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Chemistry
in the

Program Overview
GRADES 9–12

Earth System

All Students, All Standards,
All the Time
All students are capable of understanding and fully engaging in
science and engineering, and it is critical that every student has
full access to appropriate and equitable learning opportunities to
accomplish this goal. California HMH Science Dimensions Chemistry
in the Earth System was built from the ground up to reflect this goal.
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FIGURE 1: Food labels show
how many Calories are in each
of the ingredients you use to
make a meal .

The Calorie is a measure of the stored energy in the food. A food Calorie is actually a
kilocalorie, or the amount of heat needed to raise the temperature of 1000 grams of water
1 °C. How can scientists determine how much energy is stored in food, though? Chemists
study matter and energy to understand the relationships between them. They make
measurements and collect data to describe these relationships. You can use this data
every day. By understanding these relationships, chemists measure the chemical energy of
foods. Knowing how much energy is in a serving can help you plan a healthy diet.

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.

Within Chemistry in the Earth System, you will find people that reflect California’s diverse
population and cultures. Individual spotlight features and integrated discussions
within lessons explore historical and contemporary contributors to science and
engineering that reflect the full range of ethnic and cultural groups in California while
paying heed to the FAIR Education Act.

1. What are some different forms of energy, and how are they measured?
2. How can various properties of matter be measured and described?
3. What happens to the particles and energy of a substance as it changes temperature or
changes state?
UNIT PROJECT

Optimizing Toothpaste
Go online to download
the Unit Project
Worksheet to help
plan your project.
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PREDICT What quantitative measurement and qualitative observations can be made
about the interactions of matter and energy?

What gives a toothpaste its whitening power? Design and produce a homemade toothpaste. Then test its whitening capability by using it to clean a
coffee-stained tile, which will serve as a model for teeth. Based on these
results, optimize your design by adjusting the toothpaste ingredients.

Unit 1 Measuring Matter and Energy
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Unit 1 Measuring Matter and Energy

California Access and Equity

Access and Equity

California Diversity

Language and Science Literacy

Students with Disabilities Have handheld magnifiers
available during labs to help students with visual
constraints read thermometers and graduated cylinder
levels. Also consider replacing glass thermometers
with digital thermometers.

Unit Vocabulary Reinforcing Vocabulary

Girls and Young Women Encourage female students’
participation in engineering by arranging for a local
female engineer to address the class about her
research or a work project.
Ethnically Diverse Learners Vary the size of groups
and distribution of students within groups as they
work on projects throughout the unit to ensure that
students of different cultural backgrounds work side
by side. Encourage communication by requiring that
all students participate in group discussions.
Additional support for California’s diverse population
can be found throughout the unit in Support for All
Learners features.

SI System Lesson 1
Avogadro’s
number Lesson 1
joule Lesson 1
potential
energy Lesson 1
kinetic energy Lesson 1
accuracy Lesson 1
precision Lesson 1
scientific
notation Lesson 1

Academic Vocabulary
Discuss with students the difference in how the word energy is used in everyday
language and how it is used in science. If students need extra help, lead them in a
DOdiscussion
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language
or in science language. Have students give examples of each use of the
word.

matter Lesson 2

Integrated ELD

extensive
property Lesson 2

Students Unit
may struggle
with understanding
the difference
accuracy and
1 Measuring
Matter
andbetween
Energy
precision. Use the labs in this unit to emphasize the difference. Each time students
make measurements, compile the values obtained by each student into a class list.
Ask questions about whether measurements are accurate or precise.

intensive
property Lesson 2

•R
 eferences to specific examples from California’s
different regions in the Teacher’s Unit Planner precede
each unit to help localize the learning and foster
student engagement.

Have students work in pairs to make a Venn diagram in which they compare the
definitions of potential energy and kinetic energy. Have them use the different
parts of the diagram to list everyday examples of objects that have only potential
energy, objects that have only kinetic energy, or objects that have both potential
and kinetic energy.

California Connections

• S trategies for the many diverse categories of learners
are found at point of use throughout the Teacher
Edition and include additional suggestions in the
Teacher’s Unit Planner.

model Lesson 2
criteria Lesson 2

Diablo Canyon Power Plant

constraint Lesson 2

The Diablo Canyon nuclear power plant is the only nuclear power
plant still in operation in California. However, the manager of the
plant, the Pacific Gas and Electric Company, has decided not to renew
its license with the Nuclear Regulatory Commission, and will shut
down operations in 2024 or 2025. The documented environmental
impact has been that water intake at the plant draws in the larvae of
fish and other sea life, and that the heated water released damages
habitat in the near-shore environment up and down the coast.

tradeoff Lesson 2

Integrated ELD

MTSS Tier 2

Integrated ELD teaching strategies in this unit
include
Lesson 1 pp. 13, 23
Lesson 2 p. 37

The Diablo Canyon Plant is the
last nuclear facility remaining in
California.

Advanced/Gifted

Strategies for students who need extra
Carlsbad Desalination
Plantwho have mastered core
Strategies for students
support in this unit include
Seawater is a mixture
of various
salts
and
water. In order for the water
content
in this
unit
include
to be drinkable by humans, it must undergo a separation process
Lesson 1 pp. 17, 21, 25
Lesson 1 p. 13
called desalination to remove the salts. The largest desalination
Lesson 2 p. 33
facility in the United States is the Carlsbad Desalination Plant. It uses a
process called reverse osmosis to filter the water, producing about 50
million gallons of fresh water a day.

San Diego Crystallography Facility
1D

Unit 1 Measuring Matter and Energy

The Claude Lewis Carlsbad
Desalination Plant delivers
fresh drinking water to San
Diego County residents.

The University of California, San Diego Crystallography Facility in La
Jolla employs a process known as X-ray diffraction using state-of-theart instruments to determine the precise structure of a molecule. These
determinations are made for organic and inorganic compounds for
industrial, governmental, and academic laboratories. The purpose is to
carry out an X-ray diffraction analysis of a single crystal to determine the
identity of a compound, its structure, and bond distances and angles.

Environmental Principles
& Concepts
Principle I p. 17

Principle III pp. 15, 19

Principle II p. 33

Principle V p. 27

For additional support, see the California Education and the
Environment Initiative (EEI) Curriculum: Life and Times of Carbon.
© Houghton Mifflin Harcourt • Image Credits: (t) ©Lionel Hahn/AbacaUsa.com/NewsCom; (m) ©Lenny Ignelzi/
AP Images; (b) ©University of California, San Diego/2011 Regents of the University of California.
All rights reserved.

Advances in instrumentation
for x-ray crystallography have
been recently made.
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SEP 2; DCI PS3.A, PS3.D; CCC 5

•O
 nline Home Letters that teachers can send to
parents and guardians are included for each unit and
are available in English, Spanish, Filipino, Simplified
Chinese, Arabic, Hmong, Korean, Punjabi, Russian,
and Vietnamese.
• T ips and suggestions for supplementing the
instruction provide a Multi-Tiered System of
Support (MTSS).
SEP 2; DCI PS3.A; CCC 5
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Support for All Learners

As the temperature of a liquid or gas increases, its particles move more quickly and
collide more frequently. As a result, the substance expands and takes up more space. If
volume increases but mass does not, the density of a substance will decrease. This effect is
apparent in a two-story house. As you walk to the second floor, you may notice that the air
begins to feel warmer. This is because warmer air masses are less dense than cooler ones.
Because substances with lower densities float on those with higher densities, the lowerdensity warm air rises to the top of the house, while the higher-density cool air settles at
the bottom. The movement of air in this way is an example of a convection current.

Migrant Students and Students Living in Poverty Some
students might not have used an analog thermometer before.
Explain that a glass thermometer contains a narrow core that is
filled with alcohol and a red dye. Ask: Where is most of the liquid in a

Energy Transfer

Energy Transfer

CALIFORNIA

CALIFORNIA

Support for All Learners
Support for All Learners

Convection currents are responsible for many of the weather patterns we observe on
thermometer? Students should note that most of the liquid is in the
Earth. When the temperature of air near Earth’s surface increases, its density decreases. As
bulb. Ask: The thermometer is placed into a cup of ice water. How will
a result, the warm air rises to higher levels of the atmosphere, where the temperature is
An energy
transfer
is the passing
of energy
one object or location to another. You
Ancausing
energy
transfer is the passing of energy
onevolume
object
another.
You from The
lower. As the air cools, its particles slow down, so its density increases,
it to sink.
this from
affect the
ofor
thelocation
red liquidto
inside
the thermometer?
red
Convection currents can even be observed in the sun, where energyobserved
in the star’s core
observed
an energy
transfer
during
the
hands-on lab when energy released from the
an energy transfer during the hands-on
lab when
energy
released
from
the
liquid will contract.
drives the constant cycling of matter.

Tier 2 Use
an fully
example to help students more fully
MTSS Tier 2 Use an example toMTSS
help students
more
understand
the concepts
of conduction, convection, and radiation.
understand the concepts of conduction,
convection,
and radiation.
Sketch
on
the
board
or
show
students a photo of a pot of water
Sketch
on
the
board
or
show
students
a
photo
of
a
pot
of
water
Environmental
Principles
& Concepts
MODEL
Draw
a diagram
the soda
can
calorimeter as a system with energy inputs and
as a system
withofenergy
inputs
and
2 calorimeter
2 MODEL Draw a diagram of the soda can
heatingwhere
over a conduction,
fire. Ask them to identify where conduction,
III Traditionally,
houses
have
been
designed
take of energy from the chemical reaction.
heating over a fire. Ask them to identify
represented
by arrows
showing
the to
transfer
Using Density to Measure Temperatureoutputs represented by arrows showingPrinciple
theoutputs
transfer
of energy from
the
chemical
reaction.
advantage
of
the
tendency
for
cool
air
to
sink.
Ask
students
to
onand
theelectromagnetic
diagram for chemical,
thermal, sound, and electromagnetic energy,
Include labels on the diagram for chemical, Include
thermal,labels
sound,
energy,
convection,
and radiation
are occurring.
Students should note that
Another type of thermometer is a Galileo thermometer. A Galileo
convection, and radiation are occurring.
Students
should note
that
Galileo thermometer
explain
this might
affecteach
features
and
specify
whether
is a such
formasofstorage
kineticcellars,
or potential energy.
thermometer consists of a cylinder filled with a clear liquid. Several
and specify whether each is a form of kinetic
orhow
potential
energy.
glass bulbs of different densities float in the liquid. Each glass bulb is
chimneys, and attic windows.
the the
transfer
of thermal energy from the fire to
radiation occurs in the transfer ofradiation
thermal occurs
energyinfrom
fire to
connected to a metal weight indicating the temperature at which it
will sink. The lowest-floating bulb indicates the current temperature.
the
pot.
Convection
occurs
with
the
transfer
of thermal energy from
the pot. Convection occurs with the transfer of thermal energy from
APPLY Select the correct terms to complete the statement.
Explore Online
thetowater
at theatbottom
the water at the bottom of the pot
the water
the topofofthe
thepot to the water at the top of the
When the temperature outside increases, the temperature of
the clear liquid in the thermometer also increases. Therefore, the
pot. Conduction
the the
transfer of thermal energy from the
pot. Conduction occurs in the transfer
of thermal occurs
energyinfrom
Exploring Visuals
kinetic energy of the particles of the liquid decreases | increases
and the space between particles decreases | increases. As a result,
Galileo Thermometer Students can watch a video showing how
outside
outside of the pot to the inside the
pot. of the pot to the inside the pot.
the density of the liquid decreases | increases. As the temperature
burning
of the
food
burning of the food was transferred to the water
in the
soda
can.was transferred to the water in the soda can.

Energy and Matter

Explore Online

FIGURE 11:
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higher | lower densities than the clear liquid will begin to sink.

Environmental
Principles & Concepts
Environmental Principles
& Concepts

When temperature of the clear liquid decreases, its density will
decrease | increase, so more bulbs will begin to float.

FORMATIVE ASSESSMENT
One-Sentence Summary Have half the class write one-sentence
How and
different
types of matter reflect and absorb
summaries of what they learned about transformations between
How different types of matter reflect
absorb
potential and kinetic energy, and have the other half of the
radiation
is called
albedotend
effect. Materials that are white tend
radiation is called the albedo effect.
Materials
that the
are white
class write one-sentence summaries of what they learned about
how kinetic energy, temperature, and density are related. Have
to reflect
radiation,
while
materials that are dark tend to absorb
to reflect radiation, while materials
that are
dark tend
to absorb
students
share
their summaries.
Thermal
energy
canorberadiation.
transferred
by conduction,
convection, or radiation. Conduction is
Thermal energy can be transferred by conduction,
convection,
Conduction
is

Principle I

Because some physical qualities such as density may change under different temperatures
and pressures, we must know the conditions under which those qualities were measured
in order to compare them. Scientists use a standard temperature and pressure, referred
to as STP, to standardize measurements. At STP, air pressure is 1 atmosphere (atm) and
temperature is 0 °C (273 K). An atmosphere is the average atmospheric pressure at sea
level at 0 °C. Most tables of physical quantities you will see are given at STP.

Principle I

radiation
and heat
up. Have
students
radiation and heat up. Have students
research
the albedo
effect
of research the albedo effect of
polarhow
ice the
caps.
Ask them
toisdescribe
polar ice caps. Ask them to describe
albedo
effect
related how the albedo effect is related
to
global
temperatures.
They
should
infer how a change in the
to global temperatures. They should infer how a change in the
is theatransfer
of energy
through
Convection is the transfer of energy throughConvection
currents within
fluid, such
as a liquid
or currents within a fluid, such as a liquid or
effect at
the poles might affect human communities.
gas. For
example,
air is
affect human
communities.
a gas. For example, warm air 19
is generally lessadense
than
cool airwarm
and will
begenerally
pushed less dense than cool air and will be pushed albedo effect at the poles might albedo
the transfer
ofor
energy
objects or
substances
collide or touch. For example, when a
the transfer of energy when objects or substances
collide
touch.when
For example,
when
a

Evidence Notebook Think back to the water you used in the calorimetry lab. In your Evidence

Lesson 1 Investigating Matter and Energy

when
of the
cooler
air causes it to sink. The resulting motion produces
up when the density of the cooler air causesup
it to
sink.the
Thedensity
resulting
motion
produces
convection
currents
transfer
thermal
convection currents that transfer thermal energy
throughout
thethat
fluid.
Radiation
is theenergy throughout the fluid. Radiation is the
Lesson
1 Investigating waves.
Matter and Energy 19
transfer
of energy
by
electromagnetic
transfer of energy by electromagnetic waves.
Electromagnetic
waves
can travel through Electromagnetic waves can travel through
matter
and reaches
throughthe
empty
space.
Energy from the sun reaches the Earth by radiation.
matter and through empty space. Energy from
the sun
Earth
by radiation.
2
of matter
reflect
and absorb radiation to greater or lesser degrees.
Different types of matter reflect and absorb Different
radiation types
to greater
or lesser
degrees.
6/18/2018 4:55:55 AM
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Notebook, draw a diagram to illustrate how the kinetic energy of the water molecules changed
pot in
touches
a hot
stove,with
the the
particles
metal
pot
a hot stove, the particles metal
of matter
the metal
collide
faster-of matter in the metal collide with the fasteras energy in the form of heat caused the temperature of the water to increase.
Then,
writetouches
an
particles
in the
stove, to
and
energy is transferred from one particle to another.
explanation for how this increase in kinetic energy affects the density ofmoving
the water. particles in the stove, and energy is moving
transferred
from one
particle
another.

y

3

2

the glass bulbs will rise or sink with a change in temperature.

of the liquid in the tube continues to increase, glass bulbs with

y • Image Credits: (tl) ©marilyna/iStock / Getty
otodisc/Getty Images
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ANALYZE Think back to the snack food calorimeter. Describe an example of each of

drawing
should
show
transfer from the food to its
2 Each
Each drawing should show energy
transfer
from
the food
toenergy
its
including
from
the food to the can. It should also
surroundings, including from thesurroundings,
food to the can.
It should
also

A 12-year science educator and Albert Einstein Distinguished Fellow,
Bernadine Okoro was one of the original authors of the Next Generation
Science Standards. As a member of the Diversity and Equity Team, her
focus on alternative education and community schools and on integrating
social-emotional learning and brain-based learning into NGSS is the
vehicle she uses to support underserved groups from elementary school
tobeadult
education.
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Supporting All Students, All Standards

CALIFORNIA

Integrated ELD

Combining Units
You can express mass using a single unit. However, what if you wanted to know how the
mass of a substance compares to its volume? Additional units of measure can be made by
combining the base SI units into compound units known as derived units.

Explain to students that the Kelvin scale was developed because
temperature is a measure of the thermal energy in a substance.
Because it is impossible to have negative thermal energy, it is
sometimes necessary to describe temperature using only positive
numbers. Point out that a Kelvin measurement is never a negative
number, and explain that this is the meaning of absolute zero.

Professional
Development

Integrating the Three Dimensions

Go online to view Professional Development videos with strategies
to integrate CCCs and SEPs, including the ones used in this lesson.
When you look at the label on a drink, you might see units of
A liquid poured into a thin
In this lesson, students explore energy measurement
in an everyday
chemical
such as milliliters. These units indicate the volume of
cylinder forms a curved upper surface
the liquid. Volume is the amount of space occupied by an object.
called a meniscus .
process by performing an experiment in
which
they
measure
The units
used to express
the volume
of solids are basedthe
on length.
Volume can be described in terms of cubic meters (m ), the amount
of space occupied by a cube that measures one meter on each
changes in energy content of food samples
and then analyze and
edge. A common unit of liquid volume is the liter (L), which is equal
Support for All Learners
to 1000 cubic centimeters (cm ). Therefore, 1 milliliter (mL) equals
interpret data (SEP Developing and Using
Models,
DCI PS3.A,CCC
1 cubic centimeter
(cm ).
Advanced/Gifted Have students demonstrate the scale of certain
When measuring the volume of a liquid, it is important to read
volumes. Challenge a pair of students to construct a cubic meter with
Energy and Matter). Students will usethetheir
knowledge
of upper
chemical
meniscus correctly.
The meniscus is a curved
surface of
to quantify electrical and thermal energy and
At the heart of
chemistry, which is the study
liquids in thin cylinders. The curve forms due to adhesion between
1 m edges. Have a student bring to class an object that has a cubic
liquid and the cylinder. To read volume correctly, record the
properties of substances (DCI PS1.B) asthe
well
as
dimensional
analysis
centimeter
of volume,
suchprocess
as a sugar cube,
of
matter
and
energy,
is the
ofand another student to showed that energy is conserved with each
volume that corresponds to the bottom of the meniscus. For
example, the volume shown in Figure 6 is 40.0 mL, not 41.0 mL.
bring an object that is a cubic millimeter, such as a grain of salt.
(SEP Using Mathematics and Computational
Thinking) to analyze
transformation.
quantifying matter and energy and measuring
The volume of a rectangular solid, such as a block of wood, is the
product of its length, width, and height. To determine the volume
data using SI units of measurement (CCC
Patterns).
Students
use the
of an irregular
solid, such as a rock,
the method of displacement
the transformations
that occur in matter and
Math Connection
is used. This method involves submerging the object in a known
Central to these fundamental themes of
of liquid. The difference in the volume of liquid before and
kinetic model to explore the transfer ofvolume
energy
in everyday processes,
Be sure students
understand that
volume is
the product of length,
energy in chemical
reactions.
In fact,
chemistry
after the object was inserted equals the volume of the object.
width, and height. When length, width, and height are changed by chemistry is the practice of making careful
SOLVE Use in
Figureand
7 to calculate
the answers
needed to complete these statements.
and consider how energy and matter2move
out
of systems
only became aafactor
serious
pursuit
of 10, thescientific
volume is changed
by a factorwith
of 1000. Ask: How
The volume of object A is _______ cm . The volume of water displaced by object B is
measurements. In science, every measurement
many
cubic
centimeters
would
fit
into
a
cubic
meter?
100
cm
×
100
cm
(SEP Develop and Use Models, DCI PS3.A).
the
_______ mL, Students
so the volume of objectend
B is _______
mL. lesson
the development and use of instruments for
× 100 cm = 1 000 000, or 1 × 10 cm Ask: How many cubic decimeters has two parts: a number and a unit. When
by performing calculations involving conversion factors, and analyze Two methods measuring mass,
would fit
into a cubic
dm × 10 dm × 10 dm = 1 000, or 1 × 10
such
as meter?
the 10foundational
for measuring the volume
dm . Ask: How many cubic millimeters (such as single crystals of table analyzing data and performing calculations,
of a solid are shown . For
data using significant figures and scientific notation (SEP Analyze regular solids, volume can bework by the Antoine
Lavoisier.
salt) would fit into
a cubic meter?By
1000carefully
mm × 1000 mm × 1000 mm =
calculated using a formula and
you must factor in the number and the unit,
measurements . For example,
1 000
000 000,
× 10 cm . (MP.2)and their
and Interpret Data, DCI PS1, CCC Energy and Matter).
measuring the
mass
ofor 1reactants
the volume of this regular solid
whether explicitly or implicitly. The practice of
is the product of its length,
height, and width . For irregular
products, Lavoisier discovered the principle of
solids, the displacement
CCC Scale, Proportion, and Quantity
performing calculations using measurements,
method is used . Note that if
the conservation
of mass. In the decades that
the displacement method was
3.5 cm
Ask: If object A in Figure 7 was placed in a cylinder of water, how much in which the number and the unit are both
used for the regular solid, the
amount of water displaced
1.2 cm
would be displaced?of
Students
should note learned
that the displaced
followed, newwater
generations
scientists
cm
would be equal to the
Have students complete the unit pretest or2.0see
the Assessment Guide.
calculated volume of the block .
water would be the same as the calculated volume of the prism: 8.4 mL.involved, is called dimensional analysis.
Measuring Volume

FIGURE 6:

Embedding teacher support at point of use ensures teachers are
able to provide technical and academic vocabulary support and
language skills for EL students. Integrated ELD features are found
throughout the Teacher Edition.
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Integrated ELD

Language Development

CALIFORNIA2

Lesson 1 Investigating Matter and Energy

In this lesson, students will build on what they learned about energy
in middle school science. They will also apply what they have learned
about multiplying fractions in math to dimensional analysis. You may
want to review the following concepts about energy:
CHE_CCAESE896131_U01L01EXP2.indd 13

• Energy is the ability to cause changes in matter, such as changes in
motion, physical changes, and chemical changes. There are many
forms of energy, but they can all be classified as types of kinetic
energy and potential energy.
• Kinetic energy is the energy of motion. The more massive an object
is, and the faster it Is travelling, the more kinetic energy it has.
• Potential energy is the stored energy an object has. This can be
stored energy as a result of an object’s position, or this can be its
chemical composition.

13

Using the Chart As you encounter a highlighted vocabulary term
within the unit, direct students to fill in the corresponding columns
in the summary chart. Students should always fill in the Definition
column, but they need not fill in all others. Students can write a
cognate from their home language in the Similar Term column.
Students whose home language is English can fill in a synonym or
word with the same root (such as atomic for the word atom). Accept
all reasonable answers.

TERM: potential energy
Example

Definition

Remind students that one cubic centimeter is the same measurement
as one milliliter.

Build on Prior Knowledge

The summary chart graphic organizer allows students to practice
using unit vocabulary to make meaning and to communicate clearly.
The chart shown, which is continued on the next page, may not
include every unit vocabulary term.

Use the lessons in this unit to complete the chart and expand your
understanding of the science concepts.

Similar Term

Phrase

8.4; 5.5

6/21/2018 9:10:29 PM

Lesson 1 Investigating Matter and Energy

Support for All Learners

TERM: kinetic energy

13

INTEGRATED ELD

CONNECTION TO ELD STANDARDS

Phrase

Students can explore all vocabulary terms in the Online Glossary. A
multilingual glossary is also available online.

TERM: accuracy
Example

Definition

• SI system

• conversion factor

• mole

• accuracy

• Avogadro’s number • precision
• potential energy

• significant figures

• kinetic energy

• scientific notation

Additional support for English Language
Development and the leveled learning needs of
California’s diverse populations can be found in the
lesson pages of this Teacher Edition.

Have students use the vocabulary terms to write
a series of sentences that compare a handful of
wood with a handful of coal. Have students share
their sentences with a partner and evaluate each
other’s sentences. Students should try to persuade
their partners about the merits of their sentences
and negotiate to identify a set of the most accurate
sentences. PI.C.11, PII.C.6

If desired, hand out to students a blank summary chart. Provide
the starting words or have students select their own from the list of
unit vocabulary. Work with students to complete the charts for each
word. You may also ask students to work in pairs and then share and
compare their work with that of their classmates.

Example

Definition

Similar Term

© Houghton Mifflin Harcourt Publishing Company

Preassessment
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Similar Term

SAMPLE ANSWERS
potential energy: stored energy associated with the position, shape,
or condition of an object; chemical energy; energía potencial; Lifting
an object increases its potential energy.

Phrase

kinetic energy: energy associated with the motion of an object;
thermal energy; energía cinética; The kinetic energy of a ball rolling
down a hill increases if its speed increases.

TERM: precision
Definition

Similar Term

Example

accuracy: the closeness of a measurement to the correct or accepted
value of the quantity measured; a measurement close to 5 grams for
an object known to have a mass of 5 grams; exactitud; Avoiding errors
in measurement technique can increase accuracy.

Phrase

Unit 1 Measuring Matter and Energy

CHE_CCAESE896131_U01ELD.indd 3
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precision: the closeness of a set of measurements of the same
quantity made in the same way; several measurements of the mass
of an object having similar values; precisión; Measurements can have
good precision but still not be accurate.

6/14/2018 4:51:44 AM

Unit 1 Measuring Matter and Energy

3

Unit 1 Measuring Matter and Energy

In addition to Integrated ELD support, Chemistry in the Earth System provides a Designated ELD
in Your Science Classroom worktext. Teachers help students unpack sentences and understand
academic vocabulary while analyzing the language patterns of science.

Designated ELD Resources Include:
• Word Network
• Vocabulary Cards for each lesson

Chemistry in the Earth System

mistry
ystem

Instructional Support for Designated ELD in Your Classroom

Chemistry
Earth
System

in the

• Blank Vocabulary Cards for students to create their own study words
• Sentence Frames for class discussion of:
• Hands-On Labs
• Claims, Evidence, and Reasoning
• DCIs, SEPs, and CCCs
• L anguage X-Rays for each lesson, including Vocabulary Building
support and Unpacking the Text
• Bibliography of recent research on ELD topics

99862

3
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California HMH Science Dimensions Chemistry in the Earth System is built to engage
1.2
students
through the same process scientists use to explore the physical
world.
Build
on Prior Lessons
Your students will learn to develop and conduct hands-on investigations,
make
In Lesson
1, students learned about making measurements of matter.
Identifying
Physical
and
Lesson
2
builds
claims, identify evidence, and analyze data—in short, to take charge of and fully on these concepts as students explore identifying
physical
and“File
chemical
NOT Matter
EDIT--Changes must be made
through
info”properties of matter.
Chemical
PropertiesDO
of
engage
in their learning!
CorrectionKey=CA-A

Lesson Objective
Students construct explanations about how properties of materials
influence the way they are used.
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Cultivating Student Questions
how many Calories are in each
of the ingredients you use to
make a meal.

Thing Explainer: How to
Count Things . . . . . . . . . . . . . . . 52
Unit Performance Task . . . . . . . 56
Unit Practice and Review . . . . . 57

actually a
energy in the food. A food Calorie is
The Calorie is a measure of the stored
of water
to raise the temperature of 1000 grams
kilocalorie, or the amount of heat needed
though? Chemists
how much energy is stored in food,
1 °C. How can scientists determine
make
the relationships between them. They
study matter and energy to understand
use this data
describe these relationships. You can
measurements and collect data to
chemical energy of
relationships, chemists measure the
every day. By understanding these
diet.
is in a serving can help you plan a healthy
foods. Knowing how much energy
and qualitative observations can be
PREDICT What quantitative measurement
energy?
about the interactions of matter and

3D Learning Objective

made

that come to mind about properties of the spoon and how these
properties affect the spoon’s function. Record the questions on
chart paper, and then sort the questions based on their focus. Have
students reflect onClassroom
this list
throughout the
lesson
Management
Suggested
Resources and check off
questions as they are answered.

Students perform an engineering design project in which they design, test, and
optimize homemade toothpaste.

Students design and produce a homemade toothpaste. They test its whitening capability
by using it to clean a coffee-stained tile that serves as a model for teeth. Based on these
results, students then optimize their design by adjusting the toothpaste ingredients.

DRIVING QUESTIONS

evidence to help you answer the following
As you move through the unit, gather
these topics
record what you already know about
questions. In your Evidence Notebook,
them.
and any questions you have about
energy, and how are they measured?
1. What are some different forms of
be measured and described?
2. How can various properties of matter
temperature or
energy of a substance as it changes
3. What happens to the particles and
changes state?

UNIT PROJECT

Optimizing Toothpaste

power? Design and produce a homeWhat gives a toothpaste its whitening
capability by using it to clean a
made toothpaste. Then test its whitening
as a model for teeth. Based on these
coffee-stained tile, which will serve
the toothpaste ingredients.
results, optimize your design by adjusting
2

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

Explosions are chemical reactions that release a lot of energy. If
tightly controlled, these reactions can accomplish many things,
such as taking down an unused building in under thirty seconds.

Unit 1 Measuring Matter and Energy
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NGSS Focus

This project supports building student mastery of Performance
Expectations HS-ETS1-1 and HS-ETS1-2. Students will design a
homemade toothpaste by first analyzing the real-world problem of
a need for toothpaste and then breaking the problem down into
smaller, more manageable problems that can be solved through
engineering. Then students will test the toothpaste and optimize the
design by altering the ingredients to increase its whitening power.

Build on Prior Lessons

2

Small Groups

1–2 class periods

Suggested Materials

• See the procedure for detailed materials list for the lab.
• baking soda
• salt

Science and Engineering Practices

Can You Explain It?

• Planning and Carrying Out Investigations
• Analyzing and Interpreting Data
• Designing Solutions
measurements
of matter.
• Obtaining, Evaluating, and Communicating Information

In Lesson 1, students learned about making
Lesson 2 builds on these concepts as students explore identifying
Disciplinary Core Ideas
physical and chemical properties of matter.
• PS1.A Structure and Properties of Matter

• American Dental Association:
describes common ingredients in
toothpaste and identifies those
that are often allergens and special
considerations for toothpaste
ingredients for small children

• Local dentists and orthodontists as
well as national health organizations

• glycerine

• peppermint flavoring

Safety

Go Online
• Go online to download the teacher
version of the student worksheet
for this unit project, which includes
additional questions, sample answers,
and additional scaffolding to help
students use claims, evidence, and
reasoning to support their conclusions.

The Investigative Phenomenon is the focus of the lesson. Students

• ETS1.A Defining and Delimiting Engineering Problems
• ETS1.B Developing Possible Solutions

• Remind students that normally they should never eat
or drink any materials used in an investigation. In this
project, however, tasting the toothpaste is part of the

design process. Caution them to taste the toothpaste
You buy your take-out lunch and pick up a plastic spoon. After lunch, you throw out
• ETS1.C Optimizing
the Design
Solution
are
asked
to record their
initial thoughts about what properties a
only with your permission—and only a small amount
Lesson Objective
Crosscutting Concepts
should be tasted.
the spoon. It may take hundreds of years for that spoon to degrade in a landfill. Even
• Systems and System Models
•
Because
students will be tasting their toothpaste,
Students construct explanations about how properties
of Function
materials
• Structure and
spoon
must
have
and
what
additional properties an edible spoon
caution
them
not
to use any materials in its design
biodegradable plastics made from corn starch do not break down easily. They require influence the way they are used.
• Influence of Engineering, Technology, and Science on Society and
that have not been approved by you.
the Natural World
controlled composting facilities that aren’t readily available. But now, edible spoons may
must have. Students will collect evidence related to this phenomenon
solve the plastic-waste problem. Edible utensils are made of grains—rice, wheat, and
Cultivating Student Questions
throughout the lesson and revisit the question at the end of the
sorghum—with a little salt, sugar, and spice added for flavor. They taste like crackers. AndHave students look at the photo. Prompt them
to 1ask
all questions
1H Unit
Measuring
Matter and Energy
if you are too full after lunch to eat your spoon, it will degrade within a few days.
that come to mind about properties of the spoon and how lesson
these
to use what they have learned to explain how the properties of

properties affect the spoon’s function. Record the questions on

1

materials
influence the ways we use them and what we use them for.
chart paper, and then sort the questions based on their focus.
Have
PREDICT What properties do you think a spoon must have for it to be useful as an eating
students reflect on this list throughout the lesson and check off
tool? What additional properties must an edible spoon have?
questions as they are answered.

2

Edible spoons are a healthy, nutritious, and eco-friendly alternative to plastic.

food so it can be held. Edible spoons must be stable and not fall
apart before the meal is finished. They must also taste good.

are asked to record their initial thoughts about what properties a
spoon must have and what additional properties an edible spoon
must have. Students will collect evidence related to this phenomenon
throughout the lesson and revisit the question at the end of the
lesson to use what they have learned to explain how the properties of
materials influence the ways we use them and what we use them for.

You buy your take-out lunch and pick up a plastic spoon. After lunch, you throw out
the spoon. It may take hundreds of years for that spoon to degrade in a landfill. Even
biodegradable plastics made from corn starch do not break down easily. They require
controlled composting facilities that aren’t readily available. But now, edible spoons may
solve the plastic-waste problem. Edible utensils are made of grains—rice, wheat, and
sorghum—with a little salt, sugar, and spice added for flavor. They taste like crackers. And
if you are too full after lunch to eat your spoon, it will degrade within a few days.

investigative
phenomenon—a
problem
to solve
Evidence Use
evidence from your
data and calculations to
support your
claim. or

PREDICT What properties do you think a spoon must have for it to be useful as an eating
tool? What additional properties must an edible spoon have?

Evidence Notebook As you explore this lesson, gather evidence to explain how the

2

1

can hold soup and other foods. It must stay relatively cool in hot
food so it can be held. Edible spoons must be stable and not fall
apart before the meal is finished. They must also taste good.

Students
focus on properties that might influence the
2 to
motivation
spark may
curiosity.

properties of materials influence what we use the materials for and the ways we use them.

Evidence Notebook As you explore this lesson, gather evidence to explain how the

2 them.
Identifying
properties of materials influence what we use the materials for andLesson
the ways we use

© Houghton Mifflin Harcourt Publishing Company
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development of edible utensils, such as taste, digestibility,

• S tudents gather
evidence
to work
towards
resolving
reactivity
with food,
and ability
to break
down in landfills
development of edible utensils, such as taste,
digestibility,
the
phenomenon.
if
discarded.
The
evidence
collected
should
reflect an
reactivity with food, and ability to break down in landfills

Evidence Notebook

Physical and Chemical Properties
ofmay
Matter
31
focus on properties
that might influence the
2 Students
31

Lesson 2 Identifying Physical and Chemical Properties of Matter

Print Student Edition
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discrepant
to you
explain.
Reasoning Explain
how theevent
evidence
cited supports your claim. In addition, discuss
possible reasons for differences between your measurements and the Calorie values
Evidence
Notebook
• beThe
investigative
phenomenon provides intrinsic
Students should
recognize
thatthe
a spoon
must
curved
so thatfor
it
shown
on
nutrition
label
each food.
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Investigative
Phenomena
Every
should recognize Lead
that a spoon
mustLesson
be curved so that it
1 Students

DRAW CONCLUSIONS

ClaimIt?How much energy per gram did each snack food contain? How do your findings
Can You Explain
can
hold soup and
foods.
It must stay relatively cool in hot
Each
lesson
begins
Canother
You
Explain
The Investigativecompare
Phenomenon iswith
the focus
of thevalues
lesson.
Students
the
shown
on thewith
food labels
for
these
foods? It?, an

CAN YOU EXPLAIN IT?

© Houghton Mifflin Harcourt Publishing Company • Image Credits: ©HMH

© Houghton Mifflin Harcourt Publishing Company • Image Credits: ©HMH

Lesson 2: Identifying Physical
and Chemical Properties . . . . . 31
Unit Connections. . . . . . . . . . . . 51

Have students
look at the photo. Prompt them to ask all questions
Optimizing
Toothpaste

Edible spoons are a healthy, nutritious, and eco-friendly alternative to plastic.

Physical and
Chemical Properties of Matter

Lesson 1: Investigating
Matter and Energy . . . . . . . . . . . 5

Overview
and Planning
water in the soda
can calorimeter.

SEP 1, 6; DCI LS2.B.2; CCC 5

CAN YOU EXPLAINIdentifying
IT?

Measuring Matter
and Energy

FIGURE 1: Food labels show
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Each Unit Project focuses on an anchor phenomenon and
is a performance-based activity that spans multiple class
DO NOT EDIT--Changes
must be made through
info” Dimensions of Learning
periods
and incorporates
the“File
Three
CorrectionKey=CA-A
addressed in the unit lessons. In the Teacher Edition, colorcoded labels
show how the three dimensions are incorporated
LESSON 2 Engage • Explore/Explain • Elaborate • Evaluate
into the Unit Project.
ENGAGE: Investigative Phenomenon

if discarded. The evidence collected should reflect an
understanding of properties of matter.

understanding of properties of matter.

•D
 ata analysis leads students to critically construct
31
Lesson 2 Identifying
Physical
explanations
of how and
why. and Chemical Properties of Matter 31
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Lesson 2 Identifying Physical and Chemical Properties of Matter

Evidence Notebooking to Strengthen
Scientific Writing Skills
Chemistry in the Earth System supports the use
of Evidence Notebooks.

The program is built around active learning. Students
are asked to:
3

•H
 elpful prompts throughout the lessons guide
students on when to use their notebooks.
•O
 rganization of data, claims, and student
conceptualization in context of the phenomenon
being explored is encouraged.

EXTEND

• Solve problems or explain phenomena

How do you think
results
of this investigation
would have and
been provide
different if you had
• the
State
claims,
gather evidence,
used salt water? If time allows, write a procedure in your Evidence Notebook describing
explanations
through
reasoning
how you could investigate
this question.
With your
teacher’s permission, carry out your
procedure, and analyze your results.

4

Evidence Notebook Based on what you have learned so far, how would you measure the

amount of energy contained in the world’s largest glutinous rice cake?

• I ntegrated writing allows students to experience
data gathering and analyses like scientists.
4

UNIT 1

Unit
Project
3. Draw a diagram
showing
how you think energy was transferred from the food to the

CHE_CCAESE896131_U01L01EXP1.indd 9
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Online Student Edition Evidence Notebook Prompt

Hands-On Investigation
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Hands-On Lab

Snack-Food Calorimeter
If a food label says one serving of food is 29 grams, you could use a balance to measure
that amount of food. But if the same label stated there were 300 Calories in a serving,
how could you verify that value? A calorie is the amount of energy required to raise the
temperature of one gram of water by one degree Celsius. So, to measure calories, energy
from a food sample must be released and transferred to water. The tool that scientists
use to measure energy released by food is called a calorimeter. In this investigation, the
primary materials available for constructing a calorimeter are a soda can, a ring stand,
water, and an evaporating dish.

Real-World Labs for Real-World Issues
• S tudents analyze a major global challenge by
understanding society's needs and the resources
available to meet those needs.

Research Questions: How can you use the materials provided to measure the amount of
energy released by different types of food? Which food has the most Calories?
MAKE A CLAIM

In your Evidence Notebook, predict how you could use the materials shown to release the
energy in a food sample and measure the amount of energy that is transferred to a sample
of water. Then, predict which food will have the most calories. Explain your thinking.
MATERIALS

• indirectly vented chemical
splash goggles and nonlatex
apron

• S tudents build science and engineering understanding
using a variety of practices in investigations,
experiments, and project-based experiences.

• balance
• evaporating dish
• graduated cylinder, 100 mL
• matches or propane lighter

• ring and clamp

• thermometer

• ring stand

• thermometer clamp

• snack foods with nutrition
• three-finger clamp
labels, 2 types (cheese puff,
• water
marshmallow, dry cereal, etc.)
• weighing boat or
• soda can
weighing paper (2)
• spatula
• wire gauze

SAFETY INFORMATION
© Houghton Mifflin Harcourt Publishing Company
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• Students
act as“File
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citizens who engage in
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investigation and reflect upon their experience to
deepen their understanding of its role in science.

• Wear indirectly vented chemical splash goggles and a nonlatex apron during the setup,
hands-on, and takedown segments of the activity.
• Notify your teacher of any food allergies, and never taste any substance used in a lab.
• Secure loose clothing and tie back hair. Never leave a lit object unattended.
• Immediately wipe up any spilled water on the floor so it does not become a
slip/fall hazard.
• Use only GFI protected circuits when using electrical equipment, and keep away from
water sources to prevent shock.
• Wash your hands with soap and water immediately after completing the activity.

EXPLORATION 2

indirectly vented
chemical splash
goggles

Lesson 1 Investigating Matter and Energy

Using Units of Measurement

7

Print Student Edition
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be made
through “File info”
Clear
communication
is a critical aspect of all scientific investigation. In

FIGURE 3: The
Mars Climate
CorrectionKey=CA-A
Orbiter was lost due to a
miscommunication about
units of measurement.

1999, a miscommunication about units of measurement had devastating
consequences for NASA’s Mars Climate Orbiter. Part of the landing system was
programmed to transmit information in one unit of measurement, and the
EXPLORATION 2
intended receiving component was programmed to receive information in a
different unit of measurement. The resulting miscalculation caused the Orbiter
Using Unitstoof
Measurement
pass
too close to Mars and to disintegrate in the planet’s atmosphere. The
mathematical mistake cost $125 million, and no data were collected.

Cultivate Collaboration
Working as a team is an essential part of developing
21st-century skills. Chemistry in the Earth System provides
ample opportunities for students to:

Clear communication is a critical aspect of all scientific investigation. In
1999, a miscommunication about units of measurement had devastating
Collaborate
consequences for NASA’s Mars Climate Orbiter. Part of the landing system was
programmed to transmit information in one unit of measurement, and the
intended receiving component was programmed to receive information in a
different unit of measurement. The resulting miscalculation caused the Orbiter
to pass too close to Mars and to disintegrate in the planet’s atmosphere. The
mathematical mistake cost $125 million, and no data were collected.

FIGURE 3: The Mars Climate
Orbiter was lost due to a
miscommunication about
units of measurement.

What is another situation where clear communication about
measurements would be vital?

• Participate in groups to complete activities
• Partner with their peers to discuss their findings

Standardizing Collaborate
Measurements
What is another situation where clear communication about
measurements would be vital?

•C
 ollaborate as they practice the goals of literacy in
science (purposeful reading, writing, speaking, and
listening to strengthen science understanding)

In order to communicate clearly with each other, scientists rely on a standardized system

Print Student Edition

DO NOT EDIT--Changes must be made through “File info”
CorrectionKey=CA-A of measurement. In 1960 scientists established a standard set of units based on the metric

Standardizing Measurements

system called the Système International d’Unités (French for the International System of Units),
In order toThis
communicate
clearly
with eachbase
other, scientists
relydescribe
on a standardized
systemquantities that have
or the SI System.
system
includes
units to
physical
of measurement. In 1960 scientists established a standard set of units based on the metric
key importance
in scientific
measurements.
system called
the Système International
d’Unités (French for the International System of Units),
or the SI System. This system includes base units to describe physical quantities that have

mass in grams (g). And, many nutrition labels list amounts in milligrams (mg).
Use these opportunities for informalreported
science
learning to provide local context andBecause
to extend the metric system is based on powers of 10, quantities can easily be converted
and enhance unit concepts.
from one unit to another. The base units shown in the table below are grams, meters, and

amount of food per serving listed on the label. Then have students work in
1000
100
pairs to combine their lists and together convert the description of each
type of food to another unit, showing their calculations. Use with Lesson 1.

Kilo (k)

Hecto (h)

10

Deka (dk)

g, m, L

1/10

Base Unit

1/100

Deci (d)

1/1000

Centi (c)

To convert a quantity such as 5 kilograms to grams, you could multiply by 1000 or move the

In the Community
1000 decimal to the
100right three places10
g, m, Lzeros. To convert
1/10a quantity such1/100
and fill in the necessary
as

Collaborate

© Houghton Mifflin Harcourt Publishing Company • Image Credits: ©Detlev van Ravenswaay/Science
Source

Because the metric system is based on powers of 10, quantities can easily be converted
from one unit to another. The base units shown in the table below are grams, meters, and
liters, abbreviated g, m, and L. Prefixes such as kilo- and milli- are added to the name of
At Home liters, abbreviated g, m, and L. Prefixes such as kilo- and milli- are added to the name of
the base unit to communicate the size of the quantity. For example, 1 kilometer is equal to
FOOD UNITS Point out to students that various units of measurement
thedifferent
base
unit
to
communicate
of theof quantity.
For example, 1 kilometer is equal to
1000
meters,
and
milligram
equalsize
to 1/1000th
a gram.
are used to describe
types
of
foods,
depending
on 1
which
is most isthe
convenient. In addition, units may differ for different countries. Have
1000 meters, and
1 milligram
is equal to
1/1000th
of a gram.
students make a list of five different foodsKilo
in their
copy
(k) home and
Hecto
(h)the Deka (dk)
Base Unit
Deci (d)
Centi (c)
Milli (m)

LOCAL TEMPERATURES Have students look at local weather sources or an online weather
8 milligrams to grams, you would divide by 1000 or move the decimal to the left three places
service to find the average high and low temperatures for the area each year as well as the
Opportunities for students to work collaboratively in this unit:
fillarea
in the
necessary
zeros.
historical high and low temperaturesand
for the
in Fahrenheit
degrees.
Then have them show

Milli (m)
1/1000

To convert a quantity such as 5 kilograms to grams,
couldp.multiply
by 1000 or move the
Assessing you
Prior Knowledge
32
8 mg = 0.008 g
p. 20 zeros. To convert a quantity such as
decimal to the right three places and fill in the Discussion
necessary
8Problem
milligrams
to grams, you would divide by 1000 or move the decimal to the left three places
Solving
ENERGY OF ETHNIC
FOOD Have
students work in pairs to research and identify a popular food
choice from a cultural background different from their own. Then have them estimate the amount
and fill in the necessary zeros.
of food in one serving of the dish and calculate the amount of energy per serving the food
their calculations as they convert each temperature to Celsius and Kelvin.
5 kg = 5000 g
Use with Lesson 1.

Culture

SOLVE Write the correct quantity for each conversion.

contains. If feasible, invite students to share foods from their home culture at a family night at the
school.
1. 38 000 kg =
g
3. 4.3 mL =
Use with Lesson 2.

5 kg = 5000 g

2. 6.5 m =

mm

4. 0.02 km =

Problem Solving
10

1. 38 000 kg =

cm

Opportunities to connect to other content areas in this unit:
Engineering Design Connection p. 10

Use these letters to engage family members with unit concepts.

g

Math Connection pp. 6, 8, 10, 13, 14, 21, 26
Medical Science Connection p. 35

3. 4.3 mL =

© Houghton Mifflin Harcourt • Image Credits: (l) ©FatCamera/E+/Getty Images; (r) ©Jessica Peterson/Rubberball Images/Media Bakery

2. 6.5 m =

10

Chemistry in the Earth System also provides opportunities
to make connections to the community. Found in the
Teacher Edition, these informal science learning activities
provide local context to extend and enhance unit concepts.

Language Arts Connection pp. 11, 16

Unit 1 Measuring Matter and Energy

SOLVE Write the correct quantity for each conversion.
Home
Letters

8 mg = 0.008
g
L

Connections to Other Disciplines

© Houghton Mifflin Harcourt Publishing Company • Image Credits: ©Detlev van Ravenswaay/Science
Source

The SI unitkey
forimportance
mass isinkilograms
(kg). However, the balance you used in the lab most likely
scientific measurements.
Connections
to Community
reported
mass
in grams
And,(kg).
many
nutrition
labels
listin the
amounts
in milligrams (mg).
The SI unit
for mass is(g).
kilograms
However,
the balance
you used
lab most likely

mm

4. 0.02 km =

L
Unit 1 Measuring Matter and Energy

cm
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A Unique Approach to Exploring Phenomena
Through an exclusive partnership with author and internet
sensation Randall Munroe, HMH® has incorporated highly
engaging and educational material from Randall’s latest book,
Thing Explainer, into our print and digital editions. Randall’s
webcomic style, as seen on xkcd.com, humorously explains
complex topics in easy-to-understand language.
5

Today’s Students Will Solve the
Technology and Engineering
Challenges of Tomorrow!
The exceptional challenges our global community faces
require informed citizens equipped in engineering and
problem solving, so the California Next Generation
Science Standards* (CA NGSS) have raised the
importance of addressing the engineering design
DO NOT EDIT--Changes must be made through “File info”
CorrectionKey=CA-A
process to the same level as scientific inquiry.
Chemistry
in the Earth System embeds engineering throughout every
grade level to meet this educational challenge.
The engineering design process is used to develop or improve technology. Engineers first
identify and define the problem. They may perform research or analyze data to identify
desired aspects and limits of the solution. Next, engineers design and assess solutions.
In the third stage—testing or optimizing—engineers choose one or two options to test,
often using computer simulations and prototypes. Based on these test results, the designs
may be rejected or accepted. Even accepted designs are often refined. The process is
iterative, meaning it repeats steps as often as necessary to obtain an optimal solution.
Engineers may decide to choose a different solution and start the process again.

Integrate Engineering

DO NOT EDIT--Changes must be made through “File info”
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Engineering

In Chemistry in the Earth System, students also learn core
ideas about the engineering process to solve problems.
As engineers, students:
•

Chemical
Engineering
EXPLORATION 4

Chemical engineering is the application of chemistry to find solutions to real-world
DO NOT EDIT--Changes must be made
through “File info”
Chemistry
and the Engineering Design Process
problems. Chemical engineers develop useful products and chemical processes
CorrectionKey=CA-A
 nalyze global challenges, society's needs, and the
A
for society in the most efficient, environmentally sound, safe, and cost-effective

resources available to meet those needs
way. They might need
to develop
materials
or design
new
equipment
for
Developing
a commonnew
product
such as toothpaste
can be
a complex
process. Recipes
for the abrasives,
agents,
flavors, fluoride,
other chemicals
toothpaste
the production process.
Often, foaming
chemical
engineers
are and
responsible
forthe
planning,
• Break down complex real-world problems into
contains are made first. A nonreactive material for the tube must be chosen and tested.
designing, and optimizing
plant processes.
The recipes are then adjusted so large-scale production can occur in a cost-effective way.
LESSON
2 Engage • Explore/Explain • Elaborate • Evaluate
manageable problems that can be solved
through
ASK Suppose you are a chemical engineer working with a client who produces
engineering
Engineering Design Process
toothpaste. The client wants to addDO
a blue
stripe with mint
tothrough
the toothpaste.
NOT EDIT--Changes
must flavor
be made
“File info”
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• Evaluate the criteria and constraints of engineering
What questions would
you and
askscientific
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of events. The scientific process includes steps such as asking questions, making
solutions as well as potential social, cultural, and
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DEFINING AND DELIMITING THE PROBLEM

DESIGNING SOLUTIONS

The advancement
of problem/need.
science and technology may provide
better
withsuch as toothpaste can be a comp
Identify the
Brainstorm
solutions.
Developing
asolutions
common product
Exploring Visuals
the abrasives,
foaming
agents, flavors, fluoride, and other chem
fewer risks in terms of human health and environmentalfor
integrity.
But
today’s
contains
arewith
made
first. A nonreactive material for the tube must b
Conduct research on the
Evaluate
solutions
respect
solutions
lead to unanticipated problems tomorrow.
Improving
old and
Have students look at the diagram in Figure
11. may
recipes are
problem and previous solutions
to theThe
constraints
andthen
mostadjusted so large-scale production can occur
similar problems.
important
criteria.engineering.
developing newto products
and processes is at the heart of
chemical

Provide Extra Support for Students Who Need It

• Planning investigations
• Analyzing data
• Constructing explanations
• The nature of science, and more
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• Asking questions
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Education Leaders You Can Trust
Michael DiSpezio is a renaissance educator who has done research in the lab of a
Nobel Prize winner, taught in K–12 science classrooms, and authored numerous
textbooks and trade books. He worked with the JASON Project under the
auspices of the National Geographic Society and has developed material
for PBS's Scientific American Frontiers, Discover Magazine, the Discovery
Channel, and more.

Engineering & STEM

Dr. Thomas O’Brien, professor in the Department of Teaching,
Learning and Educational Leadership at Binghamton University
(SUNY), is a distinguished leader in science education with a special
focus on chemistry education. He was a member of the original writing
team for the innovative Chemistry in the Community (ChemCom)
program produced by the American Chemical Society and has
authored several books with the NSTA Press, including a three-volume
series, Brain-Powered Science: Teaching and Learning with Discrepant
Events, and Science for the Next Generation.

Michael DiSpezio

Dr. Thomas O'Brien
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Inspire Students to Consider STEM Careers

TAKE IT FURTHER

Careers in Science

•E
 ach lesson includes a Take It Further section
featuring diverse People in Science and Engineering
Careers. The real-world applications of what
students are learning piques interest in science-based
careers.

Food Scientist

© Houghton Mifflin Harcourt Publishing Company • Image Credits: (tr) ©Brian Bell/Science Source

How many food scientists does it take to make a loaf
of bread? It sounds like the beginning of a joke, but
the work of many food scientists is involved with
nearly every food item you purchase. These scientists
play many important roles in food production and
preparation.
Take a look at any nutritional information label and
you will see data about the nutrients, ingredients,
and energy content of the food. Food scientists
work at processing plants, government agencies,
and universities. These specialists work to make and
improve food products, like bread, to make sure
that the food is properly prepared and labeled. Food
scientists use calorimetry to determine the energy
content of foods. But they don’t just burn a slice of
whole-grain bread to see how much energy it releases.
The reason is because some components, such as
fiber, are not digested by the body and therefore
do not provide usable energy. Instead, scientists
determine the amount of protein, carbohydrates, fats,
and fiber in the bread. Strictly controlled calorimetry
experiments have provided average values of 4 kcal/g
for protein, 4 kcal/g for carbohydrate, and 9 kcal/g for
fat. (Remember, a Calorie is the same as a kilocalorie.)
Food scientists then use these averages along with
the analyzed components in the food to calculate the
energy content.
Food scientists also use calorimetry to analyze steps
of the production process that are temperature
sensitive. For example, they might find that the
temperatures needed to kill microorganisms also result
in proteins breaking down. This could make the food
unappetizing or reduce its nutritional value. They may
also want to determine if too much oil is being used
to fry chips. Testing chips from different batches in a
calorimeter can indicate whether too much oil remains
on the chips.

FIGURE 13: A food scientist studies the nutritional
content of different foods.

to better understand how these affect different
foods. They help develop new products and look
for substitutes that can replace potentially harmful
additives. Some food scientists even inspect foodprocessing plants to make sure that they are properly
cleaned and maintained.
Whether you’re buying food ready to eat or using
ingredients to prepare your own meals, you can thank
food scientists for helping make the food safe and
nutritional, as well as taste good.

Food scientists look for ways to improve the
preservation of food and prevent spoilage. They
analyze different cooking and baking processes
MORE PRACTICE WITH
UNIT CONVERSION

MEASURING WITH
PRECISION

•A
 dditionally, HMH now includes 29 CliffsNotes® On the
Job STEM videos that profile STEM careers in today’s
fastest-growing industries. These videos will motivate
students to enter emerging STEM fields.
• Connections between humans and the natural world
also prepare students to address the environmental
challenges of today and of the future.

Language Arts Connection Make a pamphlet
to hand out at a career fair that describes the work of
food scientists. Research examples of work that scientists do in
the food industry. Areas of research might include production
(pesticides and fertilizers, GMO crops), processing,
preservation (methods to reduce spoilage, shelf-stable foods),
preparation, or a topic of your choosing. In your pamphlet,
give background on your topic, explain what questions
scientists are trying to answer, and describe the methods they
use to find those answers.

DEBATING FOOD
LABELING

Go online to choose one
of these other paths.

Lesson 1 Investigating Matter and Energy
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CliffsNotes® On the Job Videos
*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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Let All Students Show
What They Know
It is no longer sufficient for students to simply “know”
facts about science; they also need to be able to apply
science and engineering practices across many DCIs.
The CA NGSS now include specific measurable
learning outcomes. These Performance Expectations
guide test developers and teachers in understanding
how to measure student learning. California HMH
Science Dimensions Chemistry in the Earth System offers
flexible assessment tools in a variety of formats to help
you assess both formative and summative student
learning according to the CA NGSS.

Assess on All Dimensions
• F ormal assessment questions aligned to multiple
dimensions provide you with a complete picture of
student understanding.
• A unique 3D Evaluation Rubric helps:
• Evaluate open-ended student responses
• I dentify the underlying cause of student
misunderstanding
• Target remediation where it’s most needed

Performance-Based Assessment

Address Scientific Practices with
Authentic Performance Assessments
Performance-Based Assessments are handson investigations, experiments, and technologies
that allow teachers to assess the CA NGSS Science
and Engineering Practices while students make
connections across Performance Expectations.

8
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EVALUATE

Lesson Self-Check

Now that you
have learned about criteria and constraints in an engineering process,
Construct
Explanations

CAN YOU EXPLAIN IT?

process. An edible spoon must be shaped so that it can transfer different types of food
from plate to mouth without spilling. It must have physical properties that allow it to be
used with hot, cold, liquid, or solid foods. It must be chemically unreactive so that it does
not react with the many types of food it will come in contact with. If the user chooses to
eat the spoon, it must taste good and not harm the user. However, if the user chooses not
to eat the spoon, it must decompose in a landfill within a reasonable length of time. All of
the evidence you have collected during your study of the properties of matter can be used
to understand some of the constraints that might develop during the process of designing
an edible spoon.

Evidence Notebook Refer to your notes in your Evidence Notebook to make a claim

about the properties an edible spoon must have to be useful as an eating tool. Your
explanation should include a discussion of the following points:
1. What properties should an edible spoon have?
2. What evidence supports the claim that these properties are useful for an edible spoon?
3. How does the evidence you provided support your claim about the properties of an
edible spoon?

Evidence Notebook Refer to your notes in your Evidence Notebook to make a claim

about the properties an edible spoon must have to be useful as an eating tool. Your
explanation should include a discussion of the following points:
1. What properties should an edible spoon have?
2. What evidence supports the claim that these properties are useful for an edible spoon?
3. How does the evidence you provided support your claim about the properties of an
edible spoon?

© Houghton Mifflin Harcourt Publishing Company Image Credits: ©HMH
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you can apply them to the problem of developing an edible spoon. The properties that FIGURE 15: Edible spoons may be a preferable alternative to plastic because they do not
accumulate in landfills.
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Formal Assessment Go online for student self-checks and other assessments.
Chemistry in the Earth System: Unit Test A
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Assessment

PDF

Unit 1 Measuring Matter and Energy

Scaffold to Higher-Level Thinking Skills
6/6/2018 11:39:50 PM

Formal assessments build in complexity, emphasizing
higher-level reasoning.
•U
 nit Pretests make sure students have the basic
knowledge they need for lessons.
• L esson Quizzes provide a quick check that students
are grasping the 3D concepts.
•U
 nit Tests check for understanding and challenge
students to apply what they’ve learned as they
communicate, support claims, and develop models.
Unit Test

•M
 id-Year and End-of-Year Benchmark Tests
help ensure students are on track to achieve the
Performance Expectations.

Prepare for High-Stakes Tests
•T
 he assessments in Chemistry in the Earth System prepare

Chemistry in the Earth System: Unit Test A

students for the types of test items they will encounter on the
California Science Test (CAST).
•T
 echnology-enhanced assessment items similar to the ones

found on CAST (multi-select, drag and drop, short response,
etc.) prepare your students for modern, computer-based
high-stakes tests.
•R
 igorous Mid-Year and End-of-Year benchmarks help

you ensure that your students perform at a high depth
of knowledge.
•L
 eveled benchmark tests help make the assessment
accessible for all of your students.

Online Student Edition

9

Digitally Enhanced Learning
Chemistry in the Earth System leverages the advantages of technology while prioritizing a
student-centered learning model. Students can view videos and animations, interact
with instructional images and text, enter responses, pursue their intellectual interests by
choosing lesson paths, and enjoy simulation-based learning. All of these features help you
maintain an integrated three-dimensional approach to learning science.

Digitally Enhanced Curriculum
Instead of the still images in the print text, the
online lessons incorporate video clips and
interactives to enrich the learning experience.
Students can interact with the text through
technology-enhanced comprehension-check
questions such as:
•M
 ultiple choice
•D
 ropdown menu
•M
 ultiple answer
•D
 rag and drop
•G
 raphing
•D
 rawn answers
•M
 atrix

Student Choice Maximizes Engagement
The Take It Further feature at the end of each lesson maximizes
the opportunity for students to elaborate further on what they have
learned. By leveraging the power of technology, students can:
•C
 ontinue to deepen learning through a variety of topical
pathway options
•B
 uild upon their existing knowledge by connecting new ideas
• L earn more and create stronger, more personal links
to their learning
Online Student Edition

10

Develop Analytical Skills with
Open-Ended Simulations
Unique You Solve It! simulations provide
open-ended opportunities for students
to run experiments, gather data, and analyze
the impact of different variables on a closed
system. Students demonstrate problemsolving abilities as described by the CA NGSS.

You Solve It!

Explore Immersive Virtual Worlds with
Google Expeditions
•A
 s a Google® content partner, HMH has developed
field trips for Google Expeditions. Using a simple
Google Cardboard® device and a smartphone,
students are swept away into 3D, 360-degree
experiences in fascinating locations directly tied
to science content!

Field Trips
powered by

Digital Advantage

•A
 n HMH Teacher Guide provides ideas for
incorporating the Expeditions into your lessons as
well as tips on how to guide and customize the
experience.
•E
 xperience these HMH Virtual Field Trips with
your students: California State Parks, Natural Bridge
Caverns, Saturn V Rocket at NASA, Orange Blossom
Cannonball Train, University of Central Florida
Photonics Lab, and more!

The Ultimate Online and Offline Program Experience
• T eachers can look forward to accessing California HMH Science
Dimensions on Ed: Your Friend in Learning®. Ed is a new online
learning system that combines the best of technology, HMH content,
and instruction to personalize the teaching and learning
experience for every teacher and student. Ed is designed to be a
friend to learners while supporting teachers and simplifying their
instructional practice.
•A
 dditionally, program content can be accessed offline. This allows
for maximum compatibility in 1:1 or in Bring Your Own Device
learning environments—and with the wide variety of technology that
students have at home.

11
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UNIT 1 Measuring Matter and Energy

Integrating the NGSS* Three Dimensions of
Learning

Three-Dimensional
Learning

Building to the Performance Expectations

Chemistry in the Earth System expertly weaves the
Three Dimensions of Learning into each lesson
in order to meet the Performance Expectations
(PEs). This braided approach takes the burden off
of you while ensuring a high-quality 3D learning
experience for your students. California HMH Science
Dimensions also makes sure that students learn
science that is relevant to them.

The learning experiences in this unit prepare students for mastery of

Lesson 1

Matter and Its Interactions

Investigating Matter and Energy

HS-PS1-3 Plan and conduct an investigation to gather evidence to compare
the structure of substances at the bulk scale to infer the strength of
electrical forces between particles.

SEP
SEP
SEP
DCI
DCI
DCI
CCC
CCC
CCC

HS-PS3-1 Create a computational model to calculate the change in the energy
of one component in a system when the change in energy of the other
component(s) and energy flows in and out of the system are known.
HS-PS3-2 Develop and use models to illustrate that energy at the macroscopic
scale can be accounted for as a combination of energy associated
with the motions of particles (objects) and energy associated with the
relative position of particles (objects).

Engineering Design
HS-ETS1-3 Evaluate a solution to a complex real-world problem based on
prioritized criteria and trade-offs that account for a range of
constraints, including cost, safety, reliability, and aesthetics, as well as
possible social, cultural, and environmental impacts.

Assessing Student Progress
The Unit Project: Optimizing Toothpaste and the Unit Performance Task:
Investigating the Viscosity of Oil can provide students with opportunities to
practice aspects of the Performance Expectations.

Framework Focus
Instructional Segment 1: Combustion

Planning and Carrying out Investigations
Developing and Using Models
Using Mathematics and Computational Thinking
PS1.B Chemical Reactions
PS3.A Definitions of Energy
PS3.D Energy in Chemical Processes in Everyday Life
Patterns
Energy and Matter
Scientific Knowledge Assumes an Order and Consistency in Natural Systems

Lesson 2

Identifying Physical and Chemical Properties of
Matter
SEP
SEP
SEP
DCI
DCI
DCI
CCC
CCC
CCC

Using Mathematics and Computational Thinking
Asking Questions and Defining Problems
Planning and Carrying Out Investigations
PS1.A Structure and Properties of Matter
PS3.A Definitions of Energy
ETS1.A Defining and Delimiting Engineering Problems
Energy and Matter
Systems and System Models
Patterns

Math, English Language Arts, and English Language Development
standards and features can be found in the teacher pages before each lesson.

Guiding Questions: What is energy, how is it measured, and how does it flow
within a system? What mechanisms allow us to utilize the energy of our foods
and fuels?

Trace Tool to the NGSS Go online to view the complete coverage of standards across lessons, units, and grade spans.
*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, and do not endorse, these products.
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Unit 1 Measuring Matter and Energy

California Connections

California Connections

Students will stay engaged in science as they see connections to
their own world. Chemistry in the Earth System provides support for
language and skill development as students communicate with
each other about the experiences they share even though they
might have different backgrounds.

Diablo Canyon Power Plant
The Diablo Canyon nuclear power plant is the only nuclear power
plant still in operation in California. However, the manager of the
plant, the Pacific Gas and Electric Company, has decided not to renew
its license with the Nuclear Regulatory Commission, and will shut
down operations in 2024 or 2025. The documented environmental
impact has been that water intake at the plant draws in the larvae of
fish and other sea life, and that the heated water released damages
habitat in the near-shore environment up and down the coast.

The Diablo Canyon Plant is the
last nuclear facility remaining in
California.

Carlsbad Desalination Plant
Seawater is a mixture of various salts and water. In order for the water
to be drinkable by humans, it must undergo a separation process
called desalination to remove the salts. The largest desalination
facility in the United States is the Carlsbad Desalination Plant. It uses a
process called reverse osmosis to filter the water, producing about 50
million gallons of fresh water a day.

San Diego Crystallography Facility

The Claude Lewis Carlsbad
Desalination Plant delivers
fresh drinking water to San
Diego County residents.

The University of California, San Diego Crystallography Facility in La
Jolla employs a process known as X-ray diffraction using state-of-theart instruments to determine the precise structure of a molecule. These
determinations are made for organic and inorganic compounds for
industrial, governmental, and academic laboratories. The purpose is to
carry out an X-ray diffraction analysis of a single crystal to determine the
identity of a compound, its structure, and bond distances and angles.

Each lesson has unique, interrelated 3D Learning Objectives
that can be found in the Teacher Edition. The objectives are
generated from the SEPs, CCCs, and DCIs associated with the
Performance Expectations correlated to the unit. These custom
stepping-stone objectives ensure that the lessons cover
100% of the CA NGSS with clear and focused learning goals that
build in a developmentally appropriate progression and with
appropriate connections to learning goals in other subject areas.

Environmental Principles
& Concepts
Principle I p. 17

Principle III pp. 15, 19

Principle II p. 33

Principle V p. 27

For additional support, see the California Education and the
Environment Initiative (EEI) Curriculum: Life and Times of Carbon.
Advances in instrumentation
for x-ray crystallography have
been recently made.

© Houghton Mifflin Harcourt • Image Credits: (t) ©Lionel Hahn/AbacaUsa.com/NewsCom; (m) ©Lenny Ignelzi/
AP Images; (b) ©University of California, San Diego/2011 Regents of the University of California.
All rights reserved.
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LESSON 1 Engage • Explore/Explain • Elaborate • Evaluate

EXPLORATION 2 Using Units of Measurement
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EXPLORATION 2

Students use their knowledge of chemical properties of substances as
well as mathematics and computational thinking to describe patterns
in different scales of systems, such as calculations of temperature,
density, and volume.

Using Units of Measurement
FIGURE 3: The Mars Climate
Orbiter was lost due to a
miscommunication about
units of measurement.

Students might wonder why the Mars Climate Orbiter was designed
using two different systems of measurement. Explain that while
scientists, such as those at NASA, generally conduct their work
using SI, engineers in the United States, such as at Lockheed Martin,
where some of the equipment was designed, generally use standard
measurements. Ask: Why might engineers lag in adopting the SI system
if it is already used by most scientists? The lag is related to requirements
of existing hardware. Where existing machinery is mostly tooled for
standard sizes, it is difficult to adopt a completely different set of
measurement.

The SI unit for mass is kilograms (kg). However, the balance you used in the lab most likely
reported mass in grams (g). And, many nutrition labels list amounts in milligrams (mg).
Because the metric system is based on powers of 10, quantities can easily be converted
from one unit to another. The base units shown in the table below are grams, meters, and
liters, abbreviated g, m, and L. Prefixes such as kilo- and milli- are added to the name of
the base unit to communicate the size of the quantity. For example, 1 kilometer is equal to
1000 meters, and 1 milligram is equal to 1/1000th of a gram.

Kilo (k)
1000

Hecto (h)
100

Deka (dk)
10

Base Unit
g, m, L

Deci (d)
1/10

Centi (c)
1/100

Milli (m)
1/1000

To convert a quantity such as 5 kilograms to grams, you could multiply by 1000 or move the
decimal to the right three places and fill in the necessary zeros. To convert a quantity such as
8 milligrams to grams, you would divide by 1000 or move the decimal to the left three places
and fill in the necessary zeros.

5 kg = 5000 g

8 mg = 0.008 g

Problem Solving

Solve

© Houghton Mifflin Harcourt Publishing Company • Image Credits: ©Detlev van Ravenswaay/Science
Source

In order to communicate clearly with each other, scientists rely on a standardized system
of measurement. In 1960 scientists established a standard set of units based on the metric
system called the Système International d’Unités (French for the International System of Units),
or the SI System. This system includes base units to describe physical quantities that have
key importance in scientific measurements.

1 Sample answer: Measurements would be vital when
communicating information about speed limits and distances, or
information about temperature when a person has a fever.

SOLVE Write the correct quantity for each conversion.

38 000 000
6 500
0.0043
20 000

1. 38 000 kg =
2. 6.5 m =

10
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Additional Collaboration; Differentiate Instruction; Formative
Assessment; and Claims, Evidence, and Reasoning suggestions
provide a wealth of support and resources.

Collaborate What is another situation where clear communication about
measurements would be vital?

Standardizing Measurements

MP.2 Reason abstractly and quantitatively.
MP.4 Model with mathematics.
Even if students are able to convert the quantities on this page
without showing their work, encourage them to set up the
calculations using dimensional analysis. Remind them that these kinds
of calculations will be essential for solving more complex conversions
later in the course.

1.
2.
3.
4.

Enrich the Learning Experience

Clear communication is a critical aspect of all scientific investigation. In
1999, a miscommunication about units of measurement had devastating
consequences for NASA’s Mars Climate Orbiter. Part of the landing system was
programmed to transmit information in one unit of measurement, and the
intended receiving component was programmed to receive information in a
different unit of measurement. The resulting miscalculation caused the Orbiter
to pass too close to Mars and to disintegrate in the planet’s atmosphere. The
mathematical mistake cost $125 million, and no data were collected.

1

Math Connection

g
mm

3. 4.3 mL =
4. 0.02 km =

L
cm

Integrated ELD support, Advanced/Gifted, and MTSS Tier 2 as
well as Connections to the History of Science and Environmental
Principals & Concepts are provided at point of use.

Incorporate English Language Arts and Math
Connections

Unit 1 Measuring Matter and Energy
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3D Learning Objective

Engineering Design Connection

3D Learning Objectives

7/4/2018 8:40:18 PM

Strong math and reading skills are essential to ensuring
STEM learning and science literacy. California HMH Science
Dimensions offers California Common Core Math and ELA
connections throughout the curriculum.
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LESSON 1

Investigating Matter and Energy

Developmental Progression in All
Three Dimensions

Building to the Performance Expectations
The learning experiences in this lesson prepare students for mastery of
HS-PS1-3 Plan and conduct an investigation to gather evidence
to compare the structure of substances at the bulk scale to infer
the strength of electrical forces between particles.

The labeling in the Teacher Edition clearly
identifies all the PEs, SEPs, DCIs, and CCCs
of the CA NGSS, including the math and ELA
connections. This helps educators identify the
standards that are being covered in any given
lesson and activity that supports literacy and
language or mathematical reasoning, as well as
lessons in those subjects that support science
learning.

SEP

Science &
Engineering
Practices

Planning and Carrying Out Investigations
Plan and conduct an investigation
individually and collaboratively to produce
data to serve as the basis for evidence, and in
the design: decide on types, how much, and
accuracy of data needed to produce reliable
measurements and consider limitations on
the precision of the data (e.g., number of
trials, cost, risk, time), and refine the design
accordingly.
Using Mathematics and Computational
Thinking
Use mathematical representations of
phenomena to support claims.
VIDEO Using Data, Mathematical
Thinking, and Computational Thinking

Trace Tool to the NGSS

HS-PS1-4 Develop a model to illustrate that the release or
absorption of energy from a chemical reaction system depends
upon the changes in total bond energy.

DCI

Go online to view the complete
coverage of standards across
lessons, units, and grade levels.

Disciplinary
Core Ideas

CCC

PS1.B Chemical Reactions
The fact that atoms are conserved, together with knowledge of the chemical
properties of the elements involved, can be used to describe and predict
chemical reactions. (HS-PS1-2) (HS-PS1-7)

Crosscutting
Concepts

Patterns
Different patterns may be observed at
each of the scales at which a system is
studied and can provide evidence for
causality in explanations of phenomena.

PS3.A Definitions of Energy
Energy is a quantitative property of a system that depends on the motion
and interactions of matter and radiation within that system. That there is a
single quantity called energy is due to the fact that a system’s total energy is
conserved, even as, within the system, energy is continually transferred from
one object to another and between its various possible forms. (HS-PS3-1)
(HS-PS3-2)

Energy and Matter
Changes of energy and matter in a
system can be described in terms of
energy and matter flows into, out of,
and within that system.
VIDEO Energy

VIDEO Bonds

Energy and Matter
Energy cannot be created or destroyed—
only moves between one place and
another place, between objects and/or
fields, or between systems.

PS3.A Definitions of Energy
At the macroscopic scale, energy manifests itself in multiple ways, such as in
motion, sound, light, and thermal energy. (HS- PS3-2) (HS-PS3-3)

MATH STANDARDS

ELA STANDARDS

HSN-Q.A.1 Use units as a way to understand problems and to guide the solution of
multi-step problems; choose and interpret units consistently in formulas; choose and
interpret the scale and the origin in graphs and data displays.
HSN-Q.A.2 Define appropriate quantities for the purpose of descriptive modeling.

WHST.9-12.7 Conduct short as well as more sustained research projects to answer
a question (including a self-generated question) or solve a problem; narrow or
broaden the inquiry when appropriate; synthesize multiple sources on the subject,
demonstrating understanding of the subject under investigation.

HSN-Q.A.3 Choose a level of accuracy appropriate to limitations on measurement
when reporting quantities.

WHST.9-12.9 Draw evidence from informational texts to support analysis, reflection,
and research.

Lesson 1 Investigating Matter and Energy 5A
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LESSON 1

Engage • Explore/Explain • Elaborate • Evaluate

EXPLORATION 3 Describing Changes in Energy, continued

SEP
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Be sure students understand that the kinetic model of matter is based
on three assumptions: 1) Gas is composed of many particles that are
far apart from each other and moving randomly, 2) particles bounce
off each other without interacting, and 3) kinetic energy can be
transferred between materials in a process we refer to as heat.

Cross-Curricular Integration
The Teacher Edition provides connections
to other science disciplines, like Earth and
Space and Life, within each lesson. Additionally,
at the unit level, Unit Connections describe
ideas for projects in other disciplines, such as
social studies, computer science, and more.

DCI

Thermal energy is transferred between objects when particles collide. The point at which
all particles have the same energy is called thermal equilibrium. You can model the
transfer of kinetic energy from one object to another on a macroscopic scale. For example,
think about what happens when a rolling ball (which has kinetic energy) collides with
a motionless ball of equal size and mass (which does not have kinetic energy). At the
point of collision, the speed of the rolling ball decreases as some of its kinetic energy is
transferred to the stationary ball. The motionless ball absorbs this energy and begins to
move because of the increase in kinetic energy. As the balls collide, some energy is lost
to the surroundings in the form of thermal and sound energy. In addition, rarely do two
objects collide head-on so that the maximum possible amount of energy is transferred.

PS3.A Definitions of Energy

To help students distinguish between temperature with thermal
energy, ask the following questions. Ask: What is the difference
between thermal energy and temperature? Thermal energy is the
amount of kinetic energy in a substance; temperature is the average
kinetic energy in the substance. Ask: What is an instrument that can
give you the average thermal energy of a material? a thermometer
Ask: Which has more thermal energy: 5 mL (one teaspoon) of boiling
water or 2 liters (about a half-gallon) of water at 25°C? Even though
the temperature of the boiling water is higher, there is more thermal
energy in the gallon of warm water.

Kinetic Energy and Temperature
Temperature is a measure of the average kinetic energy of the particles that make up a
sample of matter. The greater the kinetic energy of the particles in a sample, the higher
the temperature is and the hotter the substance feels. Increasing the temperature of a
substance by warming it provides more energy to its particles, so the particles move more
quickly. Decreasing the temperature of a substance by cooling it removes energy from its
particles, and the particles move more slowly. Liquid thermometers make use of this fact
to indicate different temperatures.
FIGURE 10: As temperature increases, the particles of liquid in a thermometer move faster.
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Medical Science Connection
Our bodies maintain a constant temperature unless our immune
system must fight off a potential attack. Have students research why
a fever can aid the immune system and what might be the effects of
a fever that is too high. Have them explain their answer in terms of
kinetic energy in the body.
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SEP 1, 4, 8; DCI ESS2.D; CCC 2, 3, STE 1

1 The particles have more kinetic energy, so they move faster and
collide. As they collide, they move farther apart and the liquid
expands.

UNIT 1 Connections
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Engineering Connection

Produce a media presentation, such as a video, a flipbook, or a
song, that explains different types of nano-measurements and
shows example images. Include in your presentation descriptions of
chemistry applications that use the different scales of measurements.

© Houghton Mifflin Harcourt Publishing Company • Image Credits: (t) ©Eye of Science/Science Source;
(b) ©Studio 64/Blend Images/Getty Images

Life Science Connection
Trophic Levels All living things in an ecological system are part of
a food web. Producers introduce energy from nonliving sources
into the ecosystem. Energy is then transferred to other organisms
as consumers eat the producers, and as consumers eat other
consumers. The stages of energy transfer are known as trophic
levels. As little as 10% of an organism’s energy may be transferred
between levels. The rest of the energy is lost to the environment.
Energy and matter are conserved in the Earth system overall.

Produce an infographic describing a food web in your community.
Identify organisms in the food web and what trophic level they
occupy. Explain which organisms are key to supporting the energy transfer
in the food web. Include images and diagrams in your infographic.

energy
lost to
environment

primary
consumers
producers

Evidence Notebook

Making measurements of nanoscale objects requires methods that
are significantly different from measurements of larger objects.
Engineers develop specialized equipment that takes into account
the properties of materials and interactions that are unique to the
small sizes. Examples include atomic force microscopes, scanning
tunneling microscopes, and x-ray diffraction systems. In chemistry,
nano-measurement techniques can be used with applications such
as electrochemical systems, chemical processes, and electronics.
Media presentations should show pictures of various types of
nano-measurement equipment, descriptions of how they work, and
examples of chemistry applications.

3 Diagrams should represent an increase in the motion of the
water molecules due to an increase in kinetic energy. Students
should explain that the increase in energy causes the particles
to spread apart, decreasing the density of the water.

1
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Unit 1 Measuring Matter and Energy

At lower temperatures, the particles of a liquid have
less energy.

b

At higher temperatures, the particles of a liquid move
more energetically and so take up more space. The volume
of the liquid, therefore, is an indication of temperature.

ANALYZE Explain why the liquid in a thermometer expands as temperature increases.
How is this related to the kinetic energy of the particles that make up the liquid?

Unit 1 Measuring Matter and Energy
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FIGURE 2: A food pyramid models the
transfer of energy within an ecosystem.

a

3D Learning

FIGURE 1: These zinc oxide nanowires are
produced for electronics applications.

Nano-measurements High-quality images of “unseeable” objects
can be produced using specialized microscopes that can view
and measure objects as small as atoms. The image of zinc oxide
nanowires was produced using a scanning electron microscope
(SEM). This microscope moves an electron beam across a surface
to obtain information about the structure of the material. The
nanowires in Figure 1 have a diameter of only a few nanometers.
−9
A nanometer is 10 meters or about 1/100 000th the width of a
strand of human hair!
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Support for Unit Connections

UNIT CONNECTIONS
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Developing and Using Models

© Houghton Mifflin Harcourt Publishing Company

The Teacher Edition (online and print) is
organized around the 5E instructional
model. This provides a layout for teachers
while providing a solid foundation upon which
to build a CA NGSS curriculum.

energy transferred

Organisms in ecological systems are related by numerous overlapping
food webs through which energy is passed from one organism to
another. Energy that is not transferred to a higher trophic level is
mostly transferred to the environment as energy in the form of heat
through the metabolic processes of the organisms. An infographic
should include images of key organisms in a local food web and
descriptions of how energy is transferred among the organisms.

Chemistry in the Earth System Teacher Edition

Literature Connection
Literature Connection
Drought in California In many ways, the story of California is the
story of water. Many stories have been written about droughts
in California and people’s efforts to maintain their lives and work
during them. Novels such as The Grapes of Wrath, by John Steinbeck,
tell vivid stories of these hardships. Some recent novels even
speculate into what the future may be if droughts continue to occur.

Droughts are a common occurrence in California, and numerous
novels and nonfiction books have been written about their effects on
people and land. As students conduct research for their presentations,
encourage them to consider both fiction and nonfiction selections
to get a wide perspective of the issue. Student presentations should
consider at least three different works of literature that address the
effects of drought conditions on California. The focus should be
impacts on people, either during a particular period or at different
times. Students might compare different works from different time
periods and even consider contemporary novels that predict the
future effects of drought.

FIGURE 3: Water is an important part of
the chemistry of living things. Drought
can change the land and the organisms,
including humans, who depend on it.

Consider how the variability in water supply has affected the lives
of people in the past and in current times. Write a report or make a
multimedia presentation about literature that has described the effects of
drought on the people of California.

Unit 1 Measuring Matter and Energy
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Unmatched Professional Support
Helps You Transition with Ease
A CA NGSS curriculum requires a significantly different approach to teaching science, and although
this new approach may be challenging, its rewards are immense. HMH provides the support you
need to make the transition to a student-centered CA NGSS-style of teaching.
Understand Where Your Instruction Fits
• T he California HMH Science Dimensions Trace Tool to
the CA NGSS helps you make sense of the standards,
understand how they connect and spiral from one
grade to another, and identify HMH resources to
support your CA NGSS-based instruction.
•Y
 ou can trace the standards by PEs, SEPs, CCCs,
or DCIs. When you click on a standard, you can view
where in the program that standard is covered.
•B
 ut the California Trace Tool is more powerful than
a typical correlation—it also shows you how each
standard and each dimension spirals throughout
the entire K–12 sequence. See at a glance what
students should already know and the concepts for
which you are preparing them.

Traced Results State. (HMH Resources)

See the CA NGSS in Action
Embedded professional development videos help teachers
prepare for this new approach to science education. Just-in-time
videos featuring our dynamic consulting authors guide teachers
through the key approaches that ensure CA NGSS success.
• F oundation videos help educators and parents better
understand the NGSS as well as the background that led up to
their development.
•E
 ngineering videos support educators as they incorporate
the design process into their classrooms.
•C
 hallenging Content videos for Grades 6–12 help educators
know how to address specific content areas that students tend
to struggle with in a CA NGSS curriculum.
• L abs & Classroom Practice videos for Grades 9–12 provide
suggestions for educators on how to implement the CA NGSS
curriculum.
Professional Learning Videos
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Professional Learning Support
Our comprehensive Professional Learning solutions for leaders and teachers are
data- and evidence-driven, mapped to your goals, centered on your students,
and delivered by master educators.
These tailored, flexible solutions available in person and virtually were designed
with one goal in mind: to help you more effectively prepare students for
the new science standards.

Getting
Started

A Strong Foundation
The Getting Started with California HMH Science Dimensions Course provides you
with an overview of the program from both a teacher and student perspective and is
offered in person or virtually. A comprehensive Professional Learning Guide provides
additional on-demand support for a successful implementation.
You’ll meet Rick, who will be
your host for the online Getting
Started with California HMH Science
Dimensions modules.

askHMH

A Technical Services team helps you plan, implement, and optimize your technology
with ease. AskHMH™ provides on-demand access to program experts whom you can
ask pedagogical questions.

Build Capacity, Ensure Success with In-Classroom Support
CA NGSS
Courses

The International Center for Leadership in Education® is here to support you in
making the shift to the NGSS with the following courses:
•A
 n Overview of the CA Next Generation Science Standards
• S cientific Thinking and Inquiry
•E
 ffective Science Experiences
• S cience Literacy
HMH coaching provides the shoulder-to-shoulder support you need to ensure
continuous improvement over time.

Coaching

Team, Individual, or Virtual Coaching options help you plan your lessons and
model how to incorporate instructional strategies that help students:
•A
 sk questions, investigate, and test ideas
•B
 uild computational fluency and automaticity
• T hink like scientists
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Professional Learning

Learn more at hmhco.com/professionalservices

Program Components
Student Resources
Student Edition (includes Thing Explainer illustrations)

Print

Online

•

•

Student Edition, Interactive Online Edition

•

Math Handbook

•

English Language Arts Handbook

•

Science and Engineering Practices Handbook

•

Designated ELD: Student Workbook

•

•

Multilingual Science Glossary

•

•

Laboratory and Safety Handbook

•

Crosscutting Concepts Handbook

•

You Solve It! Simulations

•
• (SE)

Thing Explainer Illustrations from Randall Munroe

With its cohesive, spiraled approach to meeting
the new standards, California HMH Science
Dimensions provides a consistent and engaging
experience from kindergarten through high
school. California HMH Science Dimensions
for Grades K–8 is available as a softcover,
consumable, write-in worktext for each grade.
California HMH Science Dimensions for high school
follows the CA NGSS three-course model and
includes The Living Earth, Chemistry in the Earth
System, and Physics in the Universe.

•
•

CliffsNotes® On the Job Videos
Teacher Resources
Teacher Edition

Print

Online

•

•

Teacher Edition, Interactive Online Edition

•

Google Expeditions Teacher Guide
Assessment Guide
(including Performance-Based Assessments)
Online Assessment with Item Banks

•
•
•

Designated ELD in Your Science Classroom Teacher Guide

•

•

Professional Learning Videos

•

Home Letters (multilingual)

•

CA NGSS Trace Tool

•

Two Ways to Learn More about
This Groundbreaking New Program
Visit hmhco.com/CAScience
Contact your HMH Account Executive:
hmhco.force.com/replocator

Connect with us:

#CAScience
Google and Google Cardboard are registered trademarks of Google LLC. AskHMH™, HMH Science Dimensions®, CliffsNotes®,
Ed Your Friend in Learning®, International Center for Leadership in Education®, HMH®, and Houghton Mifflin Harcourt® are trademarks or registered
trademarks of Houghton Mifflin Harcourt. © Houghton Mifflin Harcourt. All rights reserved. Printed in the U.S.A. 10/18 WF399743
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