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Grades 9-12

Post–High School Support
•  HMH Science Dimensions Physics Student Editions are 

available in either hardcover or consumable worktext options.

•  Students needing differentiation benefit from writing and 
taking notes directly in the consumable worktext.

•  Students pursuing science careers benefit from the ability to 
keep their textbook as a resource throughout college.

REASONS TO CHOOSE 
HMH Science Dimensions Physics

Full Coverage of the Letter and Spirit of the  
Next Generation Science Standards* (NGSS)
•   HMH Science Dimensions is built for NGSS; it’s not just a rebranding of older editions.

•   Investigation-driven activities weave together the three dimensions of learning.

•   The emphasis on engineering is carried throughout all of the program’s units, and not 
just treated as an ancillary.

*  Next Generation Science Standards and logo are registered trademarks of Achieve. Neither Achieve nor the lead states and partners that developed the Next Generation 
Science Standards were involved in the production of this product, and they do not endorse it.
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Phenomena-Based Learning and CER
•  Phenomena-based explorations and engineering-based problems 

guide the flow of every unit and lesson.

•  Claims + Evidence + Reasoning (CER) guides students to develop 
evidence-based explanations throughout the lessons and activities.

PREDICT  
What are all the 

different ways that you 

could move an electric 

charge carrier?

Exceptional Problem-
Solving Support
Step-by-step and multimedia self-check practice 
problems reinforce problem-solving skills.
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The next generation of scientists will help save the planet, explore the far reaches 
of space, and invent technologies we can only dream of today. Our students’ 
potential is limitless, but to meet it, they need to be quick thinkers, creative 
problem-solvers, and technology experts. That’s why HMH Science Dimensions 
Physics leaves dated instructional strategies behind. 

A Solution for a
NEW GENERATION OF 
SCIENTISTS 

4

NEW WAYS of Teaching Science

•   Student-centered format

•   Learning in context

•   Solving phenomena

•   Doing science

•   Active participation

1890s 1930s



How HMH Science Dimensions Physics 
Changes the Game
•  Project-based, three-dimensional activities 

•  Claims + Evidence + Reasoning

•   Phenomena-based storylines

•  Embedded engineering

•   Robust, interactive, digital options

•   Hands-on assessment options for application of knowledge

•   Standards-based data reporting for data-driven  
decision making

•    Conceptual understanding and application  
of mathematical formulas

“  The goal of NGSS is to help students behave  
and think like scientists and engineers.”  
—Marjorie Frank, HMH Science Dimensions Author 
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RESOURCES AND FEATURES

Core Resources

Teacher Edition 
Hardcover

Interactive eBooks
Teacher and Student 
Editions

Student Edition 
Hardcover or 
Consumable Worktext

Digital Lesson Planning on Ed, the HMH® Learning Platform Standards-Based Reporting Individual or Classroom Data

HMH Trace Tool NGSS Coverage Tracking Open-Ended  Computer Simulations You Solve It!

Unit 3: Field Forces and Energy
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Differentiation Support

Handbooks for Student 
Support: 

Math: Problem-Solving 
Support

ELA: Writing and 
Comprehension Support

SEP: Science and 
Engineering Practices

CCC: Crosscutting 
Concepts

A BOOK EXPLAINING 
COMPLEX IDEAS USING 
ONLY THE 1,000 MOST 
COMMON WORDS

RANDALL MUNROE
XKCD.COM

US SPACE TEAM’S 
UP GOER FIVE

You’ve learned the velocity required to attain orbit. 
Have you ever wondered how engineers design a vehicle 
capable of  putting astronauts and cargo into orbit? Here’s 
an explanation of  what they designed and why it works.

The space boat that took people 
to the moon and back
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COMPLEX IDEAS USING 

RANDALL MUNROE
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Teacher Notes
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Thing Explainer Humorous Explanations

 Customizable Assessments Digital or Hardcopy On-the-Job STEM Videos Science Career Snapshots

Multilingual Glossary  
Addressing Ten  
Languages
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ACCESS AND EQUITY
All Standards, All Students

MARJORIE FRANK

In developing HMH Science Dimensions Physics, we enlisted reading 
and English language development expert Marjorie Frank to 
ensure best practices are embedded throughout all worktexts and 
supplementary materials.  
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EXPLAIN If the compass needle to the right of the 
magnet were free to slide in any direction, how would 
it move? Use the direction and density of field lines to 
support your answer.

The lines of the magnetic field are drawn from north 
poles to south poles and form closed loops. As with the 
arrows in electric fields, this direction is a convention. 
The density of the field lines shows the relative 
strength of the field. For simplicity, field lines are 
typically shown in two dimensions for a plane through 
the magnet. A more complex model might show the 
field around the magnet in three dimensions.

Combining Fields

The grass seeds in Figure 14a show field lines that curve between the unlike charges. 
Figure 14b shows more clearly how electric field lines stretch between a positive and 
a negative charge. Farther out, they make larger loops, much as the grass seeds do. At 
each point, the field is a vector sum of the fields from each charge affecting the space. The 
result is a single field of continuous lines from positive to negative charges.

Language Arts Connection Explore simulations of electric fields and simulations of 
magnetic fields online, or use Figures 13 and 14b. Make a chart comparing the simulated field 
from a bar magnet with the simulated field from opposite charges. 

FIGURE 14: The electric field lines curve and connect unlike charges.

a  The grass seeds connect unlike charges.

A

B

C

b  Electric field lines point from the positive charge  
to the negative charge.

FIGURE 13: Magnetic field lines run from the north to the 
south pole of a magnet, indicating the direction that a 
compass needle would point at a particular location.

N S

214 Unit 3  Field Forces and Energy
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Supportive reading strategies include:

•   Text that is chunked 

•   Vocabulary learned in context

•  Embedded comprehension questions

•    Consumable worktext option, 
allowing students to write and take 
notes directly in their worktext

•    Structured English learner support  

provided to support teachers

Differentiate Instruction
Understanding that in different cultures, 
different vocabulary terms can have 
more than one meaning, HMH Science 
Dimensions Physics provides teachers  
and students with strategies for  
making meaning.

Recognizing that learning takes place both within and outside of the science classroom,  
HMH Science Dimensions Physics was designed so students learn to see themselves as 
scientists and engineers, and can connect their activities and the world around them to  
what they are learning. 

8



©
 H

ou
gh

to
n 

M
iff

lin
 H

ar
co

ur
t P

ub
lis

hi
ng

 C
om

pa
ny

 • 
Im

ag
e C

re
di

ts
: ©

Do
n 

Ri
ch

ey
/N

AS
A 

Am
es

 R
es

ea
rc

h 
Ce

nt
er

TAKE IT FURTHER

 Language Arts Connection  
Gather information about model rocket engines, the 

amount of thrust they produce, and the mass of the rocket they 
can launch. Use the following questions to guide your research:
 • What is the range of mass of the model rocket?
 •  How are model rocket engines rated based on thrust and 

mass of the rocket?
 •  What other considerations are necessary when choosing 

a model rocket engine?

Next, use the Internet to gather charts or tables of model 
rocket engine data. Include examples from different 
manufacturers of model rocket engines. 

Last, write a brief essay that explains the selection criteria 
for at least two model rocket engines. As you write, be sure to 
address the following points:
 • the specifications of the model rocket engines selected
 •  the criteria used to evaluate the suitability for model 

rocket engines
 •  the manufacturer and model numbers for the model rocket 

engines you chose

Rocket Engineer

Rocket engineers work on the design and manufacture 
of rocket-propelled spacecraft. They can specialize 
in particular fields such as fuel systems, acoustics, 
aerodynamics, or guidance systems. Some rocket 
engineers specialize in quality control inspections. 

Rocket engineers who specialize in fuel systems 
evaluate design specifications to determine the amount 
of thrust that rocket engines produce. The product of 
force and time is the impulse. The impulse provided by 
the rocket engine is critical in causing a stationary rocket 
to start moving as it lifts off the launch pad and flies. 
A rocket engineer evaluates information from many 
different sources to help select criteria for choosing a 
rocket engine with enough thrust while keeping design 
constraints such as cost, mass, and availability in mind.

Engineering in Your Community Engineers 
from diverse backgrounds are responsible for many 

advances in the fields of rocket science and propulsion. Research 
an engineer whose work has benefited your community.

Careers in Engineering

SATELLITE LAUNCH CRASH TESTS
PROTECTING  

AN EGG
Go online to choose one 
of these other paths.

FIGURE 14: Hunjoo Kim (left) and Ashley Karp (right) of NASA Jet Propulsion Laboratory, attach 
heat sensors to the Peregrine Hybrid Rocket Engine prior to its test at the Outdoor 
Aerodynamic Research Facility at NASA’s Ames Research Center.

115Lesson 1  Momentum and Collisions
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UNIT PERFORMANCE TASK
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Designing a Firework

The key to a successful fireworks show is to awe the 
audience with a colorful display. Energy is transformed 
into flashes of light that look like a variety of shapes, 
including balls and flowers. The firework shells must be 
designed and manufactured so that the shape appears 
reliably. Each firework shell holds many explosives called 
stars that produce the flashes. As each star flies from the 
shell into the air, the momentum of the star must carry 
it to the correct location. 

Imagine you are an engineer working for a fireworks 
manufacturer. Design a firework shell to make a new 
pattern. How will the solution meet a customer need?

1.  D E F I N E  T H E  P R O B L E M 

With your team, write a problem statement that 
describes what the solution must accomplish.

2.  C O N D U C T  R E S E A R C H

Research what you need to design a firework shell. 
Questions to answer could include:

 • What are the standard shapes and sizes of shells?

 • Why are most firework displays symmetric?

 • How are individual streamers of light produced?

 • How are the individual stars arranged so that they 
all appear at the right time?

 • How can the arrangement and timing of explosions 
produce a desired pattern?

3.  U S E  A  M O D E L

Based on your research, design a model of a firework 
shell that could produce a shape in the sky. Indicate 
how the stars would be arranged, and demonstrate 
how you would control the momentum and energy of 
the various parts to produce the desired shape.

4.  D E S I G N  A  S O L U T I O N

Use evidence to support your reasoning for a 
particular design. 
 • How are momentum and energy conserved when 

the shell explodes? 

 • In what direction will the stars fly based on 
the structure of your model?

Once you have completed this task, you 
should have the following:

• a clearly defined problem statement that will lead  
to the suggested solution

• background information about how fireworks are 
designed and constructed

• a physical model or a sketch of your design solution 
along with a description of the pattern that it will 
produce

• a conclusion that explains how your design accounted 
for conservation of momentum and indicates how 
energy would be transferred and transformed

C H E C K  Y O U R  W O R K

5.  C O M M U N I C A T E

Prepare a written or multimedia report with one or 
more labeled diagrams to present your solution to 
the fireworks display operators and to explain how 
your design meets their specifications. Describe how 
energy is stored in the firework, and how that energy is 
transferred and transformed as the firework is launched 
and explodes.

FIGURE 4: Designers arrange the parts of the shell 
carefully to make the desired pattern.

172 Unit 2  Energy and Motion
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Careers in Science
Letting student curiosity lead the way promotes 
deeper knowledge of concepts and big ideas so 
that students have pathway choices they can 
select in our “Take It Further” feature. Students can 
complete the pathway in the worktext or they can 
select from additional learning options online. 

Students will also see a diverse representation of 
cultures throughout the course

Unit Performance Tasks put the students 
in the role of a scientist or engineer so 
they can see themselves in STEM careers.
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ASSESSING
Three-Dimensional Learning

The interactive eBook provides 
immediate feedback for self-
assessment. Lessons and activities 
are built on the CER method in 
which students make Claims about 
phenomena, gather Evidence, and 
apply Reasoning to determine 
whether the evidence supports or 
refutes the claim. Students and 
teachers alike see and measure 
growth as students revise  
their claims.

“ Over the course of the program, a 
system of assessments coordinates 
the variety of ways student learning 
is monitored to provide information 
to students and teachers regarding 
student progress for all three 
dimensions of the standards.” 
— FROM PEEC ASSESSMENT

Pre-, Formative, Summative, and Self-Assessments

Scientists and engineers regularly assess their own and each other’s work, data, findings, 
and conclusions so they can apply feedback and insights to future work. HMH Science 
Dimensions Physics is structured to use assessments to guide students in evaluating their 
own and each other’s work, data, findings, and conclusions while providing teachers the 
means to provide meaningful feedback and insights.

10
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UNIT PROJECT

FIGURE 1: A meteor glows as it disintegrates in Earth’s atmosphere .

A fragment of an asteroid crossing the space between planets has kinetic energy. When 
the rock enters Earth’s atmosphere, it compresses the air in front of it. Friction between 
the air and the rock increases the temperature of both. The rock becomes so hot it glows 
and vaporizes, becoming a meteor that can be seen as a streak of light in the sky. The 
meteor may cause a shock wave and a sonic boom. People have reported hearing sizzling 
sounds as meteors pass overhead. While the source of these sounds is unclear, one 
possible explanation is that the glowing rock gives off electromagnetic energy, which 
affects objects on the ground.

EXPLAIN What does it mean to transfer energy? How does a meteor transfer energy?

DRIVING QUESTIONS

As you move through the unit, gather evidence to help you answer the following 
questions. In your Evidence Notebook, record what you already know about these topics 
and any questions you have about them.

1. How can you predict the outcome of a collision?

2. How are momentum and kinetic energy related?

3. How do system models help us understand the transfer of energy?

4. How is energy related to temperature?

Impractical Machines

When would you want to make a process as complex as possible, rather than simplify it? 
Rube Goldberg was a Pulitzer Prize–winning cartoonist with a degree in engineering. His 
cartoons show designs for multistep, overly complicated processes to perform simple 
tasks, such as buttering toast or wiping one’s mouth with a napkin. One device triggers 
the next in a cascade of steps. Research Rube Goldberg designs, both the original cartoons 
and videos of physical machines. Then design and build such a device, using as many 
different steps and as many types of energy as feasible.

Go online to download 
the Unit Project 
Worksheet to help 
plan your project.

92 Unit 2  Energy and Motion
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FIGURE 4: A building that includes a cantilever design

UNIT PERFORMANCE TASK
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Modeling a Building Design 

Architects design buildings to meet a variety of aesthetic 
and functional criteria. In each design, the buildings 
must be stable and safe for use. To achieve this 
stability, buildings must be constructed such that 
forces are balanced in each part of the structure. 
The buildings must be able to withstand weather 
and geologic conditions for the area, as well as any 
other conditions required by the use of the building.

Build and use a model to explore how forces might be 
balanced in a building design. Consider how real-world 
buildings might use balanced forces or more complex 
designs to achieve stability.

1.  D E F I N E  T H E  P R O B L E M

The building in Figure 4 has a cantilever, which is 
a part that projects out and is unsupported on one 
end. Examine Figure 4 or another building with an 
interesting structure and identify what aesthetic or 
functional criteria the building was designed to meet. 
Describe why the building was designed with the 
cantilever or other interesting characteristic and what 
challenges the construction team might have faced.

2.  D E V E L O P  A  M O D E L

Use simple materials—a stack of matching books or 
blocks—to build an interesting, stable structure that 
includes at least one cantilever. Consider the following 
questions when designing your structure.

 • How far out horizontally from the base can you 
extend the structure?

 • What are different ways to achieve an overhanging 
part of the structure?

3.  U S E  A  M O D E L

Draw a diagram or take a photo of the most interesting 
or successful model structure developed using the 
stacked books or blocks. On the diagram or photo, 
label various measurements, including the height 
of the structure and how far out from the base the 
structure extends. Describe the characteristics of the 
materials used. Draw force vectors showing how forces 
balance on three different objects within the structure.

Once you have completed this task, you 
should have the following:

• a labeled diagram or photo of the stacked book/block 
building model

• a poster or digital presentation describing both the 
model and a real-world design, and the relationship 
between them

• an explanation of challenges and criteria that architects 
encounter when designing an interesting structure

C H E C K  Y O U R  W O R K

4.  C O M M U N I C A T E

Make a poster or digital presentation that includes the 
labeled diagram of the model and a real-world building 
design. For both the model and the real-world design, 
describe how forces are balanced at different places 
on the structure. Describe how the model is relevant to 
the real-world design, and then identify challenges and 
criteria the real-world design had to meet that cannot 
be represented in the model.

88 Unit 1  Physics and Engineering
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Pre- and Summative Assessments 
are available as printable PDFs, 
editable Word documents, or 
customizable online assessments 
with digitally enhanced test items 
similar to those found on  
high-stakes assessments—all 
designed to measure three-
dimensional learning.

Unit Projects, Unit 
Performance Tasks, and 
hands-on Performance-Based 
Assessments aid in measuring 
student progress toward 
Performance Expectations and 
abilities in engineering.
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Unmatched 
PROFESSIONAL LEARNING

How can you get the professional learning  
support you need?

Connected learning means you continue to learn, too. Access HMH’s best-in-class 
professional learning offerings live-online and in-person, which can work with any school 
or district no matter the size.

On-Demand Program Support 
 
Teacher’s Corner® puts real-world classroom videos and best practices at your fingertips, on your 
schedule. Plus, free Live Events give you the opportunity to build community around solutions to today’s 
instructional challenges. Your subscription includes continuous implementation support all year long.  
Get energized about your new program and learn best practices to maximize your time.

Teachers benefit from:

• On-demand, solution-specific teaching resources

• Live events with your colleagues

• Printable parent and caregiver letters in English and Spanish to help with at-home  
support and more!

What types of resources are included?

•  Getting Started resources are the perfect refresher for a returning teacher or a thorough introduction 
for someone teaching a new program.

•  Program Support features in-depth teaching support and professional learning based on the 
programs a teacher is using.

•  Breakroom was designed to be a place where teachers can extend their learning beyond their 
program(s). It includes teacher reflections and ideas, inspirational videos from prominent researchers, 
speakers and practitioners, practical support for relevant or hot topics, and self-care advice.

For more information, please visit us at 
mathsolutions.com/science.

12
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*Available for purchase

Flexible Professional Development

The Coaching Membership, available at an additional cost, allow you to 
partner with an HMH Instructional coach to meet your district’s specific needs. 
New and veteran teachers alike will benefit from collaborative sessions that 
meet them where they are and provide support from day 1 to 180. Driven by 
the award winning platform, HMH Coaching Studio, HMH Professional Services 
provides the perfect opportunity to focus upon standards-aligned instruction 
and practice.

The Coaching Studio is your online collaboration center. Meet with your coach 
and your team to boost communication and collaboration. Engage with 
videos and resources shared by your Coach and team, or upload your own 
videos or resources to share. Coaches help translate theory into  
practice and ideas into behaviors.

Did you know HMH Professional Services has been nationally 
recognized for our ability to support implementation and provide 
ongoing teacher and leader professional development?
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PHENOMENA-BASED  
Storylines

Your students need to see the interconnectedness of the world around them 
through the eyes of scientific phenomena. 

The HMH Science Dimensions Physics storyline clearly connects concepts within 
and across units for a complete integration of the three dimensions of learning. 

Use the following in every unit:

ANCHOR PHENOMENA

INVESTIGATIVE PHENOMENA 

EVERYDAY PHENOMENA

14



UNIT 3: Field Forces and Energy

ANCHOR PHENOMENON  
Electric, Magnetic, and Gravitational Forces

Anchor phenomena for each unit inspire students to ask questions  
and lead detailed investigations on science-related problems that 
matter to them, their community, and their society.

This unit example has two lessons that both relate to this anchor 
phenomenon in which students consider how electric, magnetic, 
and gravitational fields interact. Students begin with a Unit Project in 
which they test materials and designs to use electric, magnetic, and 
gravitational forces to create a hovering toy. 

LESSON 1: Mass and Gravitational Fields

INVESTIGATIVE PHENOMENON 
Planetary Mass

An investigative phenomenon focuses the lesson to explore one 
concept of the anchor phenomenon. In this example, students 
begin exploring gravitational fields by considering how to calculate 
the mass of planets by observing gravitational interactions. As they 
explore inertia, acceleration, and Newton’s and Kepler’s laws, they 
both build an explanation of the investigative phenomenon and 
add to the accuracy of their Unit Project. 

EVERYDAY PHENOMENA
Everyday phenomena connect students to events with which 
they have personal connection or experience. This lesson uses 
the phenomena of inertia of different sized animals, gravitational 
acceleration of different massed balls, and the cause of changing 
tides to help students connect with gravitational forces and add 
to the construction of a complete explanation of the lesson’s 
phenomenon. The everyday phenomena also add to the depth  
of knowledge students need to complete the Unit Project to 
address the anchor phenomenon.
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TAKE IT FURTHER

Gravity and Tides

FIGURE 11: The gravitational force from the moon is different for different parts of the ocean.

rsun

rmoon
rsun to ocean

rmoon to ocean

sun

not to scale

moon

Earth

The water in Earth’s oceans bulges slightly in directions 
toward and away from the moon. Compare the 
gravitational force from the moon at Earth’s center 
with the force at different locations on Earth’s surface. 
The greatest force is on the side of Earth closest to the 
moon, so the ocean bulges toward the moon. Partway 
around Earth, the force is less. The water on the far 
side bulges outward because the moon attracts Earth’s 
center more strongly than it attracts the more distant 
water on the far side. The contrast in force, called 
the tidal force, is proportional to ∆r/r, where r is the 
distance from the center of the Earth to the center of 
the respective object (sun or moon) and ∆r is Earth’s 
radius—the difference in distances. You can multiply 

by m
1 

/r 2 to compare tidal forces from the sun and 
moon. Other factors are the same for both objects.

Tidal force is responsible for the periodic rise and fall 
of water levels at the seashore. A high tide occurs 
when a coastal region passes through the water bulge 
facing the moon or facing away from the moon. A 
low tide occurs when a coastal region is not within 

one of the bulges.  Most coastal areas experience two 
high tides and two low tides each day because of the 
difference in rotations of Earth and the moon. The 
sun’s gravitational pull also causes tides on Earth, but 
because the sun is so far away, it has a smaller effect.

SOLVE Compare the results to determine the effects 
on Earth’s tides for both the sun and moon. 

Quantity Sun Moon

r  (× 106 km) 149.6 0.38

∆r (km) 6378

∆r/r

m1 (kg) 2.0 × 1030 7.3 × 1022

(m1 
/r 2)(∆r/r)

  
(kg/km2)

Data Analysis

196 Unit 3  Field Forces and Energy
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CAN YOU SOLVE THE PROBLEM?
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The moons Titan (center, in front) and Dione (right) in front 
of Saturn and its rings

3.1

Saturn’s rings are composed of pieces of ice and rock ranging in size from 
specks of dust to large boulders. They orbit Saturn in bands thousands of 
kilometers across but less than a kilometer thick. Of Saturn’s dozens of moons, 
many orbit in the same plane as its rings. Saturn’s largest moon, Titan, is larger 
than the planet Mercury. It has enough mass to retain an atmosphere, visible 
in the image as a dark halo. Saturn's other moons are smaller than Earth's 
moon. Dione, shown in the image, is the fourth-largest moon. It orbits close 
to the planet, while Titan orbits about three times as far away.

Think about the challenges of measuring the masses of these objects. A planet or moon 
can’t be put on a two-pan balance or hung on a spring scale. Its mass must be measured 
by some other method.

INFER What kinds of observations can you or scientists make about objects in space? 
How might one of those observations help determine an object’s mass?

Evidence Notebook As you explore the lesson, gather evidence about what 
observations are needed to determine the mass of an object in space.

Mass and
Gravitational Fields

Object Mass (×1021 kg) 

Saturn 568 300

Titan 135

Dione 1.1
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EXPLORATION 1

Observing Gravity

One of the fundamental properties of an object is its mass. Mass can be defined as a 
measure of the amount of matter in an object. Often larger objects have more mass than 
smaller objects, but that’s not always true.

INFER How can a small object have the same mass as a large object? Which do you think 
would be harder to pick up? Explain your answer.

Mass and Inertia

Another way to determine an object’s mass is to observe the effect that a force has on the 
object. A greater force is required to accelerate, or change the motion of, an object with 
greater mass. This tendency of an object to resist a change in motion unless an outside 
force acts on the object is known as inertia. An object with a greater inertia than another 
object will also have a greater mass.

Observing inertia is something you do every day. When pushing an empty cart, you can 
accelerate it from rest relatively easily. However, accelerating a full cart from rest is much 
more difficult. The greater total inertia of the full cart makes the cart more difficult to 
accelerate. The items in the cart also have inertia and move forward with the cart. If the 
cart stops suddenly, the items' inertia keeps them moving forward, and they rattle forward 
in the cart. During a sharp turn, the items resist a change in direction, and they slide 
toward the side of the cart as the cart turns under them.

FIGURE 1: Animals with different masses, such as a rhino or rabbit, accelerate differently 
because of inertia.

a  Rabbit accelerating b  Rhino accelerating

ANALYZE Which animal in the photos has greater inertia? How does this inertia affect 
the acceleration of each animal if the force changing their motion is the same?

180 Unit 3  Field Forces and Energy
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