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Essential Physics is a high school STEM physics program that includes an 
extraordinary e-Book, a matching print textbook, and a coordinated set of 
powerful, wirelessly-connected lab equipment. Suitable for introductory 
levels through AP physics, Essential Physics’ interactivity makes rigorous 
physics concepts accessible to all levels. The digital Teacher’s Edition 
includes 139 slide presentations, lesson plans, student assignments, 
self-grading assessments, access to our infinite test bank, and more!

Technology that worksFinally!

... today and in the future,

Copy the Essential Physics folder from the DVD to your
laptop, desktop, or tablet. It’s that easy!

BYOD (Bring Your Own Device) is coming! 
Essential Physics prepares you for the future
because it works on virtually all devices. 

A beautifully illustrated hardcover textbook matches the e-Book page-for-page.
You don’t have to choose between electronic or print. Essential Physics offers 
you both a textbook and a fully interactive e-Book.  

... on iPad, Android, Chrome, Mac, PC, even phones! 

... with the Internet and without,

Developed completely in HTML5 our interactive technology requires no proprietary 
installed software so you don’t have to update every year! Essential Physics works in 
virtually all contemporary browsers (Firefox, Safari, Chrome, and Internet Explorer). 

Essential
Physics

www.essential-physics.com

on lineoff line

HTML5
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And a textbook when you need it.
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Physics is the 
fundamental science
underlying all of
nature and human 
technology.

Science

From the digital 
recording of sound
to simple machines
or hybrid cars, people 
experience physics 
through technology.

Technology 

Engineering is the 
creative process of 
applying science to 
create technology.

Engineering

Essential Physics
develops math skills by 
explicitly showing how 
important math concepts 
apply to physics.

Mathematics

Technology, engineering, and mathematics are intimately connected to physics. Students can see these connections 
within the current chapter by clicking the icon at the top of every page.  The same icons from the front cover provide 
book-wide references for technology, engineering, and mathematics content.  

Technology

Rechargeable batteries
AC home wiring
Circuit breakers and fuses
Electric motors
Semiconductors
The digital multimeter

Engineering

Designing a lemon battery
Electrical power
Photovoltaic power systems
Regenerative braking
Wire gauges and resistance
Electrical conductors

Mathematics

Solving two equations
   for two unknowns
Inverse and direct 
   relationships
Square roots

Second EditionSecond Edition

Power and
voltage

Pythagorean
theorem

Why does a
battery
“die”?
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Interactivity makes
powerful learning

71 fully interactive simulations provide you with extraordinary tools to help students master physics concepts. 
Project them for class-wide discussions. Challenge students to explore physics ideas themselves. The instant feedback 
and self-grading features are exceptional at engaging students. There has never been an e-Book like this!   

A “no-spill” ripple tank explores wave interactions. 

Real-time motion graphs show live data!

Collision simulations vary mass and velocities

Electric and magnetic field viewer

Amplitude, wavelength, and frequency of a wave

Interactive Rutherford scattering experiment

Interactive heat engine explores thermodynamics

Interactive motion graphs with animation

Just a few of the 71 interactive simulations
included with Essential Physics!
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Learning math
gets a turbo-boost

84 interactive equations provide a completely new way for students to understand equations and the mathematical 
language of physics. Project them and have your own animated lessons for each new formula! Example problems 
(included) help students learn to read and solve problems.  There has never been an e-Book like this!   

What are the angles in Snell’s law? 

Equation solvers challenge students to 
apply algebra to manipulate equations.

How are linear and angular velocity related?

Demonstrate the representations of vectors!

How do you enter a scientific notation number
on a calculator or spreadsheet?

What are isotopes?

How does acceleration relate to force and mass?

Just a few of the 84 interactive equations
included with Essential Physics!

Project hundreds
of practice
problems and
help students
learn to solve
them!
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The biceps and triceps muscles in your arm work the same way: When you flex your arm
the biceps muscle contracts as it releases its stored elastic potential energy; at the same
time, the triceps muscle is stretched, storing up elastic potential energy. The arm extends by
contracting the triceps muscle and releasing its stored energy; at the same time, the biceps
muscle is stretched, storing energy. The biceps and triceps muscles work in tandem: One
contracts, releasing energy to move the joint, while the other is stretched, storing energy.
Every joint in your body moves in a similar way, using opposing pairs of muscles that exert
force by contracting.

Second EditionSecond Edition

ergopedia
єπ

™

EssentialEssentialEssential
TM

EssentialEssentialEssential
TM

An e-Book
optimized for learning

Hundreds of animated illustrations 
provide engaging and powerful 

learning tools.

Videos throughout the book cover a 
wide range of topics with clear, 

academically−rich content. 

Every new equation has an animated, 
interactive calculator allowing students 

to explore physical relationships 
quickly and quantitatively.  

Embedded videos

Interactive equations

Clicking the            button at the end 
of the paragraph opens additional 

descriptions, videos, or illustrations 
that provide interesting details 
precisely when and where you

want them.  

Extension paragraphs

Animation

{
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10.2 - Work and energy transformations

So far, we have considered the energy in a system before and after a change. However, energy can also
enter or leave a system. Mechanical energy enters or leaves a system through work, the action of forces.
Work  done  on  a  system increases  the  system's  total  energy.  Work done  by a  system decreases  the
system's total energy. This section broadens the scope of conservation of energy to include work done on
or by a system.

Work and energy

Recall that work is a form of energy. The work done by a force is the force multiplied by the
distance moved in the direction of the force. Consider a system containing an uncompressed
spring at its  free length.  A force acts from outside the system  to compress the spring a
distance, x. The final energy of the system is the initial energy it started with plus the work
done on the system by the external force.

Again, consider the system to consist only of the spring. If the spring is now used to launch
a ball, the system does work on something outside the system: the ball. When a system
exerts a force that does work outside the system, then the final energy is the initial energy
minus the work done by the system.

Work and
conservation
of energy

If  all  forces act  inside  the system, then the total  energy of the system remains constant
because all the energy lost by one part of the system is gained by another part. If forces act
outside the system, then the energy of the system either increases when work is done on the
system or decreases when the system does work on the outside environment.

288
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How do
forces
change the
energy of a
system?

What if the
system does
work?
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Initial energy Work done Final energy

The final energy of a system is the initial energy
plus work done on the system.
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The final energy of a system is the initial energy
minus work done by the system.
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The main idea of every 
page is right at the top. 
Students know why they 
are reading each page. 

One idea per page

The main idea in each 
paragraph is set in the left 
margin. This helps 
students focus on 
important content.

Paragraph outlining

More than 2,000 full-color 
illustrations are true 
teaching tools, rich
with content for 
visual learners.

Clear illustrations

When a good book
is just the thing
Even in the digital age, 
printed textbooks are a 
reliable part of your 
curriculum. Our clean and 
readable hardcover textbook 
is a page-for-page mirror of 
the e-Book, offering you the 
best of both worlds. We 
recommend a classroom set 
of textbooks even for those 
fortunate enough to have 
technology accessible to all 
students. 

www.ergopedia.com



Teacher’s Edition
EssentialEssentialEssential

TM

EssentialEssentialEssential
TM

www.ergopedia.com

 

Interact ives

_
+ x

-
ProblemsVideo

i
Invest igat ion

Standards

π
MathEngineeringTechnologyScience

Contents

These links take you 
right to the slides, lesson 

plans, and student 
assignments with one 

click! 

Find what you 
need fast!

A few key slides are 
shown right in the TE. 
You can click them to 

expand or open the link 
at the top of the page to 

review the entire lesson.

Easily review 
lesson concepts 

Every problem has answers in the 
TE, and many problems have 

detailed solutions that follow a 
consistent, four-step problem- 

solving strategy.

Detailed solutions to
chapter problems 

The electronic wrap-around Teacher’s Edition organizes the content into 139 core lessons and additional extension lessons. 
Each lesson includes between 30 and 60 illustrated slides. Detailed lesson plans make prep work easier. Student 
assignments provide classroom-ready printable student work. Links at the top of each page make it easy for you to find 
everything you need to prepare a lesson quickly and efficiently. 

See a full correlation to 
your standards with one click
from both student and teacher
editions.
(note - all states are not yet correlated as of Jan 2014)

S
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Speed of
light
changes in
different
materials

Refraction
and changes
in the speed
of light



Superior tools
support effective instruction

EssentialEssentialEssential
TM
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Slides
from a
typical
lesson

What should
students
learn from
this lesson?

What
equations and
vocabulary
are new?

Concluding slides
challenge students
to answer the
questions from
the beginning
of the lesson.
(Answers included!)

Each lesson
includes between
30 and 60
well-illustrated
content slides
presenting 
each important
concept with
examples, 
key questions,
illustrations,
simulations,
investigations,
and more.

Assessment 
evidence 

Objective 1:  A racecar is moving with a speed of 200 km/h on a circular section of 
a racetrack that has a radius of 300 m.  The racecar and the driver have a mass of 
800 kg. (in slide presentation) 

a) What is the magnitude of the centripetal acceleration felt by the driver? 
                                     answer:  10.3 m/s2 (1.0 g) 

 
Objective 2:  A racecar is moving with a speed of 200 km/h on a circular section of 
a racetrack that has a radius of 300 m.  The racecar and the driver have a mass of 
800 kg. 

b)   What is the centripetal force acting on the car?                      answer:  8240 N 
 

Objective 3:  In the case of a car rounding a turn as shown, what physical force is 
acting radially to keep the car moving in a circular path? 

answer:  Static friction between the tires and the 
road provides the centripetal force. 

 
 

 

                 

Prior 
knowledge 
 

This lesson introduces centripetal force and centripetal acceleration.  Students 
should be familiar with Newton’s 1st and 2nd laws of motion and with the variables 
used to describe circular motion. 
 

Equations 
 

centripetal acceleration:               centripetal force:  
 

Vocabulary  centripetal force                    centripetal acceleration 
 

Standards  TEKS   The student is expected to: 
(4C) describe and analyze accelerated motion in two dimensions using equations:  
circular motion. 
(4D) calculate the effect of forces on objects: relationship between force and 
acceleration 
(4E) interpret free-body force diagrams 
 

Crosscutting 
concepts                                     

Patterns Cause  
and  
Effect 

Systems  
and  
Models 

Energy  
and  
Matter 

Structure 
and  
Function 

Stability  
and  
Change 

Scale, 
Proportion, 
Quantity 

• Circular motion is caused by an inward-directed centripetal force. 
• Equations can be used to model the relationships between velocity, acceleration 

and the radius of the circle for objects moving in circular motion. 
 

Key to differentiated instruction:             visual!    linguistic    auditory  

                             interpersonal  intrapersonal  kinesthetic       logical  

ac =
v
r

2

Fc =
mv
r

2

Each lesson has a 
detailed, editable 

lesson plan. Use it 
as-is or modify it to 

suit your own needs.

Wow, great
lesson plans!
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Printable and editable 
student assignments 
are included for every 
lesson.

Student 
assignments
for every
lesson!

More than 6,000 illustrated slides are 
grouped into one or two period lessons. The 
slides for each lesson begin with assessment 
questions. Next comes the lesson content. 
Each lesson ends by revisiting the 
assessment questions with solutions. 

Teach as if you spent days prepping each lesson.

  

Centripetal force 
Content  The lesson begins by defining centripetal force.  Students explore the relationships 

between velocity, centripetal acceleration, and centripetal force for objects in 
circular motion through a guided inquiry activity, using an interactive simulation.  
The quantitative relationships between these variables are presented and connected 
to Newton’s second law.  The four-step problem solving method is demonstrated 
and applied to solve circular motion problems. 
 

Learning 
objectives 
               

The student will be able to: 
1)  describe and analyze the motion of objects moving in circular motion;  
2)  apply Newton’s second law to circular motion problems; and 
3)  interpret free-body force diagrams. 

 
Materials/ 
technology 
resources 

1) Demonstration:                yo-yo or any small object on a string 
2) Slide presentation: “CentripetalForce.ppt” 
3) Interactive simulation:   “Circular motion” 
4) Interactive calculators:   “Centripetal acceleration” and “Centripetal force” 
5) Student work:                “CentripetalForce.pdf” 

 
Lesson plan 
segments 

• Demonstration:  Swing the yo-yo in a circle at constant speed and ask the 
students if it is accelerating.  Lead them to see that the velocity vector is 
changing (in direction, though not in magnitude), and that circular motion 
is the strange case of acceleration at constant speed. 
    

 

 • Slide presentation:  The presentation defines centripetal force and provides 
a guided inquiry into the relationships between velocity, centripetal 
acceleration, and centripetal force using an interactive simulation.  These 
relationships are then formalized using Newton’s second law of motion.  
The presentation distinguishes between centripetal and centrifugal forces, 
poses problems related to circular motion, and demonstrates the application 
of the four-step problem solving method. 
 

 
 

 • Investigation:  In part 1 of the investigation students examine the direction 
of velocity, acceleration and force vectors.  In part 2 they model a mass 
swung overhead.  In part 3 they graph the proportional relationship 
between the radius and velocity for an object with constant acceleration. 

 

 

 • Student work:  Centripetal force assignment 
Students should work in pairs to complete the assignment while using the 
interactive simulation.  Bring the class together for a discussion of the 
relationships depicted in the two graphs in part three. 

 

 
 
 

 • Reading:  from the Essential Physics textbook 
 

 

 

 
 
Centripetal force 
 

Investigation 7A:  Circular Motion 
 
Part 1:  Directions of the velocity, force and acceleration vectors 

1. Set m = 5.0 kg, r = 5.0 m, and v = 5.0 m/s. 
2. Play the simulation and then pause it at various positions around the circle.   
3. On the circle below, sketch the velocity, force and acceleration vectors for at least five 

positions around the circle.                                  
 
 
 
 
 
 
 
 
 
 
 
Questions: 

a. Which vector quantity or quantities are radial and which are tangential?  Are the radial 
ones pointed inwards (towards the center) or outwards? 
 
 
 

b. Do the lengths of the velocity, acceleration or force vectors change as the object moves 
around the circle? 

 

Second EditionSecond Edition
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Each page of the e-Book 
has a “test your 

knowledge” question  
(with solution) at the 

bottom of the page. 

Page question

Each 4-8 page section of 
the book ends with a 

section review. Students 
can check their own 

work by revealing 
solutions to section 

review questions and 
problems.

Section review

Essential Physics 
contains more than 1,600 
questions and problems. 

Each chapter includes 
conceptual and 

vocabulary questions and 
quantitative problems. 

Complete solutions are 
in the Teacher’s Edition.

Chapter review

Standardized test prep 
questions are included at 
the end of every chapter 

review.

Test prep

Every investigation 
includes formative 

assessments.

Investigations

No curriculum is complete without a comprehensive suite of tools for assessing student learning. Both formative and summative 
assessments are part of the learning process and provide critical instructional feedback. Essential Physics includes a wide variety 
of assessment tools. 

Interactive 
simulations are 

scored and may be 
printed for 

homework or 
grading. 

Simulations

Second EditionSecond Edition

Understanding
equation 4.5
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The innovative,
powerful self grading quiz 

EssentialEssentialEssential
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Each section review page 
features a “Take a Quiz” 
button that randomly 
generates a 5 question 
self-quiz. Each time the 
button is pressed, both the 
questions and the values 
within questions randomly 
change so the same quiz 
never repeats twice.

The “Take a Quiz”
button

Students acquire and retain 
concepts better when they 
can test themselves 
frequently in a low-risk 
situation.  

Research shows

Students can check their comprehension and problem-solving abilities concept by 
concept and skill by skill. This is ideal for “flipped classrooms,” as it motivates 
students to practice and allows them to keep trying problems on their own time 
until they can master the content. The “show solutions” feature allows students to 
learn from their errors and then create a new quiz to check if they can get the 
correct answers independently.

A unique tool for student self-assessment

Immediate feedback
Students can score their quiz 
as many times as they want⎯ 
and even see solutions. Items 
turn red or green for incorrect 
or correct answers.

Turn in for credit
The self-quiz counts how 
many attempts the student 
makes to score the test. 
Students can print their best 
score for credit or keep 
creating new quizzes until they 
can get all items correct with 
only one attempt at scoring. 

Automatically graded quizzes 
can be printed or emailed to 
the teacher for credit.  

Correct answers
turn green

Attempts and scores
are displayed.

The New button
generates a new 

random quiz

2. A 340 kg spacecraft weighs 940 N on the surface of a certain planet. What is the acceleration due to
gravity on the planet surface?

Questions: 1  2  3  4  5

Attempts: 4   Score: 40%

New

Take a Quiz

A randomized 5 question quiz opens.
Problems have different numerical values

each time the button is pressed,
and there may be different questions as well.

“Take a Quiz”
button appears at

the bottom of
section review pages.

www.ergopedia.com
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Versatile and easy!

Choose sections of
the text to include.

Choose the number of
questions from each section.

Build multiple versions
of the same test!

Second EditionSecond Edition
Our smart test generator randomly generates values for problems and calculates the correct answers—and the wrong answers too!
You can easily make multiple versions of the same test with different values for the numerical data in each problem!
Make-up tests are a breeze! The test  generator even automatically prints answer keys for each variation of your test.
Save your customized tests online for next period or next year!

EssentialEssentialEssential
TM

EssentialEssentialEssential
TM

The infinite test bank!

Ergopedia Infinite Test Bank

1) A cart is rolling along at a steady 6.8 m/s when it meets a slope. The cart accelerates at 1.6 m/s2 as
it rolls down the hill. How far from the top of the hill will the cart move in 5.9 seconds?

In this case, vo for the cart is 6.8 m/s and a = 1.6 m/s2. Plugging in this and t = 5.9 s into x = xo + vot +

at2, we get that x = (6.8 m/s)(5.9 s) + (1.6 m/s2)(5.9 s)2 = 68.0 m.

2) Terra tosses a 0.2 kg volleyball straight up at 7 m/s. How high does it go?

Let straight up represent the positive direction. First, determine how much time the volleyball takes to
reach its highest point.

Then, substitute this value in to find the height of the volleyball at this time.

3) If the slope of a position vs. time graph is decreasing, then what does this indicate about velocity
over time?

Velocity corresponds to the slope of a position vs. time graph, so if slope decreases, so does velocity.
This corresponds to negative acceleration.

4) Jed drops a 13 kg box off of the Eiffel Tower. After 4.6 seconds, how fast is the box moving?
(Neglect air resistance.)

The box is dropped from rest, so vo = 0 m/s. Acceleration due to gravity is 9.8 m/s2. Using the
equation v = vo + at, we get v = (0 m/s) + (9.8 m/s2)(4.6 s) = 45.1 m/s. Since we are only concerned
with the final speed of the box, we can neglect the negative signs or define down as the positive
direction. Notice that the mass of the box does not appear anywhere in this expression! Neglecting air
resistance, the mass of an object does not affect how fast it falls--this is an important concept that
you'll learn in Chapter 7.

5) A wagon initially traveling at a constant 2 m/s starts going down a hill which creates an acceleration
of 4 m/s2. What is the wagon's velocity 3 s after it starts accelerating down the hill?

v = vo + at = 2 m/s + (4 m/s2)(3 s) = 14.0 m/s.

6) Ruth throws a baseball straight up at 18 m/s. What is the ball's velocity after 2.6 seconds?

The baseball is thrown straight up, so the acceleration due to gravity is 9.8 m⁄s2. We can find the final

velocity after 2.6 seconds using v = vo + at = 18 m/s + ( 9.8 m⁄s2)(2.6 s) = -7.48 m/s.

v = + atvo

t = = = 0.714 s
v− vo
a

0 m/s − (7 m/s)
− 9.8 m

s 2/

x = + t + axo vo
1

2
t2

x = 0 m + (7 m/s ) (0.714 s) + ( − 9.8 ) = 2.50 m1

2

m

s 2/ (0.714 s )2

Full solutionsAnswer key

e) E only

Mr.Hsu
Physics

Name:  
September 26, 2014

Period 1

1)  A cart is rolling along at a steady 6.8 m/s when it meets
a slope. The cart accelerates at 1.6 m/s 2 as it rolls down the
hill. How far from the top of the hill will the cart move in
5.9 seconds?

a) 16.2 meters
b) 68.0 meters
c) 40.1 meters
d) 27.8 meters
e) 49.6 meters

2)  Terra tosses a 0.2 kg volleyball straight up at 7 m/s.
How high does it go?

a) 0.0 m
b) 2.5 m
c) 0.71 m
d) 1.5 m
e) 1.4 m

3)  If the slope of a position vs. time graph is decreasing,
then what does this indicate about velocity over time?

a) Velocity is zero.
b) Velocity is decreasing, then increasing.
c) Velocity is decreasing.
d) Velocity is varying sinusoidally.
e) Velocity is increasing.

4)  Jed drops a 13 kg box off of the Eiffel Tower. After 4.6
seconds, how fast is the box moving? (Neglect air
resistance.)

a) 3.5 m/s
b) 590 m/s
c) 58 m/s
d) 45 m/s
e) 130 m/s

5)  A wagon initially traveling at a constant 2 m/s starts
going down a hill which creates an acceleration of 4 m/s2.
What is the wagon's velocity 3 s after it starts accelerating
down the hill?

a) 12 m/s
b) 18 m/s
c) 14 m/s
d) 6.0 m/s
e) 2.0 m/s

6)  Ruth throws a baseball straight up at 18 m/s. What is the
ball's velocity after 2.6 seconds?

a) 18 m/s
b) -7.5 m/s
c) -47 m/s
d) 43 m/s
e) 6.9 m/s

7)  From these position and velocity versus time graphs,
which pair corresponds to a positive acceleration?

a) B, F
b) A, D
c) B, E
d) C, E
e) C, D

8)  An airplane starts from rest and accelerates down a
runway at 3.7 m/s2 for 19 s before it takes off. How far did
the airplane travel on the runway before takeoff?

a) 1300 m
b) 668 m
c) 400 m
d) 180 m
e) 500 m

9)  At which part (parts) of this velocity versus time graph
is the acceleration negative?

a) B only
b) D and E only
c) D only
d) B and D only

Mr.Hsu
Physics

Name:  
September 26, 2014

Period 2

1)  A cart is rolling along at a steady 3.7 m/s when it meets
a slope. The cart accelerates at 1.6 m/s2 as it rolls down the
hill. How far from the top of the hill will the cart move in
9.7 seconds?

a) 51.4 meters
b) 111 meters
c) 35.9 meters
d) 19.2 meters
e) 75.3 meters

2)  Terra tosses a 0.2 kg volleyball straight up at 5 m/s.
How high does it go?

a) 0.051 m
b) 0.51 m
c) 1.3 m
d) 1.0 m
e) -4.4 10-16 m

3)  If the slope of a position vs. time graph is decreasing,
then what does this indicate about velocity over time?

a) Velocity is decreasing.
b) Velocity is increasing, then decreasing.
c) Velocity is increasing.
d) Velocity remains constant.
e) Velocity is varying sinusoidally.

4)  Jed drops a 8.6 kg box off of the Eiffel Tower. After 6.7
seconds, how fast is the box moving? (Neglect air
resistance.)

a) 560 m/s
b) 84 m/s
c) 74 m/s
d) 66 m/s
e) 7.6 m/s

5)  A wagon initially traveling at a constant 9 m/s starts
going down a hill which creates an acceleration of 4 m/s2.
What is the wagon's velocity 7 s after it starts accelerating
down the hill?

a) 98 m/s
b) 9.0 m/s
c) 37 m/s
d) 28 m/s
e) 63 m/s

6)  Ruth throws a baseball straight up at 21 m/s. What is the
ball's velocity after 0.14 seconds?

a) 20 m/s
b) 150 m/s
c) -2.9 m/s
d) 22 m/s
e) 21 m/s

7)  From these position and velocity versus time graphs,
which pair corresponds to a positive acceleration?

a) A, D
b) B, F
c) C, E
d) C, D
e) B, E

8)  An airplane starts from rest and accelerates down a
runway at 3.4 m/s2 for 25 s before it takes off. How far did
the airplane travel on the runway before takeoff?

a) 400 m
b) 2100 m
c) 1060 m
d) 310 m
e) 890 m

9)  At which part (parts) of this velocity versus time graph
is the acceleration negative?

a) B only
b) D and E only
c) D only
d) B and D only
e) E only

1) A cart is rolling along at a steady 3.7 m/s when it meets a slope. The cart accelerates at 1.6 m/s2 as
it rolls down the hill. How far from the top of the hill will the cart move in 9.7 seconds?

In this case, vo for the cart is 3.7 m/s and a = 1.6 m/s2. Plugging in this and t = 9.7 s into x = xo + vot +

at2, we get that x = (3.7 m/s)(9.7 s) + (1.6 m/s2)(9.7 s)2 = 111 m.

2) Terra tosses a 0.2 kg volleyball straight up at 5 m/s. How high does it go?

Let straight up represent the positive direction. First, determine how much time the volleyball takes to
reach its highest point.

Then, substitute this value in to find the height of the volleyball at this time.

3) If the slope of a position vs. time graph is decreasing, then what does this indicate about velocity
over time?

Velocity corresponds to the slope of a position vs. time graph, so if slope decreases, so does velocity.
This corresponds to negative acceleration.

4) Jed drops a 8.6 kg box off of the Eiffel Tower. After 6.7 seconds, how fast is the box moving?
(Neglect air resistance.)

The box is dropped from rest, so vo = 0 m/s. Acceleration due to gravity is 9.8 m/s2. Using the
equation v = vo + at, we get v = (0 m/s) + (9.8 m/s2)(6.7 s) = 65.7 m/s. Since we are only concerned
with the final speed of the box, we can neglect the negative signs or define down as the positive
direction. Notice that the mass of the box does not appear anywhere in this expression! Neglecting air
resistance, the mass of an object does not affect how fast it falls--this is an important concept that
you'll learn in Chapter 7.

5) A wagon initially traveling at a constant 9 m/s starts going down a hill which creates an acceleration
of 4 m/s2. What is the wagon's velocity 7 s after it starts accelerating down the hill?

v = vo + at = 9 m/s + (4 m/s2)(7 s) = 37.0 m/s.

6) Ruth throws a baseball straight up at 21 m/s. What is the ball's velocity after 0.14 seconds?

The baseball is thrown straight up, so the acceleration due to gravity is 9.8 m⁄s2. We can find the final

velocity after 0.14 seconds using v = vo + at = 21 m/s + ( 9.8 m⁄s2)(0.14 s) = 19.6 m/s.

v = + atvo

t = = = 0.510 s
v− vo
a

0 m/s − (5 m/s)
− 9.8 m

s 2/

x = + t + axo vo
1

2
t2

x = 0 m + (5 m/s ) (0.510 s) + ( − 9.8 ) = 1.28 m1

2

m

s 2/ (0.510 s )2
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Full solutionsAnswer key

1) A cart is rolling along at a steady 13 m/s when it meets a slope. The cart accelerates at 2.0 m/s2 as it
rolls down the hill. How far from the top of the hill will the cart move in 8.4 seconds?

In this case, vo for the cart is 13 m/s and a = 2.0 m/s2. Plugging in this and t = 8.4 s into x = xo + vo
at2, we get that x = (13 m/s)(8.4 s) + (2.0 m/s2)(8.4 s)2 = 180 m.

2) Terra tosses a 0.2 kg volleyball straight up at 7 m/s. How high does it go?

Let straight up represent the positive direction. First, determine how much time the volleyball takes to
reach its highest point.

Then, substitute this value in to find the height of the volleyball at this time.

3) If the slope of a position vs. time graph is decreasing, then what does this indicate about velocity
over time?

Velocity corresponds to the slope of a position vs. time graph, so if slope decreases, so does velocity.
This corresponds to negative acceleration.

4) Jed drops a 7.5 kg box off of the Eiffel Tower. After 2.9 seconds, how fast is the box moving?
(Neglect air resistance.)

The box is dropped from rest, so vo = 0 m/s. Acceleration due to gravity is 9.8 m/s2. Using the
equation v = vo + at, we get v = (0 m/s) + (9.8 m/s2)(2.9 s) = 28.4 m/s. Since we are only concerned
with the final speed of the box, we can neglect the negative signs or define down as the positive
direction. Notice that the mass of the box does not appear anywhere in this expression! Neglecting air
resistance, the mass of an object does not affect how fast it falls--this is an important concept that
you'll learn in Chapter 7.

v = + atvo

t = = = 0.714 s
v− vo
a

0 m/s − (7 m/s)
− 9.8 m

s 2/

x = + t + axo vo
1

2
t2

x = 0 m + (7 m/s ) (0.714 s) + ( − 9.8 ) = 2.50 m1

2

m

s 2/ (0.714 s )2
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Make up

1)  A cart is rolling along at a steady 13 m/s when it meets a
slope. The cart accelerates at 2.0 m/s2 as it rolls down the
hill. How far from the top of the hill will the cart move in
8.4 seconds?

a) 109 meters
b) 29.8 meters
c) 126 meters
d) 70.6 meters
e) 180 meters

2)  Terra tosses a 0.2 kg volleyball straight up at 7 m/s.
How high does it go?

a) 1.4 m
b) 2.5 m
c) 0.71 m
d) 0.0 m
e) 1.5 m

3)  If the slope of a position vs. time graph is decreasing,
then what does this indicate about velocity over time?

a) Velocity is zero.
b) Velocity is varying sinusoidally.
c) Velocity is decreasing.
d) Velocity is increasing, then decreasing.
e) Velocity is increasing.

4)  Jed drops a 7.5 kg box off of the Eiffel Tower. After 2.9
seconds, how fast is the box moving? (Neglect air
resistance.)

a) 28 m/s
b) 210 m/s
c) 3.8 m/s
d) 36 m/s

6)  Ruth throws a baseball straight up at 16 m/s. What is the
ball's velocity after 2.5 seconds?

a) 16 m/s
b) 6.4 m/s
c) -40 m/s
d) -8.5 m/s
e) 41 m/s

7)  From these position and velocity versus time graphs,
which pair corresponds to a positive acceleration?

a) B, E
b) C, D
c) A, D
d) C, E
e) B, F

8)  An airplane starts from rest and accelerates down a
runway at 5.5 m/s2 for 21 s before it takes off. How far did
the airplane travel on the runway before takeoff?

a) 420 m
b) 1210 m
c) 1000 m
d) 220 m
e) 2400 m
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Second EditionSecond EditionEssential Physics meets your state standards in physics, including the Next Generation Science 
Standards* (NGSS). If you cannot find a correlation online, please contact us as we are constantly 
updating our standards information to reflect the most up-to-date requirements for your state.

Meets 100% of the NGSS for Physics!

Exceeding your standards

Danger
ahead

But our modern lifestyle may be living on borrowed time. After all, most of the power
supplying our farms, cars, and factories comes from burning fossil fuels—and fossil fuels
contain solar energy that took millions of years to store. Scientists disagree on how much
coal, oil, and natural gas remains, but at some point—possibly during your lifetime—we
will need to use more energy to obtain these resources than they give back.

Advantages
of wind
power

The vital yet controversial role that energy plays in our lives
underlies the passion with which people pursue renewable
energy—natural  processes that  can be harnessed to power
our modern lifestyle without being destroyed, disrupted, or
depleted. Renewable energy sources include sunlight, wind,
geothermal  energy (hot  springs and geysers),  and moving
water (waterfalls, rivers, ocean waves, and tides). Of these,
wind  holds  much  promise  in  the  eyes  of  many
conservationists:  it  poses  relatively  few  hazards;  it  is
abundant; and it can be harvested on many scales, from tiny
backyard windmills to enormous offshore turbines.

Test Investigate  how the  power  produced  and  cost  per  kilowatt-hour  vary  with  the  design
parameters (diameter, height, number of turbines, siting costs, average wind speed, and life
expectancy). Identify the controlled variables in your investigation.

Evaluate Evaluate your design to determine which solutions best  meet  the design criteria.  Your
design will pay back its cost over its lifetime when the cost per kilowatt-hour equals the
average cost in your area. Research the average cost of electricity in your area (or state),
which  is  usually  provided  in  dollars  per  kilowatt-hour  ($/kWh).  A  monthly  home
electricity bill is one way to determine the local cost of electricity.

Design and
prototype

resources such as the maps at right to determine the
typical wind speed for your potential sites.

The simulation assumes that  you must  purchase the
land (urban, suburban, or rural sites) or lease it from
the government (offshore, such as for the Cape Wind
project  off  the  Massachusetts  coast);  the  costs  will
change  depending  on  your  siting  choice.  Use

low duty cycle. Even at an
loses lots of energy to friction with the

Design
challenge

Design a wind turbine installation that:

is located in your area (state or region);
produces 200 megawatts (MW) average
power;
has a minimum 30 m clearance between
the bottom of the blades and the ground
(or water);
pays back its cost in less than ten years
by selling electricity to the grid at
$0.07 per kilowatt-hour (kWh); and
produces electricity at the minimum
possible cost.
Which  are  the  design  criteria?  Which
are  the  design  constraints?  Write  your
answers in your report.

Disciplinary Core Ideas
Definitions of Energy:
Energy manifests itself in multiple ways,
such as in motion, sound, light, and thermal
energy.
Energy Transfer:
Energy cannot be created or destroyed, but
it can be transported from one place to 
another and transferred between systems.

Student Expectations
Energy:
Design, build, and refine a device that works
within given constraints to convert one form
of energy into another form of energy.

Crosscutting Concepts
Systems and system models:
When investigation or describing a system, 
the boundaries and initial conditions of the 
system need to be defined.

Science and Engineering
Practices
Construction explanations and
design solutions.
Design, evaluate, and/or refine a solution to
a complex real-world problem, based on 
scientific knowledge, student-generated 
sources of evidence, prioritized criteria, and 
tradeoff considerations.

Contact Ergopedia to learn more about
meeting your state standards with
Essential Physics.

* Next Genoration Science Standards is a registered trademark of Achieve. Neither Achieve nor the lead states and partners that developed the
Next Generation Science Standards was involved in the production of, and does not endorse, this product.

www.ergopedia.com



Essential Physics equipment

Essential Physics equipment includes the most versatile and accurate apparatus ever offered for your physics lab.
See our website at www.ergopedia.com for more information on the full range of Essential Physics equipment. 

Spectrum of
human speech

Spectrogram
 of touch-tone

sequence
from a phone

The Physics of Sound 
Virtual Instrument is a 
complete laboratory for 
investigating 
multi-frequency sound with 
live display of wave-form, 
spectrum, and spectrogram.

LabVIEW  technology is used 
by scientists and engineers 
worldwide.

Virtual Instruments do
the setup for you!

With wirelessly-connected  
motion sensors, the ErgoBot sends 
position, velocity, and 
acceleration right to the e-Book. 
With its motors engaged, the 
ErgoBot is a versatile robot that 
can drive vectors to navigate a 
maze or follow a motion graph.  

The ErgoBot
may be the most precise
and fun motion apparatus
ever invented!

aluminum extrusions, and
Real metal threads, tough

rugged designs are

Durability and accuracy drive
Ergopedia’s engineering.

accuracy.
and offer unparalleled

easy to use, easy to set up,

The ErgoBot

Optics
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TM

EssentialEssentialEssential
TM

Real-time
motion data

Robotics

www.ergopedia.com

The optics system includes three 
precision 50 mm lens mounts, 
convex and concave lenses, curved 
and flat mirrors, a glass prism,
a refraction tank, clear and 
frosted screens, a 1.37 m 
extruded aluminum rail, and 
a unique, multi-color, 
rechargeable light source. 

Stand & Track
Electricity and Magnetism

Waves and Sound
Forces and Machines

Additional 
Essential Physics

equipment

See our 
full selection

of equipment online

Bluetooth®
The ErgoBot requires

Bluetooth wireless capability.

Second EditionSecond Edition



Second EditionSecond Edition

ergopedia
єπ

™www.ergopedia.com

EssentialEssentialEssential
TM

EssentialEssentialEssential
TM

Purchasing information and prices

Our unique HTML5 e-Book technology provides a self-enclosed web application that 
can be opened by any browser, on virtually any platform, with or without an Internet 
connection, and without proprietary installed software!  

 Operating systems: OS X, Windows, Android, Chrome, iOS 

 Browsers: Safari, Firefox, Chrome, Internet Explorer*

 Hardware: Mac, PC, iPad, Android tablet, Chromebook, most smart-phones

 Internet: Both online and stand-alone (offline) versions are included.

 Wireless: ErgoBot requires Bluetooth® capability. iPads require wifi access.   

Essential Physics e-Book

Essential
Physics
Second 
Edition 
hardcover
student textOur full-color, 880 page text is page-for-page identical to the e-Book and meets 

all content standards for HS physics from an introductory level through more 
advanced levels. Each hardcover textbook includes the student e-Book (DVD) 
and online access (6-year license) at no additional cost.

Each school receives one authorization code to be shared by all physics students. 
There are no individual student accounts to administer!  A simple annual 
enrollment verification initiates and renews your licenses. One number, once a 
year, that’s all it takes. Essential Physics is distributed on DVD-ROM and online.

This is the program your I.T. people will love!

$53 bundle

$24/student

includes
DVD & online

includes DVD & online

Equipment available individually or in custom kits to meet specific needs.

100-01004
100-01005
110-01006

130-01006
130-01016
130-01012
130-01009
130-01013
130-01019
130-01018
130-01020

978-1-937827-10-6
978-1-937827-11-3
978-1-937827-12-0

Essential Physics 2nd Ed. hardcover text (with DVD & online bundle)
Essential Physics 2nd Ed. e-Book (DVD/Online bundle - 6 year license)
Essential Physics 2nd Ed. Digital Teacher’s Edition (DVD & online)

ErgoBot Dynamic Motion System
ErgoTrack (new double-pulley track)
Tripod Stand
Optics System (with Light Source)
Waves and Sound Kit
Forces and Machines Kit (expanded for 2015!)
Electricity and Magnetism Kit
Essential Physics 2015 Full Equipment Kit (includes all of the above equipment)

53
24
99

595
125

85
295

85
215
395

1,495

$
$
$

$
$
$
$
$
$
$
$

ISBN #Part # Curriculum

Equipment

Price

Prices effective December 31, 2014

Essential Physics curriculum and equipment is available directly from 
the authors at Ergopedia.  Buying direct gives you an extraordinary 
curriculum at an exceptional value. 

Technology requirements

Essential Physics hardcover textbook bundle
Why choose between e-Book or textbook?
Get the best technology and a great textbook!

Simple hassle-free administration

These are not subscriptions!
One price for 6 year license.

Essential Physics purchasing information (see website for more details)
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Dr. Tom Hsu
cofounder of Ergopedia

“I have to say this is the best start of the year for physics that
I have ever had. I know the ErgoBot will be a huge hit.” 
(Physics teacher, Tulsa, OK)

These simulations and interactives are
incredible smart board teaching tools!

What teachers say about Essential Physics

To review Essential Physics go to 
www.ergopedia.com

Technology that does more
than turn an electronic page! Interactive simulations

Interactive equations

Videos that teach, not “edutainment”

Comprehensive teacher support

Bilingual read-aloud capability

Measure and display real-time data

Animation and visualization

Encapsulated HTML5 technology 

No Internet required!

Works on Mac, PC, tablet, phone

An exceptional
new physics text

... ready for
the future and
the present.  

“Nothing compares, be it training, or the book’s to your
company’s books. The other books remind me of dinosaurs
in the 21st century, and yours is a space ship. Just wanted
to say great job on the book, and I can’t wait to use it in
my classroom." (Physics teacher, Lewisville TX)

“I am in love with this new book.  Absolutely love what
has been done with the e-Book. We are going 
one-to-one next year and I will be recommending
this textbook for physics.”
(Physics teacher, Streator Township, Illinois)

“If your book weren't so easy to use, I'd take you up on
the training offer ...that is a very nice perk.”
(Physics teacher, Deer Park, TX)
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