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INTRODUCTION
A WORKBOOK TO HELP MAKE SENSE OF PHYSICS

One definition of science is that it is refined common sense. We humans use our common sense to help us navigate
and cope with the world. The ideas we are capable of using in coping are those that make sense to us. If an idea does
not make sense to us, it will be harder to remember, and it is harder to put the idea into practice.

Suppose you find the following paragraph in a book you’ve picked up about an unfamiliar subject:!

It is very important that you learn about traxoline. Traxoline is a new form of zionter. It is monotilled in
Ceristanna. The Ceristannians gristerlate large amounts of fevon and then bracter it to quasel
traxoline. Traxoline may well be one of our most lukised snezlaus in the future because of our zionter
lescelidge.

At the end of the chapter, you find the following questions:
1. What is traxoline?
2. Where is traxoline monotilled?
3. How is traxoline quaselled?
4. Why is traxoline important?

Even though you will have no trouble answering these questions, it doesn’t mean that you understand anything
about traxoline! The form of these questions is such that you are able to “make answers” without “making sense.”

Often when people first start to study physics, they also fall into a habit of answer-making instead of sensemaking.
Typical physics problems describe a situation and require that students use the information provided to solve for
some unknown quantity. This can be a useful process, as you learn what the equations are for and what you can find
out by using them. However, sometimes we can solve these problems by plugging values into equations without
really understanding the underlying ideas. It is possible to learn these equations, and even to become good at using
these equations to solve these types of problems, without really understanding their meaning. Students who have
done this may become really good at making physics answers, but that doesn’t mean that they understand physics.

The equations are mathematical expressions of general rules or ideas about the workings of the universe we live in.
Understanding physics requires understanding these rules and ideas—where they apply (and where they don’t), what
factors affect the results (and what factors don’t), and how one idea or rule is related to another. To really
understand physics, you will need to connect underlying ideas to their mathematical representation—to make sense
of the equations.

The exercises in this workbook are intended to promote sensemaking. The various formats of the questions have
been chosen so that it is difficult to make answers by using physics equations as formulas. You will need to develop
a solid qualitative understanding of the concepts, principles, and relationships in physics. In addition, you will have
to decide what is relevant and what isn’t, which equations apply and which don’t, and what the equations tell us
about physical situations.

Many students are not used to connecting mathematical relationships to concepts: This workbook is intended to
provide opportunities to practice making these connections. It is not a textbook, and you won’t get much out of it by
just reading through it. Instead, you need to actually work through the exercises. With practice, when you are given
a more typical physics problem where you are asked to find a value for an unknown quantity, you will be able to
make sense of the problems in addition to making answers. We hope that learning physics will be much more
rewarding as a result.

GENERAL INFORMATION AND CONVENTIONS

This workbook contains tasks in ten different formats, These formats are likely to be new to you, and it might take
time to learn how to respond properly. We (the authors) believe the different formats will encourage you to think
more productively about the ideas of physics and about how these ideas are described mathematically.

For almost all formats, you will be required to give an explanation as well as an answer. Writing out your

1 “The Montillation of Traxoline” was written by Dr. Judith Lanier, professor and dean emeritus, Department of Education,
Michigan State University.

Copyright © 2015 Pearson Education, Inc.
i



explanations in a form that your classmates can understand is an extremely useful habit for several reasons. First,
doing this will give you a second chance to think through your response to the task and will allow you to double-
check your reasoning. It also encourages the habit of writing careful explanations that can concisely argue for a
position—an indispensable skill in whatever line of work you choose to pursue.

TASK FORMATS

The ten task formats in this workbook are Bar Chart Tasks (BCT), Changing Representation Tasks (CRT),
Comparison Tasks (CT), Linked Multiple Choice Tasks (LMCT), Qualitative Reasoning Tasks (QRT), Ranking
Tasks (RT), Student Contention Tasks (SCT), Troubleshooting Tasks (TT), What’s Wrong Tasks (WWT), and
Working Backwards Tasks (WBT).

Several of these formats are reasonably self-explanatory. For example, troubleshooting tasks ask you to identify
what is wrong in a situation and explain how to correct it. However, several of the formats are likely to be unfamiliar
to you, and we will describe those here.

Ranking Tasks require you to compare four to six variations of a physical situation and to rank them on the basis of
some property or quantity. In writing out a ranking sequence, it is possible that you might believe two, or more, of
the variations are equal for the specified basis. If this happens, it is important that you explicitly identify which
variations you believe are tied. Another possibility for the ranking tasks is that all of the variations have the same
value for the specified basis; if that happens, you should choose the appropriate option from those at the right end of
the answer choices. And in some tasks, all of the variations may have a zero value of the specified basis for ranking,
so that option is also provided in each RT.

Comparison Tasks are similar to ranking tasks except that there are only two cases (labeled A and B) to compare,
so the choices are always that A is larger than, smaller than, or equal to B on the specified basis.

Changing Representations Tasks will require you to go from one representation to another. To understand a
physical situation and as a step toward representing a physical situation mathematically, physicists have developed a
number of useful representations. These representations may be a particular form of drawing, a chart, a graph, or a
map. In a way, representations are a little like models of the systems. Learning how to represent a physical situation
in different ways will strengthen your understanding of the underlying physics, and this is the purpose of these tasks.
For example, you may be given an acceleration versus time graph that describes a particular motion, and your task
will be to make a strobe position diagram of that motion.

Student Contentions Tasks present a variety of student statements about a physical situation. You will be asked
which of the statements (if any) you agree with. Often, the students’ contentions will disagree so it will only make
sense to choose at most one of the students to agree with, or to decide that none of their statements are presenting
reasonable ideas. However, there will be other versions of these tasks where the students may be saying similar
things in different ways and/or saying different things that are reasonable for the situation. In those cases you should
agree with as many of the student statements as you believe are appropriate.

Bar Chart Tasks are tasks requiring you to represent physical quantities with bars whose length represents the
amount of that quantity. Your instructor may want you to work with these as qualitative tasks, where the relative
number of bars for each entry is what is important, or more quantitatively where a specific number of bars for each
entry is needed. Bar chart tasks are particularly useful for understanding conserved quantities. As an example, if
everyone in your classroom bought and sold things from each other, as long as no money came into the classroom or
left, the total amount of money would be a conserved quantity. We might in this case make a bar chart showing how
much money each person had at the beginning and how much each person had at the end. In physics, energy is an
example of a conserved quantity, and bar chart tasks are especially useful for describing how energy changes form.
If the task is worked qualitatively the total number of bars initially plus or minus the number during the process has
to equal the total number of bars finally to satisfy the conservation of energy relation.

Next, we discuss several issues about some conventions used in physics that we have adopted in this workbook.
Physics instructors tend to have strong opinions about conventions, and your instructor may have good reasons for
disagreeing with our choices. For this reason, you may want to check with your instructor about what convention
he/she will be using.

UsE OF POSITIVE AND NEGATIVE SIGNS

Positive and negative signs are used in physics in at least four different ways, and sometimes (unfortunately) you
need to infer the meaning from the context. Appropriate interpretation of how the signs are being used is critical if
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you want to be sure you are reading physics texts properly. Here we describe the various uses of positive and
negative signs.

The first use is for directions of vectors when dealing with one-dimensional situations. For example, suppose we
have cars moving along a straight East-West road. We would typically choose one of these directions—say, East—
as positive and the opposite direction as negative. In other words, we are using the positive and negative signs to
represent direction, and only direction. That means the signs say nothing about the magnitude (size) of the quantity,
for example, displacement or velocity, we are dealing with, only which way they point.

As a result of this interpretation, a velocity of —8 m/s is considered a larger velocity than +3 m/s. You should be
careful in this context not to use the analogy to the mathematical number line and treat positive values, of any size,
as larger than negative values, of any size. In this workbook, we will often ask for the magnitude of quantities that
have direction, which means that you should ignore their directions and consider only the size.

The place where the number line analogy is reasonable is with the second use of positive and negative in physics,
when we are dealing with scalar quantities (i.e., quantities that do not have a direction) which can be “above” or
“below” a zero value. Examples of such quantities are gravitational potential energy, electric potential energy,
electric potential, work, and temperature (on the Celsius scale). There is another analogy that works for this
situation, which is the “bank balance” model, or at least the classic bank balance where one could go a little “in the
hole.” A positive bank balance does mean you have more money than a negative balance, which would actually
mean you owe the bank money. Here the signs do tell us something about the size of the quantity and (for example)
it is perfectly reasonable to state that +2 J is larger than —7 J for gravitational potential energy.

A third way positive and negative are used in physics is to indicate polarity, primarily with electric charges. Here the
sign indicates only that an object is a member of either category A (+) or category B (=) and again says nothing
about how big a charge it is. However, when determining quantities involving electric charges such as force, electric
field, electric potential, or electric potential energy, which category the object(s) are members of will affect the signs
for those quantities and thus can affect their sizes or their directions.

A final place where positive and negative signs are used is with lenses and mirrors. In this case, signs are assigned
by convention to the focal lengths to indicate whether the lenses or mirrors are converging or diverging. They are
also used on magnification to indicate upright (positive) or inverted (negative) images. In addition, they are assigned
to image distance to indicate location of the image relative to the object; for example, positive image distances mean
the object and image are on opposite sides of the lens. And finally, object distances can be positive or negative, with
positive values indicating real objects.

OTHER CONVENTIONS IN THIS BOOK

Often, physicists must use simplifications of physical situations in order to make sense of them. For example, it is
often the case that we will ignore air resistance when we analyze the motion of a projectile. In this workbook, we
will assume the following simplifications to physical situations unless otherwise noted:

(1) We will ignore air resistance.

(2) We will assume that surfaces and pulleys are frictionless.
(3) We will assume that pulleys and strings have no mass.
(4) We will assume that all fluids have the same density.

(5) We will assume that batteries, ammeters, and voltmeters are ideal. (Your instructor will explain what this
means at the appropriate time.)

(6) We will assume that bulbs in a circuit are identical.

There is a standard convention for how graphs are labeled in science and math courses that will be used in this book.
The convention is to label graphs by naming the quantity that is plotted on the vertical (y) axis followed by a dash
and then the quantity that is plotted on the horizontal (x) axis. So the general format for the name/label of a graph is
y-x. Specific examples are velocity-time or force-distance.

IDENTIFYING THE SYSTEM

‘When analyzing physical situations or solving physics problems, an important aspect of the analysis is deciding
where and how to apply the appropriate concepts and principles. Normally, the first step in the process is identifying
the object, or objects, that will be the focus of the analysis. The object (or objects) is called the system. Identifying
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the system is important because situations or problems can often be analyzed different ways depending on which
system is chosen.

Let’s take a simple example: Suppose you throw a ball straight up in the air. We will analyze changes in energy as
the ball goes up to the top, stops instantaneously, and then accelerates down using two different systems. In the first
case, we will take as the system just the ball itself. From this perspective the ball starts with kinetic energy and then
the Earth does work on the ball as it travels up to the top and then falls back down. Potential energy is not involved
here because potential energy is an interaction between two or more objects within the system, and our system has
only one object—the ball.

If instead we take the ball and the Earth as the system, the analysis would be portrayed differently. First, we would
have to choose a zero level for the gravitational potential energy of the system. Usually this would be the initial
height of the ball. With that choice the system initially has kinetic energy but zero potential energy. As the ball
travels up to the top, the kinetic energy of the system decreases and the gravitational potential energy increases. At
the top the system has zero kinetic energy and maximum gravitational potential energy (equal to the initial kinetic
energy). Then, as the ball falls back down, the kinetic energy increases and the gravitational potential energy
decreases back to zero. Notice that there is no work involved with this choice of system because work is an energy
exchange involving an agent outside the system.

In a number of the situations in physics, what constitutes the system will be obvious, but there will be times when it
will be necessary to explicitly identify what you are going to take as your system. Getting in the habit of explicitly
identifying the system will make your life easier in the long run.
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Legend for Task Names
BCT Bar Chart Tasks
CRT Changing Representation Tasks
CcT Comparison Tasks
LMCT Linked Multiple Choice Tasks
QRT Qualitative Reasoning Tasks
RT Ranking Tasks
SCT Student Contention Tasks
TT Troubleshooting Tasks
WWT What’s Wrong Tasks
WBT Working Backwards Tasks
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ANSWERING RANKING TASKS

EXAMPLE-RT1: STACKED BLOCKS—MASS OF STACK
Shown below are stacks of various blocks. All masses are given in the diagram in terms of M, the mass of the
smallest block.

M
5M
3M
M
M M A
3M 3M 3M M ;
A B C D E
Rank the total mass of each stack.
| o« [ [0 O
| 1 2 3 4 5 All All Cannot |
| Greatest ~ Least  thesame zero determine|

Explain your reasoning.
Stacks A and D have a total mass of 9M, C and E have a mass of 4M, and B has a mass of 6M.

Example answer formats
One way the ranking can be expressed is as “A = D > B > C = E” based on the reasoning listed above.

Using the ranking chart, this answer could be expressed either as

1 2 3 4 5 All All Cannot |

| Greatest o Least _thesame  zero  determine |
or as

(G I»ls e ol O [0

1 ) 3 7 5 All Al Camnot |

, Greatest ~ Least  thesame zero determine

where the ovals around the letters indicate a tie in the ranking. Note that the order of two items ranked as equal is
not important, but some instructors encourage students to use alphabetical order.
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PRACTICE-RT2: STACKED BLOCKS—NUNMBER OF BLOCKS

Shown below are stacks of various blocks. All masses are given in the diagram in terms of M, the mass of the
smallest block.

M
5M
3M
3
M M a
3M 3M 3M M Iy
A B C D E

Rank the total number of blocks in each stack.

.0 O O

1 2 3 4 5 All Al Cannot |
. Greatest ~ Least  thesame zero determine]

Explain your reasoning.

PRACTICE-RT3: STACKED BLOCKS—AVERAGE MASS
Blocks are stacked on a table. Masses are given in terms of M, the mass of the smallest block.

M
SM
3M
3M
M M oy
3M 3M M M v
A B Cc D E

Rank the average mass of the blocks in each stack.

! 1 2 3 4 5 All All Cannot |
. Greatest Least  thesame  zero _determine,

Explain your reasoning,
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PRACTICE-RT4: STACKED BLOCKS—NUMBER, TOTAL MASS, AND AVERAGE MASS
Shown below are stacks of various blocks. All masses are given in the diagram in terms of M, the mass of the
smallest block.

oM M
2M
M M 5M
2M M
4M M M M M
A B C D E

(a) Rank the total number of blocks in each stack.

| 1 2 3 4 5 All All Cannot !
. Greatest oo Least  thesame  zero determine

Explain your reasoning,.

(b) Rank the total mass of each stack.

«0 00

| 1 2 3 4 5 All All Cannot |
. Greatest Least ~ thesame zero determine:

Explain your reasoning.

(c) Rank the average mass of the blocks in each stack.

o [ [] [

1 2 3 4 5 All All Cannot |
| Greatest - , , Least the same  zero  determine!

Explain your reasoning,.

Copyright © 2015 Pearson Education, Inc.
XXii



A1 PRELIMINARIES

A1 PRELIMINARIES

A1-RTO01: LINE GRAPH |—SLOPE
Four points are labeled on a line.

4

Rank the magnitudes (sizes) of the slopes of the line at the labeled points.

w0 00

1 2 3 4 All All Cannot |
. Greatest . Least  thesame zero determine

i

Explain your reasoning,

A1-RT02: Y-X GRAPH LINES~SLOPE
Shown are several lines on a graph.
Ay

14\ o
. ! B.
//
—_— . C —_
// /
T */~79 —
,,, i
L~ >
X
T .
E
Rank the slopes of the lines in this graph.
| o« (] O [0
| 1 2 3 4 5 All All Cannot
 Greatest ... . Least _ thesame _zero _ determine

Explain your reasoning,
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TIPERs

A1-RT03: COMPLEX LINE GRAPH—MAGNITUDE OF SLOPE
Four points are labeled on a graph.

Rank the magnitudes (sizes) of the slopes of the graph at the labeled points.

1 2 3 4 All Al Cannot |
| Greatest . Least  thesame  zero determine,

Explain your reasoning,

A1-BRT04: ComPLEX LINE GRAPH—SLOPE
Four points are labeled on a graph.

/
e e e
/
QA
AN §
Rank the slopes of the graph at the labeled points.

« [ 0 [
1 2 3 4 All All Cannot
| Greatest .. Least  thesame  zero _determine|

Explain your reasoning,
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A1 PRELIMINARIES

A1-RT05: FOUR RECTANGLES—SLOPE OF DIAGONALS
In each case, a rectangle is drawn on a grid.

A B C

R RN

Rank the slopes of the diagonals between the points marked with dots for these rectangles.

| 1 2 3 4 All All Cannot |
 Greatest ~ Teast  thesame zero determine;

Explain your reasoning.

A1-WWT06: RECTANGLE—SLOPE OF DIAGONALS

In each case, a rectangle is drawn on a grid. A student makes the following statement in comparing the slopes of the
diagonal lines connecting the corners marked by dots:

“The steepness of a line depends on how much the line rises compared to its run. For Case A the rise
is 9, and the run is 6, and the difference between rise and run is 3. For Case B, the rise is 8 and the run
is 12 and the difference is minus 4. Case B has a smaller slope than Case A, and in Case B the slope is
negative.”

Case A Case B

e

What, if anything, is wrong with this student’s statement? If something is wrong, identify and explain how to
correct all errors. If this statement is correct, explain why.
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TIPERS

A1-CTO07: LINE GRAPH [I~-SLOPE
Shown are two graphs.

A B
Ayr 'Y,

Is the slope of the graph (i) greater in Case A, (ii) greater in Case B, or (iii) the same in both cases?

Explain your reasoning,

A1-RT08: CURVED LINE GRAPH—SLOPE
Four points are labeled on a graph.

Rank the slopes of the graph at the labeled points.

o [ ][] []
L1 2 3 4 All Al Cannot |
. Greatest oo ... Least  thesame  zero  determine,

Explain your reasoning,.
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A1-WWT09: Two CoLUMNS OF DATA—DATA GRAPH
A student uses data from a table to make a graph as shown.

Y

02 od
S04 09
e
08 33
10 57
12 | 88
14 | 140

14.0 4t

8.8

A

334
0_9 [ S S, S, .

0.1

-
0204060810121416 ~*

A1 PRELIMINARIES

What, if anything, is wrong with this graph? If something is wrong, identify and explain how to correct all
errors. If this statement is correct, explain why.
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TIPERs

A1-WWT10: MONTHLY WEBSITE VISITS GRAPH—INTERPRETATION
A website posts the following graph of the number of monthly visits during the past year.

A Hits

5060 U NP _ S . ] S
5050 | //

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
The website owner makes the following statement about this graph:

“As you can see, this year our popularity has grown dramatically, and we look forward to continued success.”

What, if anything, is wrong with this statement? If something is wrong, identify and explain how to correct all
errors, If this statement is correct, explain why.

A1-WWT11: CAT MoOVING AWAY FROM A DOG GRAPH—CAT SPEED
A cat is moving away from a sleeping dog along a hallway. A graph of the A Distance, meters

distance of the cat from the dog as a function of time is shown. A student I —
uses the equation rate times time equals distance to calculate the speed of 20| o
the cat at time 6 seconds: 16 B i
Rate = distance/time = 16 m/6 s = 2.667 meters per second. 12— SN - S P
———
What, if anything, is wrong with this calculation? If something is SF—
wrong, identify and explain how to correct all errors. If this is correct, e e
explain why. -
1 2 3 4 5 6 7 8 Time,
seconds

Copyright © 2015 Pearson Education, Inc.
6



A1 PRELIMINARIES

A1-WWT12: FILLING A CYLINDRICAL GLASS—HEIGHT OF WATER-TIME GRAPH

A cylindrical glass is filled using a tap with a constant flow rate of 4 ml per second. A student graphs the height of
the water in the glass as a function of time as shown:

4 Height, 2 " —
P i
painy i
g
pd -
IRNEpd _
- —~—
Time, ¢ Cross- Perspective
section

What, if anything, is wrong with this graph? If something is wrong, identify and explain how to correct all
errors. If this is correct, explain why.

A1-WWT13: FILLING TAPERED GLASS—HEIGHT OF WATER-TIME GRAPH

A glass is tapered so that it is wider at the top than at the bottom. The glass is filled using a tap with a constant flow
rate of 4 ml per second. A student graphs the height of the water in the glass as a function of time as shown:

Height, & h
A Heig

a

Time, ¢ Cross- Perspective
section

What, if anything, is wrong with this graph? If something is wrong, identify and explain how to correct all
errors. If this is correct, explain why.
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TIPERs

A1-WWT14: FILLING INVERTED TAPERED GLASS—WATER HEIGHT-TIME GRAPH

A glass is tapered so that it is narrower at the top than at the bottom. The glass is filled using a hose with a constant
flow rate of 4 ml per second. A student graphs the height of the water in the glass as a function of time as shown:

AHeight, h h
N pZ Rl
// i } R
, // ,
I < LI I I
7
-
Time, ¢ Cross- Perspective

section

What, if anything, is wrong with this graph? If something is wrong, identify and explain how to correct all
errors, If this is correct, explain why.

A1-SCT15: WATER STREAM—TIME TO FILL GLASS

Three students notice that the water leaving a tap and falling into a sink forms a stream that gets narrower
as it gets farther from the tap.

Andre: “The stream is narrower, and there’s less water as you get closer to the sink. That’s why if
you want to fill a glass quickly you should hold it near the faucet.”

Bela: “It doesn’t matter where you hold the glass, it will fill up in the same amount of time. Water
doesn’t just disappear once it leaves the faucet—it has to go somewhere.”

Carl: “Actually, the glass fills up faster if you hold it near the sink, not near the faucet. Near the
sink is where the water is flowing the fastest.”

With which, if any, of these students do you agree?

Andre Bela Carl None of them

Explain your reasoning,
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A1 PRELIMINARIES

A1-WWT16: FILLING COMPLEX FLASK AT CONSTANT RATE—HEIGHT OF WATER-TIME GRAPH

A flask has the complicated shape shown. The flask is filled using a hose with a constant flow rate of 4 ml per
second.

A Height, 1

9

Time, ¢ Cross-
section

A student graphs the height of the liquid in the flask as a function of time as shown above and makes the following
statement:

Perspective

“At first the flask is getting wider, so the graph increases quickly, then it gets narrower, so the height doesn’t
increase as quickly. Then, when the water reaches the neck, the flask stays a constant width, so the height
increases at a constant rate.”

What, if anything, is wrong with this graph? If something is wrong, identify and explain how to correct all
errors. If this is correct, explain why.

A1-WWT17: CARS AND TRUCKS IN PARKING LOT——STATEMENT
A student is told that the equation 3y = x represents the statement:

“There are three times as many cars as pickup trucks in the parking lot.” She says, “The letter x represents the cars,
and the letter y represents the pickups.”

What, if anything, is wrong? If something is wrong, identify and explain how to correct all errors, If this is
correct, explain why.
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TIPERs

A1-SCT18: INCHES AND FEET—EQUATION
To express the relationship between inches and feet, someone writes “12/ = 1F.” Three students discussing this
relation state:

Amy: “The letter I is used as a unit in this case. There aren’t any variables in this equation.”
Bea: “The letter I is a variable and represents the number of inches.”
Cari: “That can’t be right, because if I let I equal 12 inches, then I get 144 inches equals IF. And there are

only 12 inches in a foot.”

With which, if any, of these students do you agree?
Amy Bea Cari None of them

Explain your reasoning.

A1-WWT19: Boys AND GIRLS ON DANCE FLOOR—EQUATION
A student is asked to represent the statement “For every 5 girls on the dance floor there are 3 boys” using G to
represent the number of girls and B to represent the number of boys. He writes 5G = 3B.

What, if anything, is wrong? If something is wrong, identify and explain how to correct all errors. If this is
correct, explain why.

A1-WWT20: STUDENTS AND TEACHERS—EQUATION
A student is asked to represent the statement “There are 42 more students than teachers in the classroom” using S
for the number of students and T for the number of teachers. She writes S = T + 42.

What, if anything, is wrong? If something is wrong, identify and explain how to correct all errors. If this is
correct, explain why.
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A1 PRELIMINARIES

A1-WWT21: TEXTING AND COST—STATEMENT

A student is told that the equation 7y = 4x represents the statement “For every 7 hours of texting I get charged 4
dollars.” She says, “The letter x represents the number of hours of texting, and the letter y represents the number of
dollars I am charged.”

What, if anything, is wrong? If something is wrong, identify and explain how to correct all errors. If this is
correct, explain why.

A1-WWT22: LINE DATA GRAPH—INTERPRETATION

A student makes the following claim about some data that he and his A Y
lab partners have collected:

“Our data show that the value of y decreases as x increases. We R
Sfound that y is inversely proportional to x.” 5 -

What, if anything, is wrong with this statement? If something is - SN
wrong, identify and explain how to correct all errors. If this ~a__
statement is correct, explain why. T
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TIPERS

A1-QRT23: STATEMENT ABOUT Y-X GRAPHS—DOUBLING GRAPH
Six y- versus x- graphs are shown on a single set of axes.

'y A

B

D
/ »x
E

F

Which, if any, of these graphs is consistent with the statement “If x doubles, then y also doubles?”

Explain your reasoning.

A1-SCT24: EQUATION —SOLUTION
Four students solving a math problem obtain the following equation:
4abx =cax+2b
They want to solve for x, and make the following statements about what to do next:

Aubrie: “There’s nothing we can do until we plug in numbers for a, b, and ¢.”

Bayan: “We need to get all the x terms on one side, so we should subtract cax from both sides.”
Cherise: “I agree, but first we can simplify. There’s an “a” on both sides, and we can cancel them.”
Didier: “I agree that we need to get all the x terms on one side, but to do that we should divide by cax.”

With which, if any, of these students do you agree?
Aubrie Bayan Cherise Didier None of them

Explain your reasoning.
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A1 PRELIMINARIES

A1-SCT25: EQUATION HI—UNITS ANALYSIS
Four students solving a math problem obtain the following equation:

4abx = cax+2b

They are not sure the equation is reasonable, and make the following statements about the units:

Alan: “I don’t think this can work because the different variables should have different units, which
means the equation would be inconsistent.”

Bri: “I disagree; I think it could work if a and x are something like m and 1/m.”

Chas: “I agree with Bri, but only if ¢ has the same units as b in addition to what Bri said.”

With which, if any, of these students do you agree?
Alan Bri Chas None of them

Explain your reasoning.

A1-WWT26: INVERSE QUANTITIES—STATEMENT
A student is solving a problem using an equation that includes the variables x, y, and z. She says,
1 1 1
“We need to simplify the equation — =—-+— and then solve for z. First we invert, which gives
Xy z
x =y +2. Then we solve for z by subtracting y from both sides, and we get 7=x—y.”

What, if anything, is wrong? If something is wrong, identify and explain how to correct all errors, If this is
correct, explain why,
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TIPERs

A1-QRT27: STATEMENT—DOUBLING EQUATION

A y=2x
B. y=3x
C. y=2x+7
D. y=—4x
E. y=x’

Which, if any, of these equations is consistent with the statement “If x doubles, then y also doubles?”

Explain your reasoning,.

A1-RT28: LEMONADE FROM CONCENTRATE—FLAVOR STRENGTH
Four students are mixing lemonade using a lemonade concentrate and water. They all have different recipes. In the
diagrams, the darker cans represent lemonade concentrate and the lighter cans represent water.

A

00

0000 ooooo
(0008 55000

Cc

S0000| o000
E00E

(0000

Rank the mixtures based on how strongly flavored they are.

i

]

w0 O

1 2 3 4

| Greatest . Least

Explain your reasoning.

All All Cannot
the same  zero determine|

Copyright © 2015 Pearson Education, Inc.

14



A1 PRELIMINARIES

Baskets | Baskets

A1-RT29: FOUR BASKETBALL PLAYERS—FREE-THROW SKILLS Name | Made | Missed
Four basketball players have the following statistics for free-throws: -

A Aliza| 13 6

B Berta| 14 3

C  Claudia| 7 3
Based only on this small amount of data, rank the free-throw skills of the ) R
players. D Diana, 6 3

w0 00

1 2 3 4 All All Cannot |
 Greatest ~ least  thesame zero determine|

Explain your reasoning,.

A1-QRT30: Four BASKETBALL PLAYERS—MAKING TEAMS Baskets | Baskets
Four basketball players have the following statistics for free-throws: Name | Made | Missed
A | Amalie| 43 12
B Beth| 77 18
(a) Based only on their free-throw statistics, choose teams for a 2-on-2 c Cami 61 19
basketball game that is as evenly matched as possible.
Explain your reasoning, D _Diethra| 58 | 11

(b) For the teams you have chosen (and again based only on their free-throw statistics), which team is likely
to win?

Explain your reasoning,
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TIPERs

A1-SCT31: LARGE AND SMALL PICTURE—SIZE
Picture B at the right was made by enlarging
picture A on a photocopying machine. The

A
distance between point x and point y measures
1.4 times as large in picture B as in picture A, 5

and the distance between point x and point z
also measures 1.4 times as large in picture B.

Consider the following claims made by xo NG
students about the two pictures:

Andres: “The distance from y to z is also
1.4 times as large in picture B as
in picture A. Picture B is 1.4 times as large in any direction.”

Blas: “The area of the triangle xyz will be 1.4 times as large in picture B as in picture A. Picture B is 1.4
times as large in any direction.”

Cervita: “The angle yzx is also 1.4 times as large in picture B as in picture A.”

Daniel: “The circumference of the circle in the upper-right-hand corner of the picture is 1.4 times as large in
picture B as in picture A.”

Esther: “The area of the circle in the upper right hand corner of the picture is 1.4 times as large in picture B
as in picture A. Anything you can measure in picture B will be 1.4 times as large as what you measure
inA.”

Freddie: “The length of the dart is 1.4 times as large in picture B as in picture A.”

Genaro: “The area of the dart is 1.4 times as large in picture B as in picture A.”

With which, if any, of these students do you agree?
Andres Blas Cervita Daniel Esther Freddie Genaro None of them

Explain your reasoning.
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A1 PRELIMINARIES

A1-CT32: SCALE MODEL PLANES—SURFACE AREA AND WEIGHT

A woodworker has made four small airplanes and one large airplane. All airplanes are exactly the same shape, and
all are made from the same kind of wood. The larger plane is twice as large in every dimension as one of the smaller
planes. The planes are to be painted and then shipped as gifts.

— Case A =

(a) The amount of paint required to paint the planes is directly proportional to the surface area. Will the amount of
paint required for the single plane in Case A be (i) greater than, (ii) less than, or (iii) equal to the total amount
of paint required for all four planes in Case B?

Explain your reasoning,

(b) The shipping cost for the planes is proportional to the weight which is related directly to the volume. Will the
weight of the single plane in Case A be (i) greater than, (ii) less than, or (iii) equal to the total weight of all four
planes in Case B?

Explain your reasoning,

A1-WWT33: FIVE KILOGRAMS OF PENNIES—VALUE OF FIVE KILOGRAMS OF NICKELS

A student is told that 5 kg of pennies have a value of $20. The student has to find the value of the same mass of
nickels, knowing that a nickel has twice the mass of a penny. The student carries out the following calculation;

“$20 is 2000 pennies, and they have a mass of 5 kg. If I have the same mass of nickels that are each
twice the mass of a penny, then I will only have 1,000 nickels. That means I would have $50.”

What, if anything, is wrong with this student’s analysis? If something is wrong, identify it and explain how to
correct it. If nothing is wrong, complete the explanation.
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TIPERs

A1-SCT34: CoAL MINE RESCUE SHAFT—TIME
Three students are working on the following problem:

“If it takes 70 hours to dig a coal mine rescue shaft 300 feet deep, how long should it take to dig another
coal mine rescue shaft 1,500 feet deep?”

The students make the following contentions:

Ally: “Since it took 70 hours to dig 300 feet it will take five times as long to dig five times as deep, so it will
take 350 hours.”
Bill: “It takes them a little less than a quarter of an hour to dig one foot, so I get 349.5 hours, which almost

agrees with Ally, but I am not sure who has the right answer.”

Clyde: “The workers were able to dig at a rate of 4.29 feet per hour for the first shaft, so if they can do the
same for the second it will take 349.7 hours. So I think we all agree and the numbers only differ
because of rounding errors.”

With which, if any, of these students do you agree?
Ally Bill Clyde None of them

Explain.

A1-QRT35: PENNIES—NUMBER OF PENNIES
Since 2,000 pennies have a mass of # kg, how many pennies would be needed to produce a mass of 1.6n kg?

Explain.

A1-TT36: Six PAGE PHYSICS TEST—WEIGHT

A certain physics test, which is several pages long, is copied on 20-pound paper (500 sheet have a weight of 20
pounds) so the weight per test is 0.25 pounds. The class has 39 students, so the instructor makes 40 copies of this
test. What is the weight of the paper that he brings to class on test day?

A student presented with this problem carries out the following analysis:

“To find the total weight of the paper in the tests I need to divide the 40 copies by the 0.25
test/pound, and that will give me 16 pounds.”

The student’s analysis is wrong; identify the problem and explain how to correct it.
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A2 VECTORS

A2-QRTO01: VECTORS ON A GRID I—MAGNITUDES
Eight vectors are shown superimposed on a grid.

—> -
LA L C
BN D
% 134
Y | |F | |G|
i

(a) List all of the vectors that have the same magnitude as vector A.

(b) List all of the vectors that have the same magnitude as vector B.

(c) List all of the vectors that have the same magnitude as vector C.

-

(d) List all of the vectors that have the same magnitude as vector -A .

(e) List all of the vectors that have the same magnitude as vector —B,

(f) List all of the vectors that have the same magnitude as vector -D.

Copyright © 2015 Pearson Education, Inc.
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TIPERs

A2-RT02: VECTORS ON A GRID Il-~MAGNITUDES
Five vectors are shown superimposed on a grid.

A c %
B D | |E

Rank the magnitudes of the vectors.

o O 0

_ 2 3 3 5 All Al Cannot |
| Greatest - o ~ Least = thesame zero determine!

Explain your reasoning,.

A2-QRT03: VECTORS ON A GRID lIl—DIRECTIONS
Nine vectors are shown superimposed on a grid.

ol
oy

o L NN

(a) List all of the vectors that have the same direction as vector X.

—

(b) List all of the vectors that have the same direction as the vector —X.
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A2 VECTORS

A2-QRT04: VECTOR GRAPHICAL ADDITION AND SUBTRACTION I—EXPRESSION
Three vectors, labeled P, Q, and R, are shown below.

P . 5
—— 7

Write an expression using the vectors 13, Q , and R for the resultant vectors shown.

Example A B

C=

A2-QRTO05: VECTOR GRAPHICAL ADDITION AND SUBTRACTION —EXPRESSION
Three vectors, labeled f’, Q, and 1%, are shown below.

P _
— s w

Write an expression using the vectors P R Q , and R for the resultant vectors shown.

Example

Copyright © 2015 Pearson Education, Inc.
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TIPERs

A2-QRTO06: VECTOR EXPRESSION OF GRAPHICAL RELATIONSHIP—EQUATION

P R

—

Q

Which of the following vector equations correctly describes the relationship among the vectors shown in the
figure?

A B C D E
L L L - - = - - = - - - None of equations
P+Q=R P=Q+R P+R=0 P+Q+R=0 A—Discgrrect.

Explain your reasoning.

A2-WBTO07: RESULTANT—GRAPHICAL ADDITION OR SUBTRACTION
Three vectors, labeled P, @, and R, are shown below. The magnitude of each vector is given in arbitrary units.

P
-—

O engti=3 | Lengin-
Length=4 Length=3 R ‘Length =2

Construct the vectors shown in cases A to E below by adding or subtracting two of the vectors f’, 0, and R
as shown in the example. Write a vector equation representing each process.

Example N A B
/
g\‘
X=-P+R A= B=
C D E

el
@i
1y

o}
I
ol
it
oS
it
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A2 VECTORS

A2-SCTO08: ADDING TWO VECTORS—MAGNITUDE OF THE RESULTANT
Three students are discussing the magnitude of the resultant of the addition of the vectors A and B. Vector A hasa
magnitude of 5 cm, and vector B has a magnitude of 3 cm.

Alexis: “We’d have to know the directions of the vectors to know how big the resultant is going to be.”

Bert: “Since we are only asked about the magnitude, we don’t have to worry about the directions. The
magnitude is just the size, so to find the magnitude of the resultant we just have to add the sizes of
the vectors. The magnitude of the resultant in this case is 8§ cm.”

Cara: “No, these are vectors, and fo find the magnitude you have to use the Pythagorean theorem. In
this case the magnitude is the square root of 34, a little less than 6 cm.”

Dacia: “The resultant is the vector that you have fo add to the first vector to get the second vector. In this
case the resultant is 2.”

With which, if any, of these students do you agree?

Alexis Bert Cara Dacia None of them

Explain your reasoning.

A2-QRT09: VECTORS ON A GRID IV—GRAPHICAL REPRESENTATION OF SUM
Shown at left below are vectors labeled K , i, M , and N, with lengths in arbitrary units, superimposed on a grid.

On the grid on the right, construct a graphical representation of J=K+L+M +N with labels for
each vector, and indicate the direction of J : (closest to one of the directions listed in
the direction rosette above).
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TIPERs

A2-RT10: VECTORS ON GRID V—COMPONENTS OF VECTORS
Shown below are vectors superimposed on a grid.

i

(a) Rank the magnitudes of the x-components of each vector.

o« [ O O]
1 2 3 4 5 6 All Al Cannot |
| Greatest .. Least  thesame  zero determine

Explain your reasoning,

(b) Rank the magnitudes of the y-components of each vector.

1 2 3 4 5 6 All All Cannot |
, Greatest Least ~ thesame  zero determine]

Explain your reasoning,

A2-WWT11: ADDITION AND SUBTRACTION OF TWO VECTORS—DIRECTION OF RESULTANT
Two vectors, labeled P and @, are shown below. The length (magnitude) of each vector is given in arbitrary units.

—

2 g
._.._..._..__._>
Length = 4 Length =3

A student constructs the figure shown below to figure out the sum of the vectors P and Q The student contends
that the lighter arrow A represents the vector sum of the vectors P and Q.

What, if anything, is wrong with the student’s work? If something is wrong, identify it, and explain how to
correct it. If his/her work is correct, explain why.
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A2 VECTORS

A2-RT12: VECTORS ON GRID VI—RESULTANT MAGNITUDES OF ADDING TWO VECTORS
Six vectors are shown superimposed on a grid.

A &c¢ ' b F
Lo L
= = |

Rank the magnitude of the vector resulting from adding vector A to each vector ()i +A . B+ A, C+A , etc.).

oo [ [ [T

| 1 2 3 4 5 6 All All Cannot |
. Greatest o Least thesame  zero  determine

Explain your reasoning.

A2-RT13: VECTORS ON GRID VII—RESULTANT MAGNITUDES OF ADDING TWO VECTORS
Six vectors are shown superimposed on a grid.

Rank the magnitude of the vector resulting from adding vector A to each vector ( A+A R B+ /3, C+A , etc.).

o« [ O [
2 3 4 5 6 All All  Cannot |
. Greatest . Least thesame  zero determine;

Explain your reasoning,
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TIPERs

A2-SCT14: COMBINING TWO VECTORS—RESULTANT

Two vectors each have a magnitude of 6 units, and each makes a small angle ¢ with the horizontal as shown. Four
students are discussing the resultant vector obtained by adding these two vectors.

6 6

Amanda: “Since these are vectors, we need to use the Pythagorean theorem to find the magnitude. In this
case, the magnitude will be the square root of 72. The direction will be downward.”

Belle: “Since these are vectors we have to find a direction and a magnitude. We use the vectors to
determine the direction, which is down. But to get the magnitude, we just add the individual
magnitudes. The magnitude of the resultant is 12.”

Conrad: “I think the direction is actually up. The resultant should add to these vectors to get zero, and since
these two point down, we need another vector pointing up.”

Donald: “The magnitude will be less than six. Each of these points down just a little, so the resultant will be
pretty small.”

With which, if any, of these students do you agree?

Amanda Belle Conrad Donald None of them
Explain your reasoning.

A2-CT15: COMBINING VECTORS—MAGNITUDE OF RESULTANT

In Case A, two vectors of magnitude 6 units are at right angles to one another. In Case B, four vectors, each of
magnitude 3 units, are arranged as shown. The outer vectors in Case B are also at right angles to one another, and
the difference in direction between any pair of adjacent vectors is 30°.

Case A Case B

If all vectors in each case are added together, is the magnitude of the resultant in Case A (i) greater than, (ii)
less than, or (iii) equal to the magnitude of the resultant in Case B?

Explain your reasoning,
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A2-QRT16: VECTOR COMBINATION [—DIRECTION OF RESULTANT

For each situation below, combine the vectors as indicated and determine the

direction of the resultant vector. Then select the closest direction to the resultant

from the direction rosette at the right.

J=N+P+Q+R

Direction of J:

K=P+R+N+0

Direction of K

Ay Ay
6
A 9
| d

- =

L=-S-T+U-V

Direction of L:

Y

~1

wf

Copyright © 2015 Pearson Education, Inc.
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TIPERS

A2-QRT17: VECTOR COMBINATIONS Il—COMPONENTS OF THE RESULTANT VECTOR

For each situation below, determine the components of the resultant vectors.

K=A+B+C+D L=—E-F+G+H
K: x- component L: x-component
K: y-component L: y-component
= E
i...D R .
T v H
¢ I\
B
|

B
‘

A+B+C+D

X-component

y-compo nent
Ly

M=
M:
M.
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A2 VECTORS

A2-QRT18: FORCE VECTORS—PROPERTIES OF COMPONENTS
Shown below are vector diagrams representing two sets of forces.

y

N mE

o

e

Va

| Yl
*Ui

o
Qo

(a) List all the forces that have a zero x-component;
(b) List all the forces that have a zero y-component:
(c) List all the forces that have an x-component pointing in the positive x-direction:

(d) List all the forces that have a y-component pointing in the negative y-direction:

A2-QRT19: VELOCITY VECTORS—PROPERTIES OF COMPONENTS
Shown below are vector diagrams representing velocities.

Qi

C.

(a) List all the velocities that have a zero x-component:
(b) List all the velocities that have a zero y-component:
(c) List all the velocities that have an x-component pointing in the positive x-direction:

(d) List all the velocities that have a y-component pointing in the negative y-direction:
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TIPERs

A2-SCT20: TWo VECTORS—VECTOR DIFFERENCE
Two vectors labeled A and B, each having a length of 6 meters, make a small angle o. with the horizontal as shown.
Four students are discussing the vector difference C = A — B.

Arlo: “Since we’re subtracting vector B, we flip it around so it points in the same direction as vector A.
The difference will be 12 meters long and will point in the same direction as vector A.”

Bob: “We're subtracting, so the resultant will be smaller than six. Both vectors point down, so the
difference will point down as well.”

Celine: “When you flip vector B around to get negative B, it points up and to the left. Then we add it fo
vector A, we get a long vector pointing horizontally to the right.”

Delbert: “Both vectors are 6 meters long, so the difference is zero. It doesn’t point in any direction.”

With which, if any, of these students do you agree?
Arlo Bob Celine Delbert None of them
Explain your reasoning,

A2-CT21: Two VECTORS—Vector SuM AND DIFFERENCE

Two vectors labeled A and B each have a magnitude of 6 meters, and each makes a small angle o with the
horizontal as shown.Let C=A+B and D=A—-B.

Is the magnitude of 6‘ (i) greater than, (ii) less than, or (iii) equal fo the magnitude of D?

Explain your reasoning.
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A2-RT22: ADDITION AND SUBTRACTION OF THREE VECTORS—DIRECTION OF RESULTANT
Three vectors, labeled P, Q, and R, are shown below.

P - ¥ .
—— 7 i

B

G=_F+D+F

B=-R+D+P

A2 VECTORS

In each space provided above, construct a drawing of the indicated combination of the vectors 13, Q ,and 13,
and then rank the magnitude of the angle that the resultant vector makes with the vector P.

1
. Greatest

Explain your reasoning,.

4
Least

moohg

All All Cannot |
the same  zero  determine|
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TIPERs

A2-RT23: ADDITION AND SUBTRACTION OF THREE VECTORS—MAGNITUDE OF RESULTANT
Three vectors, labeled P, Q, and R, are shown. The length of each vector is given in arbitrary units

P - ¥
—— 7

B

Be_ReDaP

C=-Ps0+R
In each space provided above, construct a drawing of the indicated combinations of the vectors 13, Q ,and f(’,

W

1 2 3 4 All Al Cannot |
| Greatest Least  thesame  zero determine,

and then rank the magnitude of these resultant vectors,

Explain your reasoning,.
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B1 MoTioN IN ONE DIMENSION

B1 MOTION IN ONE DIMENSION

B1-RTO01: STROBE PHOTOGRAPHS OF SPHERES—DISPLACEMENT |

In each case, a sphere is moving from left to right next to a tape marked in meters. A strobe (flash) photograph is
taken every second, and the location of the sphere is recorded. The total time intervals shown are not the same for all
spheres.

A g ——9 6 0o 8o
0 1 2 3 4 5 6 7 8 9 10 m
B QRO Q) Q T Q T T T Q T T8
0 2 3 4 5 6 7 8 9 10 m
C Q T T Q T T Q T T Q_‘l_’
0 1 2 3 4 5 6 7 8 9 10 m
D T Q T T T T Q T T Q Q_>
0 1 2 3 4 5 6 7 8 9 10 m

Rank the magnitude of the displacement over the first 2 seconds.

Nalaah

T 2 3 4 All Al Camnot |
 Greatest ~ Least __thesame  zero determine|

Explain your reasoning,

B1-RT02: STROBE PHOTOGRAPHS OF SPHERES-—DISPLACEMENT Il

In each case, a sphere is moving from left to right next to a tape marked in meters. A strobe (flash) photograph is
taken every second, and the location of the sphere is recorded. The total time intervals shown are not the same for all
spheres.

A - Q 0O —Q
0 1 2 3 4 5 6 7 8 9 10 m
B P00 Q T Q T T T Q T A
1 2 3 4 5 6 7 8 9 10 m
C "Q T T Q T T Q T T Q‘—‘—I—>
0 1 2 3 4 5 6 7 8 9 10 m
D T Q T T T T Q T T Q Q_"
0 1 2 3 4 5 6 7 8 9 10 m

Rank the magnitude of the displacement over the first 3 seconds.

o] 0O O
! 2 3 4 All Al Cannot
 Greatest ~~ Tleast  thesame zero determine;

Explain your reasoning.
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TIPERs

B1-RT03: STROBE PHOTOGRAPHS OF SPHERES—AVERAGE VELOCITY |

In each case, a sphere is moving from left to right next to a tape marked in meters. A strobe (flash) photograph is
taken every second, and the location of the sphere is recorded. The total time intervals shown are not the same for all
spheres.

A —9Q Q9 0 0o 0,
0 1 2 3 4 5 6 7 8 9 10 m
B QO _Q Q T Q T T T Q T T
0 2 3 4 6 7 8 9 10 m
C T T Q T T Q T T Q_“—“I“'
0 1 2 3 4 5 6 7 8 9 10 m
D T Q T T T T Q T T Q gL’
0 1 2 3 4 5 6 7 8 9 10 m

Rank the magnitude of the average velocity over the first 3 seconds.

{

i 1 2 3 4 All All Cannot |
| Greatest ~ Least ~ thesame  zero  determine|

Explain your reasoning,

B1-RT04: STROBE PHOTOGRAPHS OF SPHERES—AVERAGE VELOCITY Il

In each case, a sphere is moving from left to right next to a tape marked in meters. A strobe (flash) photograph is
taken every second, and the location of the sphere is recorded. The total time intervals shown are not the same for all
spheres.

A —Q T Q T Q T T Q T
0 1 2 3 4 5 6 7 8 9 10 m
B Q T Q i T T Q T T
0 1 2 3 4 6 7 8 9 10 m
C T T Q T T Q T T L!_>
0 1 2 3 4 5 6 7 8 9 10 m
D T Q T T T T Q T T Q Q“’
0 1 2 3 4 5 6 7 8 9 10 m

Rank the magnitude of the average velocity over the first 2 seconds.

« [ 0O O
1 2 3 4 All All  Cannot |
. Greatest . Least _thesame  zero  determine|

Explain your reasoning,.
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B1 MoTION IN ONE DIMENSION

B1-RT05: BALL STROBE DIAGRAMS—AVERAGE VELOCITY

The following drawings represent strobe (flash) photographs of a ball moving in the direction of the arrow. The
circles represent the positions of the ball at succeeding instants of time. The time interval between successive
positions is the same in all cases.

A B D
g >

Rank the magnitude of the ball's average velocity in the last time interval.

SO O

| 1 2 3 4 All All Cannot |
. Greatest Least  thesame  zero _ determine|

Explain your reasoning,.

B1-RT06: BALL STROBE DIAGRAMS—ACCELERATION

The following drawings represent strobe (flash) photographs of a ball moving in the direction of the arrow. The
circles represent the positions of the ball at succeeding instants of time. The time interval between successive
positions is the same in all cases. Assume all accelerations are constant.

A B C

0100
>

Rank the magnitude of the acceleration based on the drawings.

1 2 3 4 All All Cannot |
. Greatest ~ Least thesame  zero  determine

Explain your reasoning.
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TIPERs

B1-RT07: BALL STROBE DIAGRAMS—ACCELERATION

The following drawings represent strobe (flash) photographs of a ball moving in the direction of the arrow. The

circles represent the positions of the ball at succeeding instants of time. The time interval between successive

positions is the same in all cases. Assume all accelerations are constant,

B

oo O

<

Cc

CleYe
=90

D
©/@)

O
>

Rank the magnitude of the acceleration based on the drawings.

OR

1
| Greatest

Explain your reasoning,.

B1-RT08: BALL STROBE DIAGRAMS——SPEED
The following drawings represent strobe (flash) photographs of a ball moving in the direction of the arrow. The

circles represent the positions of the ball at succeeding instants of time. The time interval between successive

positions is the same in all cases.

4

~Least

All
‘the same

All
ZEero

Cannot |
~ determine |

@Q A
O

B

OC00O0
_>

C
O

OO

D
)

Rank the ball's average speed in the last time interval.

OR

j 1
| Greatest

Explain your reasoning.

Least

All
the same
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B1 MoTION IN ONE DIMENSION

B1-CRT09: VELOCITY-TIME GRAPHS—SPEED-TIME GRAPHS

Velocity versus time graphs for six toy cars that are traveling straight along a hallway are shown. All graphs have
the same time and velocity scales.

A Avelocity B Avelocity R c AVel,Octity‘ S

Draw below the speed versus time graphs for these graphs.

A jpSpeed B 4 Speed ’ C A Speed

Explain your reasoning.
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TIPERs

B1-CRT10: VELOCITY-TIME GRAPH—SPEED-TIME GRAPHS
Given this velocity-time graph, draw the corresponding speed-time graph.

A Velocity A Speed

~_ 7 . .

Time Time

Explain your reasoning.

B1-WWT11: SPEED-TIME GRAPHS OF TWO OBJECTS—DISPLACEMENT
The graphs below show the speed of two objects during the same time interval.

Speed
2
1 ........... S - -
OO 2 4 6 ;me, seconds
Object 1
A Speed
) , .
1 IS o] e
00 2 4 6 ;me, seconds
Object 2

A student considering these two graphs states:

“Object 1 will be farther from its starting point after this 6-second interval than Object 2 because Object 1 had a
larger displacement than Object 2.”

What, if anything, is wrong with the student’s statement? If something is wrong, explain the error and how to
correct it. If the graph is correct, explain why.
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B1 MoTION IN ONE DIMENSION

B1-WWT12: BALL THROWN UPWARD AND COMES BACK DOWN—SPEED-TIME GRAPH
A ball is thrown straight upward and falls back to the same height. A
student makes this graph of the speed of the ball as a function of time. ASpeed

What, if anything, is wrong with the student’s graph? If something is
wrong, explain the error and how to correct it. If the graph is correct,
explain why.

0 ‘ —f
0 Time
B1-RT13: PosITION-TIME GRAPHS—DISPLACEMENT
Each graph below shows the position of an object as a function of time.
A B C D
Position, Position, Position, Position,
meters meters meters meters
i ‘ I
41 al T 4 ‘ 4[]
: > > LN > L N .
0 2 4 Time,| O 2 4 Time,| © 2 4 Time,|| O 2 4 Time,
seconds seconds seconds seconds

Rank the magnitude of the displacement during the time interval from 0 to 4 seconds.

; 1 2 3 4 All All Cannot
Greatest ~~ TLeast  thesame zero determine,

Explain your reasoning,.
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TIPERs

B1-RT14: PosITION-TIME GRAPHS—AVERAGE SPEED
Each graph below shows the position of an object as a function of time.

A B Cc D

Position, Position,
meters meters

Position,
meters

Position,
meters

| ; > ; | d > i I i >
0 2 4 Time, 0 2 4 Time,| O 2 4 Time,
seconds seconds seconds

Rank the average speed of the object during the time interval from 0 to 4 seconds.

o [] [ [0
O 2 3 4 All All  Cannot
 Greatest . Least  thesame  zero _ determine

Explain your reasoning.

B1-RT15: VERTICAL MODEL ROCKETS—MAXIMUM HEIGHT

The model rockets depicted below have just had their engines turned off when they are at the same height. All of the
rockets are aimed straight up, but their speeds differ. Although they are the same size and shape, the rockets carry
different loads, so their masses differ. The specific mass and speed for each rocket is given in each figure.

A [\ B (‘\ Cc (‘\ D [\

30 m/s 40 m/s [ 20 m/s 5 20 m/s [

= ——

700 g 500 g 600 g 500 g

8\ LY [ 1
[ [ [ (-

Rank the maximum height the model rockets will reach.

1 2 3 4 All All  Camnot |
| Greatest B ~ least  thesame zero determine!

Explain your reasoning.

Copyright © 2015 Pearson Education, Inc.
40



B1 MOTION IN ONE DIMENSION

B1-RT16: CARS—CHANGE OF VELOCITY
In each figure below, a car’s velocity is shown before and after a short time interval.

crore ter erore
A Bef Af B  Bef

+10 m/s

C D Before

Rank the magnitude of the change in velocity during the time interval.

. 2 3 4 All Al Cannot |
i Greatest ,  Least thesame zero determine|

Explain your reasoning,.

B1-WWT17: VELOCITY-TIME GRAPH—ACCELERATION-TIME GRAPH

A student obtains a graph of an object’s velocity versus time and then draws the graph of the acceleration versus
time for the same time interval.

e
\\__/ Time U “ Time

What, if anything, is wrong with the graph of the acceleration versus time? If something is wrong, identify it
and explain how to correct it. If the graph is correct, explain why.
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TIPERs

B1-CT18: VELOCITY-TIME GRAPHS—DISPLACEMENT

The graphs represent the velocity of two toy robots moving in one dimension for a particular time interval. Both
graphs have the same time and velocity scales.

AVelocity AVelocity

/ _ \ .
/ Time Time

Case A Case B

Is the magnitude of the displacement of the robot for the entire time interval shown (i) greater in Case A, (ii)
greater in Case B, or (iii) the same in both cases?

Explain your reasoning.

B1-WWT19: ACCELERATION-TIME GRAPH—VELOCITY-TIME GRAPH

A student obtains a graph of an object’s acceleration versus time and then draws the graph of the velocity versus
time for the same time interval. The object starts from rest.

A? A

| Y I
U H T 7 =

What, if anything, is wrong with the graph of velocity versus time? If something is wrong, identify it and
explain how to correct it. If the graph is correct, explain why.
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B1 MoTION IN ONE DIMENSION

B1-WWT20: VELOCITY-TIME GRAPH—ACCELERATION-TIME GRAPH
A student obtains a graph of an object’s velocity versus time and then draws the graph of the acceleration versus
time for the same time interval.

4 A°

~_ 7 . -,

Time Time

What, if anything, is wrong with the graph of the acceleration versus time? If something is wrong, identify it
and explain how to correct it. If the graph is correct, explain why.

B1-CRT21: ACCELERATION-TIME GRAPH—VELOCITY-TIME GRAPH
Sketch a possible velocity versus time graph given the acceleration graph for the same time interval.

Aa Av

Time Time

Explain your reasoning.
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TIPERS

B1-CT22: VELOCITY-TIME GRAPHS OF OBJECTS—DISPLACEMENT
The graphs below show the velocity of two objects during the same time interval.

A

2 R )
1
’ >
0 2 4 6
Object 1 Time, seconds
A"
1 W _m,»«,»,,l
’
’ 2 : 4 6 Time, seconds
Object 2

For the 6-second time interval shown, is the displacement of Object 1 in the upper graph (i) greater than, (ii)
equal to, or (iii) less than the displacement of Object 2 in the lower graph?

Explain your reasoning,

B1-RT23: VELOCITY-TIME GRAPHS—DISPLACEMENT

Shown below are six velocity-time graphs for toy robots that are traveling along a straight hallway. All graphs have
the same time and velocity scales.

A Qvelocity  |B Qvelociy -
L
»- ——p
Time ‘Time
;

D AVglocuy ‘ : ,
—> > ="
| Time " Time | Time
I T A R U T O

Rank the magnitudes of the displacements during these intervals.

or [ ]

T 2 3 3 5 6 All Al Cannot
! Greatest ) ; ~ Least = thesame =zero determine;

Explain your reasoning.
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B1 MoTION IN ONE DIMENSION

B1-WWT24: BALL THROWN UPWARD AND CoMES BACK DOWN—VELOCITY-TIME GRAPH
A ball is thrown straight upward and falls back to the same height. A student

makes this graph of the velocity of the ball as a function of time. Velocity, m/s

What, if anything, is wrong with the student’s graph? If something is
wrong, explain the error and how to correct it. If the graph is correct,

lain why.
explain why ' >
Time, s
B1-SCT25: BALL THROWN UPWARD—GRAPH OF SPEED-TIME
A ball is thrown straight upward and falls back to the same height. A
student makes the graph of the speed of the ball as a function of time. Three Speed, m/s
students who are discussing this graph make the following contentions:
Akira: “I don’t think this can be correct because the sign of the
acceleration changes on this graph, but the acceleration on
the ball will be constant.” ] &
Burt: “No, I think this is right because it is only showing what Time, s

happens to the speed, which will decrease to zero at the top and then increase as the ball falls. Since
the slopes for both segments are the same except for sign that means the acceleration is constant.”

Catalina: “This graph makes sense to me because it shows the speed decreasing on the way up. But I disagree
with Burt, because I think this means the acceleration is also decreasing until the ball gets to the top
and stops. Then both the speed and acceleration increase as the ball falls down again.”

With which, if any, of these three students do you agree?

Akira Burt Catalina None of them

Explain your reasoning,.
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TIPERs

B1-WWT26: VELOCITY-TIME GRAPH OF TWO OBJECTS—FASTEST OBJECT
A student is shown the velocity-time graphs for two objects and is asked to
decide which object is moving faster. The student responds:

Velocity, m/s
A

“B is faster because it has the steeper slope.”

What, if anything, is wrong with the student’s statement? If something
is wrong, explain the error and how to correct it. If the statement is I >
correct, explain why, Time, s

B1-CRT27: TRAVELING STUDENTS—VELOCITY-TIME GRAPH

Carmela and Desi leave a parking lot separately and drive west. They both start from rest. Desi leaves first, traveling
with an acceleration of 4 m/s’ west for the first 6 seconds, and then driving at a constant velocity. Two seconds after
Desi started, Carmela starts with an acceleration of 3 m/s” west for 10 seconds, and then she drives at a constant
velocity.

Graph the velocity of both travelers as a function of time up to ¢ = 16 seconds starting at time ¢ = 0 when Desi
leaves the classroom. Use a solid line for Desi’s velocity and a dashed line for Carmela’s velocity.

AVelocity, m/s
40— =

30

20

104

0

T
0 2 4 6 8 10 12 14 16 Time,s
Explain your reasoning.
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B1 MoTION IN ONE DIMENSION

B1-WWT28: PosITION-TIME GRAPH OF TWO OBJECTS—FASTEST OBJECT
A student is shown the position-time graphs for two objects and is asked to
decide which object is moving faster. The student responds:

“B is faster because it has the steeper slope.”

Position, m

What, if anything, is wrong with the student’s statement? If something
is wrong, explain the error and how to correct it. If the statement is
correct, explain why.

B1-RT29: VELOCITY-TIME GRAPHS—DISTANCE TRAVELED

Velocity-time graphs for six toy robots that are traveling along a straight hallway are shown. All graphs have the
same time and velocity scales.

A AVglocity, S B AVgloc;ity, . C AVeloc'ity‘
—p ; —
‘Time i Time
D AVeloc;ity, B E AV@IOCity‘ R
- o —
Time " |Time
Rank the distance traveled during these intervals.
| or [ | |
; 1 2 3 4 5 6 All All Cannot |
| Greatest e Least  thesame  zero  determine

Explain your reasoning.
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TIPERSs

B1-SCT30: VELOCITY-TIME GRAPHS OF OBJECTS—DISPLACEMENT
The graphs below show the velocity of two objects during the same time interval.

\p)
2 : : 2 B : e l - 7}
1 | |
0 { { | i >
2 . 6 Tim:s 0 2 . 4 6 Time, s
Object 1 ’ Object 2 ’
Three students are discussing the displacements of these objects for this interval.
Amos: “I think Object 2 will have the greater displacement because it gets to a higher speed faster
than Object 1.”
Badu: “No, Object 1 will have the greater displacement because it travels for a longer time than
Object 2.7
Candi: “I agree with Amos, but for a different reason. Object 2 has the larger displacement because

the area under the graph is greater.”

With which, if any, of these three students do you agree?
Amos Badu Candi None of them
Explain your reasoning,
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B1 MoTION IN ONE DIMENSION

B1-QRT31: POSITION OR VELOCITY GRAPHS—CHANGE DIRECTION
The graph shown is for an object in one-dimensional motion. A

(a) If the vertical axis of the graph is position, does the object ever
change direction?

If so, at what time or times does this change in direction occar?

Explain your reasoning,. |-

— / ,,,,, T — IR, S— . S, Time’ 5

(b) If the vertical axis of the graph is velocity, does the object ever
change direction?

If so, at what time or times does this change in direction occur?
Explain your reasoning,

B1-WWT32: BALL THROWN STRAIGHT UPWARD~—TIME TO REACH TOP
A student throws a ball straight upward. A friend times how long it takes the ball to reach its maximum height.
o]

The student predicts:
“Faster things take less time. If I throw the ball faster, it will reach its highest point in less time.”

What, if anything, is wrong with this statement? If something is wrong, identify it and explain how to correct
it. If this statement is correct, explain why.
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TIPERs

B1-QRT33: PosITION-TIME GRAPH—DIRECTION

A bicyclist is moving along a straight street oriented east—west. In
drawing the graph, positions to the east of the origin were marked as
positive and positions to the west were marked as negative.

(a) At 1 second, is the cyclist moving?

If so, in what direction?
Explain your reasoning,

(b) At 1 second, is the cyclist accelerating?

If so, in what direction?
Explain your reasoning.

(c) At 9 seconds, is the cyclist moving?

If so, in what direction?
Explain your reasoning.

(d) At 9 seconds, is the cyclist accelerating?

If so, in what direction?
Explain your reasoning,

(e) At 4 seconds, is the cyclist moving?

If so, in what direction?
Explain your reasoning.

(f) At 4 seconds, is the cyclist accelerating?

If so, in what direction?
Explain your reasoning.
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B1 MoTION IN ONE DIMENSION

B1-QRT34: VELoCITY-TIME GRAPH—DIRECTION

A unicyclist, someone riding a single-wheel cycle, is moving along a
straight street oriented east—west. In drawing the graph, east was taken as AVelocity
the positive direction and west the negative direction.

(a) At 1 second, is the cyclist moving?
If so, in what direction? -

Explain your reasoning, B R R R R

7,_M. RSN N P SR - Time,s

(b) At 1 second, is the cyclist accelerating?
If so, in what direction?
Explain your reasoning.

(c) At 9 seconds, is the cyclist moving?
If so, in what direction?
Explain your reasoning.

d) At 9 seconds, is the cyclist accelerating?
If so, in what direction?
Explain your reasoning,

(e) At 4 seconds, is the cyclist moving?
If so, in what direction?
Explain your reasoning,.

(f) At 4 seconds, is the cyclist accelerating?
If so, in what direction?
Explain your reasoning.
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TIPERs

B1-QRT35: POSITION-TIME GRAPHS OF CHILDREN-—KINEMATIC QUANTITIES

The position-time graph shown represents the motion of two children, Ariel A ..

and Byron, who are moving along a narrow, straight hallway. Position

(a) Do either of the children ever change direction? R ﬁz

If so, at what time or times does this change in direction occur? ' ' Anel ——\\ 7 ” |
Explain your reasoning,. i A />//7 e

4 >
e Time, s
v — Byron

(b) Are the two children ever at the same position along the hallway?
If so, at what time or times does this happen?
Explain your reasoning,

(c) Do the two children ever have the same speed?
If so, at what time or times does this happen?
Explain your reasoning,

(d) Do the two children ever have the same acceleration?
If so, at what time or times does this happen?
Explain your reasoning.
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B1 MoTion IN ONE DIMENSION

B1-QRT36: VELOCITY-TIME GRAPHS OF CHILDREN——KINEMATIC QUANTITIES
The velocity-time graph shown represents the motion of two children,

Ariel and Byron, who are moving along a narrow, straight hallway. AVelOCit
(a) Do either of the children ever change direction? S y,
If so, at what time or times does this change in direction occur? T Aridl ——_ | A

Explain your reasoning.

1 Time, s

(b) Do the two children ever have the same velocity?
If so, at what time or times does this occur?
Explain your reasoning.

(c) Do the two children ever have the same acceleration?
If so, at what time or times does happen?
Explain your reasoning,

B1-WBT37: POSITION EQUATION-—PHYSICAL SITUATION
Describe the motion of an object that is represented by the following equation:
x=33.6 m~- (2.8 m/s)t
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TIPERs

B1-QRT38: POSITION OR VELOCITY GRAPHS—CHANGE DIRECTION
The graph shown is for an object in one-dimensional motion. The A
vertical axis is not determined, so it is not labeled.

(a) If the vertical axis is position, does the object ever change \

direction? \ /

If so, at what time or times does this change in direction occur? / >
Explain your reasoning, —J‘ N T~~~~ / ~-~? -+ Time, s

(b) If the vertical axis is velocity, does the object ever change direction?

If so, at what time or times does this change in direction occur?
Explain your reasoning,

B1-SCT39: BICYCLIST ON A STRAIGHT ROAD—AVERAGE SPEED

Three students are discussing the motion of a bicyclist who travels at a steady 18 m/s for 10 minutes, then at 6 m/s
for 20 minutes, and finally at 12 m/s for 15 minutes along a straight, level road. Students make the following
contentions about the bicyclist’s average speed for the overall trip:

Aaron: “The average speed is 12 m/s because you add the three velocities, but then you have to divide by
three.”
Bessie: “I think you have to take the amount of time at each speed into account. The total time for the trip

is 45 minutes, so the cyclist is going at 12 m/s for one-third of the time, at 6 m/s for 20/45ths of the
time, and at 18 m/s for 10/45ths of the time. You'd have to weight the speeds according to the
times.”

Cesar; “The average speed is 10.7 m/s because that is what you get when you divide 28,800 m, the fotal
distance traveled on the straight road, by 2700 seconds, the total time it fook.”

With which, if any, of these three students do you agree?

Aaron Bessie Cesar None of them

Explain your reasoning,
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B1 MOTION IN ONE DIMENSION

B1-QRT40: PosITiIoN EQUATIONS—IMOTION CHARACTERISTICS

Equations for the position of four objects executing one-dimension motion in the x-direction as a function of
time are given.

A B

x =5m+ (3m/s)t + (4 m/s?)f x =-Sm+ (3 m/s)t + (4 m/s?)F
C D

x ==5Sm+ (3m/s)t x =5m—~(3m/s)t + (8 m/s?)P

(a) What is the initial position for Object A?
Explain your reasoning,.

(b) What is the initial position for Object B?
Explain your reasoning.

(c) What is the initial velocity for Object C?
Explain your reasoning,

(d) What is the initial velocity for Object D?
Explain your reasoning,

(e) What is the acceleration for Object A?
Explain your reasoning.

(f) What is the acceleration for Object D?
Explain your reasoning,.

(g) What is the position for Object A at 1 second?
Explain your reasoning,

(h) What is the position for Object D at 1 second?
Explain your reasoning,

(i) Which, if any, of these objects is moving at a constant velocity and what is its velocity?
Explain your reasoning.
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TIPERS

B1-WWT41: ACCELERATION-TIME GRAPH—INTERPRETATION
A student is given the following acceleration versus time graph for a motorcyclist traveling along a straight, level

stretch of road.

2

0

AAccele,rat’ion, m/s?

-2

HY
P
P

>
14 Time, s

-

The student states:

“This motorcyclist was slowing down during the period up to 14 seconds because her acceleration was negative

during this period.”

What, if anything, is wrong with this student’s contention? If something is wrong, identify it and explain how
to correct it. If it is correct, explain why.

B1-RT42: VELOCITY-TIME GRAPHS—INSTANTANEOUS VELOCITY

The graphs below show the velocity versus time for boats traveling along a straight, narrow channel. The scales on
both axes are the same for all of these graphs. In each graph, a point is marked with a dot.

A AVelocity B

B jVelocity

Cc

Rank the magnitude of the velocity of the boat at the point indicated.

Greatest
Explain your reasoning.

1 2 3

Least

or [ ][]
All All Cannot
__thesame  zero  determine
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B1 MOTION IN ONE DIMENSION

B1-RT43: VELOCITY-TIME GRAPHS-—~ACCELERATION

The graphs below show the velocity versus time for boats traveling along a straight, narrow channel. The scales on
both axes are the same for all of these graphs. In each graph, a point is marked with a dot.

A AVelocity B A Velocity C

I

Rank the magnitude of the acceleration of the boat at the point indicated.

O OO

5 1 2 3 4 5 6 All All Cannot
. Greatest . Least  thesame zero determine

Explain your reasoning.

B1-RT44: POSITION-TIME GRAPHS~INSTANTANEOUS SPEED

These graphs show position versus time for boats traveling along a straight, narrow channel. The scales on both axes
are the same for all of these graphs. In each graph, a point is marked with a dot.

A APosition B APosion C

Rank the speed of the boat at the point indicated.

w0 O 0

| 1 2 3 4 5 6 All All Cannot
| Greatest ... ... ... ... Leat  thesame _ zero determine

Explain your reasoning,
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TIPERS

B1-RT45: POSITION-TIME GRAPHS—INSTANTANEOUS VELOCITY
The graphs below show position versus time for six boats traveling along a straight, narrow channel. The scales on
both axes are the same for all of these graphs. In each graph, a point is marked with a dot.

A APosition B APosition Cc

- Time

.. Time

Rank the magnitude of the velocity of the boat at the point indicated.

w0 [

1 2 3 4 5 6 All All Cannot
_Greatest i Least  thesame  zero  determine

Explain your reasoning.

B1-WWT46: BALL THROWN STRAIGHT UPWARD-—TIME TO REACH TOP
A student throws a ball straight upward. A friend times how long it takes the ball to reach its |
maximum height. ]
The student predicts:

“It takes more time to go larger distances. If I throw the ball so that it goes higher, it will take
more time to get there.”

What, if anything, is wrong with this statement? If something is wrong, identify it and
explain how to correct it. If this statement is correct, explain why.
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B1 MoTION IN ONE DIMENSION

B1-QRT47: PosITiON, VELOCITY, AND ACCELERATION SIGNS—POSITION, DIRECTION, AND RATE

Eight possible combinations for the signs for the instantaneous position, velocity, and acceleration of an object
moving in one dimension are given in the table. Above the table is a coordinate axis that shows the origin, marked 0,
and that indicates that the positive direction is to the right. The three columns on the right-hand side of the table are
to describe the location of the object (either left or right of the origin), the direction of the velocity of the object
(either toward or away from the origin), and what is happening to the speed of the object (either speeding up or
slowing down at the given instant). The appropriate descriptions for the first case are shown.

Complete the rest of the table for position, direction, and rate.

I I 1 i | : i i i i >
0
T Direction | Rate
Position (Toward or (Speeding up or

Position Velocity | Aceeleration] (Left or Right) Away from) Slowing down)
Al o+ |+ +  Left ‘Away from | Speedingup
B + + - B
c . i + I e
D + - - ' -
E - + N
F - 4 - B
G : o — + >>>>>>>>>> - - o
o - - — y - S

Explain your reasoning.

B1-WWT48: VELOCITY-TIME GRAPHS—ACCELERATION

The graphs show the velocity versus time for two boats traveling along a straight, narrow channel. The scales on
both axes are the same for the two graphs. In each graph, a point is marked with a dot.

A gvelocity B AVelocity

A student who is asked to compare the accelerations at the marked points on the two graphs states:

“I think that the boat in graph B has the larger acceleration because the boat in graph A is at rest at the marked
point and its acceleration is zero.”

What, if anything, is wrong with this student’s contention? If something is wrong, identify it and explain how
to correct it, If it is correct, explain why.
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TIPERs

B1-QRT49: PosITION, VELOCITY, AND ACCELERATION SIGNS—POSITION, DIRECTION, AND RATE
Eight possible signs of combinations for the instantaneous position, velocity, and acceleration of an object moving
in one dimension are given in the table. Above the table is a coordinate axis that shows the origin, marked 0, and
that indicates that the positive direction is to the left, The three columns on the right-hand side of the table are to
describe the location of the object (either left or right of the origin), the direction of the motion of the object (either
toward or away from the origin), and what is happening to the speed of the object (either speeding up or slowing
down at the given instant). The appropriate descriptions for the first case are shown.

Complete the table for the object’s location and direction of motion relative to the origin and how its speed is

changing.
<I 1 | 1 1 : i 1 I ¥
0
e T B
Position (Toward or (Speeding up or
Position Velocity | Acceleration; (Left or Right) Away from) Slowing down)
1 A R R Awayf;)m Speedi}i;g "
i c - B R B
D| + - T
E — 4 + - )
e E— o "f‘ S PR _ ;
G - e - S . _ _

Explain your reasoning.

B1-WWT50: BICYCLIST ON A HILL—VELOCITY-TIME GRAPH

A bicyclist moving at high speed on a straight road comes to a hill that
slopes upward gradually. She decides to coast up the hill. A physics student
observing the bicyclist plots the velocity-time graph for her trip up the hill
as shown.

What, if anything, is wrong with this student’s graph? If something is
wrong, explain the error and how to correct it. If the graph is correct,
explain why.
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B1 MOTION IN ONE DIMENSION

B1-QRT51: VELOCITY-TIME GRAPHS—DIRECTION

The graphs below show the velocity versus time for boats traveling along a straight, narrow channel. The scales on
both axes are the same for all of these graphs, and the boats all start at the same origin. In each graph, a point is
marked with a dot.

A Av?locgity; o B 4 Velocity C Qeloqity -
t — — o
‘ . ~Time o Time )

7 F AVelocity
Tzime : I

Indicate in the chart below if the position, velocity, and acceleration directions of the boat at the points
indicated are in the positive (+), negative (), or no direction (0)

Position m\’k/elocity Acceleration

=mET 0w

Explain your reasoning,
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TIPERS

B1-RT52: VELOCITY-TIME GRAPHS—DISPLACEMENT
Graphs of velocity versus time during 4 seconds for identical objects are shown below. The objects move along a
straight, horizontal surface under the action of a force exerted by an external agent.

A +2 m/s B +2 m/s C +2 m/s
0 0 0

2s 4s 28 4s 2s 4s
-2 m/s -2 m/s -2 m/s
D +2 m/s E +2 m/s F +2 m/s
0 0 0

2 45 2s 4s 2s 45
-2 m/s -2 m/s -2 m/s

Rank the magnitudes of the displacements of the objects during each of these intervals.

1 2 3 4 5 6 All Al Cannot |
. Greatest oo Least  thesame _ zero determine|

Explain your reasoning.

B1-WWT53: WALKING ROUND TRIP—AVERAGE SPEED
A student walks along a trail with a constant speed of 8 km per hour for 1 hour and then turns around and walks
back to her starting point at a constant speed of 6 km per hour. She contends:

“My average speed was about 6.9 km per hour since I walked a total of 16 km in two and one-third hours time.”

What, if anything, is wrong with this statement? If something is wrong, identify it and explain how to correct
it, If this statement is correct, explain why.
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B1 MoTION IN ONE DIMENSION

B1-RT54: VELOCITY-TIME GRAPHS—ACCELERATION
Graphs of velocity versus time during 4 seconds for identical objects are shown below. The objects move along a
straight, horizontal surface under the action of a force exerted by an external agent.

A 2 m/s B +2 m/s C t+2m/s
0 0 0

2s 4s 2s 4 2s 4
-2 m/s -2 m/s -2 m/s
D t2m/s E +2m/s F +2m/s
0 0 0

2 48 28 43 2s 4
-2 m/s -2 m/s -2 m/s

Rank the magnitudes of the accelerations of these objects during each of these intervals.

ox [
T 2 3 4 5 6 All Al Cannot |
. Greatest . Least ~ thesame zero determine|

Explain your reasoning,.

B1-WWT55: ROUND TRIP UP A MOUNTAIN—AVERAGE SPEED

A student contends:

“If I climb up a mountain at 1 mile per hour for 2 hours and then turn around and climb back down at 3 miles per
hour, then my average speed will be 2 miles per hour.

What, if anything, is wrong with this statement? If something is wrong, identify it and explain how to correct
it. If this statement is correct, explain why.
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TIPERS

B1-QRT56: POSITION-TiME GRAPHS—ACCELERATION AND VELOCITY
Position versus time graphs for boats traveling along a narrow channel are shown below. The scales on both axes are
the same for all of these graphs. In each graph, a point is marked with a dot.

A APosition B APosition

i
1

C APo}sitiQn, i

(a) For which of these cases, if any, is the position zero at the indicated point?
Explain your reasoning,

(b) For which of these cases, if any, is the position negative at the indicated point?
Explain your reasoning,

(c) For which of these cases, if any, is the velocity zero at the indicated point?
Explain your reasoning.

(d) For which of these cases, if any, is the velocity negative at the indicated point?
Explain your reasoning,

(e) For which of these cases, if any, is the acceleration zero at the indicated point?
Explain your reasoning,

(f) For which of these cases, if any, is the acceleration negative at the indicated point?
Explain your reasoning.
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B1 MOTION IN ONE DIMENSION

B1-RT57: PEOPLE ON TRAINS—SPEED RELATIVE TO GROUND

In each case shown, someone is running on a flatbed train car as the train moves. In cases C and D, the person is
running toward the front of the train, while in cases A and B the person is running toward the rear. The speeds of the
train and of each person relative to the train are given. An observer is standing beside the track watching each train

go by.

A vp=8m/s B vp=10m/s
_._._>

Yoyr—oy YooY Yoy  Yor—oY

Rank the speed of the runners relative to the observer standing beside the tracks.

g 1 2 3 4 All All Cannot |
 Greatest ~~ Tleast  thesame zero determine|

Explain your reasoning,
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TIPERs

B1-QRT58: MOVING ASTEROIDS NEAR SPACESHIP—VELOCITY DIRECTION
Shown are five asteroids and a spaceship, all moving in the same direction away from Earth. The velocities of the
asteroids and of the spaceship are given as measured from Earth.

A B C D
—= R —_—, :ﬂt‘to
=
— > > —> L=
600 m/s 700 m/s 800 m/s 400 m/s —__ 400 m/s

(a) List the asteroids that are moving toward the spaceship.

(b) List the asteroids that are moving away frem the spaceship.

Explain your reasoning.
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B2 MoTION IN TwO DIMENSIONS

B2 MOTION IN TWO DIMENSIONS

B2-CT01: MOTORCYCLE TRIPS—DISPLACEMENT

Shown below are the paths two motorcyclists took on an afternoon ride. Both started at the same place, and both
took the same time for the ride. Rider A traveled east for 19 km and then south for 4 km. Rider B traveled south for
7 km and then east for 16 km.

ey

Start-

- ~ Rid
ki(fer B
16km

(a) Is the magnitude of the displacement of the rider (i) greater in case A, (ii) greater in case B, or (iii) the same
in both cases?
Explain your reasoning.

(b) Is the magnitude of the average velocity of the rider (i) greater in case A, (ii) greater in case B, or (iii) the
same in both cases?
Explain your reasoning.

B2-SCT02: MOTORCYCLE TRIPS—DISPLACEMENT

The paths three motorcyclists took on an afternoon ride are R T
shown. Riders A and C traveled from the coffee shop to the szfeg o |
mechanic’s garage along different paths, while Rider B traveled - ?hQ > 4 km
from the garage to the coffee shop. Three physics students
discussing these rides make the following contentions: B \
Ali: “The lengths of the paths that Riders A and B travel are -~ A
the same, so they have the same displacement. Rider C
has the smallest displacement.”
Bob: “I agree that Rider C has the smallest displacement,
because the diagonal path is shortest. But the e
displacements of Riders A and B are actually different, . |Rider
because their directions are opposite each other.” t

Carol:  “I think the displacements of all three riders are the
same, because they go between the same two points. What path they follow doesn’t matter.”

With which, if any, of these three students do you agree?
Ali Bob Carol None of them

Explain your reasoning.
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TIPERS

B2-RT03: STUDENTS’ JOURNEYS—AVERAGE VELOCITY
Four students went out for pizza to celebrate after acing their physics final, All of them went directly from their high
school to the nearby pizzeria, but they returned along the paths shown, taking different times. Values for the round-

trip distances they traveled and the total times they took to walk their routes are given in the figures.

High Mel's B High Mel's
school pizza school pizza
@ B——
t=1800s t=2400s
d=3200m d =3600 m
C High Mel's High Mel's
school pizza school pizza
@? - u@ @ \\‘_‘/D}a
£=3000s t=1800s
d=3600 m d=2400 m

Rank the magnitudes of the average velocities of the students’ trips.

ox [ [] T[]

T 2 3 4 All Al Cannot |
| Greatest Least the same  zero  determine |

Explain your reasoning.

B2-SCT04: CAR ON A COUNTRY ROAD—AVERAGE SPEED AND VELOCITY
A car travels along a winding country road, speeding up and slowing down as it goes. The car ends up 30 km directly
north of its starting point after 40 minutes of travel. Three students make the following contentions about this

situation:

Adnan: “I think if we calculated the average velocity and average speed for the car, the average velocity would
have a larger value. The car moved in two dimensions, so the velocity, which is a vector, will be greater
than the speed, which is a scalar quantity.”

Bunmi: “I think the average speed will have a larger value than the average velocity. The road is not straight,

so the distance traveled will be more than the displacement.”
Cici: “I don’t see any reason the average velocity and average speed would have different values. They are
Jjust different names for the same thing.”

With which, if any, of these three students do you agree?

Adnan None of them

Bunmi Cici

Explain your reasoning,
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B2 MOTION IN TWO DIMENSIONS

B2-QRTO05; VELOCITY AND POSITION OF THE MOON—VELOCITY CHANGE DIRECTION
The position and velocity of the moon are shown at two times, about seven

days apart. 7
2
Find the direction of the change in velocity of the moon in this time ‘/,_r‘";f" T~
interval. If the change in velocity is zero, state that explicitly. e ool s
7/ N
Explain your reasoning, / " -~
l// \\ V]
1
! Moon
\\ "
i !
A 7
\ /
\ I
\\ ,/
\\ , //

- -

B2-SCT06: MOTORCYCLE ON ROAD COURSE—ACCELERATION
A motorcycle is slowing down as it travels through a bend in
aroad. The path of the motorcycle is the dashed line shown
in the bird’s-eye view. The arrow represents the
motorcycle’s velocity at the instant shown. Three physics
students make the following contentions about the
acceleration of the motorcycle:

Alexi: “The motorcycle’s acceleration is in the opposite

direction fo the velocity since it is slowing

down.”
Bindi: “No, the acceleration will have two components,

one opposite the velocity and the other toward the center of the curve.”
Carlos:  “Idon’t think the motorcycle has an acceleration, since it is braking.”

With which, if any, of these three students do you agree?

Alexi Bindi Carlos None of them

Explain your reasoning,
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TIPERS

B2-WWTO07: SPEEDBOATS CHANGING VELOCITIES—ACCELERATION

Two speedboats are racing on a lake. In 10 seconds, Boat A goes from traveling east at 15 m/s to traveling north at
20 m/s. In the same time interval, Boat B goes from 20 m/s east to 25 m/s east.

Boath ZpmetSp | BolB

10 seconds 10 seconds

15 m/s == > |20m/s 20 m/s == 25m/s
—p —_—> >

A student watching the race states:

“These two boats have the same acceleration for the 10-second interval since they both changed their velocities by
5 m/s in that time interval.”

What, if anything, is wrong with this student’s contention? If something is wrong, identify it and explain how
to correct it. If the contention is correct, explain why.

B2-WWT08: FALLING ROCK AND THROWN ROCK—VELOCITY-TIME GRAPHS
Rock A is dropped from the top of a cliff at the same instant that Rock B is
thrown horizontally away from the cliff. The rocks are identical. A student
draws the following graphs to describe part of the motion of the rocks,
using a coordinate system in which the positive vertical direction is up, the
positive horizontal direction is away from the cliff, and the origin of the
coordinate system is the point the rocks were released from.

Rock A A v (horizontal) Rock B A v (horizontal)

time time

A v (vertical) A v (vertical)

[ > >
\ time time

What, if anything, is wrong with these graphs for the motions of the two rocks? If something is wrong,
identify it and explain how to correct it. If the graphs are correct, explain why.
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B2 MoTION IN TwO DIMENSIONS

B2-QRT09: PROJECTILE MOTION—VELOCITY-TIME AND ACCELERATION-TIME GRAPHS

A baseball is thrown from point § in right field to home plate. The dashed line in the diagram shows the path of the
ball. Use a coordinate system with up as the positive vertical direction and to the right as the positive horizontal
direction, with the origin at the point the ball was thrown from (point S).

& S O\\

J Home plate _

On the axes below, sketch graphs for the indicated quantities:

(a) The horizontal velocity versus time and the vertical velocity versus time.

A v (horizontal) A v (vertical)

time time

Explain your reasoning.

(b) The horizontal acceleration versus time and the vertical acceleration versus time.

a (horizontal) a (vertical)

time time

Explain your reasoning,
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B2-QRT10: PROJECTILE MOTION FOR TWO ROCKS—VELOCITY-TIME AND ACCELERATION-TIME GRAPHS
Two identical rocks are thrown horizontally from a cliff, with Rock A having a greater velocity at the instant it is
released than Rock B. Use a coordinate system with down as the positive vertical direction, away from the cliff as
the positive horizontal direction, and with the origin of the coordinate system at the bottom of the cliff directly

below the release point.

(a) Sketch the velocity
versus time graphs for
each of the rocks.

Rock A (faster)
A v (horizontal)

Rock B (slower)
A v (horizontal)

>

v (vertical)

time time

>

v (vertical)

time time

(b) Which rock hits the ground first?

Explain your reasoning.

(c) Which rock lands farthest from the base of the cliff?

Explain your reasoning,
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B2 MoOTION IN Two DIMENSIONS

B2-QRT11: BASEBALL PROJECTILE MOTION—VELOCITY-TIME AND ACCELERATION-TIME GRAPHS
A baseball is thrown from point § in right field to home plate. The dashed line shows the path of the ball.

-
-~
-~

Q// SO\\

L Home plate

Use a coordinate system with up as the positive vertical direction and to the left as the positive horizontal direction,
and with the origin at home plate.

Select the graph from the choices below that best represents:
(i) horizontal velocity versus time graph Explain your reasoning,.

(ii) horizontal acceleration versus time graph Explain your reasoning,.

(iii) vertical velocity versus time graph Explain your reasoning,.

(iv) vertical acceleration versus time graph Explain your reasoning,

AA AE 4C AP
time time time time

AE AF AC

A H
L = / > \
time time \time time

% A A K AL

time time time time

~_ .
N

A M A N A o P

: g None of these
B B & -Explain or
time time /\time Sketch graph
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B2-CRT12: PROJECTILE MOTION FOR TWO ROCKS—VELOCITY-TIME GRAPHS
Two students throw two rocks horizontally from a cliff with different
velocities. Both rocks hit the water below at the same time, but Rock
B hits farther from the base of the cliff. Use coordinates where up is
the positive direction, away from the cliff is the positive horizontal
direction, and the origin is at the top of the cliff at the point of release.

Sketch below the velocity versus time graphs for each rock.

Rock A (closer)
A v (horizontal)

A

v (vertical)

Rock B (farther)
A v (horizontal)
> >
time time
Av (vertical)
—»> —»>
time time

Explain your reasoning.
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B2 MoTION IN TWO DIMENSIONS

B2-CRT13: PROJECTILE MOTION FOR TWO ROCKS—ACCELERATION-TIME GRAPHS

Two students throw two rocks horizontally from a cliff with different
velocities. Both rocks hit the water below at the same time, but Rock
B hits farther from the base of the cliff. Use coordinates where up is
the positive direction, away from the cliff is the positive horizontal
direction, and the origin is at the top of the cliff at the point of release.

Sketch the acceleration versus time graphs for each rock.

Rock A (closer) Rock B (farther)
A a (horizontal) A a (horizontal)
o -
time time
Aa (vertical) Aa (vertical)
—» —&
time time

Explain your reasoning.
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TIPERS

B2-LMCT14: DROPPED PRACTICE BOMB—HORIZONTAL DISTANCE TRAVELED
An airplane is flying 1200 m above the ground at a speed of 200 m/s. It drops a practice bomb that hits the ground
after traveling a horizontal distance of 3130 m.

g S T

200 m/s

1200 m

|

For each of the changes below, use the choices below (i)-(v) to identify what will happen to the horizontal
distance the bomb travels while falling compared to the situation above.

(i) The horizontal distance will be greater than 3130 m.

(ii) The horizontal distance will be less than 3130 m but not zero.

(ili) The horizontal distance will be equal to 3130 m.

(iv) The horizontal distance will be zero (the bomb will drop straight down).
(v) We cannot determine how this change will affect the horizontal distance.

For each of the following changes, only the feature(s) identified is(are) modified from the given situation above.

(a) The plane’s speed is tripled.
Explain your reasoning,

(b) The plane is climbing straight up at the release point.
Explain your reasoning.

(c) The plane is flying in level flight at an altitude of 1,100 m,
Explain your reasoning,

(d) The mass of the bomb is increased.
Explain your reasoning,.

(e) The boemb is thrown from the plane with a vertical downward velocity of 15 m/s.
Explain your reasoning.
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B2 MOTION IN TWO DIMENSIONS

B2-RT15: RIFLE SHOTS—TIME TO HIT GROUND

The rifles in the figures are being fired horizontally (straight outward, off platforms). The bullets fired from the
rifles are all identical, but the rifles propel the bullets at different speeds. The speed of each bullet and the height of
each platform are given. All of the bullets miss the targets and hit the ground.

Cc D
\] 500 m/s V 800 m/s \j \]
[ ] @
800 m/s
@
1200 m/s
® 40 m 40 m
30m
20 m
Rank the time it takes the bullets to hit the ground.
o [ | [] []
1 2 3 4 All Al Cannot |
| Greatest . Least  thesame  zero determine,

Explain your reasoning,

B2-RT16: ARROWS—MAXIMUM HEIGHTS

All of the arrows shown were shot from the same height and at the same angle. Though the arrows have the same
size and shape, they are made of different materials, so they have different masses, and they have different speeds as
they leave the bows.

Rank the maximum heights the arrows reach.

All All Cannot |
__thesame  zero  determine

1 2 3 4
. Greatest Least

Explain your reasoning.
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B2-RT17: MODEL ROCKETS FIRED AT AN ANGLE—HORIZONTAL SPEED AT TOP

The six model rockets shown are all at the same height and have just had their engines turned off. All of the rockets
are aimed upward at the same angle, but their speeds differ. Though the rockets are all the same size and shape, they
carry different loads, so their masses vary.

A B C D

25 m/s 20 m/s 20 m/s 30 m/s

800 g 600 g 800 g 400 g

[ /] [ /] [ /] [ /]
Rank the horizontal speed of the rockets at the top (at the maximum height). _

e

T 2 3 7 All Al Camnot |
| Greatest ~~ Least  thesame zero determine

Explain your reasoning,

B2-RT18: CANNONBALLS—ACCELERATION AT THE TOP

All of the cannons in the figures are identical, and all are aimed at the same angle of 35 degrees to the horizontal.
The cannonballs are all the same size and shape, but the masses of the cannonballs, as well as their speeds as they
leave the cannons, are different.

80 m/ B ¢
= S
' / V=40 s V=40 s

A

Rank the acceleration of the cannonballs when they reach their highest point.

nm———

1 2 3 4 All Al Camnot |
| Greatest . Least  thesame zero determine|

Explain your reasoning.
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B2 MoOTION IN TWO DIMENSIONS

B2-RT19: CANNONBALLS—HORIZONTAL DISTANCE
Cannonballs of different masses are shot from cannons at various angles above the horizontal. The velocity of each
cannonball as it leaves the cannon is given, along with the horizontal component of that velocity, which is the same.

A B

y=23.1m/s

Rank the horizontal distance traveled by the cannonballs.

w0 O 0O

T 2 3 3 All Al Cannot |
 Greatest ~ Lleast  thesame zero determine

Explain your reasoning,

B2-WWT20: HORIZONTALLY LAUNCHED TOoY TRUCKS—TIME IN AIR |
A toy truck is launched horizontally from a table of height H. In Case A, the toy truck leaves the table with a speed
v, and in Case B the toy truck leaves the table with a speed 2v.

Case A y Case B

A student comparing the time the trucks are in the air in these cases states:
“The faster you go, the less time it takes to get there. The truck in Case A will be in the air longer.”

What, if anything, is wrong with this statement? If something is wrong, identify it and explain how to correct
it. If this statement is correct, explain why.
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B2-RT21: CANNONBALLS—TIME IN AIR

Cannonballs with different masses are shot from cannons at various angles above the horizontal. The velocity of
each cannonball as it leaves the cannon is given, along with the same vertical component of that velocity.

A B y=23.1m/s

D y=28.3 m/s

Rank the time the cannonballs are in the air,

i

T 2 3 4 All Al Cannot
| Greatest . _Least  thesame zero determine

Explain your reasoning,

B2-WWT22: HORIZONTALLY LAUNCHED TOY TRUCKS—TIME IN AIR Il

A toy truck is launched horizontally from a table. In Case A the toy truck hits the floor a horizontal distance 2x from
the edge of the table, and in Case B the toy truck hits the floor a horizontal distance x from the table.

N
N
bl

<t
<%

A student comparing the time the trucks are in the air in these cases states:
“The farther you go, the longer it takes to get there. The truck in Case A will be in the air longer.”

What, if anything, is wrong with this statement? If something is wrong, identify it and explain how to correct
it. If this statement is correct, explain why.
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B2 MoOTION IN TWO DIMENSIONS

B2-CT23: Toy TRUCKS ROLLING FROM TABLES WITH DIFFERENT HEIGHTS—TIME
Two toy trucks roll off the ends of tables. The heights of the tables, the speeds of the trucks, and the masses of the
trucks are given.

5 m/s

B

8 m/s A — F(S‘

— Lol

© OF

T 80 cm

SlO cm l

Will Truck A be in the air for (i) a longer time, (ii) a shorter time, or (iii) the same time as Truck B before it
reaches the floor?

Explain your reasoning,

B2-CT24: Toy TRUCKS WITH DIFFERENT SPEEDS ROLLING FROM IDENTICAL TABLES—TIME
Two toy trucks roll off the ends of identical tables. The speeds and masses of the trucks are given.

8 m/s 5 m/s
—i-

Will Truck A be in the air for (i) a longer time, (ii) a shorter time, or (iii) the same time as Truck B before it
reaches the floor?

Explain your reasoning.
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B2-CT25: PROJECTILE MOTION FOR TWO ROCKS—VELOCITY AND ACCELERATION
Two identical rocks are thrown horizontally from a cliff with different velocities. The rocks are thrown at the same
time and are shown below while they are still in the air after a few seconds.

For the instant shown:

(a) Will the magnitude of the horizontal velocity of Rock A be (i) greater than, (ii) less than, or (iii) equal to the
magnitude of the horizontal velocity of Rock B?

Explain your reasoning,

(b) Will the magnitude of the vertical velocity of Rock A be (i) greater than, (ii) less than, or (iii) equal to the
magnitude of the vertical velocity of Rock B?

Explain your reasoning,

(c) Will the magnitude of the horizontal acceleration of Rock A be (i) greater than, (ii) less than, or (iii) equal
to the magnitude of the horizontal acceleration of Rock B?

Explain your reasoning,

(d) Will the magnitude of the vertical acceleration of Rock A be (i) greater than, (ii) less than, or (iii) equal to
the magnitude of the vertical acceleration of Rock B?

Explain your reasoning,

Copyright © 2015 Pearson Education, Inc.
82



B2 MOTION IN TwWO DIMENSIONS

B2-QRT26: CONSTANT SPEED CAR ON OVAL TRACK—ACCELERATION AND VELOCITY DIRECTIONS
A car travels clockwise at a constant speed around an

oval track.

In the table below, indicate the direction of the
velocity and acceleration of the car for the labeled

points. Use the direction labels in the rosette at the far
right: J for no direction, K for into the page, L for out v
of the page, or M if none of these are correct.

Explain your reasoning.

A
R S H B
W T G C
F
U E
Velocity Acceleration
Point on track direction direction

R
S
T
U
A"
W
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TIPERS

B2-QRT27: CAR ON OVAL TRACK—DIRECTION OF THE ACCELERATION AND VELOCITY
A car on an oval track starts from rest at point R and moves clockwise around the track. It increases its speed at a
constant rate until it reaches point T and then travels at a constant speed until it returns to point R.

R s T N

\'

w

In the table below, give the direction of the velocity and acceleration of the car at the indicated points. Use the
direction labels in the rosette to the right of the racetrack drawing: J for no direction, K for into page, L for out of
page, or M if none of these are correct.

Velocity Acceleration
Point on track direction direction
S
0]
v
W
X

Explain your reasoning.
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B3 NEWTON’S LAWS

B3 NEWTON’S LAwS

B3-RTO01: PACKAGES MoOVING ON A CONVEYOR BELT——NET FORCE

Various packages with different masses are moving on a constant-speed conveyer belt. At the instant shown below,
all packages have the same constant velocity of 2 m/s directed to the right. The packages do not slip on the belt. All
masses are given in the diagram in terms of M, the mass of the smallest package.

v =2m/s
__...__.>

Rank the magnitude of the net force on each package.

w0 O

I 2 3 4 5 All Al Cannot |
. Greatest ‘ oo Least the same _ zero  determine

Explain your reasoning,.

B3-RT02: WATER SKIERS—NET FORCE

Water skiers are pulled at a constant speed by a towrope attached to a speedboat. Because the weight of the skiers
and the type of skis they are using varies, they experience different resistive forces from the water. Values for this
resistive force (RF) and for the speed of the skiers are given.

A v=4m/s B v=6m/s C v=4m/s D v =6m/s
— —

, — —
i RF =750 N i RF=800N i RF =900 N E RF=750N

Rank the magnitude of the net force on each water skier.
| o« O O

1 2 3 4 All All  Cannot |
- Greatest . Least  thesame  zero determine|

Explain your reasoning.
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B3-RT03: STACKED PACKAGES MOVING ON MoVING CONVEYOR BELT—NET FORCE

Various stacks of packages are traveling along a conveyer belt. At the instant shown below, all packages have the
same velocity of 3 m/s to the right. The packages do not slip on the belt. All masses are given in the diagram in
terms of M, the mass of the smallest package.

A v D
— | sm B C M E
M T M 3M | 3m

Rank the magnitude of the net force on each stack of packages.

=0

1 2 3 4 5 All Al Cannot |
i_Greatest , _Least the same  zero  determine

Explain your reasoning.

B3-RT04: MovING CAR WITH BOAT TRAILER—NET FORCE ON BOAT TRAILER
All the trailers and cars shown are identical, but the boat trailers have different loads. In each case, the car and boat
trailer are moving at the constant speed shown.

m=2000kg v,=20m/s |m=1000kg v;=40m/s | m=4000kg vf# 10m/s | m=2000kg v,=10m/s

Rank the magnitude of the net force on each boat trailer.

1 2 3 4 All Al Cannot |
| Greatest ~ Least __thesame  zero  determine

Explain your reasoning.
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B3 NEWTON’S LAWS

B3-RT05: MOVING SPACESHIP WITH FOUR CARGO PODS—TENSION IN RoDS
A spaceship and four cargo pods are connected together by rods, and they are all moving at a constant velocity of
5000 m/s. All masses are given in the diagram in terms of M, the mass of an empty pod.

Rank the tension at the labeled points in the rods.

; 1 2 3 4 All All Cannot |
Greatest ~ TLeast  thesame zero _ determine

Explain your reasoning.

B3-RT06: CARTS ON INCLINES—NET FORCE

Carts that have a motor and brakes are traveling either up or down inclines at constant speeds. The carts are identical
but they carry either a 2 kg or 4 kg load and are on one of two inclines. Incline angles, cart masses, and speeds are
given in each figure.

B C D
T
125

Rank the magnitude of the net force acting on the cart.

]
]

1 2 3 4 All Al Camnot |
| Greatest o Least ~ thesame  zero determine;

Explain your reasoning,
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B3-RTO07: Two STACKED BLOCKS AT REST—NET FORCE ON THE BoTTOM BLOCK
Two wooden blocks with different masses are at rest, stacked on a table. The top block is labeled 1, and the bottom
block is labeled 2.

A B c D
100g| 1 200 g |1 100g| 1 300g |!
200g |2 100g| 2 300g |2 100g| 2

Rank the magnitude of the net force on the bottom block (2).

or | |

T 2 3 3 All Al Cannot |
| Greatest .. Least  thesame  zero determine;

Explain your reasoning,

B3-RT08: FORCE PUSHING BOX~~ACCELERATION

Various similar boxes are being pushed for 10 m across a floor by a net horizontal force as shown below. The mass
of the boxes and the net horizontal force for each case are given in the indicated figures. All boxes have the same
initial velocity of 10 m/s to the right.

A B Cc D
F=100N F=50N F=75N F=100N
—® 10kg —®| 15kg — 20kg | |[—® 15ke

Rank the acceleration of the boxes.

T

1 2 3 4 All Al Cannot |
Greatest ~ Least  thesame  zero determine!

|
|
I
i
!

Explain your reasoning.
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B3-CT09: BLOCKS IN MOVING ELEVATORS—STRETCH OF SPRING

B3 NEWTON’s LAwS

A spring is attached to the ceiling of an elevator, and a block of mass M is
suspended from the spring. The cases are identical except that in Case A the
elevator is moving upward with a constant speed of 7 m/s, while in Case B the
elevator is moving downward with a constant speed of 9 m/s.

Will the spring be stretched (i) more in Case A, (ii) more in Case B, or (iii)
the same in both cases?

Explain your reasoning,

Case A

B3-RT10: Two-DIMENSIONAL FORCES ON A TREASURE CHEST—FINAL SPEED

Identical treasure chests (shown from above) each have two forces acting on them. All chests start at rest.

A B o

6N

10N 45° N\ [T my
L =AU

Rank the speed of the treasure chest after 2 seconds.

T 3 3 7 All
. Greatest . Least  thesame

Explain your reasoning,
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TIPERs

B3-RT11: ARROWS—ACCELERATION

All of the arrows were shot straight up into the air from the same height, and all are the same size and shape. The
arrows are made of different materials so they have different masses. The masses of the arrows and their speeds as
they leave the bows are given.

A

16 m/s

Rank the magnltude of the acceleratlon of the arrows at the top of their flight.

ox [ ] [] []

‘ 1 2 3 4 All All Cannot |
{ Greatest ,  Least  thesame zero determine

Explain your reasoning.

B3-RT12: Rocks THROWN UPWARD—NET FORCE
‘Rocks that are thrown up into the air all have the same shape, but they have different masses. The masses of the
rocks and their speeds when they were thrown are given.

A B C
2008 Ts m/s 400 ¢ ?4 mfs 00 g ?4 s 2008} 1 g s

| | | |

Rank the magmtude of the net f01 ce on the rocks Just after they are thr own.

o [ [ O
P 2 3 4 All Al Cannot |
| Greatest ~ Least  thesame  zero determine

Explain your reasoning,
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B3-RT13: Rocks THROWN DOWNWARD—NET FORCE

Rocks that are thrown straight downward all have the same shape, but they have different masses. The masses of the

rocks and their speeds when they were thrown are given.

B3 NEWTON’S LAwS

A

200 g

lS m/s

B

500 g

11

6 m/s

C

300 g 6 m/s

D

|

500 g ‘4 m/s

Rank the magnitude of the net force on the rocks just after they are thrown.

1

| Greatest
Explain your reasoning,

4
~ Least

B3-RT14: Rocks THROWN DOWNWARD—ACCELERATION

Rocks that are thrown straight downward all have the same shape, but they have different masses. The masses of the

rocks and their speeds when they were thrown are given.

OR

All
_the same

All ,
zero__ determine

Cannot |

[
i

A
|
@ lS m/s

B

500 g

II

6 m/s

Cc

300 g 6 m/s

D

|

500 g *4 m/s

Rank the magnitude of the acceleration of the rocks just after they are thrown.

| Greatest

1

Explain your reasoning,

4
Least

e

All
__the same
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TIPERs

B3-RT15: BLOCKS ATTACHED TO FIXED OBJECTS—ROPE TENSION
Two weights are attached by a rope and suspended from pulleys. The weights differ in the two cases, but the
systems are at rest in both cases.

80N 80N 40N 40N
Rank the tension in the ropes at the points indicated.
| oo [ | [ ]

1 2 3 4 5 6 All All Cannot
| Greatest ; . , . Least ~ thesame zero determine,

i

Explain your reasoning,

B3-RT16: BLOCKS ATTACHED TO WALL—ROPE TENSION

Two blocks are attached by a rope to a wall. A child pulls horizontally on a second rope attached to each block. Both
blocks remain at rest on the frictionless surface. The weights of the blocks and the magnitudes of the forces exerted
by the child are given.

80N 50N
D —*»

20N__§ 30N___.g%z\
\

Rank the tensions in the ropes.

o [

| 2 3 4 All Al Cannot |
. Greatest , ... Least  thesame zero determine

A

Explain your reasoning,

Copyright © 2015 Pearson Education, Inc.
92



B3 NEWTON’S LAWS

B3-RT17: HANGING WEIGHTS—ROPE TENSION
Two weights are hung by ropes from a ceiling as shown. All of these systems are at rest.

Rank the tensions in the ropes.

T e I

1 2 3 4 5 6 7 8 All Cannot |
Greatest e Least the same determine

Explain your reasoning,

B3-RT18: BLOCKS AND WEIGHTS AT REST-—TENSION
In all of the cases shown, the systems are at rest. In Cases A and B, there is a force to the right acting on the block,
which is on a frictionless surface, and in Case D there is a 40 N upward force on the weight.

A B Cc D

R 80N ‘R 45N
20N —> ONL ©

son ()

Rank the tension in the rope labeled R.

[ T [ T [T T Jol[] []

T 2 3 4 5 6 7 g Al Camnot |
. Greatest oo Least  thesame determine

Explain your reasoning.
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TIPERs

B3-QRT19: BALL STROBE MOTION—NET FORCE

The following drawings indicate the positions, using a strobe flash, of a ball moving from one side of the figure to
the other as indicated by the direction of the arrow. Each circle represents the position of the ball at succeeding
instants of time. Each time interval between successive positions is equal, and each ball has the same mass. Assume
the acceleration, if any, for each situation to be constant.

D
»-
H

(a) In which of these cases, if any, is there a net force acting on the ball?
Explain your reasoning.

(b) In which of these cases, if any, is there a component of the net force directed to the right?
Explain your reasoning.

(c¢) In which of these cases, if any, is there a component of the net force on the ball directed upward?
Explain your reasoning.
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B3 NEWTON’S L.AWS

B3-RT20: NET FORCE-ACCELERATION GRAPHS—MASS

These graphs are of net force versus acceleration for different objects. All graphs have the same scale for each
respective axis.

Fé A Fi B Fi C Fb D
a a a a

Rank the mass of the objects.

w0 O 0O

1 2 3 4 All All Cannot |
. Greatest ~ Least  thesame zero determine

Explain your reasoning,

B3-RT21: ROPES PULLING BOXES—ACCELERATION
Boxes are pulled by ropes along frictionless surfaces, accelerating toward the left. All of the boxes are identical. The
pulling force applied to the left-most rope is the same in each figure.

A

Pulling force Pulling force

Pulling force

Rank the accelerations of the blocks.

oo [][] []

| 1 2 3 4 5 6 All All Cannot
|_Greatest B ‘ , , . Least the same  zero _determine|

Explain your reasoning.
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TIPERs

B3-RT22: ROPES PULLING BOXES—ROPE TENSION
Boxes are pulled by ropes along frictionless surfaces, accelerating toward the left. All of the boxes are identical, and
the accelerations of all three systems are the same.

Rank the tensions in the ropes.

T ) 3 3 5 3 Al Al Camnot
i Greatest ) ) ) ~ Least ~ thesame zero determine|

Explain your reasoning.

B3-RT23: TUGBOAT PUSHING BARGES—FORCE TUGBOAT EXERTS ON LEAD BARGE
A tugboat is pushing two barges (labeled 1 and 2) so that they speed up. The masses of the tugboats and barges and
the accelerations of the systems are given for each case. Ignore the effects of fluid friction.

A a=12m/s2|B a=12m/s2|C a=15m/i2|D a=1.0 m/s?

6000 kg \
1500 kg
2500 kg

Rank the magnitude of the force the tughoat exerts on barge two.

ox [ | [] []
§ 2 3 4 All All  Cannot |
{ QGreatest ) N Least thesame  zero determine

Explain your reasoning.
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B3 NEWTON’S LAWS

B3-RT24: TUGBOAT PUSHING BARGES—FORCE TUGBOAT EXERTS ON FIRST BARGE

A tugboat is pushing two barges (1abeled 1 and 2) so that they speed up. The masses of the tugboats and barges and
the accelerations of the systems are given for each case. Ignore the effects of fluid friction.

A a=12m/i2|B a=12m/s2|C a=1.5m/s2|D a=1.0 m/s2

Rank the magnitude of the force the tugboat exerts on barge one.

| 1 2 3 4 All All Cannot |
| Greatest ~ Tleast  thesame zero determine|

Explain your reasoning.

B3-RT25: FORCES ON BLOCKS ON SMOOTH SURFACES—SPEED

Two forces act on a block that is initially at rest on a frictionless surface.

A B C D
F,=6N F,=8N |F,=6N F,=8N

i

m=4kg m=2kg m=2kg

Rank the speed of the block after 3 seconds.

or | ]

1 2 3 4 Al Al Cannot |
Greatest  Least  thesame zero determine|

Explain your reasoning,.
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TIPERS

B3-CT26: CURLER PUSHING STONE—FORCE ON STONE

Two identical curling stones (the playing pieces in the sport of curling) are pushed horizontally on ice by curlers.
The instantaneous speed and acceleration of the two stones are given. Ignore the friction between the stone and the
ice.

Is the magnitude of the force that the curler is exerting on the stone (i) greater in Case A, (ii) greater in Case
B, or (iii) the same in both cases?

Explain your reasoning.

B3-RT27: ROPES PULLING IDENTICAL BOXES—ROPE TENSION
Boxes are pulled by ropes along frictionless surfaces, accelerating toward the left. All of the boxes are identical, and
the accelerations of the boxes are indicated.

44— 3g — 2a
A

Rank the tension in these ropes.

1 2 3 4 5 6 All Al Cannot |
| Greatest ... lLeast  thesame _zero _ determine

Explain your reasoning.
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B3 NEWTON’S LAWS

B3-QRT28: STUDENT PUSHING TWO BLOCKS—FORCE

A student pushes horizontally on two blocks, which are moving to the right.
Block A has more mass than block B. There is friction between the blocks and
the table.

(a) For the situation where the blocks are moving at a constant speed, A B
which of the following statements is true about the magnitude of the
forces?

(i) The force that block A exerts on block B is greater than the force that block B exerts on block A.
(ii) The force that block A exerts on block B is less than the force that block B exerts on block A.
(iii) The force that block A exerts on block B is equal to the force that block B exerts on block A.
(iv) We cannot compare the forces unless we know how fast the blocks are slowing down.

Explain your reasoning.

(b) For the situation where the blocks are moving at a constant speed, which of the following statements is
true about the net force?

(i) The net force on block A points fo the right and is equal to the net force on block B.

(ii) The net force on block A points to the left and is equal to the net force on block B.

(iii) The net force on block A points to the right and is greater than the net force on block B.
(iv) The net force on block A points to the left and is greater than the net force on block B.
(v) The net force on block A points to the right and is less than the net force on block B.
(vi) The net force on block A points fo the left and is less than the net force on block B.

(vii) None of these are correct.

Explain your reasoning.

(¢) For the situation where the blocks are slowing down, which of the following statements is true about the
magnitude of the forces?

(i) The force that block A exerts on block B is greater than the force that block B exerts on block A.
(ii) The force that block A exerts on block B is less than the force that block B exerts on block A.
(iii) The force that block A exerts on block B is equal fo the force that block B exerts on block A.

(iv) We cannot compare the forces unless we know how fast the blocks are slowing down.

Explain your reasoning.

(d) For the situation where the blocks are slowing down, which of the following statements is true about the
net force?

(i) The net force on block A points to the right and is equal to the net force on block B.

(ii) The net force on block A points to the left and is equal to the net force on block B.

(iii) The net force on block A points to the right and is greater than the net force on block B.
(iv) The net force on block A points fo the left and is greater than the net force on block B.
(v) The net force on block A points to the right and is less than the net force on block B.
(vi) The net force on block A points to the left and is less than the net force on block B.

(vii) None of these are correct.
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TIPERs

B3-RT29: ROPES PULLING IDENTICAL BOXES—ROPE TENSION
Boxes are pulled by ropes along frictionless surfaces, accelerating toward the left. All of the boxes are identical, and
the accelerations of the boxes are indicated.

4—a 4— 2

Rank the tension in these ropes.

' 1 2 3 4 5 6 All All Cannot |
| Greatest o . Leat  thesame zero determine

Explain your reasoning,

B3-RT30: FORCES ON OBJECTS ON ROUGH SURFACES—VELOCITY CHANGE
Two forces act on identical objects that are on rough surfaces. The forces of maximum static and kinetic friction for
all cases are both 1 N. All objects start at rest.

A B Cc D
F,=6N F,=8N |F,=6N F,=8N

m=4kg m=2kg m=2kg m=4kg

Rank the magnitude of the velocity change of the blocks in a 2-second time interval.

o« [ 0 O]
1 2 3 4 All All Cannot |
| Greatest ~ Least  thesame zero determine

Explain your reasoning,.
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B3 NEWTON’S LAws

B3-QRT31: SKATEBOARD RIDER COASTING DOWN A HIiLL—ACCELERATION AND NET FORCE

At the instant shown, a skateboard rider is coasting down a hill and speeding up.

Consider the skateboard and the rider as a single system and ignore friction. ~
~

(a) Use velocity vectors to find the approximate direction of the acceleration of
the system.,

(b) Draw a free-body diagram for the system labeling all forces, and explain how the forces in your free-body
diagram add to give a net force in the direction of the acceleration.

B3-CT32: ROPES PULLING BOXES—ROPE TENSION
Two boxes are puiled by the same force F along frictionless surfaces, accelerating toward the left. The masses of the
boxes are indicated in each figure.

r A . r B
F— 2m m D et I ) 2m

Will the tension in rope A on the left be (i) greater than, (ii) less than, or (iii) equal to the tension in rope B on
the right?

Explain your reasoning,
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TIPERs

B3-WWT33: LIFTING UP A PAIL—STRATEGY

A loaded pail is attached to a rope that passes around an overhead pulley and is tied to a e
ring on the floor. Linda, a construction worker, plans to untie the rope from the ring,

pull on the rope to lift the pail 1 m higher, and then retie the rope. Linda weighs 800 N

and is capable of lifting twice her weight, 1600 N. The loaded pail weighs 1200 N.

What, if anything, is wrong with Linda’s plan? Explain how to correct it, or if the
plan will work, explain why.

B3-WWT34: VELOCITY-TIME GRAPHS—NET FORCE

Graphs are shown of the velocity versus time for two identical train engines on a straight track. A positive velocity
indicates that the engine was traveling east. The scales on both axes are the same for the graphs. On each graph a
point is marked with a dot.

A AV elocity

P

B Avelocity

| i i

A student comparing the net force acting on the engine at the identified points in graphs A and B states:
“I think that B has the larger net force since the net force on A at the identified point is zero.”

What, if anything, is wrong with this statement? If something is wrong, identify it, and explain how to correct
it. If the statement is correct, explain why.
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B3 NEwWTON’S LAWS

B3-CT35: BLOCKS MoviNG AT CONSTANT SPEED—FORCE ON BLOCK
A block is moving to the right across a rough table at a constant speed of
2 m/s. The tables and the blocks are identical in the two cases. In Case

A, the block is pushed with a stick and in Case B, the block is pulled
with a string. The angle that the applied force makes with the horizontal
is the same in both cases.

Will the magnitude of the force on the block by the stick in Case A
be (i) greater than, (ii) less than, or (iii) equal to the tension on the
block by the string in Case B?

Explain your reasoning,

B3-WWT36: PULLING A BLOCK ACROSS A ROUGH SURFACE—FORCE RELATIONSHIPS
A person pulls a block across a rough horizontal surface at a constant

speed by applying a force F at a slight angle as shown. A free-body

diagram is drawn for the block. The arrows in the diagram correctly

indicate the directions but not necessarily the magnitudes of the various
forces on the block. A student makes the following claim about this T
free-body diagram:

¢

“The velocity of the block is constant, so the net force acting on the
block must be zevo. Thus the normal force F, equals the weight W, and
the force of friction f, equals the applied force F.”

What, if anything, is wrong with this statement? If something is
wrong, identify it and explain how to correct it. If this statement is correct, explain why.
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TIPERSs

B3-CRT37: VELOCITY-TIME GRAPH—FORCE-TIME GRAPH
Shown is the velocity versus time graph for an object that is moving in one dimension under the (perhaps

intermittent) action of a single horizontal force.
Velocity, m/s

Time, s

On the axes below, draw the horizontal force acting on this object as a function of time.

A Force

Time

Explain your reasoning,

B3-RT38: STACKED BLOCKS SPEEDING UP ON A CONVEYOR BELT—NET FORCE
Various stacks of blocks are traveling along a conveyer belt. At the instant shown, all blocks have the same velocity

of 3 m/s to the right and the same acceleration of 2 m/s?, also to the right. The blocks do not slip. All masses are

given in the diagram in terms of M, the mass of the smallest block,
a=2m/s? v=3m/s
A — > D
SM B c M E
3M M M M

M
M

M

Rank the magnitude of the net force on each stack of blocks. o e
or [ | [] []
Cannot |

3 4 5 All All
Least  thesame  zero  defermine|

1 2
| Greatest

Explain your reasoning,
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B3 NEWTON’S LAwWS

B3-CT39: SPACESHIPS PULLING Two CARGO PoDs—TENSION IN Tow Robs

In both cases a spaceship is pulling two cargo pods, one empty and one full. At the instant shown, the speed of the
pods and spaceships is 300 m/s, but they have different accelerations as shown. All masses are given in terms of M,
the mass of an empty pod.

Case A —
a=3.0m/s2
Pod 2 Pod 1

m2A=M m1A=2M
Case B
a= 2.0 m/s?
Pod 2 Pod 1
— ¢ =
LKL
mp=2M  mp=M

(a) Will the tension at point S in the tow rod be (i) greater in Case A, (ii) greater in Case B, or (iii) the same in
both cases?

Explain your reasoning,

(b) Will the tension at point T in the tow rod be (i) greater in Case A, (ii) greater in Case B, or (iii) the same in
both cases?

Explain your reasoning,
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TIPERs

B3-QRT40: THREE VECTORS—RESULTANT

(a) In the space below, add the three vectors shown and label the
resultant vector as R. Be sure to clearly indicate the direction of

the resultant. —

Explain your reasoning,

>

Oy

B

Suppose the three vectors above represent forces exerted on a slice
of pepperoni pizza by three people, Abel (A), Beth ( B), and Celia
(C) as shown in the top view picture to the right. A fourth person,
David, also pulls on the pizza. The pizza moves to the left at a
constant speed. Assume there is no friction between the pizza slice
and the greasy table.

(b) In what direction is David pulling on the pizza?

Explain your reasoning.
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B3 NEWTON’S LAWS

B3-CT41: SPACESHIPS PULLING TwO CARGO PobDsS—TENSION OR COMPRESSION IN Tow RODS

In each case below, a spaceship is attached to two cargo pods by rods. At the instant shown, the speed of the pods
and of the spaceship is 300 m/s. In Case A the acceleration of the ship and of the pods is 3 m/s” to the left, while in
Case B it is 2 m/s’ to the right. All masses are given in terms of M, the mass of an empty pod.

— —
Case A T /2 v=300ms

Pod 2 Pod 1
(it Ei P V ii V?i
i [ !! 3!;!

mop =M mip=2M
. —
Case B a=2m/s v =300 m/s
Pod 2 Pod 1

T T

m2B =2M mlB =M

Will the tension or compression at point P in the tow rod be (i) greater in Case A, (ii) greater in Case B, or (iii)
the same in both cases?

Explain your reasoning,
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TIPERs

B3-QRT42: THROWN BASEBALL—FREE-BODY DIAGRAM AT THE TOP
A baseball is thrown from right field to home plate (HP), traveling from right to left in the diagram.

QL
T

HP

e

A group of physics students watching the game create the following free-body diagrams for the baseball at the top of
its path (point 7). Note that the forces are not drawn to scale.

A c ®°
D

IR S

= ¢ 1

Depends on the

None of these .
coordinate system used

(a) If they decide to ignore air friction, which is the correct free-body diagram for the baseball at point 7?

(b) Define all forces on the ball for this force diagram.

(c) If they decide to include air friction, which is the correct free-body diagram for the baseball at point 7?

(d) Define all forces on the ball for this force diagram.
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B3 NEWTON’S LAWS

B3-WWT43: Box ON INCLINE—FORCES

A heavy box is sitting at rest on an incline. There is friction between the box and the incline, and a rope is pulling on
the box in a direction up and to the left, parallel to the incline. A physics student draws the free-body diagram below
right for the box.

ROpe Ton box by rope Non box by incline

3

fon incline by box

Won box by Earth

What, if anything, is wrong with this student’s free-body diagram? If something is wrong, explain the error
and how to correct it. If this free-body diagram is correct, explain why.

B3-WWT44: THROWN BASEBALL—FREE-BODY DIAGRAM FOR ASCENDING BASEBALL
A baseball is thrown from right field to home plate (HP), traveling from right to left in the diagram.

h (o
S .

HP -~

A physics student watching the game produces the free-body diagram shown below for the baseball as it moves
upward at a point (S) along the path. She explains that in her drawing:

“I'm ignoring air resistance. W is the weight of the baseball and D is the force of the throw on the baseball.”
D
w

What, if anything, is wrong with this free-body diagram? If something is wrong, identify it and explain how
to correct it. If this free-body diagram is correct, explain why.
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TIPERSs

B3-CRT45: SUITCASE SLIDING DOWN RAMP AT CONSTANT SPEED—FORCES ON SUITCASE
A suitcase is moving at a constant speed as it slides down a ramp angled at 45° to the
horizontal.

Draw a free-body diagram below, labeling and defining all the forces on the suitcase.

Rank the magnitudes of these forces on the suitcase.

Explain your ranking.
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B3 NEWTON’S LAWS

B3-RT46: Two BLOCKS AT REST—FORCE DIFFERENCE
In each case shown, there are two blocks with different masses that are at rest and in contact with each other. One of
the blocks given in each arrangement is labeled 1, and the other is labeled 2. The mass of each block is given in the

figures.

A B C D
| 1
100 g 200 2
& 1008 200 g <2
200 g 100 g 200 g «J 100 g

Rank the difference between the strengths (magnitudes) of the force 1 exerts on 2 and the force 2 exerts on 1.

w

Cannot |
determine |

: 1 2 3 4 All All
{ Greatest Least ~ thesame  zero

Explain your reasoning,

B3-RT47: Two STACKED BLOCKS AT REST-—~FORCE ON THE TOP BL.OCK BY BOTTOM BLOCK
Two wooden blocks with different masses are at rest, stacked on a table. The top block is labeled 1, and the bottom
block is labeled 2.

A

100 g

200 g

B

200 g

100 g

C

100g| 1

300g |2

D

300g |1

100g| 2

Rank the magnitude of the force that the bottom block (2) exerts on the top block (1).

 Gre

Explain your reasoning,

1

atest

4
 Least

All

_the same
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TIPERSs

B3-RT48: Two STACKED BLOCKS AT REST—FORCE ON THE TOP BLOCK BY THE TABLE
Two wooden blocks with different masses are at rest, stacked on a table. The top block is labeled 1, and the bottom
block is labeled 2.

A B C D
100g| 1 200¢ |1 100g| 1 300g |!
200g |2 100 g 2 300g |2 100g]| 2

Rank the magnitude of the force that the table exerts on the top block (1).

0 0 0O

T 2 3 7 All Al Cannot |
. Greatest ~~ Least  thesame zero determine,

Explain your reasoning.

B3-RT49: Two STACKED BLOCKS AT REST—FORCE ON THE BOTTOM BLOCK BY TABLE
Two wooden blocks with different masses are at rest, stacked on a table. The top block is labeled 1, and the bottom
block is labeled 2.

A B C D
100g] 1 200g |1 100g]| 1 300g |!
200 g |2 100 g | 2 300g |2 100 g | 2

Rank the magnitude of the force that the table exerts on the bottom block (2).

; 2 3 4 All All Cannot
i Greatest o ~ Least thesame  zero determine;

Explain your reasoning,
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B3 NEWTON’S LAWS

B3-RT50: ACCELERATING CAR AND BOAT TRAILER—FORCE DIFFERENCE
All the trailers and cars shown are identical but the boat trailers have different loads. In each case, the car and boat
trailer accelerate at 1 m/s’ from rest to the final speed shown.

m=2000kg v,=20m/s m=’1000kg v=40m/s | m=4000kg v,=10m/s [m=2000kg v;=10m/s

Rank the difference between the strength (magnitude) of the force the car exerts on the boat trailer and the
strength of the force the trailer exerts on the car while the cars and trailers are accelerating,

; ! 2 3 4 All All Cannot |
| Greatest ~~ Teast  thesame zero determine|

Explain your reasoning,

B3-RT51: CAR AND BOAT TRAILER ON AN INCLINE—FORCE DIFFERENCE
All the trailers and cars shown are identical, but the boat trailers have different loads. The inclines are all identical.
In each case, the accelerations and velocities are given for the instant shown.

m=2000kg v=10m/s |m=2000kg v=20m/s {|m=1000kg v=20m/s |m=1000kg v=20m/s

Rank on the difference between the strength (magnitude) of the force the car exerts on the boat trailer and
the strength of the force the boat trailer exerts on the car.
oo | ||| []

T 2 3 g All All  Cannot |
| Greatest ~~ Tleast  thesame zero determine

Explain your reasoning,
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TIPERS

B3-CT52: IDENTICAL ToY TRUCK COLLISIONS——FORCE AND ACCELERATION
Two identical toy trucks traveling at different constant speeds are about to collide.

(a) The trucks are traveling in the same direction.

During the collision, will the magnitude of the force
exerted on truck A by truck B be (i) greater than,
(ii) less than, or (iii) equal to the magnitude of the
force exerted on truck B by truck A?

Explain your reasoning,

(b) The trucks are traveling in opposite directions.

During the collision, will the magnitude of the force
exerted on truck A by truck B be (i) greater than,
(ii) less than, or (iii) equal to the magnitude of the
force exerted on truck B by truck A?

Explain your reasoning,.

(c) The trucks are traveling in the same direction.

During the collision, will the magnitude of the 4 m/s
acceleration of truck A be (i) greater than, (ii) less —_— —
than, or (iii) equal to the magnitude of the
acceleration of truck B?

Explain your reasoning,.

(d) The trucks are traveling in opposite directions.

During the collision, will the magnitude of the 3 m/s
acceleration of truck A be (i) greater than, (ii) less —
than, or (iii) equal to the magnitude of the _ — T
acceleration of truck B? _ A

Explain your reasoning,.
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B3 NEWTON’S LAWS

B3-CT53: Toy TRucK CoLLISIONS—FORCE ON TRUCKS
Two toy trucks traveling at different constant speeds are about to collide.

(a) The two identical trucks are traveling in the same direction, and truck B is carrying a heavy load.

During the collision, will the magnitude of the force
exerted on truck A by truck B be (i) greater than,
(ii) less than, or (iii) equal to the magnitude of the
force exerted on truck B by truck A?

Explain your reasoning.

(b) The two identical trucks are traveling in opposite directions, and truck B is carrying a heavy load.

During the collision, will the magnitude of the force 3 m/s
exerted on truck A by truck B be (i) greater than, —P
(ii) less than, or (iii) equal to the magnitude of the _ — ]
force exerted on truck B by truck A? . A

Explain your reasoning.

(c) The two identical trucks are traveling in the same direction, and truck A is carrying a heavy load.

During the collision, will the magnitude of the force 4 m/s
exerted on truck A by truck B be (i) greater than, —_—
(ii) less than, or (iii) equal to the magnitude of the —

force exerted on truck B by truck A? - AD
Explain your reasoning. ) O

(e) The two identical trucks are traveling in opposite directions, and truck A is carrying a heavy load.

During the collision, will the magnitude of the force

5 m/
exerted on truck A by truck B be (i) greater than, < >
(ii) less than, or (iii) equal to the magnitude of the J—
force exerted on truck B by truck A? A II; —
1

Explain your reasoning.
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TIPERs

B3-CT54: Toy TRUCK COLLISIONS—ACCELERATION
Two toy trucks traveling at different constant speeds are about to collide.

(a) The two identical trucks are traveling in the same direction, and truck B is carrying a heavy load.

During the collision, will the magnitude of the 4 m/s 3 m/s
acceleration of truck A be (i) greater than, (ii) less — J— —
than, or (iii) equal to the magnitude of the acceleration — ? 'ﬁ‘
of truck B? - A | - B

Explain your reasoning.

(b) The two identical trucks are traveling in opposite directions, and truck B is carrying a heavy load.

During the collision, will the magnitude of the
acceleration of truck A be (i) greater than, (ii) less
than, or (iii) equal to the magnitude of the
acceleration of truck B?

Explain your reasoning,

(c) The two identical trucks are traveling in the same direction, and truck A is carrying a heavy load.

During the collision, will the magnitude of the 3 m/s
acceleration of truck A be (i) greater than, (ii) less .
than, or (iii) equal to the magnitude of the —
acceleration of truck B? - B
Explain your reasoning, .
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B3 NEWTON’s LAWS

B3-WWT55: TENNIS BALL AND RACQUET—FORCE

A tennis player returns a serve. A physics student watching the match makes the following contention:
“While the tennis ball is in contact with the tennis racquet, the racquet exerts a larger force on the tennis ball
than the tennis ball does on the racquet because the racquet has to stop the tennis ball and then reverse its
motion.”

What, if anything, is wrong with this contention? If something is wrong, explain the error and how to correct
it. If this contention is correct, explain why.

B3-WWT56: BALL HITTING A WALL—FORCES

A student observes a rubber ball hitting a wall and rebounding. She states:

« . : . ——_>
In this situation, the wall exerts a larger force on the ball than the ball exerts on the wall, ‘ O

because the ball undergoes an acceleration but the wall doesn’t move. That is, the ball goes
from an initial speed to zero and then from zero to the rebound speed, but the wall does not

accelerate since it is stationary the whole time.” Before

What, if anything, is wrong with this contention? If something is wrong, identify it, and ; 4——-—-

explain how to correct it. If this contention is correct, explain why. \ O
After
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B3-WWT57: POTATO ON TABLE—FORCES AND REACTION FORCES
A potato with a weight of 2 N is resting on a table. A student makes a number of statements about this situation.

) Potato

Table

(a) “The weight of the potato is a force of 2 N exerted by Earth in the downward direction.”

What, if anything, is wrong with this statement? If something is wrong, identify it and explain how to correct
it. If this statement is correct, explain why.

(b) “The reaction force to this weight is a force of 2 N exerted on the potato by the table in the upward direction.”

What, if anything, is wrong with this statement? If something is wrong, identify it and explain how to correct
it. If this statement is correct, explain why.

(c) “The normal force exerted on the potato by the table is a force of 2 N; the reaction force to this normal force is a
force of 2 N exerted on the potato by Earth in the downward direction.”

What, if anything, is wrong with this statement? If something is wrong, identify it and explain how to correct
it. If this statement is correct, explain why.

(d) “If the 2 N potato is lifted off the table by a hand that exerts a force of 4 N upward on the potato, the reaction
force to this 4 N force is a force of 4 N exerted on the hand by the potato in the downward direction.”

‘What, if anything, is wrong with this statement? If something is wrong, identify it and explain how to correct
it. If this statement is correct, explain why.
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B3 NEWTON’S LAWS

B3-LMCT58: IDENTICAL TOY TRUCKS COLLIDING HEAD-ON—FORCE ON TRUCKS

Two identical toy trucks traveling at the same speed in opposite directions are about to collide. The magnitude of the
force exerted on truck A by truck B during the collision is equal to the magnitude of the force exerted on truck B by
truck A.

4 m/s

Identify from choices (i)-(iv) how each change described below will affect the magnitude of the force exerted
on truck A by truck B during the collision as compared to the magnitude of the force exerted on truck B by
truck A.

This change will cause the magnitude of the force exerted on truck A by truck B to be:

(i) greater than the magnitude of the force exerted on truck B by truck A.

(ii) less than the magnitude of the force exerted on truck B by truck A.

(iii) the same as the magnitude of the force exerted on truck B by truck A.

(iv) indeterminate as compared to the magnitude of the force exerted on truck B by truck A.

All of these modifications are changes to the initial situation shown in the diagram.

(a) Truck A is carrying a heavy load.
Explain your reasoning,.

(b) Truck A is going faster than truck B.
Explain your reasoning.

(c) Truck A is carrying a heavy load and is going faster than truck B.
Explain your reasoning.

(d) Truck A is speeding up (accelerating).
Explain your reasoning.

(e) Truck A is speeding up (accelerating) and is carrying a heavier load.
Explain your reasoning,.

(f) Truck A is speeding up (accelerating) while truck B is carrying a heavier load.
Explain your reasoning.
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B3-CT59: PERSON IN AN ELEVATOR MoOVING UPWARD—SCALE READING

A person who weighs 500 N is standing on a scale in an elevator. In both cases the elevator is identical and is
moving upward, but in Case A it is accelerating upward and in Case B it is accelerating downward.

*v: 3 m/s
*a:Zm/s2

Will the scale reading be (i) greater in Case A, (ii) greater in case B, or (iii) the same in both cases?

Explain your reasoning,

B3-RT60: PERSON IN A MOVING ELEVATOR-—~SCALE READING

A person who weighs 600 N is standing on a scale in an elevator. The elevator is identical in all cases. The velocity
and acceleration of the elevators at the instant shown are given.

$v=3m/s
*a=2m/s2

Rank the scale reading,
or | |
1 2 3 4 All Al Camnot |
 Greatest . Least  thesame zero determine;

Explain your reasoning,.
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B3-RT61: PERSON IN AN ELEVATOR MOVING DOWNWARD-—SCALE READING
A person who weighs 600 N is standing on a scale in an elevator. The elevator is identical in all cases. The velocity
and acceleration of the elevators at the instant shown are given,

*v=3m/s
*a=2m/s2

Rank the scale reading.

o

| 1 2 3 4 All All Cannot
 Greatest ~ Least  thesame zero determine

Explain your reasoning,

B3-CT62: PERSON IN AN ELEVATOR—SCALE READING

A person who weighs 500 N is standing on a scale in an elevator. The elevator is identical in both cases. In both
cases the elevator is moving at a constant speed, upward in Case A and downward in Case B.

+v=3m/s

Will the scale reading be (i) greater in Case A, (ii) greater in Case B, or (iii) the same in both cases?

Explain your reasoning.
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B3-QRT63: PERSON IN AN ELEVATOR-—SCALE READING
A person who weighs 500 N is standing on a scale in an elevator. The elevator is identical in all cases. The velocity
and acceleration of the elevators at the instant shown are given.

+a=2m/s2 +a:2m/52 a=0 *a=9.8m/52

(a) List the cases where the scale reading is greater than 500 N.

Explain your reasoning.

(b) List the cases where the scale reading is less than 500 N.

Explain your reasoning.

(c) List the cases when the scale reading is equal to the scale reading of 500 N.

Explain your reasoning.
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B3-CT64: PERSON IN AN ELEVATOR MOVING DOWNWARD—SCALE READING
A person who weighs 600 N is standing on a scale in an elevator. The elevator is identical in both cases. In both
cases the elevator is moving downward, but in Case A it is accelerating upward and in Case B it is accelerating

downward.

Will the scale reading be (i) greater in Case A, (ii) greater in Case B, or (iii) the same in both cases?

Explain your reasoning.

B3-CT65: BLocK HELD ON SMOOTH RAMP—WEIGHT AND NORMAL FORCE
A block is tethered to a frictionless ramp by a horizontal string as
shown. The block is at rest,

Is the normal force exerted on the block by the ramp (i) greater
than, (ii) less than, or (iii) equal fo the weight of the block?

Explain your reasoning.
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B3-WWT66: Two BLocks AT REST—NORMAL FORCE

The two blocks are identical and both are at rest. A student comparing
the normal force exerted on the block by the surface in the two cases ﬁ/
states: ‘

“Since both blocks are identical, I think the normal forces are the
same because in each case the normal force will be equal to the weight.”

What, if anything, is wrong with this contention? If something is wrong, identify it and explain how to correct
it. If this contention is correct, explain why.

B3-RT67: BOXES ON ROUGH VERTICAL SURFACE—NORMAL FORCE ON WALL
Boxes are held at rest against rough, vertical walls by forces pushing horizontally on the boxes as shown.

A B Cc D E

200N 200 N 100N 150N 150N
—$100N —®| 50N —P 50N —$ 100N —®75N

Rank the magnitude of the normal force exerted on the walls by the boxes,

« [ O O
S 2 3 4 5 All Al Cannot |
i Greatest ] o . ~ Least ~ thesame zero determine:

Explain your reasoning.
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B3-QRT68: STACKED BLOCKS-—NORMAL FORCES

A student pushes two blocks, A and B, across a desk at a constant speed. The force
exerted on block A by the student is directed horizontally to the left. The mass of
block A is greater than the mass of block B.

(a) The magnitude of the normal force exerted on block A by block B

(i) is greater than the magnitude of the normal force exerted on block B by block

(ii) is less than the magnitude of the normal force exerted on block B by block A.

(iii) is equal to the magnitude of the normal force exerted on block B by block A.

(iv) cannot be compared to the magnitude of the normal force exerted on block B by block A based on the
information given.

Explain your reasoning,

{(b) The magnitude of the normal force exerted on block A by block B

(i) is greater than the magnitude of the weight of block A.

(ii) is less than the magnitude of the weight of block A.

(iii) is equal to the magnitude of the weight of block A.

(iv) cannot be compared to the magnitude of the weight of block A based on the information given.

Explain your reasoning,.

(c) The magnitude of the normal force exerted on block B by block A

(i) is greater than the magnitude of the weight of block B.

(ii) is less than the magnitude of the weight of block B.

(iii) is equal to the magnitude of the weight of block B.

(iv) cannot be compared to the magnitude of the weight of block B based on the information given.

Explain your reasoning.

(d) The magnitude of the normal force exerted on block B by block A

(i) is greater than the magnitude of the normal force exerted on block B by the desk.

(ii) is less than the magnitude of the normal force exerted on block B by the desk.

(iii) is equal to the magnitude of the normal force exerted on block B by the desk.

(iv) cannot be compared to the magnitude of the normal force exerted on block B by the desk based on the
information given.

Explain your reasoning.
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B3-WWT69: BLOCKS ON A ROUGH INCLINE—TENSION

Two identical blocks are tied together with a rope and are pulled with a
second rope so that they accelerate up a rough incline. A student
considering the forces acting in this situation contends:

“I think the tension in the rope connecting the boxes has to be larger
than the force the lower box exerts on that rope because the tension is
causing the lower block to accelerate up the incline.”

What, if anything, is wrong with this contention? If something is wrong, identify it and explain how to correct
it. If this contention is correct, explain why.

B3-SCT70: HANGING STONE CONNECTED TO BOX—FREE-BODY DIAGRAMS

A massless rope connects a box on a horizontal surface and a hanging stone as shown below. The rope passes over a
massless, frictionless pulley. The box is given a quick tap so that it slides to the right along the horizontal surface.
The figure below shows the block after it has been pushed while it is still moving to the right. The mass of the
hanging stone is larger than the mass of the box. There is friction between the box and the horizontal surface. Free-
body diagrams that a student has drawn to scale for the box and for the hanging stone are shown.

v=2m/s A
>
~: 240 g Fon stone by rope Fon box by surface
(€) on box by rope
O Fon box by surface
Fon stone by Earth Fon box by Earth

| \j

Four students discussing these free-body diagrams make the following contentions:

Ali: “There is a problem with the free-body diagram for the hanging stone. The two forces should have the
same magnitude.”

Brianna: “But the stone is moving upward—there should be a larger force in that direction.”

Carlos: “No, the diagram for the hanging stone is okay, but there is a problem with the diagram for the box.

The frictional force is in the wrong direction.”
Dante: “Both free-body diagrams are correct because they show the way the objects would be accelerating.”

With which, if any, of these students do you agree?

Ali Brianna Carlos Dante None of them

Explain your reasoning.
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B3-RT71: WATER SKIERS—TENSION

Water skiers are pulled at a constant speed by a towrope attached to a speedboat. Because the weight of the skiers
and the type of skis they are using varies, they experience different resistive forces from the water. Values for this
resistive force (RF) and for the speed of the skiers are given.

A v=4m/s B v =6m/s c v=4m/s D v=06m/s

— . — —
i RF=750N ; i RF=800N i RF=900N ; i RF=750N

Rank the tension in the towrope.

3 3 3 4 All Al Cannot |
 Greatest  Least  thesame _ zero determine

Explain your reasoning,

B3-RT72: HANGING BLOCKS—TENSION

Two blocks are connected by strings and are pulled upward by a second string attached to the upper block. The
lower block is the same in all cases, but the mass of the upper block varies. The acceleration and velocity for each
system at the instant shown are given.

A By jle ) b |E F

I5g I5g 20¢g 20g 10g 10g

i I 1l il

| !
$V=1m/s fil':lm/s *V=lm/s *V:lm/s .

?E=2m/s2 eda=0 *Z{:zm/# e a=0 .

<}
il

o

—

<l
i

—
=L

)
I
o
-—
o
I
o
2
)

Rank the tension in the string between the blocks.

1 1 2 3 4 5 6 All All Cannot |
. Greatest B . Least  thesame  zero determine

Explain your reasoning,
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B3-CT73: PULLING A CRATE ACROSS FLOOR—APPLIED FORCE
In both cases below, Grace pulls the same large crate across a floor at a constant speed of 1.48 m per second.

A

Crate

Grace
Rope ?h;

B

Crate

Rope

Grace

Is the magnitude of the force exerted by Grace on the rope (i) greater in Case A, (ii) greater in Case B, or (iii)
the same in both cases?

Explain your reasoning,.

B3-RT74: HANGING STONE CONNECTED TO BOX ON ROUGH SURFACE—ACCELERATION

In each case shown below, a box is sliding along a horizontal surface. There is friction between the box and the
horizontal surface. The box is tied to a hanging stone by a massless rope running over a massless, frictionless pulley.

All these cases are identical except for the different initial velocities of the boxes.

A

Vo = 8 m/s

100 g

180 ¢

B

180 g

Vo =3 mfs

100 g

c

180 g

Vo =35 m/s

1 100 g

D vi=5m/s
—{ 100 g
()
I 180 ¢

Rank the magnitudes of the accelerations of the boxes at the instant shown.

1
i Greatest

Explain your reasoning.

4

~ Least

w0

All
__the same
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B3 NEwTON’S LAWS

B3-RT75: MOVING STRING PASSING OVER A PULLEY—TENSION AT POINTS
A student pulls on a massless string that passes over a frictionless pulley and is

attached to a suspended mass. He is pulling the string horizontally so that, at the f:ﬁ— A B S
instant shown, the mass is moving upward at a constant speed. c
D
I

Rank the tension at the labeled points.

w0 O O

T 2 3 ) Al Al Cannot |
. Greatest ~  Tleast  thesame zero determine;

Explain your reasoning,

B3-SCT76: STRING AT ANGLE PASSING OVER A PULLEY—TENSION AT POINTS

A student holds a massless string that passes over a frictionless pulley and is
attached to a suspended mass as shown. The mass is at rest. She then moves her
hand so that the portion of string between her hand and the pulley moves from
the horizontal to an angle as shown. Four students make the following
contentions about this situation:

Aletheia: “The tensions would all stay the same. The pulley will change the
direction of the force, but the size of the force only depends on the
mass, and that hasn’t changed.”

Bem: “Nothing has changed at point C, and the tension will stay the
same there. But A and B are being pulled downward now as well
as horizontally, so the tensions at A and B would increase.”

Charity: “I agree with you that the tension at point C would stay the same,
but I think the tensions at A and B would actually decrease. Now
gravity is actually helping the hand fo keep the mass in place, and
so the hand won’t have to pull as hard. Since A and B are close to
where the hand is pulling, the tension there will go down.”

Dorothy: I think the tension will increase at all three points. As the hand moves down so that it is more vertical,
it’s like it is fighting the pull of the mass more and more. So the string gets stretched tighter—the
tension goes up all over.”

With which, if any, of these students do you agree?
Aletheia Bem Charity Dorothy None of them

Explain your reasoning,
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B3-CT77: BALL SUSPENDED FROM CEILING BY TWO STRINGS—TENSION
A 0.5-kg ball is suspended from a ceiling by two strings. The ball is at rest.

(a) Is the tension in string 1 (i) greater than, (ii) less than, or (iii) the

same as the tension in string 2?

Explain your reasoning.

Suppose that the ceiling in the picture above is the ceiling of an elevator, and that the elevator is moving down at a
constant speed of 2 m/s.

(b) Is the tension in string 1 (i) greater than, (ii) less than, or (iii) the same as the tension in string 1 in the
previous question (a) where the ball was at rest?

Explain your reasoning.

B3-SCT78: HANGING MASS—TENSION IN THREE STRINGS
A hanging mass is suspended midway between two walls.

Case B

The string attached to the left wall is horizontal while the
string attached to the right wall makes an angle with the
horizontal as shown. This angle (&) in Case A is larger than
the angle (f) in Case B. Four students make the following
claims about the tensions in the strings:

Abbie: “I think the tensions in any string in Case A is
going to be the same as the equivalent string

in Case B. The weight is the same, and the
weight is still going to be divided up among
the three ropes.”

Bobby: “I think the tensions in the horizontal and vertical strings are the same, because they are exactly the
same in both cases. But in Case B the diagonal rope is shorter, so the tension is more concentrated
there.”

Che: “The diagonal string still has to hold the weight up by itself, because the horizontal string can’t lift

anything. So the diagonal string still has the same tension. But in Case B it’s pulling harder against
the horizontal string because of the angle, so the tension in the horizontal string has to go up.”

Damian: “But the diagonal string is fighting harder against the weight in Case A—it is pointing more nearly
opposite the weight. So it has to have a greater tension in Case A. And since the tension in the
diagonal string is greater, and the tension in the vertical string is the same, the tension in the
horizontal string must be less in Case A. The tensions still have to balance out so that they are the
same in both cases.”

With which, if any, of these students do you agree?
Abbie Bobby Che Damian None of them

Explain your reasoning,
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B3-SCT79: Two CONNECTED OBJECTS ACCELERATING DOWNWARD—TENSION

Two objects with masses of m, = 6 kg and m, = 10 kg are connected by a massless string. They are A
pulled upward by an applied force F. Since this force is smaller than the total weight of the objects, F
there is a constant downward acceleration of 3 m/s”. The tension in the string connecting the objects

is T. Four students discuss this tension:

m

Anh: “The tension in the string is the net force on the lower object. Using Newton’s Second 1
law, we get F,, = ma = 30 N for the tension, since the lower object has a mass of 10 T
kg and it is accelerating at 3 m/s".”

Brandon: “The tension in the string is more than the net force of 30 N since the lower object has
a weight of about 100 N, The tension should be 130 N since the 30 N, the net force, is my
added to 100 N, the weight.”

Cathy: “The tension in the string is upward and should be less than the weight since the system is accelerating
downward. It should be 70 N by applying Newton’s Second law and taking into account the directions
of the forces.”

Deshi: “We cannot answer it until we know which direction the system is moving. Is it moving upward or

downward? Won't that make a big difference on the tension?”
With which, if any, of these students do agree?
Anh Brandon Cathy Deshi None of them

Explain your reasoning,

B3-WWT80: BLOCKS ON A SMOOTH INCLINE—TENSION
Three identical blocks are tied together with ropes
and pulled up a smooth (frictionless) incline. The
blocks accelerate up the incline. A student who is
asked to compare the tension in the rope at point P
to the tension at point S states:

“Each rope is pulling one block. All three blocks
are daccelerating at the same rate and they are
identical. I think the tensions at points P and S will
be the same.”

What, if anything, is wrong with this contention? If something is wrong, identify it and explain how to correct
it. If this contention is correct, explain why.
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B3-RT81: HANGING MASS—STRING TENSION
A massless string is attached to one or more identical blocks at rest. All the pulleys are frictionless and massless.

A B C

E F
F
Rank the tension in the strings at the labeled points.
or [ | |
O 2 3 4 5 6 All Al Cannot
. Greatest , - S Least the same  zero  determine!

Explain your reasoning,

B3-WBT82: NEWTON’S SECOND LAW EQUATION—PHYSICAL SITUATION
The equation below results from the application of Newton’s Laws to an object:

27 N - ()(14 kg)(9.8 m/s’) = 0

Draw a physical situation that would result in this equation, and explain how your drawing is consistent with
the equation.

Copyright © 2015 Pearson Education, Inc.
132



B3 NEwTON’S LAwWS

B3-SCT83: BLOCKS ON A SMOOTH INCLINE—TENSION

Two blocks are tied together with a rope and are pulled so that they
accelerate up a smooth (frictionless) incline. Three students are
comparing the tension in the rope between the blocks to the magnitude
of the force that the lower block exerts on that rope:

Alberto: “I think the tension has to be larger because it is
causing the lower block to accelerate up the incline. If
it was the same, then the block wouldn’t accelerate.”

Benifacio: “I disagree. Force equals mass times acceleration, and the accelerations of the rope and the lower
block are the same. The rope hardly weighs anything compared to the block, so if can’t exert as
much force. The force the block exerts has to be greater.”

Connie: “I agree that the rope and the block have exactly the same acceleration since they are moving
together. But I think that means that the force has to be the same.”

With which, if any, of these students do you agree?

Alberto Benifacio Connie None of them
Explain your reasoning.

B3-CT84: BLOCKS MOVING AT CONSTANT SPEED—TENSION IN CONNECTING STRING

Two identical blocks, 1 and 2, are connected by a

massless string. In Case A, a student pulls on a string A 10 cm/s

attached to block 2 so that the blocks travel to the right -

across a desk at a constant speed of 10 cm/s. In Case == = sz
B, the student pulls on a string attached to block 1 so 1 2

that the same blocks travel across the same desk to the -

left at a constant speed of 20 cm/s.

Will the tension in the diagonal string connecting B 20 cm/s
the two blocks be (i) greater in Case A, (ii) greater ] .
in Case B, or (iii) the same in both cases? \% . -

Explain your reasoning. et e b
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B3-LMCT85: Two CONNECTED OBJECTS ACCELERATING DOWNWARD—TENSION IN STRING

Two objects with masses of m, = 6 kg and m, = 10 kg are connected by a massless string. They are

pulled upward by an applied force F. Since this force is smaller than the total weight of the
objects, there is a constant downward acceleration of 3 m/s’, The tension in the string connecting
the objects is labeled T.

Identify from choices (i)—(iv) how each change described below will affect the tension (7) in
the string between the objects.

Compared to the case above, this change will:

(1) increase the tension in the string.

(ii) decrease the tension in the string but not to zero.

(iii) decrease the tension in the string to zero.

(iv) have no effect on the tension in the string.

(v) have an indeterminate effect on the tension in the string.

All of these modifications are the only changes to the initial situation shown in the diagram.

(a) The mass of m, is decreased to 5 kg and the mass of m, is increased to 11 kg.
Explain your reasoning,.

(b) The mass of m, is increased to 7 kg and the mass of m, is decreased to 9 kg.
Explain your reasoning.

(c) The applied force F is increased and the acceleration is 2 m/s* downward.
Explain your reasoning.

(d) The applied force F is increased and the acceleration is 4 m/s* upward.
Explain your reasoning,.

(e) The applied force F is decreased and the acceleration is 4 m/s* downward.
Explain your reasoning,
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B3 NEwTON’S LAWS

B3-SCT86: Box PULLED ON ROUGH, HORIZONTAL SURFACE—FRICTIONAL FORCE ON BOX
A 100 N box is initially at rest on a rough, horizontal surface. The coefficient of
static friction is 0.6, and the coefficient of kinetic friction is 0.4. A constant 35 N
horizontal force to the right is applied to the box. Four students are discussing the
frictional force exerted on the box by the rough surface 1 second after the force is
first applied:

Al “The frictional force is 60 N since the box will not be moving and the
coefficient of static friction is 0.6 with a normal force of 100 N.”

Brianna:  “The frictional force is 40 N since the coefficient of kinetic friction is 0.4 and there is a normal force
of I00N.”

Carlos: “The frictional force is 35 N since the box will not be moving and the frictional force will cancel out
the applied force of 35 N.”

David: “It is 40 N for the kinetic frictional force and 60 N for the static frictional force. The normal force is

100 N and the coefficient of kinetic friction is 0.4, giving 40 N for the kinetic friction. Similarly, for
the static frictional force it is 60 N since it has a coefficient of static friction of 0.6.”

With which, if any, of these students do you agree?

Al Brianna Carlos David None of them

Explain your reasoning,

B3-CT87: Box MOVING OVER HORIZONTAL SURFACE—FRICTIONAL FORCE ON BOX

A 50 N box has an applied force on it of 40 N that makes an angle of 30° with the horizontal. The box is moving to
the right at a constant speed in both cases.

Will the frictional force exerted on the box by the rough surface be (i) greater in Case A, (ii) greater in Case B,
or (iii) the same in both cases?

Explain your reasoning.
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B3-SCT88: Box HELD AGAINST VERTICAL SURFACE—FRICTIONAL FORCE ON Box
A constant horizontal force on a 200 N is applied to a box in contact with a vertical
surface. The coefficient of static friction between the box and the surface is 0.6, and the
coefficient of kinetic friction is 0.4. Several students are discussing the frictional force

on the box 1 second after the force is first applied: 200 N

Art: “The frictional force is 60 N since the box will not be moving and the — 100N
coefficient of static friction is 0.6.”

Bratislav:  “The frictional force is 100 N upward since the box has a weight of 100 N
downward.”

Celeste: “The frictional force will be 120 N since the box will not be moving and the normal force will be
200 N.”

Dorothy: “The frictional force will be 40 N for the kinetic frictional force and 60 N for the static frictional

force. The weight is 100 N and the coefficient of kinetic friction is 0.4, giving 40 N for the kinetic
friction. Likewise, for the static frictional force it has a coefficient of static friction of 0.6, giving a
static frictional force of 60 N.”

With which, if any, of these students do you agree?

Art Bratislav Celeste Dorothy None of them

Explain your reasoning.

B3-RT89: Boxes HELD AGAINST VERTICAL SURFACES—FRICTIONAL FORCES ON THE WALL

A box is held at rest against a rough, vertical surface by a force pushing horizontally as shown. Values for the
applied force and the weight of the boxes are given. The boxes are all made of the same material and the walls are
identical.

A B Cc D

200N 200N 150N 150N
— 100 N —{ 50N —P 100N —P150 N

Rank the magnitude of the frictional force exerted on the wall by these boxes.

1 2 3 4 All All Cannot |

]

| Greatest ) , Least  thesame  zero determine!

Explain your reasoning.
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B3 NEWTON’S LAWS

B3-QRT90: MOVING STACKED BLOCKS—FRICTION FORCES

A student pushes two blocks across a desk at a constant speed. The force exerted on
block A by the student is directed horizontally to the left. The mass of block A is
greater than the mass of block B.

(a) The magnitude of the friction force exerted on block A by block B

(i) is greater than the magnitude of the friction force exerted on block B by block A.

(ii) is less than the magnitude of the friction force exerted on block B by block A.

(iii) is equal to the magnitude of the friction force exerted on block B by block A.

(iv) cannot be compared to the magnitude of the friction force exerted on block B by block A based on the
information given.

Explain your reasoning,

(b) The magnitude of the friction force exerted on block B by the desk

(i) is greater than the magnitude of the friction force exerted on block B by block A.

(ii) is less than the magnitude of the friction force exerted on block B by block A.

(iii) is equal to the magnitude of the friction force exerted on block B by block A.

(iv) cannot be compared to the magnitude of the friction force exerted on block B by block A based on the
information given.

Explain your reasoning.

(c) The magnitude of the friction force exerted on block A by block B

(i) is greater than the magnitude of the force exerted on block A by the hand.

(ii) is less than the magnitude of the force exerted on biock A by the hand.

(iii) is equal to the magnitude of the force exerted on block A by the hand.

(iv) cannot be compared to the magnitude of the force exerted on block A by the hand based on the information
given.

Explain your reasoning,
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TIPERs

B3-QRT91: STACKED BLOCKS SLOWING DOWN-—FRICTION FORCES

A student pushes two blocks across a desk. At the instant shown, the blocks are
slowing down. The force exerted on block A by the student is directed horizontally to
the left. The mass of block A is greater than the mass of block B.

(a) The magnitude of the friction force exerted on block A by block B

(i) is greater than the magnitude of the friction force exerted on block B by block A.

(ii) is less than the magnitude of the friction force exerted on block B by block A.

(iii) is equal to the magnitude of the friction force exerted on block B by block A.

(iv) cannot be compared to the magnitude of the friction force exerted on block B by block A based on the
information given.

Explain your reasoning,

(b) The magnitude of the friction force exerted on block B by the desk

(i) is greater than the magnitude of the friction force exerted on block B by block A.

(ii) is less than the magnitude of the friction force exerted on block B by block A.

(iii) is equal to the magnitude of the friction force exerted on block B by block A.

(iv) cannot be compared to the magnitude of the friction force exerted on block B by block A based on the
information given.

Explain your reasoning.

(¢) The magnitude of the friction force exerted on block A by block B

(1) is greater than the magnitude of the force exerted on block A by the hand.

(ii) is less than the magnitude of the force exerted on block A by the hand.

(iii) is equal to the magnitude of the force exerted on block A by the hand.

(iv) cannot be compared to the magnitude of the force exerted on block A by the hand based on the information
given.

Explain your reasoning,
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B3 NEWTON’S LAaws

B3-WWT92: Two ASTEROIDS—GRAVITATIONAL FORCE ON EACH
Two asteroids with masses of m and 3m exert gravitational forces on each other. A student contends that the forces
will be in different directions and of different magnitudes as shown below.

Fon AbyB 145 3m Fon BbyA
@0 O i
Planet A Planet B

What’s wrong, if anything, with this student’s contention? If something is wrong, identify it and explain how
to correct it. If this student’s contention is correct, explain why.

B3-SCT93: THREE ASTEROIDS IN A LINE—CALCULATION OF MASS

At the instant shown, three asteroids are in a line, and the distance between A and B is twice the distance between B
and C. Asteroid C has mass M. There is no net force on asteroid B due to the other asteroids.

la 2 ole
[ >

Three students are discussing how they might find the mass of asteroid A:

Ari: “We don’t really have enough information to find the mass of A. Since there’s no net force on B,
the force from A has to cancel the force from C. To find the force on B from C, we’d use
Newton’s law of universal gravitation. But since the force is proportional to the product of the
masses, we’d need to know both masses.”

Bira: “I don’t think we really need the mass of B. Asteroid A is twice as far away as C, so if it also has a
mass M it will exert ha<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>