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LESSON 1

Engage • Explore/Explain • Elaborate • Evaluate

EXPLORATION 1 Representing Motion, continued
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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 Physics
in the Universe was built from the ground up to reflect this goal.
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Collaborate

Draw-Pair-Share Have pairs of students illustrate the difference
between displacement and distance traveled. They can then compare
models with another team and note similarities and differences.
CCC

Changes in Position
Displacement describes a change in position in a frame of reference. It describes the
change from initial to final position. Examples include moving right 5 and down 2 on
the Cartesian plane or walking 8 blocks north and 1 block west on a city grid.

Patterns

Distance, direction, and time can describe motion. Quantities that have size but no
direction, such as 15 min or 8.3 m, are called scalars. Quantities that have both size and
direction are called vectors. Examples of vectors are 14 cm forward or 0.09 mm/s left.

Help students understand that the random walk is an example of a
process in which past results are not predictive of future results. For
example, a string of 4 heads does not make heads more likely (to
continue the pattern) or tails more likely (to move toward a balance
of heads and tails). Radioactive decay is one such process—while
mathematics can describe the average behavior observed for a
sample of many atoms, it cannot predict whether one specific atom
will decay within a given time frame.

w

Math Connection
You can model a random walk with a number line, a marker, and a coin. Start with
the marker at zero on the number line, and flip the coin. For heads, move the marker
one unit right; for tails, move one unit left. After n moves, the marker will have traveled
a distance of n units, but it is very unlikely that it will be displaced n units. The marker
may be on zero after hundreds of moves. The random walk can be used to model
several physical and biological processes, such as the motion of gas molecules.

1

EVALUATE In the coin-flip activity described, you move left, left, right, left, right.
What is the distance traveled and the displacement?

2

ANALYZE Have several people conduct the coin-flip activity for 10 coin flips.
Compare results.

Math Connection
MP.2 Reason abstractly and quantitatively.
1 Distance traveled 5 units; displacement 1 unit left. All paths will
all have the same distance traveled (5), but the displacements will
fall in a distribution between –5 and 5, with most near the middle
of that range.

Within Physics in the Universe, 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.

3

3 In successive intervals, the sprinter’s displacement increases
compared with that in the previous interval, indicating that more
distance is covered. Because velocity = displacement ÷ time, the
average velocity in each interval changes proportionately with the
displacement. The sprinter’s velocity is also increasing with time.

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

The velocity of an object is its speed in a particular direction. The average velocity over
a time interval is the displacement of the object divided by that time interval.

2 Expect a range of results but with most around 0, 2, or –2.
(An even number of moves must land on an even number;
an odd number of moves would land on odd numbers and so
cluster around –1 and 1.) A graph of the results should resemble
a bell curve, a result that comes up in many applications in math
and science.

ANALYZE A sprinter is photographed at equal time intervals. Draw line segments to
indicate the displacement between adjacent images of the sprinter. Compare their
lengths. What happens to the sprinter’s displacement between images? What happens
to the sprinter’s velocity?

Now think about a runner’s motion as graphed in Figure 4. A position-time graph can
be used to analyze the runner’s motion. The x-axis shows time. The change in the y-value
between any two points gives the runner’s displacement over that time interval. Dividing
the change in y (displacement) by the change in x (time) will give the average velocity
in that interval.
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UNIT 1 Motion and Forces

California Access and Equity
Language and Science Literacy

Students with Disabilities Students with impaired
hearing may need extra support during class
presentations. One strategy is to have speakers be sure
to face the class as they give their talk. You might pair
students with partners so they can quickly check their
understanding of a concept during class.

Unit Vocabulary Reinforcing Vocabulary

Girls and Young Women Direct students to the
examples of women who have been integral to the
advancement of science and engineering in this unit.
Explore with the class ways in which these women
scientists have contributed to their field. For example,
were they field scientists or did they work in a lab?

frame of
reference Lesson 1

gravity Lesson 2

To help students build vocabulary knowledge for this unit, have them use a Venn
diagram to compare and contrast pairs of related terms, such as
• force/effort
• vector/scalar
• velocity/speed
• average/instantaneous
• contact force/non-contact force

projectile
force Lesson 2

Academic Vocabulary

vector Lesson 1
velocity Lesson 1
acceleration Lesson 2

normal force Lesson 2
equilibrium Lesson 2

Ethnically Diverse Learners To engage students who
have diverse ethnic backgrounds, invite a speaker to
class who is a member of a particular ethnic group to
discuss a topic of relevance to the unit content. Give
students the opportunity to interview the speaker on
how he or she pursued a career in science.

stress Lesson 2

Additional support for California’s diverse population can
be found throughout the unit in Support for All Learners
features.

decision
matrix Lesson 3

Integrated ELD

1D

Access and Equity

California Diversity

tradeoffs Lesson 3
criteria Lesson 3
constraints Lesson 3
delimiting Lesson 3

prototype Lesson 3

MTSS Tier 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.
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Understanding the difference between applied force and motion of an object in
CorrectionKey=CA-A
terms of acceleration is essential in this unit. If a person pushes on an object, it
may not accelerate. This is because the amount of force used may not be large
enough to cause a change in motion. Other “hidden” forces must be taken into
account, such as friction. Pushing on a heavy object may not cause it to move
because the
applied
is not large
enough
to overcome friction. Students also
UNIT
1 force
Motion
and
Forces
need to understand that friction opposes motion; it can never cause motion. As a
force applied to a heavy object increases, the amount of frictional force increases
until it reaches a maximum. Once this maximum is exceeded, the object will start
to move.

California Connections

Pressure-Temperature
Conditions
Integrated
ELD

Teams from Lawrence Livermore National Laboratory and other
Students may struggle with using vocabulary to participate in discussions or
facilities have compressed samples of diamond to 50 times Earth’s
express thoughts in writing. Engage students in meaning making by distributing
atmospheric pressure, similar to pressures at the centers of Jupiter
sentence frames using sentences in the lesson. Ask students to circle nouns and
and Saturn. A pressure wave was created that can compress
verbs, and use adjectives and adverbs to add detail and enhance meaning.
diamond for less than 10 billionths of a second. Teams had to
keep temperatures low enough to re-create conditions within the
interior of planets by tuning the rate at which the laser intensity
changes with time.

• 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.

Researchers at Lawrence
Livermore National Laboratory
have performed an experiment
that reproduces pressures at the
centers of giant planets.

Advanced/Gifted

English Language Development teaching
strategies in this unit include

Strategies for students who need extra
Fault Creep Strategies for students who have mastered core
support in this unit include
content in this unit include
Fault creep is measurable, steady fault movement in the uppermost

Lesson 1 p. 11
Lesson 2 p. 33
Lesson 3 p. 51

Lesson 1 pp. 13, 21
Lesson 2 pp. 27, 31, 37
Lesson 3 pp. 49, 53, 59

Lesson
1 p. 21creeping faults are rare, several
portion of Earth’s crust.
Although
Lesson
pp. 29, 31,
37in California, exhibit this
strike-slip faults, such
as the2Hayward
Fault
behavior. Creep occurs
near3the
Lesson
pp.surface
49, 53,of
61a fault where lithostatic
pressure is low, meaning that the fault is not locked. Aseismic creep
can give clues to seismologists about how and where strain is building
up along a particular fault and where a future earthquake may occur.

Unit 1 Motion and Forces

•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.

Fault creep can be observed
when curbs, streets, and
buildings are offset by slow
fault movement.

The Split Mountain Anticline
The Split Mountain Anticline (an upward-arching fold in rock) occurs
within the Latrania Formation of the Imperial Group. Approximately
5 million years ago, an enormous landslide rapidly pushed its way
down into the soft sediment on the floor of a shallow sea, causing
the sediment to compact. The fold that is seen today is made up of
sandstone in the center of the anticline and breccia on its limbs.

Environmental Principles
& Concepts
Principle I pp. 9, 57
Principle III pp. 11, 31

Principle IV pp. 15, 27, 47, 55
Principle V p. 39

For additional support, see the California Education and the
Environment Initiative (EEI) Curriculum.
The Split Mountain Anticline
formed when a landslide
caused marine sediment to
compact.
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• T ips and suggestions for supplementing the
instruction provide a Multi-Tiered System of
SEP 2, 3, 5; DCI PS2.A;
CCC 1, 3
Support
(MTSS).
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Support for All Learners

Language Arts Connection Scientists and engineers need to be objective when
evaluating results. However, their goals and work are affected by their preferences and by
MTSS Tier 2 Students may struggle with the distinction between
society. For example, the types and sizes of buildings vary over the world and have changed
over time. Think about a bus shelter and some of the nonscientific factors that might affect its
cost and risk. A cost is set—it will happen, and it will be a certain
design. Take into account these factors and the previous benefits,Motion
risks, and costs.and
Write acomponents of motion can be described
amount. A risk may orFIGURE
may not
occur,
so representation
the cost could beof0displacement,
or
13:
Vector
4x
recommendation for wood, metal, or glass shelters in your community.
your choices.
withExplain
vector
arrows. Vector variables are given in bold,

2

CALIFORNIA

Support for All Learners

could be great. Have students choose a topic, such as clothes or

example
v.InA scalar can give the magnitude of a
A society’s needs and wants can change over time. The values offor
society
may change.
schoolwork, and make a graph with low-to-high probability of
turn, these change the problems that engineers and other designers
address.
Even when but not the direction, and it is indicated
vector
quantity
occurring along one axis and low-to-high consequences on the
the problems stay the same, however, the solutions may need to change. The costs and
10 m 10 m 20 m
25 m
35
as the absolute value of the vector |v|. Forother.
example,
the
benefits may also change with new technologies.
Give examples
of low-consequence events, such as losing a

Students Living in Poverty and Foster Youth The study of
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displacement
4x = –8 m corresponds to the
sockdistance
or making a small mistake on an assignment, and higher-stake

motion is an area in which many experiments can be performed
and examples observed without special equipment. You can
demonstrate motion by rolling or throwing balls, sliding boxes and
erasers, and observing and discussing the motions found in sports.
For example, when an athlete runs a pattern and another athlete
SEP 4, 5; DCI PS2.A; CCC 1, 2, 4
throws or kicks a ball to her, the ball and the receiver travel different
paths at different speeds but wind up at the same endpoint at the
same time. (If all goes well.) The path followed by the ball determines
whether anyone on the opposing side can block the shot.

of 8 m. In the 100 m race, the distance is 100
m, and
events
such the
as losing one’s wallet or failing a test. How we approach
displacement is 100 m forward from the starting
line. on both factors: the odds that something will happen
risk depends

Engineering

Printing Houses

One approach to the last problem is to build a house using a
mobile 3D printer. Materials that can be made fluid, such as
concrete, plastic, and mud mixed with straw, can be used to
print houses. Material is not cut to size, so less is wasted. The 3D
printer pumps out just enough material to build the structure.
Construction is rapid, saving both time and labor costs.

© Houghton Mifflin Harcourt Publishing Company • Image Credits: (tr) ©Maxim Grigoryev/ITAR-TASS
Photo Agency/Alamy; (br) ©Xinhua/Alamy

Vector Addition

Vector Subtraction
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3 Students should consider basic functions of a home, such as spaces
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A
B
A+B
A+B=C
a

Vector addition for motion along

A solution to a problem can have unforeseen consequences. Some risks of a new
a straight line
technology—as well as some costs and benefits—may not become apparent until after
the technology is in use. For example, companies used to add the element lead into fuel
to make automobile engines run smoother. As the health costs of lead became known,
leaded fuel became a less acceptable solution. The cost of redesigning engines to run
FIGURE
15:society.
Vector addition in two dimensions
smoothly without lead became more acceptable. Technology can, in
turn, change
The spread of the automobile changed how people formed communities. The later spread
of the Internet changed communities again.

Vector Addition Head-Tail Method
A

Evidence Notebook Think about the tradeoffs likely in designing a structure for openness and

natural light. What might you need to give up in order to achieve the goals?
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to sleep, spend time with others, and prepare food. They also
A
might consider the impact of aesthetics, such as whether people
B
will choose to live in the result. 3D-printed houses can reduce
A + (–B)
environmental impacts by using recycled material, such as plastic,
– B = C materials, such as adobe. They may use less
or locally A
abundant
material than a similar-size house built using traditional methods.
b Vector subtraction for motion along
a straight line

CALIFORNIA

Environmental Principles & Concepts
Environmental
Principle IV Vectors can be used to model
the flow of matter Principles & Concepts

Horizontal Motion
Evidence Notebook

Suppose
a ball
rolls Atostructure
the right,
moving
constant
velocity. The ball hits a spring, andbetween
the
natural systems and human
societies.
answer:
with
a lot of at
glass
might need
4 Sample
Principle
III There are many natural cycles of motion, such as
ball slows
as conditioning
the spring compresses.
ballmight
comes
totorest and then accelerates to the left
more air
(higher costs).The
People
need
tides, the flow of air and water, and the movement of heated fluids
as thegive
spring
expands.
up privacy
and accept the costs of cleaning and repair.

Vector
Addition Component Method
There might be a higher risk of damage.

in thermal areas. By inserting machines into these natural flows of
material, humans can use the energy. Discuss examples as a class,
both
individual
(sledding, and
surfing) and larger scale (wind turbines to
Vectors
can
be added
in any order.
That
is, the associative
Velocity,
v
Acceleration,
a
commutative properties hold: Agenerate
+ B = B +electricity).
A, and (A + B) + C = A +

MODEL Use the information in Figure 7 and the table to complete the table. Use only
A whether the quantity is positive, negative, or zero at that time.
+, –, and 0 to indicate

Ay
FORMATIVE ASSESSMENT
Quick Write Tell students
Ax to imagine they are lost in a nearby
FIGURE 7: The ball loses speed as it compresses the
wilderness area. What sort of shelter could they use or make? List
spring, indicating acceleration opposite to the direction
these on the board, and ask students to compare the benefits,
of motion. As the spring expands it accelerates the ball
costs, and risks of different
B solutions.
to the left. By

7/1/2018 8:39:35 PM

t=0

a=0

v

Lesson 3 Engineering

Bx

A
Company

4

2

Collaborate With a partner, discuss the factors associated with
designing a 3D-printed home. Compare the social, cultural, and
environmental effects to the effects of other means of construction.

3

Company • Image Credits: ©Richard Megna/Fundamental

© Houghton Mifflin Harcourt Publishing Company • Image Credits: (tl) ©Annie Eagle/Alamy;
(cl) ©saturno dona’/Alamy; (bl) ©Urbanimages/Alamy

FIGURE 2: A 3D-printed house under
and its
effects
if it happens.
Vector
quantities
can be visually represented
with
arrows.
The length of the vector
construction
and completed
A challenge for many communities is how to provide adequate
corresponds to the magnitude of the vector
quantity. The orientation
of the
vector
Advanced/Gifted
The United States
Environmental
Protection
housing. One community might need a design that can
Agency uses risk assessment to analyze threats to human health and
withstand natural disasters. Another community might designcorresponds to its direction.
dense neighborhoods to preserve the surrounding land for
ecological systems. Assign students to research one aspect of the
other uses. Some communities see a lack of affordable housing
FIGURE 14: Vector addition and subtraction EPA’s
in onerisk
dimension
assessment.
as the main problem to solve.

t=1

Ay

a=0

v

Time, t

Position, x

0s

0 cm

1s

20 cm

49 2 s

40 cm

3s

55 cm

4s

70 cm
55 cm

Math Connection

(B + C). Provide students with graph paper and have them confirm
this rule with both the head-tail and component methods. (MP.2)
SEP

Collaborate

Analyzing and Interpreting Data

Scientists analyze data using tools, technologies, and/or models (e.g.,

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
OT EDIT--Changes must be made through “File info”
ctionKey=CA-A
to adult education.
HMH Author Bernadine Okoro
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SEP 2, 5; DCI PS2.A; CCC 1, 2

Supporting All Students, All Standards
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CALIFORNIA

Professional
Integrated ELD Go online to view Professional Development videos with strategies
to integrate
and SEPs, including the ones used in this lesson.
Help students decode the commonly
applied data in a CCCs
problem. The
Development

Integrating the Three Dimensions

Acceleration in Two-Dimensional Motion
Velocity has both magnitude and direction. A change in velocity can be a change in speed,
as when a falling object accelerates, or a change in direction, as when a ball recoils off the
ground, or both.

In this lesson, students will analyze data regarding motion with and
without acceleration (SEP Analyzing and
Data, CCC
ChangeInterpreting
in Direction
Picture the ball recoiling off the spring from earlier in the lesson. To change direction
the ballvectors,
had to slow, stop, and
then rebound.
In two-dimensional
motion, an object can
Stability and Change). Students will use
tables,
graphs,
and
change direction without slowing down. For example, when a weight is attached to a
string and spun, the speed can be constant while the direction of motion constantly
formulas to model the motion of macroscopic
objects
Developing
changes. Any change
in direction is a(SEP
change in velocity,
even if the speed is unchanged.
and Using Models, DCI PS2.A). Students
will
carry
out investigations
Change
in speed
and direction
If the acceleration of an object is parallel to the direction of the object’s motion, the object
of motion in different frames of reference
(SEP
Planning
and
Carrying
will slow
down or speed
up. If the acceleration
is perpendicular
to the direction of the
object’s motion, the object will turn in the direction of the acceleration.
Out Investigations, DCI PS2.A). Students
use
mathematics
toboth effects of acceleration. The
A projectile
launched
with a horizontal velocity shows
vertical component of the motion is parallel to the acceleration and shows a change in
speed. The horizontal component of the motion, perpendicular to the acceleration, does
model complicated motion as the combination
of patterns of simpler
not change its speed. The projectile curves in the direction of the acceleration, downward.
motions (SEP Using Mathematics and Computational
CCC
In projectile motion, the path canThinking,
be broken into two parts. The
vertical motion
shows an acceleration. Horizontal motion is at constant speed. A downward acceleration
means that the vertical speed is increasing while curving its original horizontal path (the path
Patterns, CCC Systems and System Models).
it would follow in the absence of gravity).

phrase starts from rest indicates that initial velocity is 0. The phrase
slows down indicates acceleration opposite to velocity, so with the
opposite sign. If the object speeds up, then the acceleration and
velocity have the same sign. Comes to rest indicates that the final
velocity is 0. Lands for a falling object can indicate that the final
y-value is 0. Constant velocity indicates that acceleration is 0.
PI.A.4, PII.B.3

derivative the acceleration. On a position-time
Kinematics is the study of the possible motion
graph, the derivative is used to find the slope of
of objects, and kinetics is the prediction of the
Exploring Visuals
motion that will
occur in a given situation. Along a tangent to the curve at a given point, or the
Direct students’ attention to Figure 18. Ask: What would happen to the
with statics, which
the
forces
onandan
path of theexamines
cannonball if it was
launched
at greater
greater speeds? instantaneous velocity at that point. The second
The ball would travel farther and farther horizontally, tracing a wider
object at rest,andthese
disciplines
make
up
the
wider parabola.
Ask: How does
the shape
of the
terrain—level as derivative yields the rate of change of that slope,
shown here,
or rising in a hill, or
fallingfield
away inis
a valley—affect
study of classical
mechanics.
The
appliedwhere theor the instantaneous acceleration. On a positioncannonball lands? The ball will trace a parabola, its shape determined
to the motionbyof
objects,
satellites
the celestial
initial velocity and
angle. It willfrom
land sooner
if the ground is time graph, a line curving upward (concave up)
rising and later if the ground is falling away beneath its trajectory.
indicates a positive acceleration at that point,
to galaxies, and
to motions such as a bicyclist
The point of impact can be found by mathematically modeling
trajectory
land surface
and finding
on a track, thethepath
ofandathe
tossed
ball,
andtheir
thefirst point of and a line curving downward (concave down)
intersection.
indicates a negative acceleration at that point.
movement of particles in a gas.

FIGURE 18:

Horizontal speed is constant.

vx

© Houghton Mifflin Harcourt Publishing Company

© Houghton Mifflin Harcourt Publishing Company

Have students complete the unit pretest or see the Assessment Guide.

Claims, Evidence, and Reasoning

Vertical speed increases
with time.

Build on Prior Knowledge

v
Draw a basketball player and a hoop. Ask students what paths the
ball might take from the player’s handsA projectile
to the
rim of the hoop. Sketch
moves horizontally at a constant speed. It will accelerate downward at
a constant rate of acceleration, 9.8 m/s , denoted g. The result of the two motions is a
a number of paths, some impossible (the
makes
a loop;
theandball
parabola,ball
where horizontal
displacement
changes linearly,
vertical displacement
changes as the square of time.
dips down and then swoops up; the ball moves straight up and then
straight across) and some possible (inverted parabolas of different
shapes—note that the vertex will be a little closer to the net than
to the player, assuming the player shoots from a point lower than
the net). Guide students to summarize what they have learned from
everyday experiences about the normal path of a projectile such as
a tossed ball: the path will be curved, rise and fall, and be close to
symmetric. You might also toss a ball or lightweight object to illustrate
the different paths that still fall within the parabolic pattern. Ask
students what they understand about the motion (such as that gravity
is the force acting) and what they don’t (such as the exact shape of the
curve or the reason for that shape). Use this discussion to generate a
list of questions about the motion of projectiles.

Converting between
displacement, velocity, and In the other direction, the integration of a
The general form of the equation for a vertical parabola is
+ bx + c. application
Ask students what values
a, b, and c might have in a formula for acceleration over time will give the
acceleration isy =aax basic
of calculus.
formula describing the parabola in Figure 18. Students should make
Given a formula
that
position
overor 0, and give formula for velocity, and the integration of a
a claim
about describes
whether each value
is positive, negative,
for this choice based on the curve shown in the diagram.
formula for velocity over time will give a formula
time, the firstevidence
derivative
with
respect
to time
They should be able to explain the reasoning behind their choices.
The value
a is negative
becauseand
the parabola
down. The
for displacement.
yields a formula
forofthe
velocity
the opens
second
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Lesson 1 Motion in One and Two Dimensions

17

Integrated ELD

Language Development

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.

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: vector

value of b can be set to 0 if the cannon is on the y-axis. If the cannon is
at the origin, then c is 0; if origin is at ground level, then c is the height
of the cannon above the ground.

Example

Definition

Similar Term

Phrase

CALIFORNIA
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Lesson 1 Motion in One and Two Dimensions

Support for All Learners
INTEGRATED ELD
• frame of reference

• acceleration

• vectors

• gravity

• velocity

• projectile

TERM: acceleration

17

Similar Term

CONNECTION TO ELD STANDARDS

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.

Show students a visual of a busy street—people
sitting in cafes or on benches; people walking; people
biking; people riding in cars or buses. Connect the
possible frames of reference to the points of view
of different people in the scene. For example, bike
riders might describe someone sitting on a bench as
slipping past them or say that a lamppost or other
obstruction seems to come at them quickly. Have
students use verbs and verb phrases to describe
various points of view in the scene. PI.A.4, PII.B.3

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

Phrase

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

TERM: projectile
Definition

© Houghton Mifflin Harcourt Publishing Company

Preassessment

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.

Content Background

Similar Term

Example

SAMPLE ANSWERS
vector: a quantity having direction as well as magnitude; vector; The
measure of 30 m/s [E] is an example of a vector, with a magnitude of
30 m/s and a direction of east.

Phrase

acceleration: the rate of change of velocity, measured by a change
in velocity over the time interval in which this change occurs;
aceleracion; From a stop, she accelerated in her car to 50 miles per
hour in 10 seconds.

TERM: force
Definition

Similar Term

Example

projectile: any object fired with the intent of reaching a target;
proyectil; Once the dart was released toward the dartboard, it became
a projectile moving through the air.

Phrase

Unit 1 Motion and Forces
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force: a push or a pull that acts on an object; fuerza; The force needed
to pull the car out of the ditch was more than the three people could
apply to the car.
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Unit 1 Motion and Forces

In addition to Integrated ELD support, Physics in the Universe 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

Physics in the Universe

Physics
Universe

Instructional Support for Designated ELD in Your Classroom

Physics
in the

Universe

• 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

3

NOT EDIT--Changes must be made through “File info”
ectionKey=CA-A

LESSON 1

Making Claims, Gathering Evidence,
and Using Reasoning
Engage • Explore/Explain • Elaborate • Evaluate

SEP 1, 7; DCI PS2.A; CCC 1

ENGAGE:
Phenomenon
Physics inInvestigative
the Universe is built to engage
students through the same process
DO NOT EDIT--Changes must be made through “File info”
CorrectionKey=CA-A

scientists use to explore the physical world. Your students will learn to develop
1.1 conduct hands-on investigations, make claims, identify evidence, and analyze
and
Lesson Objective
data
—in short, to
takeOne
chargeand
of and fully engage in their learning! Students construct models of motion in one and two dimensions.
Motion
in

Two Dimensions
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made through
“File info”
Cultivating
Student
Questions
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Have students look at the photo of the skier. Prompt them to ask
DO NOT EDIT--Changes must be made through “File info”
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all questions that come to mind about the motion captured in the
time-lapse image. Record the questions on chart paper, and then
sort the questions based on theirMotion
focus.
With students, narrow the
and Forces
Overview and Planning
Each Unit Project focuses on an anchor phenomenon and
questions down to the ones that directly relate to the learning
How Can You Drop a
objective.
Haveastudents
reflect on this list throughout the lesson
Payload
onto
Target?
is a performance-based activity that spans multiple class
3D Learning Objective
and
check
off
questions
as
they are answered.
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info” Dimensions of Learning
periods
and incorporates
the“File
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Unit Projects’ Anchoring Phenomena

Unit Project

FIGURE 1: When balancing forces change, a structure can become unstable.
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UNIT 1

Think about stable objects around you. A building’s framework directs forces on each part
to the foundation. Bridges distribute forces to hold the weight of traffic. Chairs distribute
forces so that you don’t tumble to the floor. Engineers balance forces to make structures
stable. Stability is just as important for structures in motion. Moving vehicles must have
the structural integrity to carry a load without falling apart. Think about all of the parts of
an airplane and how they have to work together. How you control forces and motion is a
key part of your interaction with the world around you.

Lesson 1: Motion in One and Two
Dimensions . . . . . . . . . . . . . . . . . . 5

Lesson 2: Force, Mass, and
Acceleration . . . . . . . . . . . . . . . .25

Unit Connections. . . . . . . . . . . .67

Thing Explainer: Tall Roads . . .68

DRIVING QUESTIONS

Unit Performance Task . . . . . . .72

Unit Review . . . . . . . . . . . . . . . . .73

As you move through the unit, gather evidence to help you answer the following
questions. In your Evidence Notebook, record what you already know about these topics
and any questions you have about them.
1. How can forces on objects be used to predict their motion?
2. How do different forces affect motion when they interact?
3. How can forces be used to predict stability?

NGSS Focus

1.1
A skier’s jump is photographed
at equal time intervals.

Motion in One and
CAN YOU EXPLAIN
IT? Dimensions
Two

• Image Credits: ©Kenneth Snelson/Marlborough

Architects seem to be in constant competition to make the tallest building. It’s
a real challenge to find the right mix of strength and weight of materials. Not
enough strength, or too much weight, and the building can collapse. Design
and test different support beams under load. How can you improve the design
of the beam to bear more weight, or to balance the same force using less mass?
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This tensegrity sculpture uses tension
and compression in a stable structure.
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Small Groups

1–2 class periods

Suggested Resources
• Department of Defense: projectile
motion through calculations, videos
and demonstrations

• See the procedure for detailed materials list for the lab.

• Asking Questions and Defining Problems
• Analyzing and Interpreting Data
• Constructing Explanations and Designing Solutions

• grid paper

•
•
•
•
•

• Students are conducting research and developing a
model in this activity, so no lab safety concerns exist.

HS-PS2.A.1 Forces and Motion
HS-ETS1.A.1 Designing and Delimiting Engineering Problems.
HS-ETS1.A.2 Designing and Delimiting Engineering Problems
HS-ETS1.B.1 Developing Possible Solutions
HS-ETS1.C.1 Optimizing the Design Solution

• pens, markers, rulers

• Other Resources: internet sources
where airdrops for humanitarian aid
and food supplies are studied. This can
include, but is not limited to th World
Food Program, UNICEF, International
Red Cross, and the US military.

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.

Using Force to Test Materials

• Patterns
• Cause and Effect
• Systems and System Models

all questions that come to mind about the motion captured in the
Multiple exposure photography captures the details of motion that can be difficult to
questions on chart paper, and then
observe with the human eye alone. A camera records images of a moving figure at equal time-lapse image. Record the In
this lab, you will
how
materialsThe
respond
to a force
overa smooth curve, so you
Sample
answer:
motion
follows
1 measure
sort the questions based on their focus. With students, narrow
the
FIGURE 1: In a bend test, a sample is
time intervals and combines them into one photograph. Many images taken in a short
a range
of magnitudes.
Think of when you might need a strong
questions down to the ones that
directly relate
to the learning
supported
at two
and force is
might
predict
future
motion
by
extending
the curve
topoints,
the right.
interval can capture the rapid changes in position of a skier’s jump or a bee’s beating
objective. Have students reflect
on this list throughout
material,
such asthe
tolesson
protect a fragile object. Decide on possible
applied
theand
middle.
Unit in
1 Motion
Forces 1I
and check off questions as they are answered.
wings. Images separated by long time intervals, such as a day, can capture the sun’s
materials and how to test them, such as by bending (Figure 1),
changing position or the growth of a plant. These composite photographs can then be
stretching, crushing, or
scratching.Notebook
Use your investigation to
Evidence
Can You Explain It?
used to analyze motions and the patterns behind them.

1

EXPLAIN How can the motion in the picture above be used to predict future motion?
A skier’s jump is photographed at equal time intervals.

© Houghton Mifflin Harcourt Publishing Company • Image Credits: ©technotr/Vetta/Getty Images
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Designing the Strongest Beam

Unit 1 Motion and Forces

Students are asked to record
their initial thoughts about how
Suggested Materials
Science and Engineering Practices
patterns observed in motion can be used to predict the future one- or
Safetyof an object. Students will collect evidence
two-dimensional
motion
Disciplinary
Core Ideas
Lesson Objective
Go Online
Hands-On
related toLab
this phenomenon throughout the lesson
and revisit the
Students construct models of motion in one and two dimensions.
question
at
the
end
of
the
lesson
to
explain
how
motion can be
Crosscutting Concepts
Cultivating Student Questions
modeled and predicted.
Have students look at the photo of the skier. Prompt them to ask

DO NOT EDIT--Changes must be made through “File info”
CorrectionKey=CA-A

2

Multiple exposure photography captures the details of motion that can be difficult to
observe with the human eye alone. A camera records images of a moving figure at equal
time intervals and combines them into one photograph. Many images taken in a short
interval can capture the rapid changes in position of a skier’s jump or a bee’s beating
wings. Images separated by long time intervals, such as a day, can capture the sun’s
changing position or the growth of a plant. These composite photographs can then be
used to analyze motions and the patterns behind them.

1

address the larger question: how does an engineer determine the
path
of a moving
is a sequence (or continuum)
2 The
possible
material
needed inobject
a design?

Students are asked to record their initial thoughts about how
equivalent
amount
ofoneeach
patterns observed in motion can
be used to predict
the future
or
two-dimensional motion of an object. Students will collect evidence
related to this phenomenon throughout the lesson and revisit the
MA
E Ahow
C Lmotion
A I Mcan be
question at the end of the lesson
to K
explain
modeled and predicted.

Investigative
Phenomena Lead Every Lesson
of positions as a function of time. The sequence of positions
depends
on the
velocity
the acceleration
Each lesson begins
with
Can
You and
Explain
It?, an of the moving
investigative phenomenon—a problem to solve or
discrepant event to explain.

3

CAN YOU EXPLAIN IT?

1

Think about how to use the materials in a specific situation. How
object. If the starting position, velocity, and acceleration of
Sample answer: The motion
follows
curve, so youwould you need to substitute for another in
much
ofa smooth
one material
might predict future motion by extending the curve to the right. a moving object are known, then the future positions at any
a design? Record your estimate in your Evidence Notebook.
sequence
2 The path of a movingPobject
O S Sis Ia B
L E M(orAcontinuum)
TERIALS
of positions as a function of time. The sequence of positions
• safety
depends on the velocity
and thegoggles
acceleration of the moving
object. If the starting position, velocity, and acceleration of
• craft sticks, coffee stirrers, metal
a moving object are known, then the future positions at any
or other
materials
for
given time can be calculated
and therefore
the path
cantesting
be
described in detail.

described in
detail.
• T he investigative
phenomenon
provides intrinsic
• hanging masses, set
motivation tostrips,
spark curiosity.
• ring stand or other support

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

measuring position, velocity, and acceleration can be used to predict the path of a
moving object.
measuring position, velocity, and acceleration can be used to predict the path of a
moving object.

Lesson 1 Motion in One and Two Dimensions
Lesson 1 Motion in One and Two Dimensions

5

Print Student Edition
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• string

• S tudents gather evidence to work towards resolving
SAFETY INFORMATION
the phenomenon.

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

6/7/2018 11:55:13 PM
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• Wear safety goggles during the setup, hands-on, and takedown segments of the activity.
5

•D
 ata analysis leads students to critically construct
explanations
of how and why.
Lesson 1PMotion
L A N inTOne
H Eand
I NTwo
V EDimensions
S T I G A T 5I O N
• Use caution when using sharp tools, which can cut or puncture skin.

6/7/2018 11:55:13 PM

safety goggles

Consider the following as you design your
investigation.
Describeinyour
procedure
in your
Lesson
1 Motion
One
and Two
Dimensions
Evidence Notebook. As you follow your procedure, note any adjustments that you make.

Evidence Notebooking to Strengthen
Scientific Writing Skills

5

The program is built around active learning. Students
• Design a method to measure the deformation and recovery of a sample.
are asked to:
• Perform a test run to determine the range of forces to use with each material.
• Adjust the amount of each material—such as thickness or mass—to ensure a fair test.

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

© Houghton Mifflin Harcourt Publishing Company

• Solve problems or explain phenomena

© Houghton Mifflin Harcourt Publishing Company

Physics in the Universe supports the use
of Evidence Notebooks.

given time can be calculated and therefore the path can be

Evidence Notebook

EXPLAIN How can the motion in the picture above be used to predict future motion?

2

4

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

2

Classroom Management

This project supports building student mastery of Performance
Expectation HS-PS2-1. Students will use Newton’s second law of
motion to determine and predict the motion of a projectile. Students
will use this information to plan a drop of a payload onto a target.

SEP 1, 7; DCI PS2.A; CCC 1

UNIT PROJECT
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Can You Explain It?

coded labels
show how the three dimensions are incorporated
LESSON 1 Engage • Explore/Explain • Elaborate • Evaluate
into the Unit Project.
ENGAGE: Investigative Phenomenon

5. How do geologic forces affect rock?

© Houghton Mifflin Harcourt Publishing Company
Gallery/Edwin Remsberg/Alamy

Students use Newton’s second law to develop a solution to a complex real-world problem,
predicting the effect of the change in one variable on the motion of a projectile.

Students use scientific knowledge and tradeoff considerations to evaluate a solution to
the complex real-world problems of dropping a payload onto a target from a moving
airplane. They determine how Newton’s second law allows accurate predictions of
the motion of the payload.

4. How do engineers use forces and motion to develop solutions to problems?

© Houghton Mifflin Harcourt Publishing Company • Image Credits: ©Jeffrey Coolidge/The Image Bank/Getty Images

PREDICT A large boulder has been perched on the side of a mountain for many years.
What change would cause it to suddenly roll down the mountain?

Lesson 3: Engineering . . . . . . .45

• Materials can be bundled together to test larger amounts.

• S tate claims, gather evidence, and provide
explanations
reasoning
• Consider what
might happen if athrough
sample snaps
suddenly. Take steps to ensure

• Determine the type and amount of one material that can stand up to the same force
as another material.
the safety of yourself and of the people and property around you.
ANALYZE

Record your observations in your Evidence Notebook. Use a data table or another method
to collect data and analyze results. Then review your claim about substituting materials.
1. What type and quantity of one material could you substitute in to get the same strength
as another material?
2. What pieces of evidence from your tests of each material support your claim?
3. Suppose you wanted to support a force outside the range of your tests. Explain how
you would use your results to choose a material and determine how much you need.

Online Student Edition Evidence Notebook Prompt
Lesson 3 Engineering

47

Engage • Explore/Explain • Elaborate • Evaluate

EXPLORATION 3 Measuring and Using Forces, continued

Hands-On Investigation

LESSON 2
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Collaborate

g Motion

DO NOT EDIT--Changes must be made through “File info”
CorrectionKey=CA-A

Numbered Heads Together Divide the class into groups and assign
each member a number. Have them add force vectors to the cart and
weight in Figure 7. There will be balanced gravitational and normal
forces on the cart and a net force pulling right due to the falling
weight. On the weight, gravity pulls down and tension pulls up. This
tension is equal to the net force pulling the cart rightward. Ask about
different parts of the diagram, calling numbers from each group to
explain which force should be placed where.

Real-World Labs for Real-World Issues

EXPLORATION 1

Hands-On Lab

Small Groups

DO NOT EDIT--Changes must be made through “File info”
Hands-On Lab
CorrectionKey=CA-A
Applying a Constant Force
Using an object's weight as the applied force on another object is
a straightforward way to apply a constant force. A descending weight
on a string applies a constant force to an object attached to the string.
This setup is sometimes called a modified Atwood machine.

FIGURE 7: A string connects a
car, which is free to roll, and a
weight that is free to descend.

1

45 minutes

MAKE A CLAIM

What will happen to the car's velocity when the weight is released?

Applying
a Constant Force
• S tudents analyze a major global
challenge
by
Constructing Explanations and Designing Solutions
Representingunderstanding
Motion society’s needs and
the resources
available to meet those needs.
SEP

MATERIALS

Students observe and measure the connection between the mass of
an object, the force on it, and its acceleration.

• safety goggles

Advance Preparation Check that the difference in weight between
the loaded
unloaded
is substantial
enough to lead to a
photograph
or and
a graph
ofcart
position
over
measurable change in its motion.

Representations of motion, such as a stop-motion
time, enable researchers to quantify motion and look for patterns. Descriptions of motion
should be accurate, and the usage of units should be consistent.
1 Sample answer: The weight will descend, accelerating the car

• weight heavier than car,
tied to other end of string

• Wear safety goggles during the setup, hands-on, and takedown segments of the activity.
safety goggles

CARRY OUT THE INVESTIGATION

1. Measure the mass of the car and of the descending weight.

from rest at an increasing speed, with an acceleration less than g.

2. Tie the car to the weight, passing the string over a pulley as shown in the illustration.
3. Measure the distance between the bottom of the weight and the ground. This is the
distance the weight will travel. Make sure that the distance between the car and pulley
is greater than the distance between the weight and ground.

1. Sample answer: Yes, the car-string-weight assemblage is under the
influence of a constant force. The values should be similar. Because
this is not an ideal system—there is friction, the string has mass—
don’t expect
convergence.
description
of perfect
an object’s
position

4. Release the car and weight, and time how long it takes for the weight to reach the
ground. Complete 10 trials, and calculate the average time.
5. Use the equation for acceleration, yf = yi + vi t + t(1/2)a t . Plug in yi that you measured,
vi = 0, and t that you measured. Solve for a.
ANALYZE

1. The net force on the car-string-weight assemblage is equal to the weight of the
descending mass. Divide this force by the total mass, mcar + mdescending. Is your result
similar to the value you measured for a? Is this what you expect?

2

2

a smaller mass yields a greater acceleration. When the mass
of the car is effectively zero, the acceleration will be the same
as that of the descending weight with no attached car.

2

town
hall

EXPLORATION 1

quantify
average velocity,
city, and use
ents plan and
motion.

door
Representing Motion

FORMATIVE ASSESSMENT
3-2-1 Have students write three things they found out in the lesson:
two things they found interesting and one question they still have.

library

A

Evidence Notebook Describe how the acceleration of the car in the Hands-On Lab Applying a

Constant Force would change if the car had a smaller mass. Imagine if the car had the same mass as
the falling insect (much less than the mass of the weight). What would happen?

Unit 1 Motion and Forces

Print Student Edition
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Representations of motion, such as a stop-motion photograph or a graph of position over
time, enable researchers to quantify motion and look for patterns. Descriptions of motion
should be accurate, and the usage of units should be consistent.

B

Frame of Reference

When two
to follow the
FIGURE 2: Two frames of
oves acrossreference used to describe
n of objectsmotion
in
Cartesian
you recall from
draw on a
y-axis
+
magma beneath

A coordinate system or frame of reference can clarify a description of an object’s position
or motion. For example, the position “5 m” might mean “5 m above the floor” or “5 m left
of the door.”

1

Cultivate Collaboration

Collaborate With a partner, imagine you plan to meet at the door of the
library. One of you describes the path from Position A in Figure 1: “Go down the
street, and take the first left.”The other, following these directions (from
town
PositionhallB), arrives near the town hall instead. How does the starting position
door
library
affect the directions to find the library?

FIGURE 1: A and B are starting positions of two friends on their way to the library.

Working as a team is an essential part of developing
21st-century skills. Physics in the Universe provides ample
opportunities for students to:

+

x-axis

FIGURE 2: Two frames of
reference used to describe
motion Cartesian

Motion is a change in position relative to something else. It is described within
B
a frame of reference, a system of coordinates with a fixed origin. Examples
of originsCollaborate
might include
things
such
as oneself, the steps in front of the local
With a partner, imagine you plan to meet at the door of the
1
of you describes
the corner
path from Position
Figure 1: “Go down the
library, orlibrary.
theOne
bottom
left
of aA indesk.

Print Student Edition

bicycles
would now seem to approach more rapidly.
left, some move to the right, and some hold still. If the observer were to start
biking along the path, bicycles going in the same direction at the same speed
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• S tudents act as informed citizens who evaluate the
te • Evaluate
reliability of claims about the health impacts of radio
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presentingCorrectionKey=CA-A
Motion
A coordinate system or frame of reference can clarify a
or motion. For example, the position “5 m” might mean “5 m above
the
floor” or “5 m left
Evidence
Notebook
2 A lighter car would mean the same force, m g, acting on a
of the door.”
smaller total mass, m + m . Dividing the same total force by
1

• string

SAFETY INFORMATION

• S tudents act as mechanical engineers who apply
Newton’s laws to design and refine a device that
Analyze
minimizes
damage during a collision.
Frame
of Reference

“File info”

• meterstick

• means of measuring mass, • pulley attached to table
such as a force meter
• rolling car

• Participate in groups to complete activities
• Partner with their peers to discuss their findings
•C
 ollaborate as they practice the goals of literacy in
science (purposeful reading, writing, speaking, and
listening to strengthen science understanding)

Thewould
observed
motion
of an
object
not changeposition
their positionand
relative
to the observer,
while
oncomingdepend on the frame of

West
East
ck, left, and
bicycles would now seem to approach more rapidly.
reference
of the observer.
entation. To
The observed position and motion of an object depend on the frame of
South
Connections to Community
reference of the observer.
nt users, you
South
b Cardinal
Use these opportunities for informal science
or street corner
b Cardinal
learning to provide local context and to extend and enhance unit concepts.
facing north or

At Home

6 MOVING
Unit FURNITURE
1 Motion and When
Forces furniture needs to be moved so that a floor
can be swept or mopped, it can often take a lot of force to move the piece
furniture.
This is due to friction, a contact force that exists when two
Unit 1 Motion ofand
Forces

FPO

surfaces move past each other. To make it easier to move furniture, you
Have students consider various materials that can
be placed between a table leg and the floor to reduce the force needed to
move the table. Have them list the attributes of materials that can be used
for this purpose and test them, if feasible. Which materials worked best? Which did not reduce the
PHU_CCAESE896155_U01L01EXP1.inddforce
6 needed to move the table? Can these results be used to anticipate if a new material will be
effective in this process? Use with Lesson 1 or 3.
need to reduce friction.
PHU_CCAESE896155_U01L01EXP1.indd
6
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Collaborate
Opportunities for students to work collaboratively in this unit:

In the Community
LOCAL PARK Ask students to investigate the role a push on a swing at a local park has on the
movement of the person on the swing. When a person is pushing someone in a swing, it is
not just the amount of force used but also the timing of this force. Have them investigate the
difference between one very large push of a person on a swing and many well-timed pushes—
always keeping safety in mind. Students may want to present their findings as a video or
interactive diagram. Students may also look at video footage of cars being pushed out of ditches
in snowy or muddy conditions as a similar application of forces. Use with Lesson 1.
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Discussion pp. 46, 54
Jigsaw pp. 27, 62
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Numbered Heads Together p. 38

See-Run-Do p. 10
Take and Pass p. 15

Culture
MAKING WORK EASIER All over the world, people try to make their daily tasks easier to do.
Often this means finding ways to apply forces effectively to cause objects to move. This can
involve the use of machinery or human or animal power. Have volunteers share examples from
their home culture, as appropriate, of ways people make daily tasks easier. Students can also do
research to learn how people in other countries move objects. Use with Lesson 3.

TALL ROADS

Connections to Other Disciplines

Teacher Notes

Opportunities to connect to other content areas in this unit:
Engineering Connection p. 5

Life Science Connection p. 16, 67
Math Connection pp. 9, 15, 16, 18, 19, 32, 34, 52, 60
Use these letters to engage family members with unit concepts.

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

Roads that help people walk
over deep holes
You know that all structures have forces acting on them—and
that forces always exist in pairs. What forces must engineers
consider when designing and building a bridge? As you read
this explanation of how bridges are built, keep Newton’s third
law of motion (action-reaction forces) in mind.

Language Arts Connection pp. 32, 48, 60, 63

Home
Letters
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One Moves p. 30

RANDALL MUNROE
XKCD.COM

Sports Science Connection p. 30
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Unit 1 Motion and Forces

1C

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.
68
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6

Physics in the Universe 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.

68
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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
DO NOT EDIT--Changes must be made through “File info”
CorrectionKey=CA-A
problem solving, so the California Next Generation
Science Standards* (CA NGSS) have raised the
importance of addressing the engineering design
process to the same level as scientific inquiry. California
DO NOT EDIT--Changes must be made through “File info”
CorrectionKey=CA-A
HMH Science Dimensions Physics in the Universe embeds
engineering throughout every grade level to meet this
educational challenge.
Scientists and engineers need to be objective when
2

SEP 1, 6, 8; DCI

CALIFORNIA

Support for

Language Arts Connection

evaluating results. However, their goals and work are affected by their preferences and by
society. For example, the types and sizes of buildings vary over the world and have changed
over time. Think about a bus shelter and some of the nonscientific factors that might affect its
design. Take into account these factors and the previous benefits, risks, and costs. Write a
recommendation for wood, metal, or glass shelters in your community. Explain your choices.

MTSS Tier 2 Stud
cost and risk. A co
amount. A risk ma
could be great. Ha
schoolwork, and m
occurring along on
other. Give examp
sock or making a s
events such as losi
risk depends on bo
and its effects if it

A society’s needs and wants can change over time. The values of society may change. In
turn, these change the problems that engineers and other designers address. Even when
the problems stay the same, however, the solutions may need to change. The costs and
benefits may also change with new technologies.

Integrate Engineering

Engineering

In Physics in the Universe, students also learn core ideas
about the engineering process to solve problems. As
engineers, students:

Printing Houses

FIGURE 2: A 3D-printed house under
construction and completed

A challenge for many communities is how to provide adequate
housing. One community might need a design that can
withstand natural disasters. Another community might design
dense neighborhoods to preserve the surrounding land for
other uses. Some communities see a lack of affordable housing
as the main problem to solve.

Advanced/Gifted
Agency uses risk a
ecological systems
EPA’s risk assessme

Designing
Strongest
Provide Extra Support for Students
WhotheNeed
It Beam
4
Small groups

SEP

Developing and Using Models

Students calculate where an airplane crew should start the flow of
water and fire-retardant chemicals to hit their designated target.
1.

2.

• Asking questions
• Planning investigations

3.
4.

• Analyzing data
• Constructing explanations
• The nature of science, and more

5.

Students should determine that they need the height of the
plane and its speed to determine the time or distance from the
center of the target when the crew should start the flow.
Students should research reasonable values for those variables.
PHU_CCAESE896155_U01L03EXP1.indd
There is no single value for height or airspeed. Goal: have the
middle of the drop zone correspond to the target. Example: if it
takes 60 seconds to drop the load, they should start 30 seconds
before the time they would start if they were just dropping one
object to hit the middle of the drop.
Students should relate the distances on the map to the speed of
the plane—e.g., in 1 minute, the plane could fly from A to B.
Students should use the time for an object to fall y to calculate
time tfall, and then (vhor)tfall to calculate the distance from the
target center x at which they should release the chemicals. Use
this distance and the speed to calculate a second time (t2) from
the target center at which they would release a single item, and
then add half the length of time over which the chemicals are
released to find the point at which the team should start the flow.
Instructions should reference either the distance or the time
from the target center at which the crew should start. Values for
altitude and speed should be given in the instructions.

Points

natural light.
What might
you need to give up in order to achieve the goals?
onto
a Target?

49

As communities grow and extend into forest areas,
the risk of loss, injury, or even death from wildfires
grows as well. Ground crews are always at risk of a
sudden shift in wind direction. Firefighters incorporate
a wide variety of tools to fight a fast-moving fire. Large
airplanes full of water and fire-retardant chemicals help
keep the front lines safe by dropping their payloads at
precise areas where the risk is greatest. Once the key
position is determined, the pilot flies over, keeping
the lane at a safe speed and altitude. Crewmembers
release the mixture of water and chemicals right
where it is needed. You are tasked with calculating
where the crew should start the flow in order to hit the
designated target.

2. CONDUCT RESEARCH

5. COMMUNICATE

With your team, investigate how firefighting planes
operate and the normal conditions that will guide
your solution.

Write instructions for the crew giving them specific
directions about where they should begin the drop.
Include instructions for the pilot about speed and
elevation above the ground during the approach.

• What is the typical height above the ground that
a plane can safely fly?
• What is the typical speed of a plane making a drop
of fire retardant materials?
• How long does it take to drop the entire load?
3. USE A MODEL

Use Newton’s laws and what you have learned about
projectile motion to design a drop that hits the target.
Calculate the forces acting on the falling chemicals,

72

CHECK YOUR WORK
Once you have completed this task, you
should have the following:

• a clearly defined problem statement with questions
about airspeed, elevation, and distance that are
answered in the final calculations
• information about how airplanes approach the
drop zone
• a map showing the target and the range of the drop
around the target
• clear instructions to the crew about the approach
and the drop of the payload over the target

Unit 1 Motion and Forces
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their initial horizontal speed, and the time it will
take to reach the ground (ignore air resistance for
this calculation).

4. DESIGN A SOLUTION

72 Unit 1 Motion and Forces

Lesson 3 Engineering

With your team, write a statement outlining the
problem that you will solve. Decide what information
you will need to solve the problem.

Guiding questions are answered.

Conclusions identify the best design.

FIGURE 5: Crews on the ground are relieved when the
chemicals reach the right target.

1. DEFINE THE PROBLEM

Draw a map that shows the location of your drop.
The drop should be timed so that the middle part of
the flow lands at the target location. Indicate on your
map the direction of approach of the plane and the
expected area on which the chemicals will land.

Explanations describe effective dimensions in the
design, a measure of the total mass that could be
supported, and tradeoffs.

6

UNIT PERFORMANCE TASK
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Performance Task Scoring Rubric
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90 minutes

The online Science and Engineering Practices Handbook
will help students achieve a higher level of understanding
as they build their experiences applying the Science and
Engineering Practices of CA NGSS. The handbook includes:

3 Students shou
to sleep, spen
might conside
will choose to
environmenta
or locally abun
material than

of the Internet changed communities again.

UNIT 1 Performance Task
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•A
 nalyze global challenges, society’s needs, and the
One approach to the last problem is to build a house using a
mobile 3D printer. Materials that can be made fluid, such as
resources available to meet those needs
concrete, plastic, and mud mixed with straw, can be used to
print houses. Material is not cut to size, so less is wasted. The 3D
• Break down complex real-world problems into
printer pumps out just enough material to build the structure.
Construction is rapid, saving both time and labor costs.
manageable problems that can be solved through
Collaborate With a partner, discuss the factors associated with
3
engineering
designing a 3D-printed home. Compare the social, cultural, and
environmental effects to the effects of other means of construction.
• Evaluate the criteria and constraints of engineering
solutions as well as potential social, cultural, and
A solution to a problem can have unforeseen consequences. Some risks of a new
technology—as well as some costs and benefits—may not become apparent until after
DO NOT EDIT--Changes must be made through “File info”
environmental impacts
the technology is in use. For example, companies used to add the element lead into fuel
CorrectionKey=CA-A
to make automobile engines run smoother. As the health costs of lead became known,
• Use computer simulations to model the impact of
leaded fuel became a less acceptable solution. The cost of redesigning engines to run
smoothly without lead became more acceptable. Technology can, in turn, change society.
The spread of the automobile changed how people formed communities. The later spread
different solutions

Print Student Edition
5/24/2018 5:04:47 AM

Sample
more air
give up p
There mi

FORMATIVE A
Quick Write Tel
wilderness area
these on the bo
costs, and risks o

Education Leaders You Can Trust

Consulting author, Dr. Cary Sneider, developed his skills in
curriculum development and teacher education throughout his
teaching career and nearly three decades at the Lawrence Hall
of Science in Berkeley. He was a writing team leader for the Next
Generation Science Standards and has been instrumental in ensuring
California HMH Science Dimensions meets the high expectations of
the CA NGSS and provides an effective three-dimensional learning
DO NOT EDIT--Changes must be made through “File info”
CorrectionKey=CA-A
experience for all students.

Engineering & STEM

Jeffrey Rylander is a veteran physics teacher and the Instructional Supervisor
of the Science Department at Glenbrook South High School. Rylander has been
actively involved with numerous STEM-related initiatives both in his role as
physics teacher and as Instructional Supervisor. Such initiatives include the
development of the STEM Learning Community at Glenbrook South High
School and the Summer Science and Engineering Camps. Rylander has
given presentations on science instruction at several national conferences
and has published numerous articles on physics education.

Jeffrey Rylander

Dr. Cary Sneider

SEP 6, 8; ETS1.B, ETS1.C; CCC 4, STE 1

TAKE IT FURTHER Careers in Engineering
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Inspire Students to Consider STEM Careers

CALIFORNIA
TAKE IT FURTHER

Support for All Learners

•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
Collaborate
careers.
You may choose to assign this activity or direct students to the

Careers in Engineering
Civil Engineer

Students Living in Poverty and Foster Youth Some activities,

such as the one on this page, may need to be completed outside
of the allotted class period. If possible, provide an alternative study
time within the school day for students who may not have access to
a computer at home.

FIGURE 18: Civil engineers at work

Civil engineers design, construct, and maintain public
works: transportation systems such as roads and
railways, energy production such as dams and turbines,
and water supply systems. Across this broad range of
projects, there are many disciplines that focus on one
type of structure or one aspect of construction.
Architects design and construct buildings and other
structures. They must ensure structural integrity under
normal and exceptional loads. In other words, the
structure must not break, deform too much, or weaken.
In a closely related discipline are structural engineers,
who conduct structural analysis of the forces that act
on the different parts of a building. Some structural
engineers specialize in stresses due to wind or stresses
due to earthquakes.

© Houghton Mifflin Harcourt Publishing Company • Image Credits: ©Chaloemphon
Wanitcharoentham/EyeEm/Getty Images

Architectural engineers design different aspects of
buildings, such as systems for heating and cooling,
plumbing and fire protection, and lighting. They may
also design structures to reduce noise or increase
safety. They may manage the construction work.
Geotechnical engineers study the rock and soil systems
(substrates) that support civil engineering projects.
They determine how to place a stable foundation on
a given type of substrate. They may also address the
structure’s impact on the surrounding environment,
such as groundwater.
Hydraulic engineers manage water, such as in sewer
systems and on the scale of the Mississippi River.
Materials engineers study the fundamental characteristics
of materials. They analyze possible building materials,
determining their costs and benefits.
When things go wrong, people turn to forensic engineers.
These specialists apply engineering principles to
determine why a structure or component failed, a field
called failure analysis.

Interactive Online Student Edition, where they can choose from all
available paths. These activities can be assigned individually, to pairs,
or to small groups.

A large project uses engineers from multiple disciplines,
who usually work on smaller problems related to their
disciplines. Good communication is needed to ensure that
the solutions proposed by one team aren’t unknowingly
providing new constraints for other teams. Integrating
the input from different teams is part of designing a
solution to the larger problem.

• Additionally, HMH now includes 29 CliffsNotes® On the
Job STEM videos that profile STEM careers in today’s
Constructing Explanations and
SEP
fastest-growing industries. These videos will motivate
Designing Solutions
Students research the work associated with the design of large-scale
students to enter emerging STEM fields.
civil engineering projects.
• Connections between humans and the natural world
also prepare students to address the environmental
challenges of today and of the future.

Language Arts Connection

RST.11-12.9 Synthesize information.
Students should draw on a variety of sources and synthesize the
information into a concise, informative article.

Language Arts Connection

Write a short, newspaper-style article describing
the specialized knowledge required to design a large-scale
project, such as the Channel Tunnel connecting the United
Kingdom and France or the Large Hadron Collider at CERN.
Address the following in your article:

Explore Online

•
•
•
•
•

In each field, what problems do the engineers address?
Where is there overlap between fields?
What inputs does each type of engineer seek?
What is their final product? What form might it be in?
How will it fit with the products prepared by other teams
on the project?
• Consider how each might contribute to a hypothetical
project, such as designing a large multi-sport complex.

Large-Scale Engineering Projects
Students research the design of a large-scale engineering project.

Materials Testing
Students explore different ways to test materials under stress.

LARGE-SCALE
ENGINEERING PROJECTS

MATERIALS
TESTING

MODELING
GEOLOGIC STRESSES

Lesson 3 Engineering

Physics in the Universe Print Student Edition
PHU_CCAESE896155_U01L03TF.indd 63

Modeling Geologic Stresses

Go online to choose one
of these other paths.

63
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Students use a device to model the effect of geologic compression
forces on blocks of rock.

Lesson 3 Engineering

63

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 Physics in the Universe 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

Engage • Explore/Explain • Elaborate • Evaluate
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CorrectionKey=CA-A

Can You Explain It?

EVALUATE

Lesson Self-Check

Claims, Evidence, and Reasoning
Have students clearly state their claim—their explanation for the
phenomenon they have been investigating throughout this lesson.
They should present their reasoning for making this claim, along
with evidence such as facts, examples, and statistics that support
their claim.

Construct Explanations

CAN YOU EXPLAIN IT?
MODEL Draw the path of the athlete’s motion. Use what you learned in this lesson to
extend the path to the right.

At the end of each lesson, the Lesson Selfmay want to have students present their arguments orally, in
Check leads studentsYou
through
writing,
or as a debate.analyzing
Refer students to thethe
ELA Handbook for more
information on evaluating claims and presenting arguments.
evidence they have gathered with a series of
Cultivating Student Questions
open-ended
response
questions.
Students
then how the skier’s motion
Now that you
have learned
about projectile
motion, observe
Assessing Student Growth Review the list of questions students
follows a curved path. generated
The horizontal
component
of this
motion
shows equal
at the beginning
of the lesson. Have
volunteers
select any
use their evidence to unanswered
develop
explanations
of
the
questions
and suggest
how they could
investigated.
displacement in equal times. The
vertical
component
of be
this
motion shows changing
After approving student plans, have small groups conduct the
lesson’s
investigative
phenomenon.
displacement,
that becomes
smaller
as back
thetosnowboarder
moves upward and increases as
investigations
and report
the class.

Now that you have learned about projectile motion, observe how the skier’s motion
follows a curved path. The horizontal component of this motion shows equal
displacement in equal times. The vertical component of this motion shows changing
displacement, that becomes smaller as the snowboarder moves upward and increases as
the path curves downward.

the path curves downward.
As the year progresses, the number of volunteers for this task will

likely increase. The sophistication of the means of investigation also
may increase. Both outcomes are measures of positive growth that

Evidence Notebook
to your
notesandindemonstrate
your Evidence
Notebook to explain how
are essential toRefer
the scientific
mindset
that students

1

1

are beginning
to understand
that the correct
is much
determining position,
velocity,
and acceleration
cananswer
be used
to less
predict the path of a moving
important than the means used to investigate the question. You will
object.
find that students are more engaged and more willing to take the
risk of being “wrong,” which indicates positive growth in scientific

1. How does displacement
over several time intervals indicate whether motion is
thinking.
accelerated?
EVIDENCE NOTEBOOK
2. What formulas can
you use to solve
for velocity,
displacement
and time?
1 Displacement
will be equal
over equalgiven
intervals
for
motion;
will beto
changing
accelerated
3. How can the motionunaccelerated
in the picture
beitused
predictforthe
skier’s future motion?

Print Student Edition

motion. A familiar example of accelerated motion is
projectile motion, for which the only acceleration on a freely
falling object is downward due to gravity at g = 9.8 m/s2.
The equations are vf = vi + gt and yf = yi + vt + (1/2)gt2.
For unaccelerated motion in the horizontal direction, vf = vi
and xf = xi + vit.

22

PDF

22

Unit 1 Motion and Forces

Unit 1 Motion and Forces

Evidence Notebook Refer to your notes in your Evidence Notebook to explain how

determining position, velocity, and acceleration can be used to predict the path of a moving
object.
1. How does displacement over several time intervals indicate whether motion is
accelerated?
2. What formulas can you use to solve for velocity, given displacement and time?
3. How can the motion in the picture be used to predict the skier’s future motion?

Formal Assessment Go online for student self-checks and other assessments.
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DO NOT EDIT--Changes must be made through “File info”
CorrectionKey=CA-A

© Houghton Mifflin Harcourt Publishing Company • Image Credits: ©technotr/Vetta/Getty Images

EVALUATE Lesson Self-Check
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LESSON 1

Scaffold to Higher-Level Thinking Skills
Formal assessments build in complexity, emphasizing
higher-level reasoning.

22

PDF

Unit 1 Motion and Forces

•U
 nit Pretests make sure students have the basic
knowledge they need for lessons.

• Lesson Quizzes provide a quick check that students
Formal Assessment Go online for student self-checks and other assessments.
6/7/2018 11:54:28 PM
are grasping the 3D concepts.

PHU_CCAESE896155_U01L01A.indd 22

•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 Physics in the Universe prepare students for

Physics in the Universe: Unit Test A

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
Physics in the Universe leverages the advantages of technology while prioritizing a studentcentered 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 Motion and Forces

Integrating the NGSS* Three Dimensions of
Learning

Three-Dimensional
Learning

Building to the Performance Expectations

Physics in the Universe 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. Physics
in the Universe 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

Motion and Forces

Motion in One and Two Dimensions

HS-PS2-1 Analyze data to support the claim that Newton’s second law of
motion describes the mathematical relationship among the net force
on a macroscopic object, its mass, and its acceleration.

SEP
SEP
SEP
DCI
CCC
CCC

HS-ETS1-1 Analyze a major global challenge to specify qualitative and
quantitative criteria and constraints for solutions that account for
societal needs and wants.
HS-ETS1-2 Design a solution to a complex real-world problem by breaking it
down into smaller, more manageable problems that can be solved
through engineering.
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.

Constructing Explanations
Developing and Using Models
Science Models, Laws, Mechanisms, and Theories Explain Natural Phenomena
PS2.A Forces and Motion
Patterns
Cause and Effect

Lesson 2

Force, Mass, and Acceleration
SEP
SEP
SEP
DCI
CCC
CCC

Developing and Using Models
Using Mathematics and Computational Thinking
Science Models, Laws, Mechanisms, and Theories Explain Natural Phenomena
PS2.A Forces and Motion
Systems and System Models
Scale, Proportion, and Quantity

Lesson 3

Assessing Student Progress

Engineering

The Unit Project: Designing the Strongest Beam provides opportunities to
practice aspects of the Performance Expectations. In addition, students can
further practice or be assessed on aspects of the Performance Expectations in the
Unit Performance Task: How Can You Drop a Payload onto a Target?

SEP
SEP
SEP
DCI
DCI
DCI
CCC
CCC

Framework Focus
Instructional Segment 1: Forces and Motion
Guiding Questions: How can Newton’s Laws be used to explain how and why
things move? How can mathematical models of Newton’s Laws be used to test
and improve engineering designs?

Developing and Using Models
Planning and Carrying Out Investigations
Constructing Explanations and Designing Solutions
ETS1.A Defining and Delimiting Engineering Problems
ETS1.B Developing Possible Solutions
ETS1.C Optimizing the Design Solution
Energy and Matter
Influence of Engineering, Technology, and Science on Society and the Natural
World

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

Trace Tool to the NGSS Go online to view the complete coverage of standards across lesson, unit, 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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California Connections

California Connections

Pressure-Temperature Conditions
Teams from Lawrence Livermore National Laboratory and other
facilities have compressed samples of diamond to 50 times Earth’s
atmospheric pressure, similar to pressures at the centers of Jupiter
and Saturn. A pressure wave was created that can compress
diamond for less than 10 billionths of a second. Teams had to
keep temperatures low enough to re-create conditions within the
interior of planets by tuning the rate at which the laser intensity
changes with time.

Researchers at Lawrence
Livermore National Laboratory
have performed an experiment
that reproduces pressures at the
centers of giant planets.

Students will stay engaged in science as they see connections
to their own world. Physics in the Universe 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.

Fault Creep
Fault creep is measurable, steady fault movement in the uppermost
portion of Earth’s crust. Although creeping faults are rare, several
strike-slip faults, such as the Hayward Fault in California, exhibit this
behavior. Creep occurs near the surface of a fault where lithostatic
pressure is low, meaning that the fault is not locked. Aseismic creep
can give clues to seismologists about how and where strain is building
up along a particular fault and where a future earthquake may occur.
Fault creep can be observed
when curbs, streets, and
buildings are offset by slow
fault movement.

The Split Mountain Anticline
The Split Mountain Anticline (an upward-arching fold in rock) occurs
within the Latrania Formation of the Imperial Group. Approximately
5 million years ago, an enormous landslide rapidly pushed its way
down into the soft sediment on the floor of a shallow sea, causing
the sediment to compact. The fold that is seen today is made up of
sandstone in the center of the anticline and breccia on its limbs.

3D Learning Objectives
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 pp. 9, 57
Principle III pp. 11, 31

Principle IV pp. 15, 27, 47, 55
Principle V p. 39

For additional support, see the California Education and the
Environment Initiative (EEI) Curriculum.
The Split Mountain Anticline
formed when a landslide
caused marine sediment to
compact.

© Houghton Mifflin Harcourt • Image Credits: (t) Lawrence Livermore National Laboratory;
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3D Learning Objective

EXPLORATION 2

Students use mathematical representations of motion to identify
constant and changing velocities. They use equations to represent the
motion of objects in free fall mathematically.

Acceleration in One Dimension
Motion along a straight line is called one-dimensional motion. It can be modeled with a
number line. A person walking down a hallway, a moving train car, and a rolling bowling
ball are examples of one-dimensional horizontal motion. A rising elevator, a container
lifted by a crane, and a falling acorn are examples of one-dimensional vertical motion.

Collaborate
falls freely.

1

Changes in Velocity

Students may view motion as something that naturally dissipates over
time—that any object in motion will eventually coast to a stop as its
initial motion is “used up.” Explain that motion changes in response to
a force, and friction and air resistance are forces that act against the
direction of motion. If an object slows over time, it is in response to a
force, not a natural fading away with the passage of time.

For an object in motion, the object’s position is always changing, and its velocity can also
change. Acceleration is a change in velocity. Like displacement and velocity, acceleration
is a vector quantity because it has magnitude and direction. When the acceleration of an
object is in the direction of motion, the object speeds up. When the acceleration is in the
opposite direction, the object slows down.
Just as velocity is the rate of displacement, 4x/4t, acceleration is the rate of change of
velocity, 4v/4t.
v final–v initial v f–v i _
= 4v
a =_ =_
t final–t initial
t f–t i
4t

Patterns

A position-time graph that curves upward shows positive acceleration. If the graph curves
downward, acceleration is negative.

Share with students that infants can detect rapid motion in a way
similar to adults, but they develop the ability to track slower motion
as they grow.

Patterns
Motion is all around us, observed in everyday actions. Through our experiences,
we form an idea of what patterns of motion are normal and what motion is out
of the ordinary and requires further study. When you watch a soccer game, your
experience tells you where to look when the ball is kicked. Imagine you are directing
a camera to track the ball. Along with your own experiences with patterns of motion,
you could use a mathematical model to describe the ball’s likely motion.

1 Horizontal: equal displacements in equal times indicate constant
velocity. Vertical: increasing displacement in equal times indicates
increasing velocity. Recall from Newton’s laws that a change in
motion indicates an unbalanced force: the forces on the rolling
ball are balanced, while the force of gravity on the falling ball is
not balanced by a supporting tabletop.
2 In each time interval, the displacement increases compared with
the displacement in the previous time interval.
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Integrated ELD support, Advanced/Gifted, and MTSS Tier 2 as
well as Connections to the History of Science and Environmental
Principals & Concepts are also provided at point of use.

Incorporate English Language Arts and Math
Connections

ANALYZE What pattern do you see in the motion of the ball in Figure 5?

Unit 1 Motion and Forces

Physics in the Universe Teacher Edition
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Additional Collaboration; Differentiate Instruction; Formative
Assessment; and Claims, Evidence, and Reasoning suggestions
provide a wealth of support and resources.

ANALYZE For the images in Figure 5 and Figure 6, the ball’s motion was photographed
at equal time intervals. Compare the balls’ motion in both figures. What is different?

Preconception Alert

CCC

Enrich the Learning Experience

FIGURE 6: A ball rolls across a table.

FIGURE 5: A ball

© Houghton Mifflin Harcourt Publishing Company • Image Credits: ©Richard Megna/Fundamental
Photographs

See-Run-Do Make a poster of an image from a time-lapse
photograph. Hang the poster in the hallway. Students should form
groups of three and decide who will be the seer, the runner, and
the doer. Have each seer look at the poster. This student returns and
explains to the runner what is on the poster. The runner should walk
to the group’s doer and explain what to draw on the group’s poster.
Gradually, the image on the original poster should be copied onto
each group’s poster.
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Strong math and reading skills are essential to ensuring
STEM learning and science literacy. California HMH Science
Dimensions Physics in the Universe offers California Common Core
Math and ELA connections throughout the curriculum.
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LESSON 1

Motion in One and Two Dimensions

Developmental Progression in All
Three Dimensions

Building to the Performance Expectations
The learning experiences in this lesson prepare students for mastery of

Trace Tool to the NGSS

HS-PS2-1 Analyze data to support the claim that Newton’s
second law of motion describes the mathematical relationship
among the net force on a macroscopic object, its mass, and its
acceleration.

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 being covered in any lesson or activity
that support literacy, language, or mathematical
reasoning as well as science learning.

SEP

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

Science &
Engineering
Practices

Analyzing and Interpreting Data
Analyze data using tools, technologies,
and/or models (e.g., computational,
mathematical) in order to make valid and
reliable scientific claims or determine an
optimal design solution.

DCI

Disciplinary
Core Ideas

CCC

PS2.A Forces and Motion
Newton’s second law accurately describes changes in the motion of
macroscopic objects. (HS-PS2-1)

Crosscutting
Concepts

Patterns
Mathematical representations are
needed to identify some patterns.
Stability and Change
Change and rates of change can be
quantified and modeled over very short
or very long periods of time.

VIDEO Motion and Forces

Using Mathematics and
Computational Thinking
Use mathematical representations of
phenomena to describe explanations.

VIDEO Stability and Change

VIDEO Using Data, Mathematical
Thinking, and Computational Thinking

MATH STANDARDS

ELA STANDARDS

MP.2 Reason abstractly and quantitatively.

WHST.9-12.2 Write informative/explanatory texts, including the narration of historical
events, scientific procedures/ experiments, or technical processes.

MP.4 Model with mathematics.

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

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.

Lesson 1 Motion in One and Two Dimensions 5A

Physics in the Universe Teacher Edition

Utilize the 5E Model
The Teacher Edition (online and print) is
organized around the 5E instructional
model. This provides a layout for teachers
while also providing a solid foundation upon
which to build a CA NGSS curriculum.
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LESSON 1

Engage • Explore/Explain • Elaborate • Evaluate

EXPLORATION 3 Motion in Two Dimensions, continued
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Math Connection
MP.2 Reason abstractly and quantitatively.
Use equations to describe patterns observed in motion. For a ball
thrown at an angle, the initial velocity v can be divided into the
horizontal component vx = vcosθ and vertical component vy = vsinθ.
Ask: What do these equations reduce to for θ = 0° and θ = 90°? When
will the two components be equal? For 0° the horizontal component is
v and vertical component 0; for 90° the vertical component is v and
horizontal component 0. The two components are equal for θ = 45°.

Cross-Curricular Integration
The Teacher Edition provides connections to
other science disciplines, like Chemistry and
Biology, 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.

Support for Unit Connections
Life Science Connection

Research how far a typical grasshopper can jump. Compare the
relative length of the grasshopper’s leap to that of a champion
human athlete. Make a poster that compares the scales of the two motions
and relates the different forces acting in and on the organisms.

se

opposite

nu
po
te
hy
0
adjacent

FIGURE 17: The basic trigonometric relationships for a right triangle

opposite
sinθ = __
hypotenuse

1 Check that the heads of the component vectors are arranged
correctly. Note that component vectors could also be drawn
above each figure. Then Ay would start at the tail of A and go up,
and Ax start at the head of Ay and meet the head of A.

Research should include a movement of scale, indicating how the
jumping range of a grasshopper would translate to larger organisms
such as frogs, humans, and kangaroos. Scaling the distances up
to larger organisms will put the distance a grasshopper can jump
into perspective. The student poster should clearly illustrate the
comparison of scales of the two motions and compare the different
forces acting in and on organisms.

FIGURE 16: A right triangle
with angle θ

adjacent
cosθ = __
hypotenuse

opposite
tanθ = _
adjacent

For a vector A that makes an angle θ with the horizontal, the horizontal component
is given by Acosθ and the vertical component by Asinθ.
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Art Connection

Art Connection

© Houghton Mifflin Harcourt Publishing Company • Image Credits: (tr) ©Ringo Chiu/ZUMA Press, Inc./Alamy;
(cr) ©AF Archive/Alamy; (br) ©Annie Eagle/Alamy

Trigonometry is the branch of mathematics
concerned with the relationships between sides and
angles of triangles. Because horizontal and vertical
component vectors are based on right triangles,
trigonometric relationships can be used to find
the lengths of the different vectors and the angles
between them.

3D Learning

FIGURE 2: This grasshopper’s legs are ready
to exert force.

Math Connection

Trigonometry and Vectors

© Houghton Mifflin Harcourt Publishing Company

SEP 2, 8; DCI PS2.A, ETS1.A; CCC 3, 4

Students can start their research by referencing movies they have
16
seen in which the laws of physics are not adhered to. If some students
do not have experience with such movies, they can refer to cartoons,
books, video clips, or video games. Students’ charts should be well
organized and clearly show the assumptions made by the characters
that do not match real-world physics laws of motion.

FIGURE 3: Fictional forces don’t always
strictly follow the laws of physics.

Research fictional characters who live and operate by their own
rules of nature. Make a chart to compare the assumptions that the
authors of the fictional characters had to make that do not match what
you know about physics.

Unit 1 Motion and Forces
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Physics in the Universe Teacher Edition

Architecture Connection
Students should produce an image or diagram of the structure, its
location, and how forces were used in the design of the structure.
Students should use their research to create their own tensegrity
structure using materials that are easy to obtain. They can include an
infographic of their structure with labels for the various forces acting
on the structure.

Architecture Connection
Floating Structures Tensegrity structures often appear to
break rules of common sense about how structures stay together.
However, they do not violate the rules of physics. In these
structures the skeletal parts, such as sticks, are held in place by
forces that compress them from both ends. The parts do not touch
one another. They are held in position by other elements, such as
strings or cables that have forces of tension pulling them tight.
The result is a stable structure that always looks like it is on the
edge of collapse.

w

Students may try to apply trigonometric functions or vector
components to any triangle. Help them understand that to apply
these formulas, the triangle must be a right triangle or broken down
into right triangles.
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Life Science Connection

C

B

Ax

In biology, a vector refers to a method of transmission. In
epidemiology, a disease vector is an agent that carries or transmits
a pathogen, such as a malaria-bearing mosquito. In the study of
ecosystems, a dispersal vector is an agent that transports material,
such as the wind with a dandelion seed or bees with pollen. Ask:
What do these examples have in common with the mathematical vector?
The term vector indicates that direction is important in this process.
The biological term does not carry the sense of magnitude that
vectors used in mathematics and physics do.

UNIT 1 Connections

More Powerful than a Locomotive In a movie, TV show, or
graphic novel, you might find the laws of physics set aside.
Characters fly without a force of propulsion. They stop moving
objects with no hint of a force pushing back and maybe even
catch bullets in their hands. Buses fly impossible distances. These
abilities and events make for interesting stories, but they operate
under different physical laws than the world around you.

Ay
A

Preconception Alert

UNIT CONNECTIONS

MODEL Draw the horizontal and vertical components of vectors A, B, and C. Label
the components Ax , Ay , and so on. Check that your component vectors are arranged
head to tail.

Life Science Connection
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A Very Long Jump The muscles in the grasshopper’s legs store
energy through tension, just as a spring stores energy. When the
energy is released, the force of the leg against the ground causes
a rapid forward motion of the insect. Grasshoppers can jump many
times the length of their bodies in a single leap.

As shown in Figure 15, any two-dimensional vector can be described by a pair of vectors
giving the horizontal and vertical components.

1

FIGURE 4: At a casual glance, it is hard
to understand why the structure does
not collapse.

Research tensegrity structures. Identify how forces work together
to make them stable. Then use common items such as sticks or
rods along with string or rubber bands to build your own structure. Design
an infographic that includes a sketch of your structure. Label all of the
forces that you can.

Unit 1 Motion and Forces
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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 (including 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 WF399856
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