated from rest by a force of 20 N to a final velocity of 5.0 m/s. What is the final momentum of the object?
	t

	A.
	A.
	A.
	A.

	4.0 kg  m/s
	FgravityFair resistance
	FgravityFair resistance
	FgravityFair resistance
	FgravityFair resistance
	•


	B.
	B.
	B.

	25 kg  m/s
	•


	C.
	C.
	C.

	100 kg  m/s
	•


	D.
	D.
	D.

	500 kg  m/s
	•



	This question has two parts.
	SC805553291_PA       OP   B;A;C
	 Two charged objects, X and Y, are separated by a distance, d, as shown.
	y

	d–2q+qXY
	d–2q+qXY

	Part A
	 Object Y is released so that it is free to move.
	 Which of the following describes the energy of object Y just before it is released?
	A.
	A.
	A.
	A.

	Object Y has kinetic energy as a result of object X’s electric field.

	B.
	B.
	B.

	Object Y has potential energy as a result of object X’s electric field.

	C.
	C.
	C.

	Object Y has kinetic energy as a result of object X’s relative motion.

	D.
	D.
	D.

	Object Y has potential energy as a result of object X’s relative motion.


	 Which of the following describes the energy and movement of object Y after it is released?
	A.
	A.
	A.
	A.

	Object Y’s energy is converted into kinetic energy as it moves toward object X.

	B.
	B.
	B.

	Object Y’s energy is converted into potential energy as it moves toward object X.

	C.
	C.
	C.

	Object Y’s energy is converted into kinetic energy as it moves away from object X.

	D.
	D.
	D.

	Object Y’s energy is converted into potential energy as it moves away from object X.


	Part B
	 Which of the following diagrams represents the electric field lines around the two objects?
	A.
	A.
	A.
	A.


	B.
	B.
	B.


	C.
	C.
	C.


	D.
	D.
	D.



	SC630647903      OP    A
	 During an investigation, a student placed a compass above a wire in a circuit, as shown in the diagram.
	u

	CompassNWESSwitchclosedSwitchopen
	CompassNWESSwitchclosedSwitchopen

	 The student recorded the position of the compass needle when the switch was open and when it was closed.
	 Which of the following claims is supported by evidence produced in this investigation?
	A.
	A.
	A.
	A.

	An electric current produces a magnetic field.
	XY
	XY
	XY
	XY


	B.
	B.
	B.

	A magnetic field produces an electric current.

	C.
	C.
	C.

	An electric current flows from a negative to a positive terminal.

	D.
	D.
	D.

	A magnetic field extends from the north pole of a magnet to its south pole.


	SC814178657       OP    B
	 A launcher was made with a spring held in place inside a tube. The diagrams show the launcher before and after energy was transferred from the spring to a block. Initially the block was held at rest, and the compressed spring stored 0.45 J of elastic potential energy.
	i

	vSpring with0 J of elasticpotential energyAfterBlock with 0.3 Jof kinetic energyBeforeSpring with0.45 J of elasticpotential energyBlock with 0 Jof kinetic energy
	vSpring with0 J of elasticpotential energyAfterBlock with 0.3 Jof kinetic energyBeforeSpring with0.45 J of elasticpotential energyBlock with 0 Jof kinetic energy

	 After the spring was released, the block exited the launcher with 0.3 J of kinetic energy. What was the percent efficiency of the launcher?
	A.
	A.
	A.
	A.

	15%

	B.
	B.
	B.

	67%

	C.
	C.
	C.

	75%

	D.
	D.
	D.

	150%


	SC316360      OP       C
	 The diagram represents a light ray and its path as it travels from air to glass.
	

	Light rayAirGlass
	Light rayAirGlass

	 Which of the following best describes the angle of refraction as the light ray moves from air to glass?
	A.
	A.
	A.
	A.

	The angle of refraction is equal to the angle of incidence because the speed of light increases.

	B.
	B.
	B.

	The angle of refraction is smaller than the angle of incidence because the speed of light increases.

	C.
	C.
	C.

	The angle of refraction is smaller than the angle of incidence because the speed of light decreases.

	D.
	D.
	D.

	The angle of refraction is equal to the angle of incidence because the speed of light stays the same.


	SC814934778      OP    C
	 Ultraviolet radiation from the Sun can cause sunburn, but sitting in a classroom under visible light will not. This is because ultraviolet radiation particles have more energy than visible light particles.
	

	 Which of the following explains why ultraviolet radiation particles have more energy than visible light particles?
	A.
	A.
	A.
	A.

	Ultraviolet radiation particles have a greater mass.

	B.
	B.
	B.

	Ultraviolet radiation particles have a greater velocity.

	C.
	C.
	C.

	Ultraviolet radiation particles have a greater frequency.

	D.
	D.
	D.

	Ultraviolet radiation particles have a greater wavelength.


	SC313700      OP      A
	 The diagram shows a series circuit containing a battery and three resistors.
	

	3.0 4.0 12 V6.0 
	3.0 4.0 12 V6.0 

	 What is the current in the circuit?
	A.
	A.
	A.
	A.

	0.92 A

	B.
	B.
	B.

	1.1 A

	C.
	C.
	C.

	9.0 A

	D.
	D.
	D.

	16 A


	The following section focuses on an investigation that uses a motion detector.
	Read the information below and use it to answer the selected-response questions and constructed-response question that follow.
	SC804648135
	Students in a physics class conducted an investigation using a motion detector. A motion detector can be used to measure the position, velocity, and acceleration of an object at different times as the object moves. The students used the setup shown in the diagram for their investigation.
	 

	BlockStringPulleyMotiondetectorHangingobject0.4kgFloorv = 0 m/sPosition XPosition Y
	BlockStringPulleyMotiondetectorHangingobject0.4kgFloorv = 0 m/sPosition XPosition Y

	When the students attached a hanging object to the string, the hanging object moved downward, and the block moved from position X to position Y on the table. The block and the hanging object moved with the same constant acceleration. Friction and air resistance acted on both the block and the hanging object as they moved.
	The students completed five trials using the motion detector. In each trial, the block started from rest at position X. The students changed the mass of the hanging object for each trial. The table shows the data.
	TrialMass ofBlock(kg)Mass ofHanging Object(kg)123450.40.40.40.40.40.300.350.400.450.50Accelerationof System(m/s2)Net Force Actingon System(N)2.02.53.03.43.81.41.92.42.93.4
	TrialMass ofBlock(kg)Mass ofHanging Object(kg)123450.40.40.40.40.40.300.350.400.450.50Accelerationof System(m/s2)Net Force Actingon System(N)2.02.53.03.43.81.41.92.42.93.4

	SC812978638       OP    C
	 Which of the following best describes what happened to the energy of the hanging object as it moved closer to the floor?
	

	A.
	A.
	A.
	A.

	The kinetic energy of the hanging object increased as its thermal energy decreased.

	B.
	B.
	B.

	The kinetic energy of the hanging object decreased as its gravitational potential energy increased.

	C.
	C.
	C.

	The gravitational potential energy of the hanging object decreased as its kinetic energy increased.

	D.
	D.
	D.

	The gravitational potential energy of the hanging object increased as its thermal energy increased.


	SC812979643_PA   OP    B
	 Which pair of diagrams best compares the tension force acting on the block at position Y in trial 1 with the tension force acting on the block at position Y in trial 5?
	

	A.
	A.
	A.
	A.


	B.
	B.
	B.


	C.
	C.
	C.


	D.
	D.
	D.



	SC804654929      OP    A
	 In trial 5, the block traveled from position X to position Y in 0.69 s and had a velocity of 2.33 m/s at position Y. What was the kinetic energy of the block at position Y?
	

	A.
	A.
	A.
	A.

	1.09 J
	FtensionFtensionTrial 1BlockTrial 5Block
	FtensionFtensionTrial 1BlockTrial 5Block
	FtensionFtensionTrial 1BlockTrial 5Block
	FtensionFtensionTrial 1BlockTrial 5Block


	B.
	B.
	B.

	1.61 J

	C.
	C.
	C.

	6.43 J

	D.
	D.
	D.

	8.04 J


	This question has two parts.
	SC804657396_PA       OP    C; A
	 Part A
	

	 Which free-body force diagram best represents the forces that acted on the block as it accelerated across the table?
	A.
	A.
	A.
	A.


	B.
	B.
	B.


	C.
	C.
	C.


	D.
	D.
	D.



	Part B
	 As the block accelerated across the table, the speed of the block
	A.
	A.
	A.
	A.

	increased.
	FnormalFfrictionFtensionFgravity
	FnormalFfrictionFtensionFgravity
	FnormalFfrictionFtensionFgravity
	FnormalFfrictionFtensionFgravity


	B.
	B.
	B.

	decreased.

	C.
	C.
	C.

	remained the same.


	This question has three parts. Write your response on the next page. Be sure to label each part of your response.
	SC805182225       OP       X
	 For a new trial, the students used the same setup, but the hanging object was 0.6 kg, and they collected different data. During the trial, the students recorded the time it took the block to travel from position X to position Y and the change in velocity of the block between those positions. The table shows the data.
	

	Mass ofBlock(kg)Mass ofHangingObject(kg)Time fromX to Y(s)Change inVelocity betweenX and Y(m/s)0.40.60.62.65
	Mass ofBlock(kg)Mass ofHangingObject(kg)Time fromX to Y(s)Change inVelocity betweenX and Y(m/s)0.40.60.62.65

	A. 
	A. 
	A. 
	A. 

	Calculate the average acceleration of the system during the new trial. Show your calculations and include units in your answer.

	B. 
	B. 
	B. 

	The original distance between positions X and Y was 0.8 m. The students reduced the distance to 0.4 m. The students released the block from rest, allowing it to move the 0.4 m.


	 Determine whether the velocity of the block at position Y was greater than, less than, or equal to 2.65 m/s. Explain your reasoning.
	C. 
	C. 
	C. 
	C. 

	Describe one way the students could decrease the acceleration of the system without changing the mass of the hanging object. Explain your reasoning.


	 
	 
	

	SC802855383       OP    A
	 The velocity of a 75 kg skier increases from 8 m/s to 12 m/s. What is the change in momentum of the skier?
	

	A.
	A.
	A.
	A.

	300 kg  m/s
	•


	B.
	B.
	B.

	600 kg  m/s
	•


	C.
	C.
	C.

	900 kg  m/s
	•


	D.
	D.
	D.

	1500 kg  m/s
	•



	SC310503      OP    A
	 The diagram shows a negatively charged sphere suspended a distance, d, above another negatively charged sphere in a glass tube.
	

	d
	d

	 Which of the following would increase the distance, d, the most?
	A.
	A.
	A.
	A.

	adding more negative charges to both spheres

	B.
	B.
	B.

	removing some negative charges from both spheres

	C.
	C.
	C.

	adding more negative charges to one sphere and making the other sphere neutral

	D.
	D.
	D.

	removing some negative charges from one sphere and making the other sphere neutral


	SC814182548    OP    D
	 Which graph represents the motion of an object that has zero net force acting on it?
	
	 

	A.
	A.
	A.
	A.


	B.
	B.
	B.


	C.
	C.
	C.


	D.
	D.
	D.



	This question has four parts. Write your response on the next page. Be sure to label each part of your response.
	SC280834      OP    X
	 A diagram of a roller coaster track at an amusement park is shown. The location where passengers get into a car to ride along the track is labeled “Start.” Four additional points along the track are labeled W, X, Y, and Z.
	2

	Starth=50 mh=40 mh=25 mh=8 mh=0 mWXYZ
	Starth=50 mh=40 mh=25 mh=8 mh=0 mWXYZ

	 For one ride, a car and its passengers had a total mass of 4500 kg. The car was pulled with a motor from the starting point to point W. The car was held at rest at point W until it was released. The car then moved along the track to point Z with negligible friction.
	A. 
	A. 
	A. 
	A. 

	Identify the point on the roller coaster track where the car and its passengers had the greatest amount of gravitational potential energy.
	TimeVelocity
	TimeVelocity
	TimeVelocity
	TimeVelocity


	B. 
	B. 
	B. 

	Calculate the amount of gravitational potential energy the car and its passengers had at the point you identified in Part A. Show your calculations and include units in your answer.

	C. 
	C. 
	C. 

	Compare the amount of kinetic energy of the car and its passengers at point Y to the amount of kinetic energy of the car and its passengers at point Z. Explain your reasoning.

	D. 
	D. 
	D. 

	Identify the height at which the kinetic energy of the car and its passengers was equal to the gravitational potential energy of the car and its passengers. Explain your reasoning.
	 



	 
	 
	2

	This question has three parts. Write your response on the next page. Be 
	This question has three parts. Write your response on the next page. Be 
	sure to label each part of your response.

	SC302741      OP    X
	 A person at a baseball game is seated 200 m away from a batter. The person sees the batter hit a ball, and then hears the sound of the ball being hit 0.58 s later.
	2
	 

	A. 
	A. 
	A. 
	A. 

	Calculate the speed of the sound wave created when the bat hits the ball. Show your calculations and include units in your answer.

	B. 
	B. 
	B. 

	Besides the difference in speed of the two types of waves, describe two additional differences between the visible light waves and the sound waves produced when the ball is hit.

	C. 
	C. 
	C. 

	The game is also broadcast over the radio for people who cannot attend the game. Radio waves carry the broadcast signal.


	 One way that visible light waves differ from radio waves is that they can be seen by humans, while radio waves cannot. Describe a second difference between the two types of waves.
	 
	 
	2

	SC316336      OP      B
	 The graph represents the motion of a car on a straight highway.
	2

	2025303540Velocity vs. TimeTime (s)102345678Velocity (m/s)15105
	2025303540Velocity vs. TimeTime (s)102345678Velocity (m/s)15105

	 What distance did the car travel from 4 s to 8 s?
	A.
	A.
	A.
	A.

	80 m

	B.
	B.
	B.

	120 m

	C.
	C.
	C.

	200 m

	D.
	D.
	D.

	240 m


	SC628806324       OP      B
	 A box is at rest on a floor. Then a student drags the box across the floor. The diagram shows the horizontal forces acting on the box as it is being dragged.
	2

	50 N10 kg58 N
	50 N10 kg58 N

	 Based on Newton’s second law, what is the velocity of the box 1 s after the student starts dragging it?
	A.
	A.
	A.
	A.

	0.2 m/s

	B.
	B.
	B.

	0.8 m/s

	C.
	C.
	C.

	5.8 m/s

	D.
	D.
	D.

	10.8 m/s


	SC310444    OP      A
	 Two rubber balls roll along a straight track toward each other at the same speed. The balls are the same size but have different masses. The two balls collide.
	2

	 Which of the following best describes how the total momentum of the rubber balls is affected by the collision?
	A.
	A.
	A.
	A.

	The total momentum stays the same, because the total momentum is conserved.

	B.
	B.
	B.

	The total momentum is doubled, because each ball gains the other ball’s momentum.

	C.
	C.
	C.

	The total momentum is reduced by half, because each ball loses half of its momentum.

	D.
	D.
	D.

	The total momentum becomes zero, because the momentum of each ball is equal and opposite.


	This question has two parts.
	SC805336879_PA      OP      B;C
	 A hiker walked on a path.
	2

	Part A
	 The graph shows the position of the hiker versus time. The hiker started at position S. Four additional points on the graph are labeled H, I, J, and K.
	PositionTimePosition vs. TimeSHIJK
	PositionTimePosition vs. TimeSHIJK

	 At which point was the hiker farthest from the starting position?
	A.
	A.
	A.
	A.

	point H

	B.
	B.
	B.

	point I

	C.
	C.
	C.

	point J

	D.
	D.
	D.

	point K


	Part B
	 The graph shows the hiker’s position during four time intervals, W, X, Y, and Z.
	 

	PositionTimePosition vs. TimeWXYZ
	PositionTimePosition vs. TimeWXYZ

	 During which time interval was the speed of the hiker the greatest?
	A.
	A.
	A.
	A.

	interval W

	B.
	B.
	B.

	interval X

	C.
	C.
	C.

	interval Y

	D.
	D.
	D.

	interval Z 


	SC704634184        OP      C
	 A wave travels at 10 m/s with a wavelength of 2 m. What is the frequency of this wave?
	2

	A.
	A.
	A.
	A.

	0.2 Hz

	B.
	B.
	B.

	0.5 Hz

	C.
	C.
	C.

	5 Hz

	D.
	D.
	D.

	20 Hz


	SC736560727_PA       OP      D
	 A type of radioactive decay is represented by the diagram.
	2

	Originalnucleus92+146DecayproductAlphaparticle90+144++
	Originalnucleus92+146DecayproductAlphaparticle90+144++

	 Which of the following best describes what happens to the original nucleus during the decay process?
	A.
	A.
	A.
	A.

	The original nucleus absorbs energy and its mass increases.

	B.
	B.
	B.

	The original nucleus releases energy and its mass increases.

	C.
	C.
	C.

	The original nucleus absorbs energy and its mass decreases.

	D.
	D.
	D.

	The original nucleus releases energy and its mass decreases.


	SC815481175      OP      B
	 The diagram shows two wave pulses moving toward each other.
	2

	Graphic_centered__no
	Figure

	 Which diagram shows the shape of the wave when the pulses directly overlap?
	A.
	A.
	A.
	A.


	B.
	B.
	B.


	C.
	C.
	C.


	D.
	D.
	D.



	SC305502      OP      A
	 The table provides information about four pairs of objects.
	2

	ObjectsDistancebetweenObjects(m)Mass of EachObject(kg)S and TU and VW and XY and Z11112222
	ObjectsDistancebetweenObjects(m)Mass of EachObject(kg)S and TU and VW and XY and Z11112222

	 Which pair of objects has the greatest gravitational attraction?
	A.
	A.
	A.
	A.

	objects S and T
	Figure
	Figure
	Figure
	Figure


	B.
	B.
	B.

	objects U and V

	C.
	C.
	C.

	objects W and X

	D.
	D.
	D.

	objects Y and Z


	SC316412     OP      B
	 The graph shows the speed of sound at different temperatures in three media: X, Y, and Z.
	

	Speed of Soundvs. Temperature2800240020001600120080040002030405060Temperature (°C)Speed of Sound (m/s)Medium XMedium YMedium Z
	Speed of Soundvs. Temperature2800240020001600120080040002030405060Temperature (°C)Speed of Sound (m/s)Medium XMedium YMedium Z

	 The three media are air (a gas), silver (a solid), and water (a liquid). Based on the graph, each medium is represented by which letter?
	A.
	A.
	A.
	A.

	X: water


	  Y: silver
	  Z: air
	B.
	B.
	B.
	B.

	X: silver


	  Y: water
	  Z: air
	C.
	C.
	C.
	C.

	X: air


	  Y: silver
	  Z: water
	D.
	D.
	D.
	D.

	X: water


	  Y: air
	  Z: silver
	SC717248397_PA     OP      A
	 Two steel spheres, A and B, each have a mass of 0.54 kg. Each sphere is moving to the right at a different speed, as shown. 
	

	m = 0.54 kgm = 0.54 kgAB5 m/s1 m/s
	m = 0.54 kgm = 0.54 kgAB5 m/s1 m/s

	 Sphere A collides with sphere B. After the collision, sphere A slows, but both spheres continue to move to the right.
	 Which of the following diagrams shows the velocity of each sphere after the collision?
	A.
	A.
	A.
	A.


	B.
	B.
	B.


	C.
	C.
	C.


	D.
	D.
	D.



	SC814083596      OP      B
	 An airbag helps prevent injuries to the driver of a car when the car comes to a sudden stop. Which of the following best describes how the airbag helps prevent injuries to the driver?
	

	A.
	A.
	A.
	A.

	The airbag reduces the initial momentum of the driver, safely slowing the driver to a stop.
	AB5 m/s1 m/s
	AB3 m/s2 m/s
	AB3 m/s2 m/s
	AB5 m/s2 m/s


	B.
	B.
	B.

	The airbag causes the driver to come to a stop over a larger time interval, reducing the force felt by the driver.

	C.
	C.
	C.

	The airbag causes the driver to come to a stop over a smaller time interval, increasing the momentum of the driver.

	D.
	D.
	D.

	The airbag exerts a greater force on the driver than the driver exerts on the airbag, safely slowing the driver to a stop. 


	The following section focuses on thermal energy transfer.
	Read the information below and use it to answer the selected-response questions and constructed-response question that follow.
	SC805444051_PA          
	A student conducted two investigations to learn about thermal energy transfer.
	Investigation 1
	During investigation 1, the student used two insulated containers, container 1 and container 2. The student added 500 g of 95ºC water to container 1 and 500 g of 5ºC water to container 2. The student closed the containers and placed a thermometer in each. The student then placed one end of a U-shaped piece of metal into the water in container 1 and the other end into the water in container 2, as shown.
	Container1InsulatedcontainerU-shaped piece of metalT = 5°CT = 95°CContainer2Insulatedcontainer
	Container1InsulatedcontainerU-shaped piece of metalT = 5°CT = 95°CContainer2Insulatedcontainer

	Next, the student measured the water temperature in each container over time. The data are shown in Table 1.
	 

	Table 1: Temperature of Water over TimeTime (s)0100200300400500600700800Container 1 Temperature (°C)95.077.366.660.056.153.752.250.050.0Container 2 Temperature (°C)5.022.733.440.043.946.347.850.050.0
	Table 1: Temperature of Water over TimeTime (s)0100200300400500600700800Container 1 Temperature (°C)95.077.366.660.056.153.752.250.050.0Container 2 Temperature (°C)5.022.733.440.043.946.347.850.050.0

	Investigation 2
	The student investigated how the specific heat capacity of a substance affects the temperature change of the substance. During investigation 2, the student heated four liquids, W, X, Y, and Z. Each liquid had a mass of 200 g and was heated for the same amount of time using the same heat source. The specific heat capacities of the four liquids are shown in Table 2.
	Table 2: Specific HeatCapacity of LiquidsLiquidSpecific HeatCapacity(J/g • °C)WXYZ4.181.973.943.67
	Table 2: Specific HeatCapacity of LiquidsLiquidSpecific HeatCapacity(J/g • °C)WXYZ4.181.973.943.67

	SC805445031_PA      OP      C
	 The data from investigation 1 are represented in the graph. Four points on the graph are labeled W, X, Y, and Z.
	

	0204060Water Temperature (°C)Time (s)Water Temperature vs. Time80WWYYZZXXWYZX100100200300400500600700800Container 1KeyContainer 2
	0204060Water Temperature (°C)Time (s)Water Temperature vs. Time80WWYYZZXXWYZX100100200300400500600700800Container 1KeyContainer 2

	 At which point did container 1 and container 2 first reach thermal equilibrium?
	 

	A.
	A.
	A.
	A.

	point W

	B.
	B.
	B.

	point X

	C.
	C.
	C.

	point Y

	D.
	D.
	D.

	point Z


	SC805444653      OP      D
	 Before beginning investigation 1, the student predicted that the direction of thermal energy transfer would be from container 1 to container 2.
	

	 Which of the following observations best supports the student’s prediction? 
	A.
	A.
	A.
	A.

	The containers are good thermal insulators.

	B.
	B.
	B.

	The U-shaped piece of metal is a good thermal conductor.

	C.
	C.
	C.

	The water in container 1 is in thermal contact with the water in container 2.
	 


	D.
	D.
	D.

	The water in container 1 is at a higher temperature than the water in container 2. 


	SC805445772    OP      C
	 In investigation 2, liquid Z had an initial temperature of 25°C before 54,316 J of thermal energy was added. What was the final temperature of liquid Z?
	

	A.
	A.
	A.
	A.

	49°C

	B.
	B.
	B.

	74°C

	C.
	C.
	C.

	99°C

	D.
	D.
	D.

	272°C


	This question has two parts.
	SC805444497      OP      A;B
	 Part A
	

	 During the first 50 s of investigation 2, the temperature of 200 g of liquid W changed from 25°C to 31°C. How much thermal energy was transferred to liquid W in the first 50 s of investigation 2?
	A.
	A.
	A.
	A.

	5,016 J

	B.
	B.
	B.

	20,900 J

	C.
	C.
	C.

	25,916 J

	D.
	D.
	D.

	41,800 J


	Part B
	 The student repeated investigation 2 with 400 g of liquid W instead of 200 g. The student used the same heat source and heated liquid W for the same amount of time.
	 

	 How were the results of the investigation different when 400 g of liquid W were used instead of 200 g?
	A.
	A.
	A.
	A.

	The change in temperature of liquid W was greater.

	B.
	B.
	B.

	The change in temperature of liquid W was smaller.

	C.
	C.
	C.

	The amount of thermal energy transferred to liquid W was greater.

	D.
	D.
	D.

	The amount of thermal energy transferred to liquid W was smaller.


	This question has three parts. Write your response on the next page. Be sure to label each part of your response.
	SC805975282_PA     OP      X
	 The student analyzed the transfer of thermal energy that took place during investigation 1.
	

	A. 
	A. 
	A. 
	A. 

	Identify whether the average molecular motion of the water molecules in container 1 and container 2 increased, decreased, or remained the same during the first 100 s of investigation 1. Be sure to label your answer for each container.

	B. 
	B. 
	B. 

	The student claimed that energy was conserved in the system during the transfer of thermal energy in investigation 1.


	 Describe how the student could use the data in Table 1 to support the claim.
	C. 
	C. 
	C. 
	C. 

	Eventually thermal equilibrium was reached in investigation 1.


	 Compare the average molecular motion of the water molecules in both container 1 and container 2 after thermal equilibrium was reached. Explain your reasoning.
	 
	 

	SC299327      OP      C
	 The diagram shows a simple circuit. A location near the circuit is labeled X.
	

	X
	X

	 Which of the following explains whether there is a magnetic field at point X?
	A.
	A.
	A.
	A.

	There is no magnetic field at point X because wires are not magnets.

	B.
	B.
	B.

	There is no magnetic field at point X because it is too far from the battery.

	C.
	C.
	C.

	There is a magnetic field at point X because current flows through the wire.

	D.
	D.
	D.

	There is a magnetic field at point X because the light has magnetic properties.


	SC630758569      OP      A
	 Elephants use sound for communication. The table shows the average frequencies of sound waves produced by adult elephants and their young.
	

	ElephantFrequency(Hz)adult maleadult femaleyoung male121322
	ElephantFrequency(Hz)adult maleadult femaleyoung male121322

	 What additional information is needed to determine the wavelengths of the sounds produced by the elephants?
	A.
	A.
	A.
	A.

	the speed of the sound waves

	B.
	B.
	B.

	the period of the sound waves

	C.
	C.
	C.

	the energy the sound waves carry

	D.
	D.
	D.

	the distance the sound waves travel


	SC801055214      OP      B
	 The circuit shown has a current of 0.6 A.
	

	50 
	50 

	 What is the voltage of the battery?
	A.
	A.
	A.
	A.

	0.01 V

	B.
	B.
	B.

	30 V

	C.
	C.
	C.

	50.6 V

	D.
	D.
	D.

	83 V


	This question has two parts.
	SC804439301      OP      B;C
	 A student listening to music uses noise-canceling headphones to reduce outside noise. The headphones create an inverted sound wave that interacts with the outside noise. The diagram represents how the headphones work.
	

	Noise-cancelingwaveOutsidenoiseHeadphone
	Noise-cancelingwaveOutsidenoiseHeadphone

	Part A
	 Which wave behavior is used by the noise-canceling headphones to reduce outside noise for the student?
	A.
	A.
	A.
	A.

	constructive interference

	B.
	B.
	B.

	destructive interference

	C.
	C.
	C.

	reflection

	D.
	D.
	D.

	refraction


	Part B
	 The student then uses the noise-canceling headphones in a location where the outside noise is louder and has a higher pitch. How would the noise-canceling wave produced by the headphones need to change for the headphones to be equally effective when the outside noise is louder and has a higher pitch?
	A.
	A.
	A.
	A.

	The wave’s velocity and wavelength would need to increase.

	B.
	B.
	B.

	The wave’s velocity and wavelength would need to decrease.

	C.
	C.
	C.

	The wave’s frequency and amplitude would need to increase.

	D.
	D.
	D.

	The wave’s frequency and amplitude would need to decrease.


	This question has four parts. Write your response on the next page. Be sure to label each part of your response.
	SC313765      OP      X
	 The diagram shows a circuit with a 12 V battery, three resistors, and component K.
	

	10 5 KR115 R2R312 V
	10 5 KR115 R2R312 V

	A. 
	A. 
	A. 
	A. 

	Identify component K and explain its main function.

	B. 
	B. 
	B. 

	Component K is replaced with a piece of wire.


	 Calculate the total resistance of the circuit. Show your calculations and include units in your answer.
	C. 
	C. 
	C. 
	C. 

	Is the amount of current flowing through R the same as the amount of current flowing through R? Explain your reasoning.
	1
	2


	D. 
	D. 
	D. 

	Calculate the voltage drop across R. Show your calculations and include units in your answer.
	1



	 
	 
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	Overview of High School Introductory Physics Test 
	Overview of High School Introductory Physics Test 
	Overview of High School Introductory Physics Test 

	The spring 2022 high school Introductory Physics test was a next-generation assessment that was administered in two primary formats: a computer-based version and a paper-based version. The vast majority of students took the computer-based test. The paper-based test was offered as an accommodation for students with disabilities who are unable to use a computer, as well as for English learners who are new to the country and are unfamiliar with technology.
	Most of the operational items on the high school Introductory Physics test were the same, regardless of whether a student took the computer-based version or the paper-based version. In places where a technology-enhanced item was used on the computer-based test, an adapted version of the item was created for use on the paper test. These adapted paper items were multiple-choice or multiple-select items that tested the same STE content and assessed the same standard as the technology-enhanced item.
	This document displays released items from the paper-based test. Released items from the computer-based test are available on the MCAS Resource Center website at .  
	mcas.pearsonsupport.com/released-items
	mcas.pearsonsupport.com/released-items


	Test Sessions and Content Overview
	The high school Introductory Physics test was made up of two separate test sessions. Each session included selected-response questions and constructed-response questions. On the paper-based test, the selected-response questions were multiple-choice items and multiple-select items, in which students select the correct answer(s) from among several answer options. 
	Standards and Reporting Categories
	The high school Introductory Physics test was based on learning standards in the April 2016 version of the Massachusetts Science and Technology/Engineering Curriculum Framework. These standards are grouped under the three content reporting categories listed below. Note that standard HS.PHY.1.8 is included in the Energy reporting category.
	• 
	• 
	• 
	• 

	Motion, Forces, and Interactions

	• 
	• 
	• 

	Energy

	• 
	• 
	• 

	Waves


	The 2016 Massachusetts Science and Technology/Engineering Curriculum Framework is available on the Department website at .
	www.doe.mass.edu/frameworks/current.html
	www.doe.mass.edu/frameworks/current.html


	Some items on the high school Introductory Physics test are also reported as aligning to one of three MCAS Science and Engineering Practice Categories. The three practice categories are listed below.
	• 
	• 
	• 
	• 

	Practice Category A: Investigations and Questioning

	• 
	• 
	• 

	Practice Category B: Mathematics and Data 

	• 
	• 
	• 

	Practice Category C: Evidence, Reasoning, and Modeling 


	More information about the practice categories is available on the Department website at .
	www.doe.mass.edu/mcas/tdd/
	www.doe.mass.edu/mcas/tdd/
	practice-categories.html


	The table at the conclusion of this document provides the following information about each released operational item: reporting category, standard covered, practice category covered (if any), item type, and item description. The correct answers for released selected-response questions are also displayed in the table.
	Reference Materials
	Each student taking the paper-based version of the high school Introductory Physics test was provided with an Introductory Physics Reference Sheet. A copy of the reference sheet follows the final question in this chapter. Each student also had sole access to a calculator. 
	During both high school Introductory Physics test sessions, the use of bilingual word-to-word dictionaries was allowed for current and former English learner students.

	High School Introductory Physics
	High School Introductory Physics
	High School Introductory Physics
	 
	Spring 2022 Released Operational Items
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	  * Science and Technology/Engineering item types are: selected-response (SR) and constructed-response (CR).  
	  * Science and Technology/Engineering item types are: selected-response (SR) and constructed-response (CR).  

	**  Answers are provided here for selected-response items only. Sample responses and scoring guidelines for constructed-response items will be posted to the 
	**  Answers are provided here for selected-response items only. Sample responses and scoring guidelines for constructed-response items will be posted to the 
	Department’s website later this year.
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