Physics |

LEARNING MADE EASY

Features:

* 501 practice problems on every topic
in your Physics | class

* Detailed, step-by-step answers and
explanations for every question

Free one-year access to
501 more practice problems online

dummies

A Wiley Brand







| e

I ES e

This book comes with access to more content online.
Create custom quizzes from
hundreds of practice problems!

Register your book or ebook at
www.dummies.com/go/getaccess

Select your product, and then follow the prompts
to validate your purchase.

You'll receive an email with your PIN and instructions.


www.dummies.com/go/getaccess




201

Practice Problems

Physics |

dimmies
A Wiley Brand






50

Practice Problems

Physics |

dummies by The Experts

at Dummies



Physics I: 501 Practice Problems For Dummies®

Published by: John Wiley & Sons, Inc., 111 River Street, Hoboken, NJ 07030-5774, www.wiley.com
Copyright © 2022 by John Wiley & Sons, Inc., Hoboken, New Jersey
Published simultaneously in Canada

No part of this publication may be reproduced, stored in a retrieval system or transmitted in any form or by any means,
electronic, mechanical, photocopying, recording, scanning or otherwise, except as permitted under Sections 107 or 108 of the
1976 United States Copyright Act, without the prior written permission of the Publisher. Requests to the Publisher for permission
should be addressed to the Permissions Department, John Wiley & Sons, Inc., 111 River Street, Hoboken, NJ 07030, (201) 748-6011,
fax (201) 748-6008, or online at http://www.wiley.com/go/permissions.

Trademarks: Wiley, For Dummies, the Dummies Man logo, Dummies.com, Making Everything Easier, and related trade dress
are trademarks or registered trademarks of John Wiley & Sons, Inc. and may not be used without written permission. All other
trademarks are the property of their respective owners. John Wiley & Sons, Inc. is not associated with any product or vendor
mentioned in this book.

LIMIT OF LIABILITY/DISCLAIMER OF WARRANTY: WHILE THE PUBLISHER AND AUTHORS HAVE USED THEIR BEST EFFORTS
IN PREPARING THIS WORK, THEY MAKE NO REPRESENTATIONS OR WARRANTIES WITH RESPECT TO THE ACCURACY OR
COMPLETENESS OF THE CONTENTS OF THIS WORK AND SPECIFICALLY DISCLAIM ALL WARRANTIES, INCLUDING WITHOUT
LIMITATION ANY IMPLIED WARRANTIES OF MERCHANTABILITY OR FITNESS FOR A PARTICULAR PURPOSE. NO WARRANTY
MAY BE CREATED OR EXTENDED BY SALES REPRESENTATIVES, WRITTEN SALES MATERIALS OR PROMOTIONAL STATEMENTS
FOR THIS WORK. THE FACT THAT AN ORGANIZATION, WEBSITE, OR PRODUCT IS REFERRED TO IN THIS WORK AS A CITATION
AND/OR POTENTIAL SOURCE OF FURTHER INFORMATION DOES NOT MEAN THAT THE PUBLISHER AND AUTHORS ENDORSE
THE INFORMATION OR SERVICES THE ORGANIZATION, WEBSITE, OR PRODUCT MAY PROVIDE OR RECOMMENDATIONS IT MAY
MAKE. THIS WORK IS SOLD WITH THE UNDERSTANDING THAT THE PUBLISHER IS NOT ENGAGED IN RENDERING
PROFESSIONAL SERVICES. THE ADVICE AND STRATEGIES CONTAINED HEREIN MAY NOT BE SUITABLE FOR YOUR SITUATION.
YOU SHOULD CONSULT WITH A SPECIALIST WHERE APPROPRIATE. FURTHER, READERS SHOULD BE AWARE THAT WEBSITES
LISTED IN THIS WORK MAY HAVE CHANGED OR DISAPPEARED BETWEEN WHEN THIS WORK WAS WRITTEN AND WHEN IT IS
READ. NEITHER THE PUBLISHER NOR AUTHORS SHALL BE LIABLE FOR ANY LOSS OF PROFIT OR ANY OTHER COMMERCIAL
DAMAGES, INCLUDING BUT NOT LIMITED TO SPECIAL, INCIDENTAL, CONSEQUENTIAL, OR OTHER DAMAGES.

For general information on our other products and services, please contact our Customer Care Department within the U.S. at
877-762-2974, outside the U.S. at 317-572-3993, or fax 317-572-4002. For technical support, please visit https://hub.wiley.com/
community/support/dummies.

Wiley publishes in a variety of print and electronic formats and by print-on-demand. Some material included with standard print
versions of this book may not be included in e-books or in print-on-demand. If this book refers to media such as a CD or DVD
that is not included in the version you purchased, you may download this material at http://booksupport.wiley.com. For
more information about Wiley products, visit www.wiley.com.

Library of Congress Control Number: 2022935115

ISBN 978-1-119-88371-5 (pbk); ISBN 978-1-119-88372-2 (ebk); ISBN 978-1-119-88373-9 (ebk)


http://www.wiley.com
http://www.wiley.com/go/permissions
https://hub.wiley.com/community/support/dummies
https://hub.wiley.com/community/support/dummies
http://booksupport.wiley.com
http://www.wiley.com

Contents at a Glance

INTRODUCTION . ... e 1
PART 1: THE QUESTIONS. ... e 5
CHAPTER 1: Reviewing Math Fundamentals and Physics Measurements ............... 7
CHAPTER 2: Moving along with Kinematics ... 11
CHAPTER 3: Movingin a Two-DimensionalWorld. . ....... ... ...t 17
CHAPTER 4: Pushing and Pulling: The Forcesaround YOU. . ........ccovviiinnnnnnnn. 23
CHAPTER 5: Slipping and Sliding: Motionand Forces. ......... ..., 31
CHAPTER 6: Describing Rotational Motion . .......... e 39
CHAPTER 7: Rotating Around in Different LOOpS. .. ....vvii et 45
CHAPTER 8: Goingwiththe Flow: Fluids . ... e 51
CHAPTER 9: Getting Some WorkDone .. .....ooviiii it 57
CHAPTER 10: Picking Up Some Momentum with Impulse............. ... ... . 65
CHAPTER 11: Rolling Around with Rotational Kinetics and Dynamics................... 73
CHAPTER 12: Bouncing with a Spring: Simple Harmonic Motion....................... 87
CHAPTER 13: Heating Up with Thermodynamics and Heat Transfer..................... 93
CHAPTER 14: Living in an Ideal World with the ldeal GasLaw ......................... 99
CHAPTER 15: Experiencing the Laws of Thermodynamics ..................ovvoitt. 103
PART 2: THE ANSWERS . ... 109
CHAPTER 16: ANSWEIS ... ... 111
IN DX 413






Table of Contents

INTRODUCTION. ... e e 1
What YOU'll FINd. . .o 1
How This Workbook Is Organized . .............ooiiiiiiiiiiiiiiiiiiaaaneeen.. 1

Part 1: The QUESHIONS ... e e e e e e e e e e e 2
Part 2: The ANSWELS. . .t 2
Beyond the BOOK. .. ... e 2
Where to Go for Additional Help .. ... e 3
PART 1: THE QUESTIONS. ... ... 5
CHAPTER 1: Reviewing Math Fundamentals and Physics
Measurements ... 7
The Problems YoU'll Work On .. ..ot e 7
Whatto Watch QUL FOr ... .. oo e 7
Equipping Yourself with Basic Algebra ............ i 8
Tackling a Little Trigonometry. . . ..o vttt 8
Converting between UNits. ... ...ttt e 8
Practicing Scientific NOtation ... ... ...ttt i e 9
Understanding Unit Prefixes. . ... ..o i e 9
Spotting the Number of Significant Digits. . .......... i 9
Rounding to the Correct Number of Digits. ... 10
CHAPTER 2: Moving along with Kinematics........................ 11
The Problems YoU'll WOrk On .. ..o oot e 11
Whatto Watch QUL FOr .. ..ot e 11
Determining Displacement Using Positions in One Dimension. .................... 12
Getting Displacement in Two Dimensions with Axes .............. ..o, 12
Traveling with Average Speed and at Instantaneous Speed ....................... 13
Distinguishing between Average Speed and Average Velocity ..................... 13
Speeding Up and Down with Acceleration ......... ..., 14
Finding Displacement with Accelerationand Time ........... ... oo, 14
Finding Displacement with Acceleration and Velocities .................. ... ...... 15
Finding Acceleration with Displacementand Time ........... ... oo, 15
Finding Acceleration with Velocities and Displacement .............. ... ... ...... 16
Finding Velocities with Acceleration and Displacement .............. ... .. c...... 16
CHAPTER 3: Movingin a Two-DimensionalWorld................. 17
The Problems YoU'll WOrk On .. ..o oo e 17
Whatto Watch QUL FOr ..ot e 17
Getting to KNOW VECLOrS . ...t e e e 18
Adding and Subtracting VeCtors . .. ... 18

Table of Contents ix



Adding Vectors and Subtracting Vectorsonthe Grid .............. .. ... ... ..., 18

Breaking Vectors into COmMPONeNntS . ... vt ittt et 19
Reassembling a Vector from Its COmponents . ........c.covveiiiineernneennnnn.. 19
Describing Displacement, Velocity, and Acceleration in Two Dimensions............ 20
Moving under the Influence of Gravity: Projectile Launched Horizontally............ 21
Moving under the Influence of Gravity: Projectile Launched atan Angle ............ 22
CHAPTER 4: Pushing and Pulling: The Forces around You. ....... 23
The Problems YOU'll WOrk On . . ..o oot e 23
What to Watch QUL FOr ... oo e e 23
Resisting Motion with Newton's FirstLaw. . ...ttt 24
Forcing a Massive Objectto Accelerate. . ... ..ot 24
Drawing Free-Body DiagramsS. . ... vttt e et 24
Adding Forces Together to Obtainthe NetForce ........ ..., 25
Moving a Distance withthe Net Force. ...... ..ot i 26
Finding the Needed Forceto Speed Up. . ...ttt e 26
Pairing Up Equal and Opposite FOrces .........oviiii it 27
Overcoming Friction by Pulling Hard . . ... ... i e 27
Pulling in a Different Direction with Pulleys . ........ ... o it 28
Balancing the Forces to Find Equilibrium .......... . ... o i i 29
CHAPTER 5: Slipping and Sliding: Motion and Forces ............. 31
The Problems YOU'll WOrk On . . ..ot e e 31
What to Watch QUL FOr . ... oo e e 31
Finding the Gravity along aSlope. . .....oo i e e 32
Moving Fast with Gravity down a Slippery Slope . ....... . i i 32
Getting Unstuck with the Coefficient of Friction ........... ... .. ... .. i .. 33
Starting Motion with Static Friction . ... . i 33
Keeping on Moving with Kinetic Friction............ ... o i i, 34
Pushing and Pulling on a Non-Slippery Slope. .. ...t 34
Covering the Distance on a Non-Slippery Slope. .. ... .ot 35
Shooting Objects Straight Up to the Maximum Height............ ... ... ... ..... 36
Takingthe Timeto GOUp and DOWN. .. ..ottt e e 36
Shooting at an Angle: Separating the Motion in Components...................... 37
Reaching Far with a Projectile. ... .. . 38
CHAPTER 6: Describing Rotational Motion......................... 39
The Problems YoU'llWork On . ... 39
WhattoWatch Out For ... e 39
Keeping a Constant Speed around aCircle. ...t 40
Measuring Angles in Radians . ...t i i e e 40
Traveling in a Circle with Angular Velocity. . .......o it i 40
Speeding Up and Down around a Circle with Angular Acceleration................. 41
Accelerating toward the Center with Centripetal Acceleration ..................... 42
Providing the Centripetal Force Based on Mass, Velocity, and Radius............... 42

X Physics I: 501 Practice Problems For Dummies



CHAPTER7: Rotating Around in DifferentLoops.................. 45

The Problems You'll Work On .. ... e 45
WhattoWatch OUt FOr ... o e 45
Turning on a Flat Road with a Little Help from Friction........... ... ... .. ... 46
Making a Banked Turn in Debtto Normal Force ............ . ... . o ... 46
Applying the Law of Universal Gravitationtothe Stars....................oouu... 47
Accelerating with Gravity Near a Planet'sSurface........... ... ..o ... 48
Finding the Speed of the Satellites in Circular Orbits ........ ...t 48
Taking the Time to Travel around Celestial Bodies . ........... .. ..o, 49
Moving Fast to Avoid Falling Off ina Vertical Loop ...t 50
CHAPTER 8: Going withthe Flow:Fluids............................ 51
The Problems You'll Work On .. ... e 51
WhattoWatch OUtFOr ... o e 51
Getting Denser with More Mass Packed Together .......... ... . ... .. ... 0. 52
Comparing Densities Using Specific Gravity. .. ..o 52
Applying Pressure witha Force. ....... ... i 52
Working under Pressure: Calculating the PressureataDepth..................... 52
Passing on Pressure with Pascal's Principle .........o o 53
Floating with Archimedes' Principle. ... .. ... et 53
Distinguishing Different Types of Flow ........... et 54
Flowing Faster with a Smaller Pipe. . ... ... et 54
Relating Pressure and Speed with Bernoulli's Equation........................... 55
Putting It All Together with Pipes . ... .. o i e 55
CHAPTER9: Getting Some WorkDone.............................. 57
The Problems You'll Work On .. ... e 57
WhattoWatch OUt FOr ... o e 57
Applying Force in the Direction of Movement ...............c .. 58
Applying Force atan Angle ... ... 58
Applying Force in the Opposite Direction of Motion........... ... ....oiina... 59
Finding the Kinetic Energy of a Moving Object. ... ... 59
Turning Work into KinetiC ENergy. . ... ..ottt 60
Banking on Potential Energy by Working against Gravity.................. ... ... 61
Cashing Out Potential Energy to KineticEnergy. . ..., 62
Maintaining the Total Mechanical Energy..........co it 62
Gaining Power by Doing More Work Faster ..., 63
Powering Up with Speed . . ...t e 64
CHAPTER 10: Picking Up Some Momentum with Impulse......... 65
The Problems You'll Work On .. ... e 65
WhattoWatch OUt FOr ... o e 65
Applying Force for a Period of Time: Impulse. . .......... .o i, 66
Gathering Momentum in All Directions. . ... i i 66
Supplying Impulse to Change Momentum . ........ ...ttt 67
Finding Force from Impulse and Momentum. ..., 67
Conserving Momentum during Collisions. .. ... e 67

Table of Contents xi



Sticking Together: Finding the Velocity in Inelastic Collisions ...................... 68

Finding the Initial Velocity of Collisions . ........ ... it 69
Colliding Elastically along a Line. ... ...t i nn 70
Colliding Pool Balls: Elastic Collisions in Two Dimensions ............... ... ... 71
CHAPTER 11: Rolling Around with Rotational Kinetics
andDynamics ... 73
The Problems YoU'll Work On .. ..o e 73
WhattoWatch QUL FOr ... oo e 73
Linking Linear and Tangential Motion with Radius ........... ... .. ... . ... 74
Finding Centripetal Acceleration. . ........ .ottt e 74
Figuring Out Angular Velocity and Acceleration. ........ ... .o, 74
Twisting Around With Torque . . ..o ot 75
Lifting Some Weights: An Exercise in Rotational Equilibrium....................... 76
Hanging Signs up and Keeping the Torques Balanced . ........................... 76
Leaning against the Wall with Help from Friction ........... . ... . oo, 78
Converting Tangential Acceleration to Angular Acceleration in
Newton's SECONd Law. . ... 79
Looking into Mass Distribution to Find Moments of Inertia. . ...................... 80
Relating Torque, Angular Acceleration, and Moments of Inertia.................... 80
Putting a Spin on Work ... . i e 81
Rolling with Rotational Kinetic Energy . ....... ..ottt 82
Finding Rotational Kinetic EnergyonaRamp. ...ttt 83
Conserving Angular MOMENTUM ... ..ottt e 84

CHAPTER 12: Bouncing with a Spring: Simple

HarmonicMotion....................................... 87
The Problems YoU'll Work On .. ..o e 87
WhattoWatch QUL FOr ... oo e 87
Compressing and Stretching Springs: The Spring's Restoring Force................. 88
Getting around the Equilibrium ... ... e 88
Riding the Sine Wave of Simple Harmonic Motion ........... ... . ... ia... 88
Finding Period and FreqUeNCY ... ...ttt e 89
Linking Position, Velocity, and Acceleration .............o i, 89
Finding the Period of aMass onasSpring . .......ooueiniiin i 90
Taking Energy into Account in Simple HarmonicMotion .......................... 90
Swinging with Pendulums . . ... oo e 91

CHAPTER 13: Heating Up with Thermodynamics and

HeatTransfer.............................................. 93
The Problems YoU'll WOrk On .. ..o oo e 93
Whatto Watch QUL FOr .. ..o e 93
Measuring Temperature in DifferentWays ..., 94
Getting to the Coldest Zone . ... ottt e e 94
Expanding with the Heat: Getting Longer. ..ottt 94
Expanding with the Heat: Taking Up More Space ...........ccoiiiiiiiiineeennnn.. 95
Changing the Temperature with Energy Flow ........ ... it iiiina.. 95
Gaining or Losing Energy to ChangeintoaNewPhase ............ ... .. ... ... 96
Rising with the Hot Fluid in Convection. ......... .o 97

xii Physics I: 501 Practice Problems For Dummies



Getting in Touch with Thermal Conduction ........... ... oo, 97

Working with Thermal Conductivity. . ... .ot i 97
Radiating with Black Bodies ...t i e e 98
CHAPTER 14: Living in an Ideal World with the Ideal Gas Law . ... 99
The Problems YOU'll WOrk On . . ..o oot e 99
Whatto Watch QUL FOr ... oo e e 99
Finding Number of Molecules in Moles with Avogadro’s Number ................. 100
Working with Boyle’s Law When TemperaturelsConstant . ...................... 100
Working with Charles’'s Law When PressurelsConstant ......................... 100
Relating Pressure, Volume, and Temperature with the Ideal Gas Law. ............. 101
Calculating the Kinetic Energy of the Ideal Gas Molecules........................ 101
CHAPTER 15: Experiencing the Laws of Thermodynamics........ 103
The Problems YOU'll WOrk On . .. ..o oot e e 103
Whatto Watch QUL FOr ... ..o e 103
Conserving Energy Using the First Law: Heatand Work. ......................... 104
Staying at Constant Pressure in Isobaric Processes .............coiiiiininenn.. 104
Staying at Constant Temperature in Isothermal Processes....................... 105
Staying at Constant Volume in Isochoric Processes .............cooviininaan.. 105
Staying at Constant Heat in Adiabatic Processes. ........ ..., 106
Putting Heat to Work with Heat Engines. ........ ..., 106
Evaluating Efficiency of Heat Engines ...........o i, 107
Going against the Flow with Heat Pumps . . ... e 107
PART 2: THEANSWERS . ... ... . it 109
CHAPTER16: ANSWers ............. ...t 111
INDEX. . .. 413

Table of Contents xiii






Introduction

hether you want some extra practice for your college or high school physics class, you

want to refresh your memory about a course you took long ago, or you’re simply curi-
ous about the way the universe works, you’ve found the right book. After all, the best way to
learn physics is to do physics, and the hundreds of problems in this book give you plenty of
opportunity to do physics. You can practice as much as you like and become a pro at figuring out
the right way to start out all sorts of problems that you’d expect to see in the first semester of a
one-year physics course.

Why doesn’t the moon crash into the earth? How is it possible to sleep on a bed of nails? Why
does the water level in your glass stay the same when the ice melts? By working through the
many problems in this book, you’ll be better able to explain these and other mysteries of the
universe to your friends.

What You'll Find

The Physics I practice problems in this book are divided into 15 chapters, beginning with foun-
dational practice (such as calculating displacement and working with vectors); moving on to
forces, energy, and momentum; and wrapping up with thermodynamics. Some of the questions
require you to reference a diagram, but that instruction is always clear within the questions.

Chapter 16 contains the solutions to all of the practice problems, as well as detailed explanations
that help you understand how to come up with the correct answer. If you get a particular ques-
tion wrong, though, don’t just read the answer explanation and move on. Instead, try solving the
question again because you know that now you won’t make the same mistake that got you to the
original wrong answer in the first place. (After all, sometimes knowing what not to do is a great
start in discovering what to do.)

Whatever you do, stay positive. The harder questions in this book aren’t meant to discourage
you. Rather, they’re meant to prove to you just how well you can understand the many challeng-
ing concepts presented in a typical Physics I class.

How This Workbook Is Organized

This workbook is divided into two main parts: the questions and the answers.
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Part 1: The Questions

The questions in this book cover the following topics:

3 Math basics: To learn physics, you need to know a little bit of math. (Just a little!) Chapter 1
checks your knowledge of basic algebra, trigonometry, units, and significant digits.

¥ Kinematics: The basic quantities you use to describe motion are displacement, velocity, and
acceleration. In Chapter 2 you practice one-dimensional motion problems. Chapter 3 deals with
the two-dimensional case.

¥ Forces: Newton's laws relate forces and motion. Chapter 4 has you applying Newton’s laws;
Chapter 5 questions you on friction and gravitational force.

3 Angular motion: The linear quantities you use to describe motion and forces have angular
analogues. Chapter 6 checks your knowledge of angular velocity and angular acceleration. In
Chapter 7 you practice solving circular motion problems. Chapter 11 deals with torque, angular
momentum, and rotational kinetic energy.

3 Energy and momentum: You can discover a lot about the world around you by studying con-
served quantities such as energy and momentum. Chapter 9 features work- and energy-related
problems; Chapter 10 focuses on momentum and collisions.

3 Simple harmonic motion: Periodic motion occurs repeatedly in nature, which is why Chapter 12
has you practice working with springs and pendula.

¥ Liquids, gases, and thermodynamics: Dealing with macroscopic properties is often easier
than keeping track of the motion of each molecule. Chapter 8 focuses on density, pressure, and
flow rates of liquids and gases. In Chapter 13 you examine temperature, heat, and heat transfer.
Chapter 14 questions you on the ideal gas law, and Chapter 15 gets you applying the laws of
thermodynamics to heat engines, heat pumps, and other situations.

Part 2: The Answers

Here’s where you can find detailed answer explanations for every question in this book. Find out
how to set up and work through all the problems so that you arrive at the correct solution.

Beyond the Book

In addition to what you’re reading right now, this book comes with a free, access-anywhere
Cheat Sheet that includes tips and other goodies you may want to have at your fingertips. To get
this Cheat Sheet, simply go to www.dummies.com and type Physics I Practice Problems For
Dummies Cheat Sheet into the Search box.
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The online practice that comes free with this book offers you an addition 501 questions and
answers, presented in a multiple-choice format. The beauty of the online problems is that you
can customize your online practice to focus on the topic areas that give you trouble. If you're
short on time and want to maximize your study, you can specify the quantity of problems you
want to practice, pick your topics, and go. You can practice a few hundred problems in one sitting
or just a couple dozen, and whether you can focus on a few types of problems or a mix of several
types. Regardless of the combination you create, the online program keeps track of the questions
you get right and wrong so you can monitor your progress and spend time studying exactly what
you need.

To gain access to the online practice, you simply have to register. Just follow these steps:

1. Register your book or ebook at Dummies.com to get your PIN. Go to www . dummies.com/
go/getaccess.

2. Select your product from the dropdown list on that page.

3. Follow the prompts to validate your product, and then check your email for a confirmation mes-

sage that includes your PIN and instructions for logging in.

If you don’t receive this email within two hours, please check your spam folder before contacting
us through our Technical Support website at http://support.wiley.com or by phone at
877-762-2974.

Now you’re ready to go! You can come back to the practice material as often as you want —
simply log in with the username and password you created during your initial login. No need to
enter the access code a second time.

Your registration is good for one year from the day you activate your PIN.

Where to Go for Additional Help

The solutions to the practice problems in this book are meant to walk you through how to get the
right answers; they’re not meant to teach the material. If certain physics concepts are unfamiliar
to you, you can find help at www.dummies.com. Just type physics I into the Search box to turn up
a wealth of physics-related articles.

If you need more detailed instruction, check out Physics I For Dummies, 3rd Edition; Physics I

Workbook For Dummies, 3rd Edition; and Physics Essentials For Dummies, all published by John Wiley
& Sons.
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IN THIS PART . ..

Review math basics (Chapter 1)

Solve one-dimensional (Chapter 2) and two-dimensional
(Chapter 3) motion problems

Work with forces (Chapters 4 and 5)
Focus on energy and momentum (Chapters 9 and 10)

Understand angular motion (Chapters 6, 7, and 11)
and periodic motion (Chapter 12)

Deal with liquids (Chapter 8), gases (Chapter 14), and
thermodynamics (Chapters 13 and 15)



Chapter 1

Reviewing Math Fundamentals
and Physics Measurements

hysics explains how the world works. You can use physics to predict how objects move and

interact. This process often involves some basic algebra and trigonometry. To check these
predictions, you can make a measurement. Sometimes you need to convert units to compare
different measurements.

The Problems You'll Work On

Here are some of the things you’ll do in this chapter:

¥ Solving for an unknown variable with basic algebra

¥ Using basic trigonometry to determine side lengths and angles
¥ Converting between different types of units

3 Writing numbers in scientific notation

¥ Understanding unit prefixes in the metric system

¥ Rounding to the correct number of significant digits

What to Watch Out For

Be sure to remember the following:

3 Making sure your answer has the right units
¥ Using conversion factors correctly

¥ Checking that your answers make sense physically
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Equipping Yourself with
Basic Algebra

1-3

1. Solve the equation y =2m+3 for m.

1

2. You are given that / =+ mr® and m=m, + m,.

2
Solve this expression for m, + m;.

3. Solve the equation y =

Tackling a Little
Trigonometry

4-5

4. If cosf=0.8 and the hypotenuse of a right
triangle is 8 meters long, how long is the
adjacent side of the right triangle?

8 PART 1 The Questions

5. A pool is 2.0 meters deep. You dive in at an
angle of 35 degrees to the surface of the
water. If you continue in this direction, how
far from the edge of the pool will you hit
the bottom?

\\\350(/

y=2m ~

Ilustration by Thomson Digital

Converting between Units

6-10

6. A jet plane flies at about 10,000 meters. If
1 meter is 3.3 feet, how high does the plane
fly in feet?

7. When you drive into Canada, the speed limit
sign says 100 kilometers per hour. What is
the speed limit in miles per hour? One mile
consists of 1.6 kilometers.

8. You hire 5 painters to paint your house,
which has a surface of 200 square meters.
If each painter can paint 10 square meters
per hour, how long does it take for them to
paint the entire house?



10.

Your dog eats a quarter pound of dog food
each day. How often (in days) do you have
to buy a 10-pound bag of dog food?

Your grandmother can knit a sweater in

3 days if she works 8 hours per day. She
uses one bobbin of yarn every 2 hours, and
each bobbin has 10 yards of yarn. How long
is all the yarn in the sweater?

Practicing Scientific
Notation

11-14

1.

12.

13.

The speed of light is about 300,000,000
meters per second. Write this speed in
scientific notation.

A femtosecond is 1 millionth of 1 billionth
of a second. What is a femtosecond in
scientific notation?

The radius of the sun is r =6.955x10°. Using
the formula V = 4 7r? for the volume of a
sphere of radius r, what is the volume of the
sun in scientific notation?

14.

Assume there are 7 billion people on Earth.
If each person has a mass of 70 kilograms
and the Earth has a mass of 6 x10*kilograms,
what fraction of the mass of Earth is due to
humans?

Understanding Unit
Prefixes

15-16

15.

16.

A recipe calls for 500 milligrams of salt.
You’re serving a large group, so you want to
triple the portions of the recipe. How many
grams of salt are required?

How many milliwatts are in 1 megawatt?
Give the answer in scientific notation.

Spotting the Number of
Significant Digits

17-20

17.

18.

How many significant digits are in the
number 303.4°

Calculate the sum 21.21+4.8 +2.33 to the
correct number of significant digits.
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19.

20.

How many significant digits are in the
number 5,003

How many significant digits can you retain

for \/45.365 + 29.821?

Rounding to the Correct
Number of Digits

21-25

21.

22,

10

Calculate the sum 98.374 + 28.56 to the
correct number of significant digits.

A physicist adds 0.25 gallons of paint to a
container that already holds 10 gallons of
paint. Given the significant digits of the
quantities added, how much paint can the
physicist say is in the container?

PART 1 The Questions

23.

24.

25.

Evaluate the equation t = (5.01x4.4) + (3.2x18)
to the correct number of significant digits,
and express the answer using the appropriate
notation.

You measure the height of your apartment
to be 2.6 meters high. If the apartment
building has 8 floors, what is the height of
the apartment building?

What is the result of 63.005 x (18.54 +%) to

the correct number of significant digits?



Chapter 2
Moving along with Kinematics

o describe motion, you can use terms like displacement, speed, velocity, and acceleration.

Displacement is a distance in a particular direction. Speed is the distance traveled in a cer-
tain amount of time. If you combine speed with a direction, you get velocity. Acceleration mea-
sures how quickly velocity changes.

The Problems You'll Work On

In this chapter you’ll move through the following topics:

¥ Finding the displacement in one and two dimensions
¥ Using velocity to determine the displacement

¥ Taking the average of the instantaneous speed

¥ Determining the change in velocity using acceleration

¥ Relating displacement, velocity, acceleration, and time

What to Watch Out For

You’ll speed through these questions if you keep the following in mind:

¥ Using the distance traveled, not the displacement, to determine average speed
3 Remembering that velocity is the change in displacement in a certain amount of time

3 Remembering that acceleration is the change in velocity in a certain amount of time
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Determining Displacement
Using Positions in One
Dimension

26-29

26.

27.

28.

29.

12

You leave your apartment and walk 2 blocks
north, only to realize that you forgot your
keys. You turn around and walk back 2
blocks south to get them. What is your total
displacement?

A car is driven north for 5 miles, then
south for 3 miles, and then north again
for 2 miles. What is its displacement?

A pair of figure skaters skates together for
10 meters. Then skater A launches their
partner, skater B, through the air. Skater

B lands 15 meters ahead of where the pair
began skating. What is skater B’s displace-
ment with respect to the launching point
after landing?

An elevator is at the ground floor. It goes
once to the first floor, twice to the second
floor, three times to the third floor, and
then four times to the fourth floor. What is
the displacement of the elevator when Ms.
Smith gets on at the third floor?

PART 1 The Questions

Getting Displacement in
Two Dimensions with Axes

30-35

30.

31.

32.

33.

You move a marker on a board from
one point (2 centimeters, 4 centimeters)
to another point (5 centimeters,

8 centimeters). What is the magnitude
of the displacement of the marker?

To get to your friend’s house, you walk

4 blocks north and 1 block east. What is the
direction of your displacement with respect
to the direction east?

A basketball player shoots the ball, releas-
ing it at 8 feet above the floor and 5 feet
from the basket. The ball goes straight
through the basket, which is 10 feet above
the floor. What is the magnitude of the
displacement of the ball from the point at
which it is released and the point at which
it passes through the hoop?

A chess board is 8 squares by 8 squares. You
move your bishop from one square (3,1) to

another square (7,5). What is the magnitude
(in squares) and angle of the displacement?



34.

35.

A child is scooting around on a toy truck.
The child scoots 5 meters down the hall,
then turns 90 degrees to the right and
scoots 3 meters, then turns again 90 degrees
to the right and scoots 2 more meters. What
is the child’s displacement over this trip?

You want to shoot a laser beam from the
edge of a stage to a disco ball hanging
from the ceiling. The stage is 1 meter above
the floor, the disco ball is 1 meter below
the ceiling, and the height of the ceiling

is 4 meters. The horizontal distance from
the edge of the stage where the laser is
mounted to the point directly under the
disco ball is 5 meters. At what angle above
the horizontal should you aim the laser?

Traveling with
Average Speed and at
Instantaneous Speed

3640

36.

37.

You run from your house to the grocery
store in 1.0 minute, and the store is 300
meters from your house. What is your aver-
age speed in meters per second for the trip?

In a traffic jam, you drive at 10 miles per
hour for 10 minutes, at 20 miles per hour for
1 minute, at 15 miles per hour for 5 minutes,
at 30 miles per hour for 2 minutes, and at

5 miles per hour for 15 minutes. What is
your maximum instantaneous speed?

38.

39.

40.

A ball is dropped from the top floor of your
five-floor apartment building. You’re on the
bottom floor and see the ball go past your
small window. If you measure the ball’s
speed at this point, is it the average speed,
the instantaneous speed, both the average
and the instantaneous speed, or neither the
average nor the instantaneous speed?

The average speed of a car being driven in
London is 11 miles per hour. If you have to
drive 15 miles from your home to work in
London, how long do you expect it to take?

The average speed of runner A is 10 percent
greater than that of runner B. If runner B is
given a 10-meter head start in a 100-meter
dash, which runner will finish first?

Distinguishing between
Average Speed and
Average Velocity

41-45

41.

You travel north for 80 miles and then east
for 30 miles. What is the magnitude of your
average velocity if the entire trip takes

4 hours?
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42.

43.

44.

45.

You travel north for 80 miles and then east
for 30 miles. What is your average speed if
the entire trip takes 4 hours?

You travel 35 miles north and 20 miles east.
If the trip takes 30 minutes, what is the
magnitude (in miles per hour) and direction
of your average velocity?

A mail carrier walks 10 blocks north, then

3 blocks east, and then south for an
unknown number of blocks. The time for
the trip is 1.0 hour, and each block is 100
meters long. If the mail carrier’s average
speed is 1.0 meter per second, what is the
magnitude of the average velocity in meters
per second?

You travel 40 miles north, then 30 miles
east, then 20 miles north, and then 10 miles
south. If your trip takes 2 hours, what is
your average speed?

Speeding Up and Down
with Acceleration

46-50

46.
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It takes you 2.0 seconds to accelerate from
a standstill to a running speed of 7.0 meters
per second. What is the magnitude of your
acceleration?

PART 1 The Questions

47.

48.

49.

50.

The acceleration due to gravity at the sur-
face of Earth is about 9.8 meters per second
per second. If you drop a small heavy ball
from the fourth floor of a building, how fast
is the ball moving after 0.5 seconds?

Your infant daughter has a maximum
crawling velocity of 0.3 meters per second.
If she accelerates at 2 meters per second
per second, how long does it take her to
reach her maximum velocity when she
starts from rest?

A plane’s takeoff speed is 300 kilometers
per hour. If it accelerates at 2.9 meters per
second per second, how long is it on the
runway after starting its takeoff roll?

You ride your bicycle at 10 meters per
second and accelerate at —2.3 meters per
second per second for 10 seconds. What is
your final velocity?

Finding Displacement with
Acceleration and Time

51-54

51.

Starting from rest, you accelerate at 2 meters
per second per second for 2 seconds to get up
to full speed on your bicycle. How far do you
travel during this time?



