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Welcome to Holt Science Spectrum

Learn to think like a scientist . . .
Houghton Mifflin Harcourt’s introductory physical science program integrates chemistry, 
physics, Earth science, space science, and applied mathematics. The program emphasizes 
the important connections between these subjects and their cross-disciplinary applications 
and helps students think analytically, like scientists.

THE HMH® ADVANTAGE 
Science Spectrum® addresses the key 
challenges science teachers face. The 
program is designed to be easy to follow 
and easy to use.

• �Reading Toolbox helps improve students’ 
reading comprehension and retention 
through conceptual organization.

• �Why It Matters strand makes science 
relevant to students and piques their 
interest.

• �Inquiry-driven, hands-on learning 
reinforces the science concepts students 
are studying.

• �Point-of-use Math and Science Skills 
features help students succeed in 
science.

• �Strong support for differentiated 
instruction makes Holt Science Spectrum 
accessible to a diverse student 
population.
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Reading Support Unlocks Science Content

These reading tools can help you learn the material in this 
chapter. For more information on how to use these and other 
tools, see Appendix A.

396 C h a p t e r  1 2   F o r c e s

FoldNotes
Key-Term Fold The key-term fold can help 
you learn the key terms from this chapter.

Your Turn Create a key-term fold, as described in 
Appendix A. 

1 Write one key term 
from the Summary 
page on the front of 
each tab. 

2 As you read the 
chapter, write the 
definition for each 
term under its tab. 

3 Use this FoldNote to 
study the key terms.

Cause and Effect
Signal Words  Certain words or phrases can 
serve as signals of cause and effect relationships. 
Such signals are called cause and effect markers.

Your Turn Complete the table of cause and effect 
markers that are in this chapter.

Note Taking
Two-Column Notes Two-column 
notes can help you learn the Key Ideas 
from each section. 

• The Key Ideas are in the left column. 

• In your own words, write detailed 
notes and examples in the right 
column.

Your Turn Complete the two-column 
notes for Section 1, adding another row 
for each Key Idea.

inertia

weight

free fall

terminal velocity

projectile motion

momentum CAUSE EFFECT MARKERS

Inertia You appear to 
slide toward the 
side of a car

Because

CAUSE MARKERS

cause

aff ect

produce

as a result of

due to

because

EFFECT MARKERS

therefore

thus

as a result

is an eff ect of

results from

consequently

• Objects change their state of motion only 
when a net force is applied.

• When there is no net force, an object does 
not change its state of motion.

• For example, if there were no friction , a 
bowling ball would keeping rolling forever. It 
would not stop.  

KEY IDEA #1: 
What makes an 
object speed up, 
slow down, or 
change 
directions?
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Key Ideas Key Terms Why It Matters

Newton’s First and 
Second Laws1

V What makes an object speed up, slow down, or 
change directions?

V What determines how much an object speeds up or 
slows down?

inertia Newton’s second law 
of motion helps explain 
how air bags have saved 
lives.

Every change in motion that you observe or feel is caused by 
a force. Sir Isaac Newton (1642–1727), a British scientist, 
described the relationship between motion and force in three 
laws that we now call Newton’s laws of motion. Newton’s laws 
apply to a wide range of motion—a caterpillar crawling on a 
leaf, a person riding a bicycle, or a rocket moving in space.

Newton’s First Law
If you start your book sliding across a rough surface, such 

as carpet, the book soon comes to rest. On a smooth surface, 
such as ice, the book will slide much farther. Because there is 
less frictional force between the ice and the book, the smaller 
force must act over a longer time before the book stops. 
Without friction, the book would keep sliding. This is an 
example of Newton’s first law, which is stated as follows.

Newton’s 
first law

An object at rest remains at rest and an object 
in motion maintains its velocity unless it 
experiences a net force.

V Objects change their state of motion only when a net force 
is applied. A book sliding on carpet comes to rest because 
friction acts on the book. If no net force acted on the book, the 
book would continue moving with the same velocity.

Objects tend to maintain their state of motion.
If you have ever bowled, you know that a bowling ball, 

such as the one shown in Figure 1, will continue moving down 
the alley until it comes in contact with the bowling pins. In 
fact, if the alley were infinitely long and frictionless, the ball 
would keep rolling on and on! In the real world, friction (an 
outside force) will eventually cause the ball to stop.

Figure 1 A bowling ball in motion 
tends to remain in motion unless acted 
on by an outside force. Why is it 
difficult to start a bowling ball 
moving?

  S e c t i o n  1   N e w t o n ’ s  F i r s t  a n d  S e c o n d  L a w s 397

Academic Vocabulary
infinite (IN fuh nit) without limits
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S e c t i o n  X  S e c t i o n  T i t l e 433

Power Output 20 min

Procedure
1 Use a scale to determine your 

weight in newtons. If your scale 
measures in pounds, multiply your 
weight by 4.45 N/lb.

2 With a classmate, use a stopwatch 
to time how long each of you takes 
to walk quickly up the stairs. 
Record your results.

3 Use a meterstick to measure the 
height of one step in meters. 
Multiply by the number of steps to 
calculate the height of the stairway.

4 Multiply your weight in newtons by 
the height of the stairs in meters to 
find the work that you did in joules.

5 To express your power in watts, 
divide the work done in joules by 
the time in seconds that you took 
to climb the stairs. 

Analysis
1. How would your power output 

change if you walked up the stairs 
faster?

2. What would your power output be if 
you climbed the stairs in the same 
amount of time while carrying a 
stack of books weighing 20 N?

3. Why did you use your weight as the 
force in the work equation?

S e c t i o n  1   W o r k ,  P o w e r ,  a n d  M a c h i n e s 433

Power
Running up a flight of stairs does not require more work 

than walking up slowly does, but running is more exhausting 
than walking. The amount of time that a given amount of work 
takes is an important factor when you consider work and 
machines. The quantity that measures work in relation to time 
is power. V Power is the rate at which work is done, or how 
much work is done in a given amount of time.

Power 
equation

power =   work _ 
time

             P =   W _ 
t
  

Running a given distance takes less time than walking the 
same distance does. How does reducing the time in the power 
equation change the power if the work done stays the same?

Power is measured in watts.
The SI unit used to express power is the watt (W). One watt 

is the amount of power needed to do one joule of work in one 
second. It is about equal to the power needed to lift an apple 
over your head in 1 s. Do not confuse the symbol for work, W, 
which is italic, with the symbol for the watt, W. You can tell 
which one is meant from the context and by the use of italics. 

 What is the SI unit for power? (See 
Appendix E for answers to Reading Checks.)

power (POW uhr) a quantity that 
measures the rate at which work is done 
or energy is transformed

Academic Vocabulary
factor (FAK tuhr) a condition or event that brings 
about a result

sp08se_wke_s01.indd   433 8/21/06   12:58:49 PM

KEY TERMS 

Scientific Vocabulary is highlighted in 
context and defined in the margin for 
quick reference. Academic Vocabulary 
provides definitions of terms that are 
frequently used in science.

Every chapter begins with tools such 
as Graphic Organizers or FoldNotes 
to help students access key science 
content. These tools are suggested 
again at point of use within the 
chapter. The first question in every 
Chapter Review provides practice 
using a Reading Toolbox application. 
Additionally, the Teacher’s Edition 
provides toolbox suggestions in the 
margin wrap.

Each section begins with 
questions that guide students’ 
reading and provide focus. These 
Key Ideas are emphasized within 
the running narrative with red 
icons.

Important points are also reinforced 
with questions that check students’ 
reading comprehension.
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Why It Matters Captures Students’ Interest

Key Ideas Key Terms Why It Matters

Newton’s First and 
Second Laws1

V What makes an object speed up, slow down, or 
change directions?

V What determines how much an object speeds up or 
slows down?

inertia Newton’s second law 
of motion helps explain 
how air bags have saved 
lives.

Every change in motion that you observe or feel is caused by 
a force. Sir Isaac Newton (1642–1727), a British scientist, 
described the relationship between motion and force in three 
laws that we now call Newton’s laws of motion. Newton’s laws 
apply to a wide range of motion—a caterpillar crawling on a 
leaf, a person riding a bicycle, or a rocket moving in space.

Newton’s First Law
If you start your book sliding across a rough surface, such 

as carpet, the book soon comes to rest. On a smooth surface, 
such as ice, the book will slide much farther. Because there is 
less frictional force between the ice and the book, the smaller 
force must act over a longer time before the book stops. 
Without friction, the book would keep sliding. This is an 
example of Newton’s first law, which is stated as follows.

Newton’s 
first law

An object at rest remains at rest and an object 
in motion maintains its velocity unless it 
experiences a net force.

V Objects change their state of motion only when a net force 
is applied. A book sliding on carpet comes to rest because 
friction acts on the book. If no net force acted on the book, the 
book would continue moving with the same velocity.

Objects tend to maintain their state of motion.
If you have ever bowled, you know that a bowling ball, 

such as the one shown in Figure 1, will continue moving down 
the alley until it comes in contact with the bowling pins. In 
fact, if the alley were infinitely long and frictionless, the ball 
would keep rolling on and on! In the real world, friction (an 
outside force) will eventually cause the ball to stop.

Figure 1 A bowling ball in motion 
tends to remain in motion unless acted 
on by an outside force. Why is it 
difficult to start a bowling ball 
moving?

  S e c t i o n  1   N e w t o n ’ s  F i r s t  a n d  S e c o n d  L a w s 397

Academic Vocabulary
infinite (IN fuh nit) without limits

sp08se_for_s01.indd   Sec1:397 8/14/06   7:32:45 AM

Designed more like a magazine layout than a textbook page, Why It 
Matters features capture students’ interest and make science relevant in 
the context of real-world science, weird science, or science and society.

Each chapter and section also begins by emphasizing the relevance 
of the lesson content to students’ everyday lives with Why It Matters 
explanations.
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Inquiry and Hands-On Learning 							     
				    Reinforce Key Science Concepts

CHAPTER LABS 

End-of-chapter labs focus on experimental 
skills and test scientific principles through 
the use of scientific methods. Leveled 
datasheets for basic, general, and 
advanced learners are available for every 
chapter lab.

Additional labs correlated  
to each chapter are available in the  
Chapter Resources and include Skills 
Practice, CBL™ Probeware,  
and Inquiry labs. 

INQUIRY LABS 

Chapters begin with an inquiry-
driven activity to get students 
thinking about the science content 
they are about to study.

DEMONSTRATIONS 

“Show and Tell” 
suggestions for science 
concepts are located 
in the margin of the 
Teacher’s Edition.

QUICK LABS 

Short, hands-on activities in every 
section highlight key science concepts 
with few demands on time and 
equipment.

Key Ideas Key Terms Why It Matters

Gravity2
V How are weight and mass related?

V Why do objects fall to the ground when dropped?

V What is the relationship between free-fall acceleration 
and mass?

V Why does a projectile follow a curved path?

weight

 free fall

terminal velocity

projectile motion

Even though we can’t 
see black holes, we 
know where they might 
be by measuring how 
they attract mass nearby. 

Have you ever seen a movie about the Apollo astronauts 
walking on the moon? When they tried to walk on the lunar 
surface, they bounced all over the place! Why does the astro-
naut wearing a massive spacesuit in Figure 1 bounce around 
so easily on the moon? The answer is that gravity is not as 
strong on the moon as it is on Earth.

Weight and Mass
The force on an object due to gravity is called weight. On 

Earth, your weight is simply the amount of gravitational force 
exerted on you by Earth. The free-fall acceleration near a 
massive object is a constant acceleration that all masses near 
that object experience. Near Earth’s surface, the free-fall 
acceleration, g, is about 9.8 m/s2. You can use F = ma 
(Newton’s second law) to calculate a body’s weight. V Thus, 
weight is equal to mass times free-fall acceleration. 
Mathematically, this relationship is as follows:

Weight weight = mass × free-fall acceleration
w = mg

Weight is measured in newtons.
Because weight is a force, the SI unit of weight is the new-

ton (N). A small apple weighs about 1 N on Earth. A typical 
textbook, which has a mass of about 2,250 g, has a weight of 
2.25 kg × 9.8 m/s2 = 22 N on Earth.

Figure 1 Because gravity on the 
moon is less than gravity on Earth, 
the Apollo astronauts bounced 
as they walked on the 
moon’s surface.

weight (WAYT) a measure of the 
gravitational force exerted on an object

SECTION 2

SECTION 2 Gravity 403

In this section, students study 
gravitational force and the law of 
universal gravitation, free-fall accel-
eration, the difference between 
mass and weight, terminal velocity, 
and projectile motion.

Bellringer
Use the Bellringer transparency to 
prepare students for this section.

Gravity Fill a round balloon with air 
and let it rest freely on your open 
hand. Ask: “What force is keeping 
this balloon on my hand?” (gravity). 
Explain to students that all objects 
in the universe attract each other 
through the force of gravity. In this 
case, the balloon and the Earth 
are attracting each other, but your 
hand is preventing the balloon’s 
fall. Let the balloon fall to the floor, 
and draw on the board the path of 
the balloon. Next, place the bal-
loon on your hand once more and 
tap the balloon so it moves off your 
hand horizontally and falls to the 
floor. Ask: “Does gravity still affect 
the balloon when it is in motion?” 
(yes) Draw the path of the balloon 
on the board again, using arrows 
to illustrate the forces acting on the 
balloon. Visual

 Teaching Transparencies 
Pd Law of Universal Gravitation 
Pe Projectile Motion
P5 Terminal Velocity
P6 Two Motions Cause Orbiting

 Visual Concepts
Law of Universal Gravitation
Equation for Newton’s Universal Law of 

Gravitation
Gravity and Orbit
Projectile Motion
Free Fall
Comparing Mass and Weight

 Science Skills Worksheet 
Equations Involving a Constant

 Cross-Disciplinary Worksheets 
Integrating Biology—Blood Pressure in 

Space
Connection to Social Studies—The 

Great Plague and Isaac Newton
Integrating Space Science—Gravity and 

the Planets
Integrating Biology—How Fish Maintain 

Neutral Buoyancy

Key Resources

sp08te_FOR.indd   403 9/23/06   12:19:23 PM
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Inquiry and Hands-On Learning 							     
				    Reinforce Key Science Concepts

Developing Math and Science Skills 					   
					     Is Key to Student Success

Math Skills link mathematics 
directly to the science being 
presented. Problem-solving 
graphics demonstrate the 
natural links between these 
two disciplines. Following 
the solved problem, 
students are presented with 
applications that check their 
understanding.

Math Skills Workbook provides additional 
remediation and practice for students 
who need extra support.

Science Skills in every chapter 
develop students’ science skills 
in the context of the content 
that they are studying. Skills 
focus includes technology, math, 
scientific methods, and graphing. 
Additionally, these skills are 
practiced in the Section and 
Chapter Reviews.

C h a p t e r  T i t l e   423

E X P L A I N I N G  K E Y  I D E A S

 14. What is the difference between free fall and 
weightlessness?

INTERPRETING GRAPHICS The graph below shows 
the velocity of a bicycle over time. Use the graph 
below to answer questions 15 and 16.

Time

Ve
lo

ci
ty

b

a c

 15. Determine whether the acceleration is positive, 
negative, or zero for each segment.

 16. Where is the net force on the bicycle zero? 

C R I T I C A L  T H I N K I N G

 17. Applying Concepts What happens to the 
gravitational force between two objects if their 
masses do not change but the distance between 
them becomes four times as much?

 18. Analyzing Ideas There is no gravity in outer 
space. Write a paragraph explaining whether this 
statement is true or false.

 19. Making Predictions How will acceleration 
change if the mass being accelerated is 
multiplied by three but the net force is reduced 
to half?

 20. Applying Knowledge For each pair, determine 
whether the objects have the same momentum. 
If the objects have different momentums, 
determine which object has more momentum.

 a. a car and train that have the same velocity
 b. a moving ball and a still bat
 c. two identical balls moving at the same speed 

in opposite directions

 21. Newton’s Second Law A student tests the 
second law of motion by accelerating a block of 
ice at a rate of 3.5 m/s2. If the ice has a mass 
of 12.5 kg, what force must the student apply to 
the ice? 

 22. Weight A bag of sugar has a mass of 2.26 kg. 
What is its weight in newtons on the moon, 
where the acceleration due to gravity is one-
sixth of that on Earth? (Hint: On Earth, g = 
9.8 m/s2.)

 23. Momentum Calculate the momentum of the 
following objects:

 a. a 65 kg skateboarder moving forward at the 
rate of 3 m/s

 b. a 20 kg toddler in a car traveling west at the 
rate of 22 m/s

 c. a 16 kg penguin at rest 

 24. Line Graphs An experiment is done using a lab 
cart. Varying forces are applied to the cart and 
measured while the cart is accelerating. Each 
force is applied in the same direction as the 
movement of the cart. The following data are 
obtained from the experiment.

Trial Acceleration 
(m/s2) Applied force (N)

1 0.70 0.35

2 1.70 0.85

3 2.70 1.35

4 3.70 1.85

5 4.70 2.35

 a. Graph the data in the table. Place acceleration 
on the x-axis and applied force on the y-axis. 

 b. Recall that F = ma. What does the line on the 
graph represent? 

 c. Use your graph to determine the mass of the 
lab cart.

C h a p t e r  R e v i e w 423

sp08se_for_chr.indd   423 8/10/06   12:07:57 PM

Section 3 Review

S e c t i o n  X  S e c t i o n  T i t l e 417S e c t i o n  3   N e w t o n ’ s  T h i r d  L a w 417

Momentum is conserved in collisions.
When a moving object hits a second object, some or all of 

the momentum of the first object is transferred to the second 
object. Imagine hitting a billiard ball with a cue ball such that 
the billiard ball starts moving, as Figure 5 shows. During a 
collision with a billiard ball, the cue ball transfers some of its 
momentum to the billiard ball.  Anytime two or more objects 
interact, they may exchange momentum, but the total mo-
mentum of the system always stays the same.

Newton’s third law explains conservation of momentum. 
In a game of pool, the cue ball hits the billiard ball with a 
force  —the action force. The equal but opposite force exerted 
by the billiard ball on the cue ball is the reaction force.

KEY IDEAS
1. State Newton’s third law of motion, and give an 

example that shows how this law works.

2. Describe how momentum is calculated.

3. Explain what the law of conservation of momen-
tum means, and give an example.

CRITICAL THINKING
4. Evaluating Models Which of the following models 

explains why the action and reaction forces don’t 
cancel each other when a soccer ball is kicked? 
a. The force of the player’s foot on the ball is 

greater than the force of the ball on the 
player’s foot.

b. The forces do not act on the same object.
c. The reaction force happens after the action 

force.

5. Identifying Examples List the action and reaction 
forces in three force pairs. Do not use examples 
from the chapter.

6. Applying Ideas The forces exerted by Earth and a 
skier become an action-reaction force pair when the 
skier pushes the ski poles against Earth. Explain why 
the skier accelerates while Earth does not seem to 
move at all. (Hint: Think about the math equation 
for Newton’s second law of motion for each of the 
forces.)

7. Calculate the momentum of a 1 kg ball that is mov-
ing eastward at 12 m/s.

Figure 5 Some of the cue 
ball’s momentum is 
transferred to the billiard ball 
during a collision.

sp08se_for_s03.indd   417 8/10/06   11:45:50 AM
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Differentiated Instruction 
				    Helps You Reach All Your Students

The Teacher’s Edition margin wrap provides strategies for differentiating instruction 
at point of use for important science content. These strategies are referenced in the 
Chapter Planning Guide at the beginning of each chapter.

Interactive Reader is a full adapted 
read of each chapter and makes 
content from the Student Edition 
accessible to struggling readers. 
Reading strategies, directed 
reading questions, and interactive 
illustrations are provided to help 
develop students’ reading skills.
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Differentiated Instruction 
				    Helps You Reach All Your Students

Differentiated datasheets, chapter tests, 
and worksheets are available online so all 
your students can study the same lesson, 
but work at their own level.

Name ______________________________ Class___________________Date__________________  

Original content Copyright © by Holt, Rinehart and Winston. Additions and changes to the original content are the responsibility of the instructor. 

Holt Science Spectrum 32 Forces 

Assessment TEST A 

Chapter Test 

Forces 

In the space provided, write the letter of the term or phrase that best completes 

each statement or best answers each question. 

_____  1. If you divide momentum by velocity, the result is the value of the 
object’s 
 a. mass. c. energy. 

 b. direction. d. speed. 

_____  2. A 10.0 kg dog chasing a rabbit north at 6.0 m/s has a momentum of 
 a. 0.6 kg m/s. c. 60.0 m/s. 

 b. 60.0 kg • m/s north. d. 60.0 kg/s. 

_____  3. When the velocity of an object changes, it is acted upon by a(n) 
 a. force. c. momentum. 

 b. inertia. d. deceleration. 

_____  4. If the net force on an object is zero, then the object has 
 a. reaction forces. c. balanced forces. 

 b. action forces. d. unbalanced forces. 

_____  5. When objects are moved further apart from each other, the force of 
gravity between them 

 a. increases. c. decreases. 

 b. stays the same. d. decreases at first then increases. 

_____  6. The SI unit of force, named after the scientist who described the 
relationship between motion and force, is called the 
 a. newton. c. curie. 

 b. einstein. d. pasteur. 

_____  7. When air resistance balances the weight of a falling object, the velocity 
 a. slowly decreases. c. rapidly increases. 

 b. remains constant. d. None of the above 

_____  8. The weight of an object can be calculated by multiplying mass by 
 a. distance. c. velocity. 

 b. speed. d. free-fall acceleration. 

_____  9. Which object does not have momentum? 
 a. a fish swimming in a pond c. a rock by the side of the road 

 b. a feather falling to the ground d. a boulder rolling down a hill 

Name ______________________________ Class___________________Date__________________  

Original content Copyright © by Holt, Rinehart and Winston. Additions and changes to the original content are the responsibility of the instructor. 

Holt Science Spectrum 34 Forces 

Assessment TEST B 

Chapter Test 

Forces 

In the space provided, write the letter of the term or phrase that best completes 

each statement or best answers each question. 

_____  1. Which of the following is not a factor in calculating momentum? 
 a. mass c. acceleration 

 b. direction d. speed 

_____  2. Whenever an object is standing still, which value is always zero? 
 a. speed c. momentum 

 b. velocity d. All of the above 

_____  3. A tug-of-war that results in one team pulling the other across the line is 
an example of 
 a. action forces. c. balanced forces. 

 b. reaction forces. d. unbalanced forces. 

_____  4. A force is continuously applied to an object, causing it to accelerate. 
After a period of time, however, the object stops accelerating. What 
conclusions can be drawn? 
 a. The mass of the object has increased. 

 b. Gravity on the object has increased. 

 c. The object is experiencing some kind of friction. 

 d. The momentum of the object has reached a maximum. 

_____  5. Weight is best described as 
 a. an object’s resistance to acceleration. 

 b. what causes an object to fall. 

 c. the downward force exerted on an object due to gravity. 

 d. a force solely dependent on an object’s mass. 

_____  6. Which of the following units is used to measure acceleration? 
 a. m/s b. m s c. m/s2 d. m2/s2 

_____  7. Which of the following is true? 
 a. Weight and mass are proportional but not equal. 

 b. Weight is gravitational force an object experiences due to its mass. 

 c. The weight of an object on Earth is greater than the weight of the 

same object on the moon, but the object’s mass stays the same. 

 d. All of the above 

_____  8. The tendency of an object at rest to remain at rest is 
 a. inertia. c. free fall. 

 b. momentum. d. acceleration. 
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        

        
          
          
              

    

                
    
          
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               
               
             
       

  

  

  

  

  
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                
                 
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                      

     
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     

              
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             

               
  

   
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Understanding Concepts
Directions (1–3): For each question, write on a 
sheet of paper the letter of the correct answer.

 1. An industrial thermometer is heated until the 
mercury inside it is exerting 400 N of force 
against the inner surface. That surface has a 
total area of 200 cm2. How much pressure is 
the mercury exerting against the inner surface 
of the thermometer? Note that 1 Pa = 1 N/m2.

A. 800 Pa C. 8,000 Pa
B. 2,000 Pa D. 20,000 Pa

 2. A sealed refuse container is buried near a fault 
line, and seismic activity brings the container 
close to an underground source of geothermal 
energy. As the container gets warmer, what 
happens to the internal air pressure of the 
container?

 F. The internal air pressure decreases.
 G. The internal air pressure increases.
 H. There is no effect on internal air pressure.
 I. There is no air pressure inside a sealed 

container.

 3. In the year 2032, a space probe investigating 
Neptune scoops up a load of solid frozen 
oxygen from the planet’s atmosphere. Upon 
re-entry into Earth’s atmosphere, some of the 
solid oxygen immediately changes into a gas. 
Which of the following processes happened?

A. evaporation C. sublimation
B. condensation D. melting

Directions (4–5): For each question, write a short 
response.

 4. Plastic is put into molds to create specific 
shapes. In what state of matter should the 
plastic be when it is put in the mold, and why?

 5. A kitchen scientist combines 5.0 g of baking 
soda with 100.0 g of vinegar, which causes a 
gas (carbon dioxide) to be given off. After all of 
the gas has escaped, the liquid has a mass of 
102.4 g. What is the mass of the escaped gas?

Reading Skills
Directions (6–8): Read the passage below. Then, 
answer the questions that follow.

SPECIFIC GRAVITY
Buoyancy makes a piece of wood float in 

water. It also makes a battleship float on the 
high seas and makes a block of steel float in a 
pool of liquid mercury. The first principle of 
buoyancy is simple: if a solid immersed in a 
fluid weighs less than an equal volume of the 
fluid, the solid will float. Another way of saying 
the same thing is the following: if a solid has 
a lower specific gravity than a fluid, then the 
solid will float in that fluid. Specific gravity is 
defined as the weight of a substance divided by 
the weight of an equal volume of pure water.

If an immersed solid floats, the level at 
which the solid floats is determined by the 
second principle of buoyancy: a floating 
object will displace its own weight in a fluid. 
The percentage of the volume of the solid 
immersed in the fluid will be equal to the 
specific gravity of the solid divided by the 
specific gravity of the fluid. If a block of wood 
that has a specific gravity of 0.3 floats in water 
(specific gravity = 1.0), 30% of the volume of 
the block will be below the water’s surface.

 6. A cruise ship has a volume of 100,000 m3 and 
possesses an overall specific gravity of 0.4. If 
the density of sea water is 1,000 kg/m3, what is 
the mass of the sea water displaced by the 
cruise ship? Note that 1,000 kg = 1 metric ton.

F. 40,000 kg H. 40,000 metric tons
G. 60,000 kg I. 60,000 metric tons

 7. If 90% of a floating iceberg is underwater, what 
is the specific gravity of the ice?

A. 0.2 C. 20
B. 0.9 D. 90

 8. If a substance is compressed, what happens to 
its specific gravity?
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Interpreting Graphics
The graphic below shows the water cycle. Note that the water in the 
clouds is in liquid form. Use this diagram to answer questions 9–11.

 9. Which arrow indicates evaporation?
F. 1 H. 3
G. 2 I. 4

 10. Which arrow indicates sublimation?
A. 2 C. 4
B. 3 D. 5

 11. Which three arrows indicate a phase change that occurs at 0 °C? 

The following graphic shows a full tank of helium, the same tank after 
it has filled 10 balloons, and then the same tank after it has filled 20 
balloons. Use this graphic to answer questions 12 and 13. 

 12. In which tank is the greatest pressure being exerted on the tank’s 
inner surface?

 13. As more helium is released from the tank, the person who is inflating 
the balloons notices that the tank has become cold to the touch. Why 
does this happen?
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When answering short-
response questions, be 
sure to write in complete 
sentences. When you 
finish, proofread for errors 
in spelling, grammar, and 
punctuation.
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Standardized Test 
Prep provides practice 
and prepares students 
for high-stakes testing. 
Students develop 
their test-taking 
skills by answering 
questions that relate 
to understanding 
concepts, reading 
skills, and interpreting 
graphics.

Preparing All Students for Success
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Technology That Enhances Instruction

STUDENT RESOURCES AND eACTIVITIES TABS
Organized in expandable menus for each chapter, students 
have easy access to a host of materials including:

• �Visual Concepts

• �Super Summary

• �Interactive Concept Maps

• �Virtual Investigations

• �Audio files for playback and download  
(organized by section)

• �Self-assessment questions

TEACHER RESOURCES TAB 
Everything is available here, including:

• �All printable and editable Chapter Resource Files—
including Skills Worksheets, Lab Datasheets, and 
Assessments

• �Transparency images 

• �Spanish resources

FROM THE TEXTBOOK, CHAPTER 12: FORCES
While browsing this chapter, note the following special 
features that make Holt McDougal™ Interactive Online 
Edition much more than just an online textbook:

• �Pop-up glossary terms, complete with audio 
pronunciation

• �MP3 audio reading of the entire text, available for 
play or download

• �Point-of-use, clickable resources including worksheets 
and study guide pages and more . . .

To register for your online preview, go to preview.hrw.com 
and use the sample word SCIENCE08

Preview the Interactive Online Edition



Science Spectrum Physical Science 11

Student Edition

Teacher’s Edition

Interactive Online Edition

Holt Science Spectrum Interactive Reader

TECHNOLOGY
Interactive Online Edition

Chapter Resources

Online Transparencies 

Student Edition Audio, both English and Spanish

Visual Concepts (Shockwave® required)

Virtual Investigations (Adobe Flash® required)

Lab Videos (QuickTime® Plugin required)

TEACHING RESOURCES
Chapter Resources

• �Science Skills 

• �Math Skills 

• �Concept Review

• �Cross-Disciplinary Connections

• �Datasheets for In-Text Labs

• �Skills Practice Labs

• �CBL Probeware Labs

• �Chapter Tests A and B

• �Pretest

• �Quizzes

• �Standardized Test Practice with  
Guided Reading Development

• �Lab Notes and Answers

• �Answer Key for Skills Worksheets,  
Assessments, and Activities

• �Teaching Transparency List

Math Skills Workbook

Study Guide

Teaching Transparencies

Holt Science Laboratory Manager’s  
Professional Reference

Program Components 
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