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How to Use Your Texthook

Your textbook may seem confusing at first. But with a little
introduction, you'll realize that your science textbook can be a
big help. In the next few pages, you'll learn how this textbook
can help you become a successful science student. You will also
learn how interesting and exciting science can be.

Jump-Start Your Learning

The Chapter Preview helps you brush up on
your learning skills and helps you focus on
what is important.

California has important Science Standards

Each chapter starts with instructions on how that guide your learning. Use this page to

to make a Graphic Organizer, a tool for get to know the standards better. The chart
organizing the information that you read. A contains Academic Vocabulary found in the
sample Graphic Organizer gives you a sneak standards. Also, What It Means describes
preview of the major concepts in the chapter. each standard in basic terms.

Chapter Preview -

—

. - P
Improving Comprehension Unpacking the Standards
Graphic Organizers are important visual tools that can help you organize The information below “unpacks” the standards by breaking them down
information and improve your reading comprehension. The Graphic Organizer into basic parts. The higher-level, academic lary is highlighted
below is called a spider map. Instructions for creating other types of Graphic and defined to help you understand the language of the standards.
Organizers are located in the Study Skills section of the Appendix. “What It Means” restates the standards as simply as possible.
How to Make a Spider Map When to Use a Spid/ . Map California Standard Academic Vocabulary What It Means
© Draw a diagram like the ane shown below. A spider map is an effective ol for dassifying
In the circle, write the main topic. the details of a specific topi in science. A spider ) 7.2 Students know cells function.  function (FUKNGK shuh) to work Cells perform the same actions in all iving
© From the circle, draw legs to represent the map divides a topic into i’ as and details. As similarly in al living organisms. similarly (SIM uh luhr lee) in almost the  things.
main ideas or charactetistics of the topic. you read about a topic, I ik for the main ideas same way
Draw as many legs as you want to drawi or characteristics of the 1 spic. Within each idea,
i i lock for details. Use a < sider map to orga
\é\;r;!: |2§ idea or characteristic along Jook for detls. Use 2 et mp;?c. rganize ) 724 Students know the ifferences ~ cycle (SIE kuhl) arepeating seies of  You mustknow how the lfe cyes oflving
- ) ) between the life cycles and reproduction ~ changes things that reproduce sexually diffr from
© From each leg, draw horizonta! lines. As you methods of sexual and asexual organisms. the lfe cycles of living things that reproduce
.’sad ‘het;"a.';‘e'; "‘:“‘? de“a'llsl.ab""T‘ ea;: asexually. You must also explain how these
idea on the idea’s hotizontal lines. To a vy of reproducing difer
more details, make the legs longer and 2dd
more horizontal lines.
through cell division
Grow and | in life stages
for chemical processes Develop structural unit
functional unit
Living Things
DNA s
ense : )
controls heredity and Respond internally (homeostasis)
to Change
sexually
“asexually | Reproduce
You Try It!
This Reading Strategy can also be used within the chapter that you are about
to read. Practice making your own spider map as directed in the Reading
Strategy for Section 4gii. Record your work in your Science Journal.
48 Chapter 2 It's Alive!! Or Is It? Chapter Preview 49
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Step into Science
The beginning of each chapter is designed to get
you involved with science. You will immediately
see that science is cool!

Check out the Big Idea to see the
focus of the chapter. The entire
chapter supports this Big Idea.

Plants have several
common characteristics
and can be classified
by their structures.

California Standards

Focus on Life Sciences

(Section 1)

7.1 Allliving organisms are composed of cells, from just one to many
trillions, whose details usually are visible only through a microscope.

7.2 Atypical cell of any organism contains genetic instructions that
specify its traits. Those traits may be modified by environmental
influences. (Sections 2 and 3)

7.5 The anatomy and physiology of plants and animals illustrate the
complementary nature of structure and function. (Sections 1,2, 3, and 4)

and

7.7 Scientific progress is made by asking meaningful questions and

conducting careful investigations. (Science Skills Activity)

Math
7.1.1 Mathematical Reasoning

English-Language Arts
7.1.3 Reading
7.2.4 Writing

About the Photoi

This picture looks alien, but it is very much
of this Earth. This buttercup stem has been
magnified so that individual cells can be
seen. Some of the cells in this plant stem
contain green chloroplasts, the organelles
responsible for capturing sunlight for the
process of photosynthesis.

358 Chapter 12

Pyramid

Before you read the chapter, create the
FoldNote entitled “Pyramid.” Label the sides
of the pyramid with “Nonvascular plants,”
“Seedless vascular plants,” and “Seed
plants.” As you read the chapter, define
each kind of plant, and write
characteristics of each kind of

plant on the appropriate side

of the pyramid.

Instructions for creating

FoldNotes are located in the

Study Skills section on p. 579

of the Appendix.

You can't be organized enough when learning
science. The FoldNote provided here gives
you note-taking options. These FoldNotes are
fun to make and help you understand and
remember what you have learned.

Observing Plant Growth

When planting a garden, you bury seeds and water

them. What happens to the seeds below the soil?

How do seeds grow into plants?

Procedure

1. Fill a clear 2 L soda bottle to within 8 cm of the
top with moist potting soil. Your teacher will have
already cut off the neck of the bottle.

2. Press three or four bean seeds into the soil and
against the wall of the bottle. Add enough additional
potting soil to cover the seeds.

3. Cover the sides of the bottle with aluminum
foil to keep out light. Leave the top of the
bottle uncovered.

4. Water the seeds with about 60 mL of 15a
water, or water them until the soil is moist. 7.7.¢
Add more water when the soil dries out.

5. Place the bottle in an area that receives sunshine.
Check on your seeds each day for 10 days, and
record your observations.

Analysis

6. How many seeds grew?

7. How long did the seeds
take to start growing?

8. From where did the seeds
most likely get the energy
to grow?

Y i

Introduction to Plants 359

It is never too early for exploration in
science. The Explore Activity gives you a
chance to get some hands-on experience
right away. Each activity is a lot of fun and
introduces you to one or more California
Science Standards from the chapter.

How to Use Your Textbook XXV



Read for Meaning

You want to get the most out of your reading.
One way to do so is to take a minute to learn
how the sections are organized.

Be sure to start each section
by reading the information
in the margin. This
information tells you What
You Will Learn and Why
It Matters. Believe it or
not, knowing these things
will improve your learning.

Don't skip the Reading
Strategy. Each strategy
provides tips on how to
take better notes and
how to read for better
understanding.

XXVi

What You Will Learn

@ In plant cells, chloroplasts capture
energy from the sun in order to
make food during photosynthesis.

@ Cells release energy from food
through either cellular respiration or
fermentation.

Why It Matters
Understanding the differences in how
plants and animals obtain energy is an
important part of cell biology.

Vocabulary

» photosynthesis

» cellular respiration
» fermentation

ADIN T v

Graphic Organizer In your Science
lournal, create a Cause-and-Effect Map
about fermentation.

photosynthesis

(FonT oh SIN thuh sis) the process by
which plants, algae, and some bacte-
ria use sunlight, carbon dioxide, and
water to make food

Wordwise The root phot- means
“light."

Wordwise chloroplast
The root chlor- means “green.” The
root plast- means “to form.

Figure 1 Photosynthesis
takes place in chioroplasts.
Chloroplasts are found

invide plant cells.

7.1b Students know the characteristics th.
distinguish plant ells from animal <ells, indv g
chloroplasts and celf walls.

7.1.d Students know that mitochondria

liberate energy for the work that cells do and

that chloroplasts capture sunlight energy for
photosynthesis.

148 Chapter 5

How to Use Your Textbook

The Key Concept sets the stage for
your understanding of the section.
Read it carefully, and notice how

it relates to the chapter’s Big Idea.
Together, the Big Idea and the Key
Concepts give you an excellent
overview of the chapter.

Cell Encrgy

Key Concept All cells need energy to carry out cell
functions. However, cells may obtain and process energy
in different ways.

= Why do you get hungry? Feeling hungry is your body’s way
of telling you that your cells need energy. All cells need energy
to live, grow, and reproduce. Plant cells get their energy from the
sun. Many animal cells get their energy from food.

From Sun to Cell

Nearly all of the energy that fuels life comes from the sun.
Plants absorb energy from the sun and change the energy
into food through a process
that plants make gives them
a source of energy for the org

Do you understand what you
are reading? Don't wait until test
time to find out. The Standards
Checks help you see if you are
understanding the standards.

Photosynthesis

Plant cells have molecule
molecules are called pigme s
the main pigment used ir pk
green color. Chlorophyll s for

Plants cannot use ¢r gy directly from the sun to perform
life processes. Instead they use the sun’s energy to change
carbon dioxide and -vater into food. The food is in the form
of the simple suga' glucose. Glucose can be stored and used
by the plant’s cells. Photosynthesis also produces oxygen. The
chemical equation for photosynthesis is shown in Figure 1.

mﬂ!mﬂ What kind of cell has chloroplasts? gll.b

Photosynthesis

6€0, + 6H,0 + light energy — CH,,0, + 60,
Carbon  Water
dioxide

Glucose  Oxygen

Chloroplast

a i
Plant cell r

The Cellin AL ™n

Notice how vocabulary is treated in the
margins. All vocabulary terms are defined
in the margins for quick reference. Also
look for Wordwise items, which help you
understand how prefixes and suffixes are
used in scientific words.



Keep an Eye on the Headings
Notice how the headings in the textbook are different sizes One good way to study is to write down
and different colors. The headings help you organize your the headings in outline form in your notes.

reading and form a simple outline, as shown below. Reviewing this outline will give you a good
idea of the main concepts in the chapter

Blue: section title
and will show you how they are related.

Red: major subheads
Light blue: minor subheads

Science Is Doing

You get many opportunities
throughout the textbook to
actually do science.

Quick Lab

Modeling Blood Pressure

In this activity, you will demonstrate systolic
and diastolic blood pressure. You will use a

Each section has at least one Quick pipet bulb to represent the heart.
1. Fill a pipet bulb with water. Stretch the

Lab to help you get real experience mouth of a long balloon around the end of
doi . Also look for School- the pipet bulb. Secure with tape. 4. If the pipet bulb represents the heart, what
0Ing science. Also look for 3¢hoo . Carefully squeeze the pipet bulb in one does the balloon represent?

to-Home Activities for cool activities hand. Describe the pressure in the balloon. 5. Which state, bulb squeezed or not squeezed,

. Release your squeeze on the pipet bulb. is similar to systolic pressure? Explain.

that you can do at home. Describe the pressure in the balloon now. 6. What is your blood pressure if your diastolic
pressure is 60 mm Hg and your systolic
pressure is 95 mm Hg?

N

w

@ 10 min

Science Skills Activity

lod
ot

The Chapter Lab at the end of each chapter
helps you build your understanding of scientific
methods. These labs reinforce the California
Science Standards with a hands-on activity.

Scientific | Research T
Methods Analysis

Using a Microscope to Collect Data
B Tutorial

Amicoscope s 8 toal ofen ued by e scaniss

use a light mi

e from eye level. Slowly tu

e sdiusmantno o ower th cbjeste.

lens unti the lens almost touches the slde.

© Look through the ocular fens. Tum
ment knob to raise the object
image i in focus.

Using Scientiftc Methods
skills Practice D)
(O Use modeling clay to make a base for the lens.  Analyze the Results

Images from Convex Lenses
Place the lens and base in the middle of the (@ Recognizing Patterns Describe thy

OBJECTIVES A convex lens is thicker in the center than at the edges. Parallel table, g Pt i
light rays passing through a convex lens come together at a between image distance and image

Use a convex ens toform foclpoin.Unde certan condions,  coveslnswil rese © stand the index o upright i some modeling @ Examining Data_wha r the i B= You Try It!
image of an object. The characteristics of this image clay on one between the real images that are for
the characteristics of depend on the distance between the object and the lens. In © Place the candle in the jar id, and anchor it convex lens? Procedure
formed by convex this experiment, you will determine the characteristics of real with some mm lay. Place the candle on 0 obte -
images created by a convex lens—the kind of lens that is used the table 5o that the lens s halfway between ~ Draw Conclusions E h h pt h S
(I as 2 magnifying lens. the candle and the card. Light the candle. (© Making Predictions The lens of ach cnapter has one Science
andie Cauion: Use extreme care around an open convex lens, Use the information tha ° . e . .
. . flame. lected to describe the image projecte sk “ A t ty h h g y
e o © 11 a darkened room, slowly move the card and back of your eye when you look at a last two different objectve lenss Iiis Actvity, whic IVES you
. ens ide the candle away from the lens while k . . i .
comvenens down)? Are the images larger or smaller than the object? the ens exacty halway bemeen the cord Big Idea Question Aralyis dan o Ortu n |t tO d EVE|0 our
e . e et @ aing rdeons i il © Coletrg o oo s PP Y PY
« matches Form a Hypothesis 8 image that you saw when you use
© meterstck o image of the candle flame on the card. This mater in many different ways. Desc objectve lens. g o . pe
Wite 3 hypothesis thatis a possible answer to the questions image e image 1 ifferent ways that light rom the canf dtvine Relationshis
e, Explain your reasoniny ¢ ' © tdentifying Relationships Howv d en 111S. 1entfic m
[ _sarery sbove. Explain your reasoning. O Measure and record the distance between the have interacted with matter in the o ent objectve lenses change what y saence skills. Scie C methods,
Test the Hypothesis lens and the card (image distance) and the - .
@ 0 distance between the lens and the candle Applying Your Data (1]} ng researcn, ana yZl ng
Copy the tabl i
© copy (object distance). Convex lenses are used in film projzd 100 chopters  Lightand | '
© 15 the image upright orinverted? Is it larger or Explain why your favorite move star .
" truly “larger than life” on the screen d t d k h
T et e e e | S e ata, and making graphs are
(upn;w fargery | disance | disance tion in the table.
\mage rtad) B Weomalr) () )  Move the lens toward the candle. The new e ]
. ! highlighted here. The step-by-step
2 object distance measured in step 8. Move
3 I T I the card back-and-forth uniilyou find a sharp InStI'UCtlonS make Iea rnlng th ese

image (image 2) of the candle on the card.
D Repeat steps 8 and 9 for image 2.

© Leavethe card and candle n place,and move
the lens toward the card o gt the third image
(image 3).

skills easy.

® Repeatsteps 8 and 9 forimage 3 -
-

2 magi cope. -
E—
98 Chapter 3 Light and Living Things ' r
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Review What You Have Learned

You can’t review too much when you are learning science. To
help you review, a Section Review appears at the end of every

section and a Chapter Summary and Chapter Review appear at the end
of every chapter. These reviews not only help you study for tests
but also help further your understanding of the content.

Skeletal System Injuries

and Diseases

Sometimes, parts of the skeletal system are injured.
As Figure & shows, bones may be fractured, or broken.
Joints can also be injured. A dislocated joint is a joint
in which one or more bones have been moved out of
place. Another joint injury, called a sprain, happens
if a ligament is stretched too far or torn.

ases of the skeletal system. Osteo-
porosis (ans tee on puh ROH sis) is a disease in which
the bones become less dense. Bones become weak and
break more easily. Age and poor eating habits can
‘make it more likely for people to develop osteoporosis.
Other bone diseases affect the marrow or make bones
soft. A disease that affects the joints is called arthritis
(ahr THRIET is). Arthritis is painful. Joints may swell

There are also di

likely to have some types of arthritis.

g 152,150
6H

© The skeletal system includes
bones, cartilage, and the
connective tissue that
connects bones.
Bones protect the body,
store minerals, allow move-
ment, and make blood cells.
 Ajoint is a place where
two or more bones meet.

 Skeletal system injuries
include fractures, dislocations,
and sprains. Skeletal system
diseases include asteaparasis
and arthrits

Internet Resources let you link
to interesting topics and activities
related to the section’s content.

When it comes time for a chapter test, don't panic!
The Chapter Review helps you get ready by

© deniying

@ Listing What parts make up

the skeletal system?

© Describing What are four
functions of bones?

© summarizing Name three
joints, and describe the range
of motion they allow.

© \dentifying Relationships
Hew i< the object related *
tal syster

Figure 4 This X ray shows that the
or stiffen. As they get older, some people are more  two bones of the forearm have been

fractured, or broken.

ionships
How do bones provide a struc-
ture for muscles to move?

O Predicting Consequences
What might happen if children's
bones didn't have growth plates
made of cartilage?

L Critical mhinking b ie

INTERPRETING GRAPHICS Use
the image below to answer the

bone usually heals in about six
weeks. A mild sprain takes one-
third as long to heal. How many
days does a mild sprain take

to heal?

Internet Resources

For a variety of links related to this

chapter, go towwwscilinks.org
Topc:Skeetal System P
Sllinks code: V71399

Tri-Fold Review the FoldNote
that you created at the beginning
of the chapter. Add to it or correct
it based on what you have
leamed.

Using Vocabulary

© Academic Vocabulary In the sentence
“DNA s located in the chromosomes of cells,”
what does the word locate mean?

Correct each statement by replacing the under-

lined term.

© Their
of amin acids along one side of the DNA

molecule.

formation in DNA is coded in the order

€) The “factory” that puts together proteins based
n the DNA eads is galled o gene

mr—————

EXCEPT

providing a wide variety of questions. Many of these
questions help you develop a better understanding
of the content. Once you understand the content, {2

you will be ready for any test!

XXViii
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Just a few clicks away, each

Super Summary gives you
even more ways to review

and study for tests.

gl Chapter;Summary)

The Big Idea

Animals have many unique characteristics
to perform their life functions.

KEVWORD HIAMLS

CEEEE— )

@

a

What Is an Animal?

Concept Animals are made up of many cells.
Animals consume other organisms to get the energy
they need to grow, survive, and reproduce.
 Animals are multicellular organisms.
© Animals have specialized cells, tissues, organs, and

organ systems
 Animals have seven basic characteistis

The Animal Kingdom

Animals are a diverse group of organisms

that have adaptations to live in water and on land.
 The animal kingdom is made up of many different kinds
animals.
@ Animals can be divided into two main groups; invertebrates
and vertebrates.

 Each group of animals has unique characteristics.

i&ll Invertebrates
Key Concept Invertebrates do not have backbones,
but they do have other structures to perform their life
functions.

 Invertebrates have many specialized structures that perform

 Organ systems perform basic fe functons in some invertebrates
® Invertebrates have many methods for reproduction and |

)l Vertebrates

Key Concept Al vertebrates have a backbone, which

.

@ Vert brates have an endoskeleton that provides support and
P edion

supprts ather specialized body stuctures and functions.

Be sure to read the Big Ideas

and the Key Concepts to see
how they fit together.

© Which of the following statements about DNA
is NOT true?
a. DNA s found in all organi
b. DNAis made up of five subunits
. DNA has a structure like a twisted ladder.
d. Mistakes can be made when DNA is copied.

s.

INTERPRETING GRAPHICS ~ Use the illustration
below to answer the next questian

-

.A

-
/I/"f

© What molecule does A identify?
a. protein
b. RNA
d. ribosome
Short Answer
© Comparing What is the difference between
DNA and RNA?

INTERPRETING GRAPHICS  Use the illustration
below to answer the next two questions.

RITELH Y

© Demonstrating What is the order of bases
on strand B, from left to right?

@ Applying How many amino acids are coded
for by the sequence on strand A of this DNA
strand?

@ Communicating Concepts Write a para-
graph explaining how the DNA in genes relates
to the traits of an organism. Be sure to include
information about where DNA s found and
describe how it stores information in the form
of a code.

Critical Thinking

© Concept Mapping Use the
following terms to create a
concept map: bases, adenine,
thymine, nucleotides, guanine,
DNA, and cytosine. (@)
@ Analyzing Processes What role did scientific
methods, such as communicating resuls, play
in the discovery of the structure of DNA?
@ Evaluating Hypotheses Your classmate
states that mutations to DNA are always
harmful. Evaluate this statement.

INTERPRETING GRAPHICS _ The illustration shows.
the process of replication of a DNA strand. Use the
illustration below to answer the next two

questions.
Y AN
! o
0 ag-
W
| f »
L )
@ Applying Concepts Which letters identify

the two new strands that are being added to
the original strands?

@ Applying Concepts How does the structure
of DNA allow it to complete the process of
replication?

—
ebrates have organ svstems that parform life functions. - - -
dearty all vertebrates reproduce by only sexual rapraduction.

coelom p. 25
‘consumer p. 426
differentiation p. 127

invertebrate p. 451
exoskeleton p. 433
Vertebrate p. 434
endoskeleton p. 43¢

segment p. 439

open circulatory
system p. 440

dlosed circulatory
system p.

‘metamorphosis p. 442

aartilage p. 444
smal intestine p. 447
large intestine p. 447

Chapter Summary 453

@ Making Comparisons You are using a
microscope to observe a cell that s ready to
divide. What does the DNA look like? What
does the DNA look like in a cell that is not
ready to divide?

© Making Inferences Why do governments.
make laws about the use of chemicals that are
known to be mutagens?

@ Making Calculations The 46 chromosomes
in a human cell contain 3.2 billion pairs of
DNA bases in sequence. On average, about
how many pairs of bases are in each
chromosome?

@ Making Calculations Each cell in your body
contains approximately 2.0 m of DNA. Your
body has approximately 100 tillion cells. How
fong would the DNA in your body be if you laid
it out end to end? Express your answer in sci-
entific notation.

@ Forming Hypotheses A house cat and a
tiger have many similar traits, such as retract-
able claws and special teeth for tearing meat.
Alion also shares these traits with a house cat.
In addition, a lion and a tiger share other raits,
such as the abilty to roar and their large size.
If you compared the sequence of nudleotide
bases in a house cat,lion, and tiger, between
which animals would you expect to find the
‘most similarities? Explain your answer.

Chapter Review
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Review the Standards
Mastering the California Science Standards

takes practice and more practice! The Standards
Assessment helps you review the California Science
Standards covered in the chapter. The multiple-
choice questions also give you some additional
practice with standardized tests.

B StandardsJAssessmentii=EER el

REVIEWING ACADEMIC VOCABULARY
@ Which of the following words means “to
change"?

A climinate
B replace
€ explain
D modity
In the sentence “The main function of a
leaf s photosynthesis,” what does the
word function mean?
A part
B system
< form
D use

© I the sentence “Molecules in the cell
store energy and liberate it as the energy
s needed for cells to do work,” what
does the word liberate me:
A absorb
B release
© capture
o expand

© Which of the following words is the
closest in meaning to the word illustrate?
A show
B legend

q
D characteristic

388 Chapter 12 Introduction to Plants

Be Resourceful—Use the Web!

Internet Resources

for Each Section
A box on the Section Review page for
each section takes you to resources
that you can use for science projects,
reports, and research papers. To find
information on a topic, go to
scilinks.org and type in the code

provided.

\

REVIEWING CONCEPTS

© Which structures are used in the sexual
reproduction of a conifer?

A sexual and asexual spores

B herbaceous and woody stems

€ male and female cones

D xylem and phloe tissues

s for reproduction
s for taking in water and

D special tissues for moving water through
the plant

@ Which of the following questions can you
answer by counting the growth rings on
the tree trunk above?

A What kind of a tree is i
B How tall did the tree grow?
€ How oldis the tree?

D What caused the tree to die?

© Which structures produce most of the
food that a plant needs to survive?

@ Which of the following are structures
found in a flower?
A xylem and phioem
B sepals and stamen
€ chloroplasts and stomata
D fiddieheads and fronds

Young, Seed coat
plant.

Stored food
in cotyledon

@ 1n the image above, what is the function
of the seed coat?

A It produces the chloroplasts needed for

ms the adult plant.

€ It contains stored food to nourish the

Young sporophyte.

D It protects the young plant while the
seed is dormant.

REVIEWING PRIOR LEARNING

@ Which characteristics distinguish plant
imal cells?

cells from animal
A stamen and pistils

B nuclei and cytoplasm

€ cell walls and chloroplasts

D polination and photosynthesis

@ Which plant cll organelle captures
and stores s ergy for
photosynthe:

A mitachon

D lysosome

@ Which of the following organisms is the
decomposer i the food web?

A fem
B wlture
C fungi

D squirrel

© Which web shows how energy transfers
between organisms on Earth?

A sun — plant — plant — animal

@ Whatis a hypothesis?
A an explanation

JUBWISSISSY SpIepuels

Standards Assessment 389

Test-Drive Your
Understanding

How well can you use the book now?
Use Chapter 1 to answer the questions
below and to find out!

© Which type of Graphic Organizer is
used in the Chapter Preview?

© Which California Science Standards
are covered in Chapter 1?

© What is the Big Idea of this chapter?

O What will you be doing in the
Explore Activity?

© What is the Key Concept of
Section 2?

O What is the Reading Strategy
for Section 1?

© What new vocabulary terms are
introduced in Section 3?

© How many Standards Checks are in
Section 1?

© What is the name of the Quick Lab in
Section 4?

(D On what page does the Chapter
Summary appear?

(@ How many Standards Assessment
questions are there?

@ What is the Super Summary code for
Chapter 1?

Current Events
in Science

Check out the online magazine
articles and other materials that go
with your textbook at go.hrw.com.
Click on the textbook icon and the

Table of Contents to see all of the
resources for each chapter.

Your Online Textbook
If your teacher gives you a special
password to log onto the Holt
Online Learning site, you'll find
your complete textbook on the Web.
In addition, you'll find some great
learning tools and practice quizzes.
You'll be able to see how well
you know the material from your
textbook.

How to Use Your Textbook XXiX
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Exploring, inventing,
and investigating are
essential to the study
of science. However,
these activities can also
be dangerous. To make
sure that your experi-
ments and explorations are safe, you
must be aware of a variety of safety
guidelines. You have probably heard
of the saying “It is better to be safe
than sorry.” This is particularly true in

Safety Rules!

Start Out Right

Always get your teacher’s permission
before attempting any laboratory explo-
ration. Read the procedures carefully, and
pay particular attention to safety infor-
mation and caution statements. If you
are unsure about what a safety symbol
means, look it up or ask your teacher. You
cannot be too careful when it comes to
safety. If an accident does occur, inform
your teacher immediately no matter how
minor the event seems.

If you are instructed to
note the odor of a sub-
stance, wave the fumes
toward your nose with
your hand. Never put
your nose close to the
source.

a science classroom where experiments
and explorations are being performed.
Being uninformed and careless can
result in serious injuries. Don’t take
chances with your own safety or with
anyone else’s.

The following pages describe impor-
tant guidelines for staying safe in the
science classroom. Your teacher may
also have safety guidelines and tips
that are specific to your classroom and
laboratory. Take the time to be safe.

Safety Symbols

All of the experiments and investigations
in this book and their related worksheets
include important safety symbols to alert
you to particular safety concerns. Become
familiar with these symbols so that when
you see them, you will know what they
mean and what to do. It is important that
you read this entire safety section to learn
about specific dangers in the laboratory.

6O

Eye Clothing Hand
protection protection safety

Heating Electric Chemical
safety safety safety
Animal Sharp Plant
safety object safety



Eye Safety @

Wear safety goggles when working around
chemicals, acids, bases, or any type of
flame or heating device. Wear safety gog-
gles anytime there is the slightest chance
that your eyes could be harmed. If any-
thing gets into your eyes, notify your
teacher immediately and flush your eyes
with running water for at least 15 min-
utes. Treat any unknown chemical as if
it were a dangerous chemical. Never look
directly into the sun. Doing so could cause
permanent blindness.

Avoid wearing contact lenses in a labo-
ratory situation. Even if you are wearing
safety goggles, chemicals can get between
the contact lenses and your eyes. If your
doctor requires that you wear contact
lenses instead of glasses, wear eye-cup
safety goggles in the lab.

Safety Equipment

Know the locations of the near-
est fire alarms and any other
safety equipment, such as fire
blankets and eyewash fountains,
as identified by your teacher.
And know the procedures for
using the equipment.

Neatness

Keep your work area free of all unneces-
sary books and papers. Tie back long hair,
and secure loose sleeves or other loose
articles of clothing, such as ties and bows.
Remove dangling jewelry. Don’t wear
open-toed shoes or sandals in the labora-
tory. Never eat, drink, or apply cosmetics
in a laboratory setting. Food, drink, and
cosmetics can easily become contami-
nated with dangerous materials.

Certain hair products (such as aero-
sol hair spray) are flammable and should
not be worn while working near an open
flame. Avoid wearing hair spray or hair
gel on lab days.

Sharp/Pointed Objects Q

Use knives and other sharp instruments
with extreme care. Never cut objects while
holding them in your hands. Place objects
on a suitable work surface for cutting.

Be extra careful when
using any glassware.
When adding a heavy
object to a graduated
cylinder, tilt the cylinder
so that the object slides
slowly to the bottom.

Safety First!



Heat @ e Q

Wear safety goggles when using a heat-
ing device or a flame. Whenever possible,
use an electric hot plate as a heat source
instead of using an open flame. When
heating materials in a test tube, angle the
test tube away from yourself and others.
To avoid burns, wear heat-resistant gloves
whenever instructed to do so.

Electricity 0

Be careful with electrical cords. When
using a microscope with a lamp, do not
place the cord where it could trip some-
one. Do not let cords hang over a table
edge in a way that could cause equipment
to fall if the cord is accidentally pulled. Do
not use equipment with damaged cords.
Do not use electrical equipment near
water or when your clothing or hands are
wet. Make sure that electrical equipment
is in the “off” position before plugging it
in. Turn off and unplug electrical equip-
ment when you have finished using it.

Safety First!

Chemicals @ e - @

Wear safety goggles when handling any
potentially dangerous chemicals. Wear an
apron and protective gloves when you
work with chemicals or whenever you
are told to do so. If a spill gets on your
skin or clothing, rinse it off immediately
with water for at least 5 minutes while
calling to your teacher. If you spill a cor-
rosive chemical onto your clothing, rinse
it off immediately by using a faucet or
the safety shower and remove the atfected
clothing while calling to your teacher.

Never mix chemicals unless your
teacher tells you to do so. Never taste,
touch, or smell chemicals unless you are
specifically directed to do so. Before work-
ing with a flammable liquid or gas, check
for the presence of any source of flame,
spark, or heat.




Animal Safety 9

Always obtain your teacher’s permission
before bringing any animal into the
school building. Handle animals only as
your teacher directs. Treat animals care-
fully and respectfully. Wash your hands
thoroughly after handling any animal.

Plant Safety %

Do not eat any part of a plant or plant
seed used in the laboratory. Wash your
hands thoroughly after handling any
part of a plant. When in nature, do not
pick any wild plants unless your teacher
instructs you to do so.

Glassware

Examine all glassware before use. Be sure
that glassware is clean and free of chips
and cracks. Report damaged glassware to
your teacher. Glass containers used for
heating should be made of heat-resistant
glass.



TIMELINE

The Study of
Living Things

Life science is the study of
living things—from the tini-
est bacterium to the largest
tree! In this unit, you will
discover the similarities of
all living things. You will
learn about the tools that
life scientists use, and you'll
learn to ask your own ques-
tions about the living world
around you.

People have always
searched for answers about
life. This timeline includes
a few of the many people
who have studied living
things and a few events
that have shaped the history
of life science. And there’s
always more to be learned,
so keep your eyes open.

2 Unit 1

1931

The first electron
microscope is
developed.

1970

Floppy disks

for computer
data storage are
introduced.

Around
2700 BCE

Si Ling-Chi, empress

of China, observes

silkworms in her garden

and develops a process

to cultivate them and
—. make silk.

£
1934

Dorothy Crowfoot
Hodgkin uses
X-ray techniques
to determine

the protein
structure of
insulin.

1983

Dian Fossey writes Gorillas in the
Mist, a book about her research
on mountain gorillas in Africa
and her efforts to save them
from poachers.




.
1914

His studies on

Around 1684
l ooo Improvements to

Arab. mathematician and microscopes allow agriculture and soil
physicist 1bn al Haytham the first observation conservation lead
discovers that vision is of red blood cells. George Washington

caused by the reflection
of light from objects into
the eye.

Carver to perform
research on peanuts.

1944 1946 1967

Oswald T. Avery ENIAC, the first Dr. Christiaan
demonstrates that i entirely electronic Barnard performs
DNA is the material . computer, is built. the first successful
that carries genetic It weighs 30 tons. human heart

properties in living
organisms.

transplant.

/

] "'"

1984 1998 2001

A process In China, scientists discover a fossil A team of scientists
known as DNA of a dinosaur that had feathers. led by Philippa Uwins
fingerprinting is N i announces that tiny

nanobes that are 20 to
150 nanometers wide
have been found in
Australia. Scientists
debate whether these
particles are living.

;f developed by
- Alec Jeffreys.

The Study of Living Things
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Chapter Preview

Improving Comprehension

Graphic Organizers are important visual tools that can help you organize
information and improve your reading comprehension. The Graphic Organizer
below is called an idea wheel. Instructions for creating other types of Graphic
Organizers are located in the Study Skills section of the Appendix.

How to Make an Idea Wheel

@ Draw a circle. Draw a larger circle around
the first circle. Divide the ring between the
circles into sections by drawing lines from
one circle to the other across the ring.
Divide the ring into as many sections as

you want.

© Write a main idea or topic in the smaller
circle. Label each section in the ring with a
category or characteristic of the main idea.

© n each section of the ring, include details

that are unique to the topic.

Questioning
- ask a question

* make observations
+ form a hypothesis

+ test the hypothesis

* analyze the results

+ draw conclusions

When to Use an Idea Wheel

An idea wheel is an effective type of visual
organization in which ideas in science can be
divided into categories or parts. It is also a useful
way to illustrate characteristics of a main idea

or topic. As you read, look for topics that are
divided into ideas or categories, that can be
organized around an idea wheel.

Scientific
Methods

- Asking a question
is the first step in
scientific investigation.

* Answers to questions in
life science affect you

+ communicate
results

measurement to test
hypotheses, and to collect,
store, and analyze data.

+ Scientific models are
tools that help explain
how something works
or is structured.

and your community.
e ™\
Nature

Tools and Models of Life Safety
- Scientists choose Science / - Following directions is
and use tools of the most important

safety rule.

+ Safety symbols can
help identify potential
dangers.

- Using safety

equipment can

protect you
from injury.

You Try It!

This Reading Strategy can also be used within the chapter that you are about to
read. Practice making your own idea wheel as directed in the Reading Strategies
for Section (L} and Section . Record your work in your Science Journal.

4 Chapter 1
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Unpacking the Standards

The information below “unpacks” the standards by breaking them down into basic parts. The higher-level,
academic vocabulary is highlighted and defined to help you understand the language of the standards.
“What It Means” restates the standards as simply as possible.

California Standard Academic Vocabulary m

7.7.a Select and use appropriate
tools and technology (including calculators,
computers, balances, spring scales,
microscopes, and binoculars) to perform
tests, collect data, and display data.

select (suh LEKT) to choose, to pick up
appropriate (uh PROH pree it) correct
for the use; proper

technology (tek NAHL uh jee) tools,
including electronic products

computer (kuhm PYOOT uhr) an
electronic device that stores, retrieves,
and calculates data

display (di SPLAY) to show

%

Choose the correct tools and technology
(including calculators, computers, balances,
spring scales, microscopes, and binoculars)
to perform an experiment. Use these tools
and technology to collect facts and figures,
and show your research findings.

7.7.b Use a variety of print and
electronic resources (including the World
Wide Web) to collect information and
evidence as part of a research project.

resource (REE sawrs) anything that can
be used to take care of a need

research (REE sunrcH) a careful search
for and study of information

project (PRAH jeT) a special task done
to use, explain, or add information to
classroom lessons

Do research by using both print sources
(such as newspapers and books) and
electronic sources (such as websites and
databases) to collect information, facts, and
figures as part of a research project.

7.7.c Communicate the logical
connection among hypotheses, science
concepts, tests conducted, data collected,
and conclusions drawn from the scientific
evidence.

communicate (kuh MYOO ni kavt) to
make known, to tell

logical (LAHJ i kuhl) reasoned, well
thought out

concept (KAHN sepr) an idea or thought
conduct (kuhn DUHKT) to carry out; to do

Tell others how possible explanations for
observations, ideas, experiments, facts and
figures, and results and conclusions are
related.

7.7.d Construct scale models, maps,
and appropriately labeled diagrams to
communicate scientific knowledge (e.g.,
motion of Earth’s plates and cell structure).

construct (kuhn STRUHKT) to build; to
make from parts

appropriately (uh PROH preeitlee) in a
correct or proper way

labeled (LAY buhld) marked with a
name or description

Build models, maps, and diagrams that are
proportional to what they represent in the
real world and that have correct and useful
labels to explain scientific information. For
example, build a model or make a diagram
that shows the motion of Earth’s plates or
the structure of a cell.

7.7.e Communicate the steps and
results from an investigation in written
reports and oral presentations.

investigation (in ves tuh GAY shuhn) a
detailed search for answers

Clearly explain the steps and the results of
an experiment by using written reports and
oral presentations.

Chapter Preview 5
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—
The Nature

of Life
Science

The Scientists use scientific

|
Blg processes to study the
patterns of natural events

Idea and to solve problems.

California Standards

Investigation and Experimentation

7.7 Scientific progress is made by asking meaningful questions and
conducting careful investigations. (Sections 1, 2, 3, 4, and 5 and
Science Skills Activity)

Math

7.1.2 Number Sense g -

English-Language Arts Ol'ganlle

7.1.3 Reading

7.2.5 Writi
e Layered Book

Before you read this chapter, create

the FoldNote entitled “Layered Book”

Label each tab of the layered book

with "Scientific methods,” “Tools and

About the PhOtoi measurement,” “Scientific models,” and

What happened to the legs of these frogs? cizf:g'r aiizg?n;ifiszgn
II_le(:_c saendc? can helphansv;/]er this c!ue;t_lon. that you learn about each

eformed frogs, such as the ones in this category on the appropriate
photo, have been found in the northern tab.

United States and southern Canada. Some-

. - ——
times, frogs are injured by predators. But ::':)slggzttfsn:r?:oc::ta;nﬁ‘ —
other frogs develop deformities while they the Study Skills section ———

are growing. Scientists and students like you on p. 580 of the Appendix.
have been using life science to investigate
why frogs develop deformities.

6 Chapter 1



Explbre Activity

Identifying Unknown Objects

In this activity, you will find out that you can learn
about the unknown without having to see it.

Procedure

2.

Your teacher will give you a coffee can to which a
sock has been attached. Do not look into the can.

Reach through the opening in the sock. You will
feel several objects inside the can.

. Record observations you make about the objects

by feeling the objects, shaking the can, and so on.

.What do you think is in the can? List your guesses.

State some reasons for your guesses.

. Pour the contents of the can onto your desk.

Compare your list with what was in the can.

Analysis
6. Did you guess the contents of the can

correctly? What might have caused you to
guess wrongly?
7. What observations did
you make about each
of the objects while
the objects were in
the can? Which of your

senses did you use? |

\"‘-—-,
b s+

A
N i
. . ¥
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What You Will Learn

® Questions lead to learning about
science.

® Print or electronic resources can be
used to find information.

® Your everyday life is affected by life
scientists in many ways.

Why It Matters

Asking questions and performing sci-
entific investigations help you learn
about the world around you.

Vocabulary

« life science

READING STRATEGY

Prediction Guide Before reading
this section, write each heading from
this section in your Science Journal.
Below each heading, write what you
think you will learn.

Figure 1 Part of science is
asking questions about the
world around you.

Why do leaves
change color in
the fall?

How do
birds know
where to go when
they migrate?

How are a
frog and a lizard
different?

Asking About Life

Key Concept Asking questions is the first step in a
scientific investigation.

P Imagine that it’s summer. You are lying in the grass at the
park, casually looking around. Three dogs are playing on your
left. A few bumblebees are visiting nearby flowers. And an ant is
carrying a crumb away from your sandwich.

Suddenly, a question pops into your head: How do ants
find food? Then, you think of another question: Why do the
bees visit the yellow flowers but not the red ones? Congratu-
lations! You have just taken the first steps toward becoming
a life scientist. How did you do it? You observed the living
world around you. You were curious, and you asked questions
about your observations. Once you have a question, you can
start thinking about ways to find answers. Those steps are what
science is all about. Life science is the study of living things.

Starting with a Question

The world around you is full of an amazing diversity of life.
Single-celled algae, giant redwood trees, and 40-ton whales are
living things. For every living thing, or organism, you could
ask questions such as: (1) How does the organism get its food?
(2) Where does it live? and (3) Why does it behave in a par-
ticular way?

In Your Own Backyard

Questions are easy to think of. Take a look
around your room, your home, and your neigh-
borhood. What questions about life science
come to mind? The student in Figure 1 has
questions about some very familiar organ-
isms. Do you know the answer to any of her
questions?

Touring the World

The questions you can ask about your neigh-
borhood are examples of the questions you
could ask about the world. The world is made
up of many different types of places, such as
deserts, forests, coral reefs, and tide pools. Just
about anywhere you go, you will find some kind
of living organism. If you observe this organ-
ism, you can easily think of questions to ask
about it.



Investigation: The Search for Answers

Once you ask a question, it’s time to look for an answer.
But how do you start your investigation? There are several
methods that you can use.

Research

You can find answers to some of your questions by doing
research, as Figure 2 shows. You can ask someone who knows
a lot about the subject of your questions. You can look up
information in print resources, such as textbooks, encyclope-
dias, and magazines. You can also use electronic resources, such
as the World Wide Web. The World Wide Web is a computer
network that allows people all over the world to share informa-
tion. You may learn more about your subject if you find the
report of an experiment that someone has done. But be sure
to think about the source of the information that you find.
Scientists use information only from reliable sources.

NNl Ne 9 What is an example of an electronic resource that
you can use to do research? 1.1.b

Observation

You can also find answers to questions by making careful
observations. For example, if you want to know which birds
live around you, you can go for a walk and look for them. Or
you can hang a bird feeder outside your window and observe
the birds that use it.

Experimentation

You can even answer some of your questions by doing
an experiment, as Figure 3 shows. An experiment should be
carefully designed to answer a specific question. Making good
observations and analyzing data are some of the other impor-
tant parts of doing experiments.

Figure 3 This student is doing
, an experiment to find the
hardness of a mineral.

Section 1

life science (LIEF SIE uhns) the
study of living things

Figure 2 At a library, you
will find many print and
electronic resources.

Quick Lab

Asking Questions 7.7b

1. With your group, pick a
living thing. Print the name
of the living thing in the
middle of a large piece
of paper.

2. Use markers to write
questions about the living
thing on the paper.

3. Choose one of the ques-
tions. On the back of the
paper, list all of the pos-
sible ways that you could
find an answer to that
question.

Investigation and Experimentation
7.7.b Use a variety of print and electronic
resources (including the World Wide Web) to

collect information and evidence as part of a
research project.

Asking About Life 9



Why Ask Questions?

What is the point of asking all of these questions? Life sci-
entists may find some interesting answers, but do any of the
answers matter? Will the answers affect your life? Absolutely!
As you study life science, you will see how the investigations
of life science affect you and all living things around you.

Fighting Diseases

Polio is a disease that causes paralysis by affecting the brain
and nerves. Do you know anyone who has had polio? Probably
not. The polio virus has been eliminated from most of the
world. But at one time, it was much more common. In 1952,
before life scientists discovered ways to prevent the spread of
the polio virus, it infected 58,000 Americans.

Today, life scientists continue to search for ways to fight
diseases. Acquired immune deficiency syndrome (AIDS) is a
disease that Kkills millions of people every year. The scientist
in Figure 4 is trying to learn more about AIDS. Life scientists
have discovered how the virus that causes AIDS is carried from
one person to another. Scientists have also learned about how
the virus affects the body. By learning more about the virus,
scientists may find a cure for this deadly disease.

Researching Food Sources

How can enough food be produced to feed everyone? How
can we make sure that food is safe to eat? Many scientists
do research to find answers to these types of questions. The
scientist in Figure 5 is studying a plant that was grown in a
lab. Some scientists do experiments to see if they can make

Figure 4 Scientists hope to find
a cure for AIDS by studying the plants grow faster or larger. Other scientists research ways to

virus that causes the disease. preserve food so that it lasts longer.

Figure 5 Scientists study
plants to find better ways
to produce food.

10 Chapter 1 The Nature of Life Science



Protecting the Environment

Life scientists also study environmental problems on Earth.
Many environmental problems are caused by the misuse of
natural resources. Understanding how we affect the world
around us is the first step in finding solutions to problems
such as pollution and the extinction of wildlife.

Why should we try to decrease pollution? Pollution can
harm our health and the health of other organisms. Water
pollution may be a cause of frog deformities seen in parts of
the world. Pollution in oceans kills marine mammals, birds,
and fish. The scientists in Figure 6 are monitoring water qual-
ity to determine if the water is polluted.

The actions of humans affect many living things. When
we cut down trees to clear land for crops or to get lumber, we
change and sometimes destroy habitats. Hunting and loss of
habitat have caused many animals, including Siberian tigers, Figure 6 These environmental
California condors, and some species of fish, to become endan- scientists are testing water
gered. By learning about the food and habitat needs of endan- quality.
gered animals, scientists hope to develop a plan that will ensure
the survival of these animals.

" SECTION Using Vocabulary Critical Thinking

Review

@ \rite an original definition for © Expressing Opinions You can
life science. find a wide variety of informa-
tion on the World Wide Web.

. 7.7b Understanding Concepts What do you think makes a

source reliable?

m (2 Describing  Why are questions © Applying Concepts When
important in life science?

would a life scientist study a

® Science is a process of © Listing Give three examples of nonliving thing, such as a lake
gathering knowledge about resources that you can use to do or a rock?
the natural world. Science research. p .
includes making observa- o Makmg'Co.mparl.son_s e
tions and asking questions. INTERPRETING GRAPHICS Use the cano_loglst is a scientist v.vho
Life science is the study of picture below to answer the next item. studies volcanoes. How is the
living things. : work of a volcanologist similar to

the work of a life scientist? How
do the two jobs differ?

® To find answers to your
questions, you can make
observations, do experiments,
or use print and electronic
resources to do research.

Internet Resources

For a variety of links related to this
chapter, go to www.scilinks.org

Topic: Careers in Life Science N
SciLinks code: HY70224

e Life science can help find
cures for diseases, can
research food sources, can O Listing Propose five questions
monitor pollution, and can about the animal in this picture.
help living things survive.




What You Will Learn

® Scientists ask questions, make
observations, form hypotheses, test
hypotheses, analyze results, and
draw conclusions.

® Scientists communicate their
steps and results from investigations
in written reports and oral
presentations.

Why It Matters

You can use scientific methods to
investigate your questions about the
natural world.

Vocabulary

« scientific methods

* hypothesis

« controlled experiment
« variable

READING STRATEGY

Outlining In your Science Journal,
create an outline of the section. Use
the headings from the section in your
outline.

Scientific Methods

Key Concept Scientific methods are used to investigate
questions and to solve problems.

P Imagine that your class is on a field trip to a wildlife refuge.
You discover several deformed frogs. You wonder what is causing
the deformities.

A group of students from Le Sueur, Minnesota, actually made
this discovery! By making observations and asking questions
about the observations, the students used scientific methods.

What Are Scientific Methods?

When scientists observe the natural world, they often think
of questions or problems. But scientists don’t guess the answers.
They use scientific methods. Scientific methods are the ways in
which scientists follow steps to answer questions and solve
problems. The steps used for all investigations are the same.
But the order in which the steps are followed may vary, as
Figure 1 shows. Scientists may use all of the steps or just some
of the steps during an investigation. They may even repeat
some of the steps. The order depends on what will work best
to answer their questions. No matter where they work or what
questions they try to answer, all life scientists have two things
in common. They are curious about the natural world, and
they use similar methods to investigate it.

LI he 1 e® What are scientific methods? (se7.7.c

Figure 1 Scientific methods
often include the same steps,

but the steps are not always
used in the same order.

Investigation and Experimentation

7.7.c Communicate the logical connection among
hypotheses, science concepts, tests conducted, data
collected, and conclusions drawn from the scientific
evidence.

7.7.e Communicate the steps and results from

an investigation in written reports and oral
presentations.

12 Chapter 1
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e
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Draw Conclusions

Do they support )
your hypothesis? Communicate
S m Results

The Nature of Life Science



Ask a Question

Have you ever observed something that was out of the
ordinary or difficult to explain? Such an observation usually
raises questions. For example, you might ask, “Could something
in the water be causing the frogs’ deformities?” Looking for
answers may include making more observations.

Make Observations

After the students from Minnesota realized something was
wrong with the frogs, they decided to make additional, careful
observations. They counted the number of deformed frogs and
the number of normal frogs that they caught. The students
also photographed the frogs, took measurements, and wrote
a detailed description of each frog.

In addition, the students collected data on other organ-
isms living in the pond. They also conducted many tests on
the pond water, measuring things such as the level of acidity.
The students carefully recorded their data and observations.
Observations are only useful if they are accurately made and
recorded.

Types of Observations

Any information gathered through the senses is an obser-
vation. Observations can take many forms. They may be
measurements of length, volume, time, speed, or loudness.
They may describe the color or shape of an organism. Or they
may describe the behavior of organisms. Scientists use many
standard tools and methods to make and record observations.
Examples of these tools are shown in Figure 2.

\\\TE“_,J KeTilViT)y

Careers in Life Science

Would you like to be a life
scientist? Write an essay

on your investigation of an
interesting career. Go to
go.hrw.com and type in the
keyword HY7LIVW.

scientific methods
(sie uhn TIF ik METH uhds) a series
of steps followed to solve problems

Figure 2 Microscopes,
rulers, and thermometers
are some of the tools that
scientists use to collect
information. Scientists record
their observations carefully.

Section 2  Scientific Methods 13




hypothesis (hi poth es is) a testable
idea or explanation that leads to sci-
entific investigation

Wordwise The prefix hypo- means
“under.” The root thesis means
“proposition.” Other examples are
hypodermic and hypoallergenic.

Figure 3
A single question
may lead to
more than one
hypothesis.

Chapter 1

Form a Hypothesis

After asking questions and making observations, scientists
may form a hypothesis. A hypothesis (hie PAHTH uh sis) is a
possible explanation or answer to a question. A good hypothesis
is based on observations and can be tested. When scientists
form hypotheses, they think logically and creatively and con-
sider what they already know.

Scientists thought about the different things that could be
affecting the frogs. Some chemicals can be dangerous to living
things. Maybe chemicals used in agriculture and industry had
been washed into ponds. Some parasites can cause diseases that
produce deformities. Maybe small parasites in the water were
attacking the frogs. Large amounts of ultraviolet (UV) light
can cause damage in living things. Maybe human activity had
damaged the ozone layer, which was letting in more UV light
from the sun. Chemical pollutants, parasites, or UV light were
possible explanations for the deformities seen in frogs.

Scientists used their observations and reasoning to form the
hypotheses in Figure 3. Were any of these explanations correct?
To find out, scientists had to test each hypothesis.

Hypothesis I:
The deformities were caused by one or more

chemical pollutants in the water.

Hypothesis 2:
The deformities were caused by attacks
from parasites or other frogs.

Hypothesis 3:
The deformities were caused by an increcse

in exposure to ultraviolet light from the sun.




Predictions

Before scientists can test a hypothesis, they must first make
predictions. A prediction is a statement of cause and effect that
can be used to set up a test for a hypothesis. Predictions are
usually stated in an if-then format, as shown in Figure 4.

More than one prediction may be made for each hypoth-
esis. For the hypotheses on the previous page, the predictions
in Figure 4 were made. A prediction for hypothesis 3 is as
follows: If an increase in exposure to UV light is causing the
deformities, then frog eggs exposed to more ultraviolet light
in a laboratory will be more likely to develop into deformed
frogs than frog eggs that are exposed to less UV light will.

Scientists can conduct experiments to see whether the
results match the predictions of the hypothesis. Sometimes,
the results clearly match the predictions of one hypothesis. At
other times, the results may not have been predicted by any
of the hypotheses. In these cases, new hypotheses and new
tests are needed.

BT AE T What is the connection between hypotheses and
the tests that are conducted in an investigation? 1.1

Figure 4 A single
hypothesis may lead to
more than one prediction.

Hypothesis 2:
Prediction: LF a paresite is

Hypothesis e
Prediction: LE & subs
pond water is causing
then the water from
d frogs wil
i:io:/’:ierf‘rjm ponds in which no
sbnormal frogs have been found.

Prediction: Ifa substance in the

causing the deformities, then this
tance in the paresite will be found more often
the deformities, in frogs that have deformities
Po"ds that have then in frogs that do not have
be different from deformities.

Hypothesis 3.

Prediction: LF an increase jn

pond water is cavsing the ""If"” e Xposure to ultraviolet ight js
then some W’PO/C’; wzllaizvi ;sPed . causing the ;/eform/ﬁes, then frog
it e €494s expo :
deformities when dﬂﬂom onds o //'5z{~ ."’P /Se to more ultraviofet
pond water collecte 5 In a leboratory will be mope
pave deformed Frogs: likely to develop into deformed
rogs than f; r0g e44s that are

exposed to less (J|/ light will,
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Test the Hypothesis

Scientists try to design experiments that will show whether
a particular factor caused an observed outcome. A factor is
anything in an experiment that can influence the experiment’s
outcome. Factors can be anything from temperature to the type
of organism being studied. Many factors affect the develop-
ment of frogs in the wild, as Figure 5 shows.

To study the effect of each factor, scientists perform con-
trolled experiments. A controlled experiment tests only one factor
at a time and consists of a control group and one or more
experimental groups. All of the factors for the control group
and the experimental groups are the same except for one. The
one factor that differs is called the variable. Because the only
difference between the control group and the experimental
groups is the variable, any differences observed in the outcome
of the experiment are probably caused by the variable.

Designing an Experiment

Figure 5 Many factors affect Every factor must be considered when designing an experi-

this tadpole in the wild. These ment. Scientists must also use ethics guidelines when designing

factors include chemicals, light, . . . .

temperature, and parasites. and conducting an experiment. Examine the prediction for
Hypothesis 3: If an increase in exposure to ultraviolet light is
causing the deformities, then frog eggs exposed to more ultraviolet
light in a laboratory will be more likely to develop into deformed
frogs than frog eggs that are exposed to less UV will. An experi-

controlled experiment ment to test this hypothesis is summarized in Table 1.

(kuhn TROLD ek SPER uh muhnt) In the experiment shown in Table 1, the variable is the
an experiment that tests only one

¢ - ; length of time that the eggs are exposed to UV light. All other
actor at a time by using a com- .
parison of a control group with an factors, such as the temperature of the water, are the same in
experimental group the control group and in the experimental groups. Because the
variable (VER ee uh buhl) a factor experiment requires the use of animals, scientists use compas-
that changes in an experiment in sion when they care for the frogs in the experiment.

order to test a hypothesis

@YD Experiment to Test Effect of UV Light on Frogs

Control Factors Variable
Number Temperature | UV light expo-
Group Tank | Kind of frog | of eggs | of water (°C) | sure (days)
#1 A | leopard frog 50 25 0
(control) B | leopard frog 50 25 0
#2 C | leopard frog 50 25 15
(experimental) D | leopard frog 50 25 15
#3 E | leopard frog 50 25 24
(experimental) F | leopard frog 50 25 24

16 Chapter 1 The Nature of Life Science



UV Light Experiment
Control Group Experimental Groups

Group #1 Group #2 Group #3
No UV light exposure UV light exposure for 15 days UV light exposure for 24 days

Tank A: 0 deformed frogs Tank C: 0 deformed frogs Tank E: 23 deformed frogs

© [CeP Do 0| 2O

er rﬂ_ﬁér.@'“'ﬁl "’.'-;IE‘I':_" l

Tank B: 0 deformed frogs Tank D: 0 deformed frogs Tank F: 24 deformed frogs

Collecting Data

As Table 1 shows, each group in the experiment contains
100 eggs. Scientists always try to test many individuals. The
greater the number of organisms that they test, the more certain
they can be of the data. They want to be certain that differences
between control and experimental groups are caused by differ-
ences in the variable, not by differences between individuals. To
support their conclusions, scientists repeat their experiments.
If an experiment produces the same results again and again, UV Light on Frogs
they can be more certain about the effect of the variable on

the outcome of the experiment. The experimental setup to test
Hypothesis 3 and the results are shown in Figure 6.

)
<)

Analyze the Results

Number of deformed frogs

50
A scientist’'s work does not end when an experiment is
finished. After scientists finish their tests, they must analyze
the results. They organize the data so that the data can be ana-
lyzed. For example, scientists may organize the data in a table 0

or a graph. The data collected from the UV light experiment 0 15
are shown in the bar graph in Figure 7. Analyzing results helps Number of days of UV exposure
scientists explain and focus on the effect of the variable. For Figure 7 This graph shows that
example, the bar graph shows that the length of UV exposure 24 days of UV exposure had an
has an effect on the development of deformities in frogs. effect on deformities in frogs.
Shorter exposure had no effect.

-
24
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Quick Lab <>y
et o
with Yeast 11c

1. Mix 1/2 tsp of yeast with
warm water and sugar.

2. Make observations. Com-
pose a list of questions
about the factors that influ-
ence yeast to activate.

3. Use scientific methods to
investigate yeast activation.
For this investigation, you
will need to form a hypoth-
esis, design and conduct
an experiment to test the
hypothesis, analyze and
collect data, and state the
conclusions.

4. Did your results support
your hypothesis?

Figure 8 This student scientist is
communicating the results of his
investigation at a science fair.

Draw Conclusions

After scientists have analyzed the data from several experi-
ments, they can draw conclusions. They decide whether the
results of the experiments support a hypothesis. When scientists
find that a hypothesis is not supported by the tests, they must
try to find another explanation for what they have observed.
Proving that a hypothesis is wrong is just as helpful as sup-
porting it. Why? The scientist have learned something, which
is the purpose of using scientific methods.

What Is the Answer?

The UV light experiment supports the hypothesis that the
deformities in frog can be caused by exposure to UV light. Does
the experiment prove that UV light caused the frogs living in
the Minnesota wetland to be deformed? No, the only thing
this experiment shows is that UV light may cause deformities
in frog. Results of tests performed in a laboratory may differ
from results of tests performed in the wild. In addition, the
experiment did not investigate the effects of parasites or other
substances on the frogs. In fact, more than one factor could
be causing the deformities.

Puzzles as complex as the deformed-frog mystery are rarely
solved with a single experiment. The quest for a solution may
continue for years. Finding an answer doesn’t always end an
investigation. Often, that answer begins another investigation.
In this way, scientists continue to build knowledge.

Communicate Results

After they complete an investigation, scientists
communicate their steps and results. Written reports
and oral presentations are two ways in which sci-
entists share information. Figure 8 shows a student
explaining a science project.

There are several reasons that scientists regu-
larly share their results. First, other scientists may
repeat the experiments to see if they get the same
results. Second, the information can be considered
by other scientists with similar interests. The sci-
entists can then compare hypotheses and form
consistent explanations. New data may strengthen
existing hypotheses or show that the hypotheses
need to be altered. After learning about an experi-
ment, a scientist might have questions and decide
to perform his or her own investigation.

NNl N9 Fld9 Why do scientists communicate the
results of their investigations? [ 7.1e
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Review

Summary;

e Scientific methods are the ways in which scien-
tists follow steps to answer questions and solve
problems.

'3 1.1.¢, 1.7.e

® Any information gathered through the senses is
an observation. Observations often lead to the
formation of questions and hypotheses.

® A hypothesis is a possible explanation or answer
to a question. A well-formed hypothesis may be
tested by experiments.

® A controlled experiment tests only one factor at
a time and consists of a control group and one
or more experimental groups.

® After testing a hypothesis, scientists analyze the
results and draw conclusions about whether the
hypothesis is supported.

® Communicating results allows others to check
the results, add to their knowledge, and design
new experiments.

Using Vocabulary

© Use hypothesis, controlled experiment, and vari-
able in the same sentence.

Understanding Concepts

© Describing The steps of scientific methods
are not always used in the same order in every
investigation. Support or argue this statement.

© Describing What are the essential parts of a
controlled experiment?

O Listing What are two ways in which scientists
share results?

© Classifying A team of scientists wants to
study the size of Anaconda snakes in the wild.
After capturing a snake, the team measures
and records the length of each snake. After the
snakes are released, the team finds the average
length of the captured snakes. Which scientific
methods have the scientists used?

Critical Thinking

O Analyzing Methods Why was UV light chosen
to be the variable in the frog experiment?

© Analyzing Processes Why do scientists repeat
the examples of other scientists?

© Making Inferences Why might two scientists
working on the same problem draw different
conclusions?

INTERPRETING GRAPHICS The table below
shows how long one bacterium takes to divide
and become two bacteria. Use the table below to
answer the next question.

Temperature Time to double

({9 (min)
10 130
20 60
25 40
30 29
37 17
40 19
45 32
50 no growth

© Evaluating Data Plot this information on a
graph. Put temperature on the x-axis and the
time to double on the y-axis. Do not graph
values for which there is no growth. What
temperature allows the bacteria to multiply
most quickly?

Challenge

@ Predicting Consequences You are doing an
experiment and get surprising results. However,
you realize that two factors were changed at the
same time. How does this fact affect your ability
to draw conclusions?

Internet Resources

For a variety of links related to this
chapter, go to www.scilinks.org

Topic: Scientific Methods;
Deformed Frogs

SciLinks code: HY71359; HY70383

=
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What You Will Learn

® Scientists use technology, such as
computers and microscopes, to per-
form tests and collect information.

® The International System of Units
enables scientists to compare infor-
mation and to convert between units.

® Measurements such as length, area,
volume, temperature, and mass can
be obtained with the right tools.

Why It Matters

Selecting and using the right tools and
technology will help you conduct your
own scientific investigations.

Vocabulary

* technology

» compound light microscope
* electron microscope

* area

* volume

* mass

* weight

* temperature

READING STRATEGY

Clarifying Concepts Take turns
reading this section out loud with a
partner. Stop to discuss ideas that
seem confusing.

technology (tek NAHL uh jee) the
application of science for practical
purposes; the use of tools, machines,
materials, and processes to meet
human needs

Figure 1 Binoculars help
scientists make observations
when they cannot get close
to their subject.

20 Chapter 1

Tools and Measurement

Key Concept Scientists select and use tools and
technology to perform tests and collect data.

P Would you use a knife to mix cake batter? You probably would
not. To be successful in many tasks, you need the correct tools.

Life scientists use various tools to make observations and
to collect, store, and analyze information. Selecting and using
tools properly are important parts of scientific work.

Technology in Science

The application of science for practical purposes is called
technology. By using technology, life scientists are able to find
information and solve problems in new ways. New technol-
ogy allows scientists to get information that was not available
previously.

Calculators and Computers

Calculators and computers are two types of technology that
are frequently used in science. Scientists frequently collect large
amounts of data. Calculators and computers can be used to
quickly and accurately make calculations of data. Some cal-
culators and computers can be programmed to create graphs
and to solve complex equations. Computers also help scien-
tists share data and ideas with each other and publish reports
about their research.

Binoculars

Imagine that you are studying eagles that nest in tall trees.
You need to make observations. But it is not always easy or
safe to get close to what you are studying. Binoculars can
help you make observations from a distance. Figure 1 shows
a scientist using binoculars to make observations.




QTP Types of Microscopes

Compound Light Microscope
Light passes through the specimen
and produces a flat image.

Transmission Electron Micro-
scope Electrons pass through
the specimen and produce a
flat image.

Ocular lens

Objective
lens

Compound Light Microscope

The compound light microscope is a common tool in a life
science laboratory. A compound light microscope is an instrument
that magnifies small objects so that they can be seen easily. It
has three main parts—a tube with two or more lenses, a stage,
and a light. Items may be colored with special dyes to make
them more visible. Items are placed on the stage so that the
light passes through them. The lenses at each end of the tube
magnify the image.

Electron Microscopes

Not all microscopes use light. In electron microscopes, tiny
particles called electrons are used to produce magnified images.
The images produced are clearer and more detailed than those
made by light microscopes. However, living things cannot be
viewed with electron microscopes because the preparation
process kills them. The two kinds of electron microscopes used
in life science are the transmission electron microscope (TEM)
and the scanning electron microscope (SEM). Figure 2 shows
three kinds of microscopes and an example of the images that
each kind can produce.

MLl NE 199 Which type of technology would you use to
observe the movement of a small living thing? (e7.%.a

Section 3

Scanning Electron Microscope
Electrons bounce off the surface
of the specimen and produce a
three-dimensional (3-D) image.

compound light microscope
(kahm POWND LIET MIE kruh
SkoHP) an instrument that magnifies
small objects so that they can be
seen easily by using two or more
lenses

Wordwise The root micro- means
“small” The root -scope means “an
instrument for seeing or observing.”

electron microscope

(ee LEK trahn  MIE kruh skoHP) a
microscope that focuses a beam of
electrons to magnify objects

Investigation and Experimentation

7.7.a Select and use appropriate tools and
technology (including calculators, computers,
balances, spring scales, microscopes, and
binoculars) to perform tests, collect data, and
display data.

Tools and Measurement 21
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How You Measure Matters

Measure the length and
width of a desk or table, but
do not use a ruler. Pick a
common object as your unit
of measurement. It could be
a pencil, your hand, or any-
thing else. Use that unit to
determine the area

of the desk or table.

To calculate the area of a
rectangle, first measure the
length and width. Then, use
the following equation:

area = length x width
Ask your parent or guardian
to do this activity on his or
her own. When he or she is
finished, compare your area

calculations.
AeTiViTy

area (ER ee uh) a measure of the
size of a surface or a region

volume (VAHL yoom) a measure of
the size of a body or region in three-
dimensional space

@& TXP Common SI Units and Conversions

Length meter (m)
5 kilometer (km) km = 1,000 m
- decimeter (dm) dm = 0.1 m

cm = 0.0 m

mm = 0.001 m

pm = 0.000001T m
nm = 0.000000001 m

4 centimeter (cm)

millimeter (mm)
micrometer (um)
nanometer (nm)

¥
U S |

Volume cubic meter (m?)
' cubic centimeter (cm®) 1 cm® = 0.000001 m?
liter (L) 1L=1dm’=0.001 m*
l milliliter (mL) 1mL=0001L=1cm’
Mass kilogram (kg)
?Jjggj gram (g) 1 g = 0.001 kg
| el | milligram (mg) 1 mg = 0.000001 kg
Temperature | kelvin (K)
\ 0°C = 273 K
100°C = 373 K

*The Celcius (°C) scale is a commonly used non-SI temperature scale.

Measurement

The ability to make reliable measurements is an impor-
tant skill in science. But different standards of measurement
have developed throughout the world. Ancient measurement
units were based on parts of the body, such as the foot, or on
objects, such as grains of wheat. Such systems were not very
reliable. Even as better standards were developed, they varied
from country to country.

The International System of Units

In the late 1700s, the French Academy of Sciences began
to form a global measurement system now known as the
International System of Units. (The system is also called SI, or
Systeme International d’Unités). Today, most scientists and almost
all countries use this system. One advantage of using SI meas-
urements is that scientists can share and compare their obser-
vations and results.

Another advantage is that almost all SI units are based
on the number 10, which makes conversions from one unit
to another easy. Table 1 contains SI units for length, volume,
mass, and temperature. Notice how the prefix of each SI unit
relates to a base unit.

22 Chapter 1 The Nature of Life Science



Length

How long is an ant? A life scientist would probably use
millimeters (mm) to describe an ant’s length. If you divide
1 m into 1,000 parts, each part equals 1 mm. Although mil-
limeters seem like a small unit, some living things and struc-
tures are so tiny that even smaller units—micrometers (um) or
nanometers (nm)—must be used.

Area

How much paper would you need to cover the top of your
desk? To answer this question, you must find the area of the
desk. Area is a measure of how much surface an object has.
Area can be calculated from measurements such as length and
width. Area is stated in square units, such as square meters (m?),
square centimeters (cm?), and square kilometers (km?).

Volume

How many books will fit into a bag? The answer depends
on the volume of the bag and the volume of each book. Volume
is a measure of the size of something in three-dimensional
space.

The volume of a liquid is most often described in liters (L).
Liters are based on the meter. A cubic meter (1 m®) is equal
to 1,000 L. So, 1,000 L will fit into a box measuring 1 m on
each side. A milliliter (mL) will fit into a box that is 1 cm on
each side. So, 1 mL = 1 cm®. Graduated cylinders are used to
measure the volume of liquids, as Figure 3 shows.

The volume of a solid object is given in cubic units, such
as cubic meters (m?®), cubic centimeters (cm®), or cubic milli-
meters (mm?®). To find the volume of a box-shaped object, multi-
ply the object’s length by its width and height. As Figure 3
shows, the volume of an irregularly shaped object can be found
by measuring the amount of liquid that the object displaces.

SNl NeITd9 What tool would you select to measure the vol-
ume of a liquid? (m7.7.a

IVIATEy DRACTey
Averages

Finding the average, or mean,
of a group of numbers is a
common way to analyze data.

Let us look at an example.
Three seeds were kept at
25°C and sprouted in 8, 8,
and 5 days. To find the aver-
age number of days the
seeds took to sprout, add 8,
8, and 5 and divide the sum
by 3, the number of subjects
(seeds). These seeds took an
average of 7 days to sprout.

Suppose three seeds were
kept at 30°C and sprouted in
6, 5, and 4 days. What is the
average number of days that
these seeds took to sprout?
Record your work in your
Science Journal.

Figure 3 Adding a rock to

a graduated cylinder raised

the level of water from the

70 mL mark to the 80 mL

mark. Because the rock
displaced 10 mL of water and

I mL =1 cm’, the volume of the
rock is 10 cm’.

Section 3

Tools and Measurement
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You can use a balance p

to measure mass.

mass (MAS) a measure of the
amount of matter in an object

weight (WAYT) a measure of the
gravitational force exerted on an
object; its value can change with the
location of the object in the universe

temperature (TEM puhr uh chuhr)
a measure of how hot (or cold)
something is; specifically, a measure
of the average kinetic energy of the
particles in an object

Quick Lab Y

Measure Up!

1. Your teacher will provide you
with a variety of tools, such as

a graduated cylinder, balance,

spring scale, thermometer,
and meterstick.

2. Make a table similar to the table

at right.

3. Select a tool to take the mea-
surement of each object listed

in the table. Record each tool in

your table.

4. Take each measurement and
record it in your table.

24 Chapter 1

Tools Used to Measure Mass and Weight

f%

!

You can use a spring p
scale to measure weight.

E‘

Mass and Weight

A measure of the amount of matter in an object is called
mass. The mass of an object is constant anywhere in the
universe because the amount of matter stays the same. The
kilogram (kg) is the base unit for mass. The mass of a small
object may be described in grams (g). Mass can be measured
by using a balance, as Figure 4 shows. Weight and mass are
sometimes confused, but they are different. Weight is a measure
of the force of gravity on an object and is expressed in new-
tons (N). The force of gravity changes depending on where the
object is in the universe. So, the weight of an object on Earth
differs from the weight of the object on the moon. Weight is
measured by using a spring scale, as Figure 4 shows.

Measuring Objects 11a

Measurement | Tools Measurement
Object needed needed (with units)
Water in a volume graduated 350 mL
cup cylinder

Classroom area

Bolt volume

Chalk board | length -
Shoe weight i

Outside air | temperature

Pencil mass

The Nature of Life Science
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T 212 --2203E 300 100°C
emperature Water boils 200 EE 90  Water boils

How much should food be heated to kill any 180 2E 80

bacteria in the food? To answer this question, a life :28 :S gg

scientist would measure the temperature at which 120 <= 50

bacteria die. Temperature is a measure of how hot or 98.6°F __100 4F 40 ___ 37°C

cold something is. Temperature is actually an indica- Normal body ~ 80 ;8 Normal body

tion of the amount of energy within matter. You are temperature 28 10 ‘temperature

probably used to describing temperature in degrees Water frezzzel;"--z-o- 7 -(_}]-6 "\?Vacter freezes

Fahrenheit (°F). Although the kelvin (K) is the official .0 -20
SI base unit for temperature, scientists commonly use )
degrees Celsius (°C). You will use degrees Celsius in
this book. The thermometer in Figure 5 shows how

the Fahrenheit and Celsius scales compare.

Figure 5 This thermometer shows
the relationship between degrees
Fahrenheit and degrees Celsius.

Using Vocabulary Critical Thinking

Use a term from the section to com-
plete each sentence below.

Review

© Predicting Consequences
What problems could occur
if some scientists measured
objects by using Sl units and
other scientists measured objects
by using other units, such as
inches?

INTERPRETING GRAPHICS Use
the picture of a mite below to
answer the next question.

@ The measure of the surface of an
object is called __.

Summary,

o Life scientists use tools
to collect, store, organize,
analyze, and share data.

© Life scientists use kilograms
when measuring an object's .

© The __ of aliquid is usually
described in liters.

Understanding Concepts

O Describing Why do scientists
use Sl units when making
measurements?

® Scientists use technology
such as calculators, com-
puters, binoculars, and
microscopes.

® The International System of

Units (SI) is a simple and © Describing  How are computers

reliable system of measure-
ment that is used by most
scientists.

® Graduated cylinders measure
the volume of liquids, rulers
measure length, thermom-
eters measure temperature,
and balances measure mass.

® You can calculate the area
and volume of box-shaped
solids by using measure-
ments taken with a ruler.

used in scientific investigations?

O Identifying Which tool would
you select to measure the mass
of an object?

© Making Calculations Convert

3.0 L into cubic centimeters.

© Making Calculations Calculate
the volume of a textbook that is
28.5 cm long, 22 cm wide, and
3.5 cm thick.

@ Making Inferences The mite
shown above is about 500 pm
long in real life. What tool was
probably used to produce this
image? How can you tell?

Internet Resources

For a variety of links related to this
chapter, go to www.scilinks.org

Topic: Tools of Life Science; SI Units Qe
SciLinks code: HY71535; HY71390




What You Will Learn

® Physical models, mathematical
models, and conceptual models are
all representations of ways to study

objects or
® Scientific t

models that organize scientific think-

systems.
heories are conceptual

ing and explain why things happen.
® Scientific laws tell you what will

happen in

a specific situation.

Why It Matters

Learning about models and theories

will give you a better understanding of

how science

works.

Vocabulary

» model
* scale

* theory
* law

READING STRATEGY

Graphic Organizer In your Science
Journal, create an Idea Wheel about
the types of scientific models.

model (MAHD’ ) a pattern, plan,

representati
designed to
workings of
concept

Figure 1

model looks a lot like a
real human body. But
it is easier to see inside
this model than to see

inside a
body.

26

on, or description
show the structure or
an object, system, or

This physical

real human

Chapter 1

Scientific Models
and Knowledge

Key Concept Models are used to study living things,
test hypotheses, explain observations, and communicate
knowledge.

P> Yourbody ismadeup of trillions of cells. You need amicroscope
to see inside most cells. But how do you learn about the parts of
a cell if you don’t have a microscope? Models are useful tools for
sharing information, such as the structure of cells.

Types of Scientific Models

A model is a representation of an object or a system. Models
are used in science to help explain how something works or
is structured. Models can also be used to make predictions or
to explain observations. However, models have limitations. A
model is never exactly like the real thing. If it were, it would
not be a model. There are many kinds of scientific models.
Some examples are physical models, mathematical models, and
conceptual models.

Physical Models

A toy rocket and a plastic skeleton are examples of physi-
cal models. Many physical models, such as the model of a
human body in Figure 1, look like the thing that they model.
A limitation of the model of a body is that the model is not
alive and doesn’t act exactly like a human body. Yet the model
is useful for understanding how the body works. Other physi-
cal models may look and act more like or less like what they
represent than the model in Figure 1 does. Scientists often use
the model that is simplest to use but that is still helpful.




Mathematical Models

A mathematical model may be made up of numbers, equa-
tions, or other forms of data. Some mathematical models are
simple and can be used easily. The graph in Figure 2 is a model
of life expectancy—a measure of how long, on average, people
live. This model was created by collecting information in differ-
ent areas of the world over many years. Then, the information
was used to predict life expectancy in the future. For example,
if the life expectancy in an area increased by 5 years in the
last 10 years, one might hypothesize that the life expectancy
will continue to increase at a similar rate.

Computers are very useful for creating and manipulating
mathematical models. They make fewer mistakes than humans
do and can keep track of more variables than humans can.
But a computer model can be incorrect in many ways. The
more complex a model is, the more carefully scientists must
build the model.

Conceptual Models

Conceptual models are diagrams, drawings, or verbal
descriptions of how something works or is put together. The
conceptual model in Figure 3 describes how mercury released
from burning coal could travel through the environment and
affect humans. Scientists create such diagrams to show how
the parts of a system affect one another.

Mercury released from burning coal

*
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- »
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Figure 2 This mathematical
model shows average life
expectancy in the past. This
information is used to predict
what the life expectancy will be
in the future.

Figure 3 This conceptual
model shows how mercury
released from burning coal
could end up affecting humans.

Investigation and Experimentation

7.7.c Communicate the logical connection among
hypotheses, science concepts, tests conducted, data
collected, and conclusions drawn from the scientific
evidence.

7.7.d Construct scale models, maps, and
appropriately labeled diagrams to communicate
scientific knowledge (e.g., motion of Earth’s plates
and cell structure).
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Figure 4 This map of California is drawn
to a scale of 1 cm:100 km. How far is San
Francisco from Los Angeles?

Quick Lab

Using Scale in Models

Imagine that you see a model of your
school with a new addition for a swimming
pool. In the model, the new addition is the
size of the cafeteria. You expect that a large
pool will be built. But when the addition
is finished, the pool is only as large as the
principal’s office. What happened?

The model that you saw was not drawn
to scale. Scale is the relationship between the
measurement of a model and the actual mea-
surement of the real object. Measurements in
a scale model are proportionally smaller or
larger than the real object. In a scale model
of your school, the new pool would be the
size of the principal’s office, not as big as
the cafeteria.

Maps and diagrams can also be drawn
to scale. For example, Figure 4 shows a map
of California. The scale of the map is 1 cm:
100 km. This ratio means that 1 cm on the
map represents 100 km in California. Because
the proportions of a map, model, or diagram
match the proportions of the real object,
scale models, maps, and diagrams can accu-
rately communicate scientific knowledge.

LI he Te® What is scale? [g7.7.d

Constructing Scale Diagrams

You have been hired to design a monkey
exhibit for a zoo. You are required to submit a
scale diagram of the exhibit. The zoo has given
you the following requirements for the new
monkey exhibit.

1. The exhibit will house five adult monkeys.
Each animal needs at least 50 m? of space.
2. The exhibit should include a pond. The pond

should cover 10 m*

3. The exhibit should include a shelter for each
animal. Each shelter should enclose an area
of 1 m2

4. The exhibit should include trees, tires, and
other places for the monkeys to play.

5. Use graph paper and colored pencils to
draw a scale diagram of the exhibit. Indicate
the scale on your diagram.

6. Label the dimensions of the exhibit. Indicate
in square meters how large the area of the
exhibit is.
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Benefits of Models

Models are often used to represent things that are
very small or very large. Models may also represent
things that are very complicated or things that no
longer exist. For example, Figure 5 is a computer model
of a dinosaur. Such computer models have been used
for many things, including to make movies about
prehistoric life on Earth. Models are used, of course,
because filming a real dinosaur in action is impos-
sible. But in building models, scientists may discover
things that they hadn’t thought of before.

A model can be a kind of hypothesis and can be
tested. To build a model of an organism, scientists
must gather information collected from fossils and
other observations. Then, they can test whether their
model fits with their ideas about how an organism
moved or what the organism ate.

Building Scientific Knowledge

Sometimes, scientists may draw different conclusions from
the same data. Other times, new results show that old con-
clusions are wrong. Sometimes, more information is needed.
Life scientists are always asking new questions or looking at
old questions from a new angle. As they find new answers,
scientific knowledge continues to grow and change.

Scientific Theories

For every hypothesis, more than one prediction can be
made. Each time the results of an investigation match a predic-
tion, the hypothesis gains more support. Over time, scientists
try to tie together all that they have learned. An explanation
that ties together many related facts, observations, and tested
hypotheses is called a theory. Theories are conceptual models
that help organize scientific thinking. Theories are used to
explain observations and to predict what might happen in
the future.

Scientific Laws

The one kind of scientific idea that rarely changes is called a
scientific law. In science, a law is a summary of many experimen-
tal results and observations. Unlike traffic laws, scientific laws
are not based on what people may want to happen. Instead,
scientific laws are statements of what will happen in a specific
situation. And unlike theories, scientific laws tell you what
happens, not why it happens.

Section 4

Figure 5 This computer-
generated model doesn't just
look like a dinosaur. This model
includes the movement of bones
and muscles.

scale (SKAYL) the relationship
between the measurements on a
model, map, or diagram and the
actual measurement or distance

theory (THEE uh ree) a system of
ideas that explains many related
observations and is supported by
a large body of evidence acquired
through scientific investigation

law (LAW) a descriptive statement or
equation that reliably predicts events
under certain conditions
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Combining Scientific Ideas

Scientific laws are at work around you every day. For exam-
ple, the law of gravity is at work when you see a leaf fall to
the ground. The law of gravity tells us that objects fall toward
the center of Earth. Many laws of chemistry are at work inside
your cells. However, living organisms are very complex. So,
there are very few laws within life science. But some theories
are very important in life science and are widely accepted.
An example is the theory that all living things are made up
of cells.

Scientific Change

Scientific ideas can change. For example, scientists used to
think that the dinosaur Apatosaurus (uh pA tuh SAWR uhs) used
its long neck to reach leaves high in trees, as Figure 6 shows.
To test this idea, scientists took measurements of the verte-
brae, or neck bones, of fossils from the dinosaur. Then, they
entered this information into computer models to study how
the bones fit together. The models showed that an Apatosaurus
could not have held its head up straight. Now, many scien-
tists think that an Apatosaurus held its head horizontally, as
Figure 6 shows. The models show that the neck muscles and
bones would have worked better in a horizontal position.

Scientists used to think that an
Apatosaurus used its long neck
to reach leaves high in trees.

Computer models show that Apato-
saurus could not have held its head
high. An Apatosaurus probably held
its head out horizontally.
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Evaluating Scientific Ideas

When a scientist proposes a theory, other scientists examine
the evidence and decide if the evidence supports the theory.
Scientists use scientific methods to test the new theory. If the
theory and evidence are contradictory, scientists revise the the-
ory or propose alternative theories. The theory that provides
the best explanation and has the most evidence supporting it
becomes the theory that most scientists accept.

Scientists should be open to new ideas, but they should
always test those ideas with scientific methods. The process
of building scientific knowledge never ends.

NNl Ne 149 How can new evidence change scientific theories?

(o) 7.7.c

SECTION Using Vocabulary © Analyzing Processes How do

Review _ scientists evaluate theories?
Use a term from the section to com-

plete each sentence below. [ math skills

© A __is an explanation that
AR 716,774 matches many hypotheses but @ Making Calculations If Jerry
that may change. is 2.1 m tall, how tall is a scale

model of Jerry that has a scale of
Q A ___tells you exactly what to 10 cm:1 m?

expect in certain situations.

® A model is a representation

of an object or system. ﬁ Challenge

Models often use familiar Understanding Concepts

th!r?gs to, represent unf?- Q Describing What is a limitation
miliar things. Three main

© Analyzing Processes Most
doctors give advice to their

? . - .
types of models are physical, sholuee patients about their diet. Imagine
mathematical, and concep- O Listing What are three types that an organization announces
tual models. of models? Give an example of that it has discovered that a

e Scale models, maps, or dia- each type. high-fat diet is the healthiest
gams o e proporions | © Comparing Compaehow s ot T[T
of the objects they represent. entists use theories with how . . . .

e . their patients eat a high-fat diet?
e Scientific knowledge is they use laws.

built as scientists form and

revise scientific hypotheses, Critical Thinking

models, theories, and laws.

O Applying Concepts You are
making a three-dimensional
model of an extinct plant.
Describe some of the potential
uses for your model. What are
some limitations of your model?

Internet Resources

For a variety of links related to this
chapter, go to www.scilinks.org

Topic: Using Models Qe
SciLinks code: HY71588




What You Will Learn

® The elements of safety include fol-

lowing safety symbols, following

directions, being neat, using proper
safety equipment, and using proper

cleanup procedures.

® Following the proper procedure
for accidents can help reduce the
effects of an accident.

Why It Matters

Serious injuries can occur if safety
rules are not followed.

Vocabulary
« first aid

READING STRATEGY

Graphic Organizer In your
Science Journal, create an Idea
Wheel that describes elements of
safety in science.

Investigation and Experimentation

7.7.a Select and use appropriate tools and
technology (including calculators, computers,
balances, spring scales, microscopes, and
binoculars) to perform tests, collect data, and
display data.

Safety in Science

Key Concept Following safety rules during scientific
investigations will help prevent accidents and injury.

P While walking by a construction site, you notice a sign on
the fence: “Hard Hat Area.” When you look through the fence,
you see that all of the construction workers are wearing heavy
plastic helmets.

Construction workers wear hard hats to prevent injury if
an accident happens. Likewise, you take precautions to be safe
at home and in school. You also take special care when you
learn science, as Figure 1 shows.

The Importance of Safety Rules

Safety is the state of being free of danger or injury. To be
safe while doing science, you must learn some safety rules.
Perhaps the most important safety rule is to follow the direc-
tions given by your teacher. Following directions will make
your work easier, and will help you get better results. And,
you will be safer!

SNl NE 49 What is safety?

Preventing Accidents

Following rules may not seem like fun. But following rules is
better than getting hurt! The most important reason for obeying
safety rules is to prevent accidents. Your teacher will remind
you of safety rules, but it’s your job to follow them. Accidents
are less likely to happen when safety rules are followed.

Preventing Injury

Unfortunately, accidents can happen
even when all safety rules are obeyed.
When an accident does happen, you or
someone nearby could get hurt. Following
safety rules can help you avoid or reduce
injury. For example, wearing gloves will
help protect your skin if you accidentally
spill a chemical on your hands.

Figure 1 Wearing safety
equipment and following your
teacher’s directions will keep
you safe in the science lab.



@TLYP Safety Symbols

OHCOO

Eye Clothing Hand Heating Electrical
protection protection safety safety safety

*Q

Animal Sharp Plant
safety objects safety

Elements of Safety

For more safety
tips, read the

Safety First! sec-
tion at the front
of your book.

There are many parts to safety. Recognizing safety symbols
can alert you to potential dangers. Reading directions and being
neat can prevent accidents. Safety equipment keeps you safe
during experiments, and proper cleanup procedures keep your

classroom safe after an experiment is over.

Safety Symbols

Most road signs have specific meanings. For exam-
ple, a stop sign means that cars must stop moving. A
one-way sign means that cars must travel only in a
certain direction. Signs and symbols that have specific
meanings are also used in science. Figure 2 shows the
safety symbols that are used in this book. For example,
if you see the symbol for goggles listed on an activity,
you should wear eye protection during that activity.
Learning the meaning of and obeying these symbols
can help prevent injury or an accident.

In some experiments, such as the one shown in
Figure 3, you must work with live animals. When you
do an experiment with animals, you will see the symbol
for animal safety. This symbol tells you to be careful
when handling animals. For example, you should never
squeeze or frighten animals. You should follow your
teacher’s directions on how to pick up animals and
how to dispose of animal waste. You should handle
only the animals provided by your teacher and should
never bring wild animals into the classroom. And after
working with animals, you should wash your hands
thoroughly with soap and water.

Figure 3 You should wear
protective gloves when handling
animals during an experiment.
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ScHooL) to Hoye,

Kitchen Safety Rules

If you aren't careful, you can
be hurt when working in

a kitchen. With a parent or
guardian, discuss some acci-
dents that could happen in
your kitchen. In your Science
Journal, write at least five
kitchen safety rules that will
help you avoid the accidents
that you discussed.

AeTiVilyy

Reading and Following Directions

If you want to bake a cake successfully, you will probably
use a recipe. The recipe tells you the ingredients to use and
the proper procedure to follow. When scientists work in the
laboratory, they also follow directions. Likewise, when you work
in the laboratory, you must follow directions given by your
teacher and the lab procedure.

Before starting a science experiment, you should read all
of the instructions. Reading the directions before you start
will help you get better results and will reduce the chance of
having an accident. If you don’t understand the instructions
in a lab procedure, you should ask your teacher to explain the
directions in a different way.

When you do an experiment, you should leave your book
open to the page that shows the instructions. You will be able
to find the instructions quickly if you need to reread them.

Neatness Counts!

Before starting any science activity, you should clear your
work area of books, backpacks, and any other unneeded objects.
These objects can get in the way and may cause you to trip or
spill your materials. Also, you should prepare data tables and
gather necessary safety equipment, as Figure 4 shows.

Neatness also counts when you are doing an experiment.
You should arrange the lab materials on the desk or table
so that you can find them easily. And you should label all
chemicals so that they won’t be mixed up. And you should
record your findings carefully in a notebook or data table so
that you and others can read them.

Figure 4 Proper preparation
before an experiment will help
keep you safe in the laboratory.




Figure 5 These students are
wearing protective gloves when
they work with chemicals. But
they put on heat-resistant gloves
before lifting the beakers off the
hot plates.

Using Proper Safety Equipment

Safety equipment can protect you from injury. Safety gog-

gles, gloves, and aprons are some examples of lab safety equip- Q“iCk I-ab S
ment. The safety symbols shown next to laboratory instructions Lh/ :
indicate what kind of safety equipment to use. For example, Preparing for an 7la
when you see the eye protection symbol, you must put on your Experiment

safety goggles. Goggles should fit comfortably but snugly. 1. Select an animal. Think

of a question about that
animal’s behavior.

2. Design an experiment to
investigate the behavior of

If you see the symbol for hand protection, you need to
wear gloves. If you are using chemicals or animals, you must
wear protective gloves. But if you are handling warm objects,

using a hot plate, or using an open flame, you must wear heat- the animal.
resistant gloves. Both kinds of gloves are shown in Figure 5. 3. Compile a list of all of
NN NE 9 Why is it important to select the appropriate safety the tools and technology

needed for the experiment.

4. Create a second list of all
of the safety materials and
safety procedures that you

After finishing a science experiment, you should clean up would need to follow dur-

your work area. You should place caps on bottles, and return ing the experiment.
everything to its proper place. If you have used burners, you
must be sure to turn off the gas. Wash all of your glassware,

and check for chips and cracks. You must give any damaged

glassware to your teacher. You should dispose of any extra

or waste chemicals as your teacher directs. Once your desk

or table is clear, you should wipe it with a wet paper towel.

Finally, you should wash your hands thoroughly with soap

and water.

equipment when you perform a scientific investigation? 1.1.a

Proper Cleanup Procedures
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Emergency Equipment

w A first-aid kit contains

many things for treating _— A fire extinguisher )
injury, including things to — is a safe and effec-
clean and cover wounds. " tive tool for putting

: out fires.

An eyewash isp
used to remove
chemicals or g
small particles

from the eye.

A
¢ f? Proper Accident Procedures

Sometimes, accidents do happen. After any accident, you
should the follow the four steps below in order.

e Remain calm, and assess the situation. Look around, and
do your best to determine what happened.

e Secure the area around the accident. Make sure that you
are safe and that no one else is in danger.

e Tell your teacher, or call for help. Always tell your teacher if
an accident happens, even if the accident seems minor.

e Assist your teacher with cleaning up or giving aid. Do
exactly what your teacher tells you to do.

After an accident, your teacher may need you to get emer-
gency equipment. The emergency equipment shown in Figure 6
is often found in labs. You should learn how to use the emer-
gency equipment and you should know where it is kept in
your classroom.

@& 3P Ssimple First-Aid Procedures

Injury First-aid procedure
Minor heat-related | Hold affected area under cold, running water
burn for at least 15 min.
Small cuts Clean the area, cover it with a clean cloth or

gauze pad, and apply pressure.
Chemicals on skin | Rinse area with running water.

Chemical in eye Rinse eye with running water or in an
eyewash.
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Proper First-Aid Procedures

If an accident results in an injury, it is important that you
know what to do. Fortunately, almost all laboratory injuries
are minor and are treated easily. When treating an injury in
the lab, your teacher will use first aid. First aid is emergency first aid (FUHRST AYD) emergency
medical care for someone who has been hurt. medical care for someone who has
. . been hurt or who is sick
You should not perform first aid unless you are properly
trained. If first aid is not done properly, a victim can be more
seriously injured. However, you may do a few simple first-aid
procedures that you can do without training. These procedures
are listed in Table 1. Because first aid is only temporary care,
an injured person should see a doctor for more treatment.

-

SECTION Using Vocabulary © Applying Concepts Rabies

Re\Iiew is a viral disease that is often
o Write an original definition for transmitted through the bite of
first aid. an animal that is infected by the

rabies virus. People who get the
. 7.1a Understanding Concepts rabies virus suffer from a variety

of symptoms and will die if not

mm (2] Describing Why are safety treated in time. Many types of
rules important? animals including bats, dogs,

® Following safety rules helps © Describing What are five and raccoons can carry rabies.
prevent accidents and helps elements of safety? Y_\"’t‘at ﬁ\recautlotnz s_houll)dtsc;eE—7
reduce injury. O Listing List the four steps that o7 WO e STCYINg Dats fake!

® Five elements of safety are you should take after an acci- INTERPRETING GRAPHICS Use
recognizing safety symbols, dent happens. the symbo!s below to answer the
following directions, being next question.

© Applying What should you do
if you spill a chemical on your
skin?

neat, using proper safety
equipment, and using proper
cleanup procedures.

® Animals used in scientific - n—
research require special care. Critical Thinking © Applying Concepts The sym-

® When an accident happens, © Making Inferences Suppose bols above appear on an activity.
you should assess the that you are doing research to What precautions should you
situation, secure the area, determine how quickly a mouse take before you begin this
tell your teacher, and help can learn to run a maze. Explain activity?
your t_eacher with cleanup or how you would care for and
first aid. handle the mouse.

Internet Resources

® First aid is emergency
medical care. Some first-aid
procedures can be done
without training.

© Applying Concepts Imagine
that your lab partner dropped a
glass beaker and cut his finger
on the broken glass. Describe
what you should do next.

For a variety of links related to this
chapter, go to www.scilinks.org

Topic: Safety QA N
SciLinks code: HY71339 \
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Skills Practice [1£)

Collecting and Displaying Data

m When performing an experiment, you usually need to collect
data. To understand the data, you can often organize the data

into a graph. Graphs can show trends and patterns that you may
) not notice in a table or list. In this exercise, you will practice
Create a graph to display the collecting data and organizing the data into a graph.

data.

e beaker, 500 mL
e clock (or watch) with a

second hand Water Temperature

e gloves, heat-resistant

Collect data during an
experiment.

Procedure

@ Make a table like the one below. Leave space to continue
recording for more than 20 min.

e hot plate Time (min) Temperature (°C)
eice 0 i
e paper, graph 1

e thermometer, Celsius, with Ly >
a thermometer holder

e water (200 mL) 3

—_ T T e T

SAFETY © Pour 200 mL of water into

a 500 mL beaker. Add ice
@ 6 e o to the beaker until the |

waterline is at the 400 mL
mark.

© Place a Celsius thermom-
eter into the beaker. Use a
thermometer holder to pre-
vent the thermometer from
touching the bottom of the
beaker. et *

© Place the beaker and ther-
mometer on a hot plate.
Record the temperature

of the ice water. The initial
L4

temperature is recorded as

Investigation and Experimentation

7.7.a Select and use appropriate tools and “0 min" because the water
technology (including calculators, computers, has been heated for
balances, spring scales, microscopes, and binoculars) .

to perform tests, collect data, and display data. 0 minutes.
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© T1um the hot plate on medium heat. After 1
min Record the temperature every minute
until the water temperature reaches 100°C.

o Using heat-resistant gloves, remove the bea-
ker from the hot plate. Continue to record the
temperature of the water each minute for 10
more min. Caution: Don't forget to turn off
the hot plate.

o On a piece of graph paper, create a graph
similar to the one above Label the horizontal
axis (the x-axis) “Time (min),” and mark the
axis in increments of 1 min. Label the vertical
axis (the y-axis) “Temperature (°C),” and mark
the axis in increments of 10°.

© Find the 0 min mark on the x-axis, and move
up the graph to the temperature that you
recorded at O min. Place a dot on the graph at
that point. Plot each temperature in the same
way. When you have plotted all of your data,
connect the dots with a smooth line.

Analyze the Results

@) Examining Data Examine your graph. Do
you think that the water heated faster than
it cooled? Explain.

( Analyzing Results Estimate what the tem-
perature of the water was 2.5 min after you
placed the beaker on the hot plate. Explain
how you can make a good estimate of
temperature.

Draw Conclusions

(D Evaluating Methods Explain how a graph
may give more information than the same
data in a table does.

Big Idea Question

(@ Evaluating Methods Why is it important
to collect and display data from a scientific
investigation?
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Science Skills Activity

Scientific

Methods DELE]

Research

Analysis

Using Internet Resources for Research

P> Tutorial

Models, Maps
& Diagrams

Investigation and

&L Experimentation
7.7.b Use a variety of print and electronic
resources (including the World Wide Web)

to collect information and evidence as part
of a research project.

Because the Internet contains a great deal of infor-
mation, it can be a useful tool for doing research.
But you may find that the Internet contains too
much information or that most of the information
is not reliable. Reliable information is information
that is likely to be correct because it is based on
observations or research. In this tutorial, you will
learn tips for using the Internet to do research.

Procedure

@ Use Keywords Choose keywords for the
topic that you are researching.
e Use multiple keywords to narrow your
search.

e Use quotation marks around keywords to
find exact matches. For example, if you are
researching a person, put quotation marks
around the person’s full name to exclude
other people who share part of the person’s
full name.

e Enter the keywords into a search engine.

© Find Reliable Information A search may
return many sites that contain information
about the topic. You need to determine which
sites contain reliable information. Only use reli-
able information in your investigation.

P> You Try It!

e Reliable information usually comes from
reliable sources. Look for information from
government agencies, museums, and
newspapers.

e Be careful when reviewing personal Web
sites. They may contain more opinions
than facts.

e Watch for biased sources. A biased source
contains incomplete or misleading informa-
tion. If you suspect that a source is biased,
find other sources to check the information.

© Cite Sources If you use information from the

Internet in a report, you must cite that source
in a bibliography. Your teacher will tell you the
information that you should include and the
format in which the information should be
listed. The following information is often
included:

e author of the material

e specific page of the site

e name of the Web site

e date the page was created

e address of the Web site

e date the Web site was viewed

In this activity, you will practice finding and using
sources on the Internet. The question that you are
researching is the following: How many Siberian
tigers are left in the wild?

Procedure

@ Use Keywords Determine the keywords that
you will use for your search. Enter different
combinations of keywords into a search engine
and record the number of Web sites that each
combination returns. Which keyword search
returned the most Web sites that contain infor-
mation on your topic?

40 Chapter 1
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Find Reliable Information Find at least three
sources that contain reliable information. What
makes this information reliable? Read the
sources, and write a paragraph describing what
you learned.

Cite Sources Create a bibliography that
shows the sources that you used. When you
cite a source, be sure to include all the impor-
tant information for that source.
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Th B' I d Scientists use scientific processes to study the
e lg ea patterns of natural events and to solve problems.

go.hrw.com

SUPER SUMMARY
KEYWORD: HY7LIVS

Csection W Vocabulary _

) Asking About Life

Key Concept Asking questions is the first
step in a scientific investigation.

® Questions lead to ® Print or electronic ® Your everyday life is
learning about science.  resources can be used  affected by life scientists
&) Scientific Methods

to find information. in many ways.
Test the /
Key Concept Scientific methods are used to Hypothesis

investigate questions and to solve problems. ‘ ‘

® Scientists ask questions, make observations, @ Scientists communicate their steps and
form hypotheses, test hypotheses, analyze results from investigations in written
results, and draw conclusions. reports and oral presentations.

® The International System of ~ ® Measurements such as
Units enables scientists to length, area, volume,
and microscopes, to compare information and temperature, and mass

perform tests and collect to convert between units.
information. right tools.

a Tools and Measurement

Key Concept Scientists select and use tools
and technology to perform tests and collect data.

® Scientists use technology,
such as computers

&) Scientific Models and Knowledge

Key Concept Models are used to study living things, test
hypotheses, explain observations, and communicate knowledge.

® Scientific theories are
conceptual models that

® Physical models,
mathematical models, and
conceptual models are organize scientific thinking @ Scientific laws tell you
representations of ways to and explain why things what will happen in a
study objects or systems. happen. specific situation.

&) Safety in Science

Key Concept Following safety rules during scientific
investigations will help prevent accidents and injuries.

® The elements of safety include following
safety symbols, following directions, being
neat, using proper safety equipment, and
using proper cleanup procedures.

® Following the proper
procedure for accidents
can help reduce the
effects of an accident.

can be obtained with the

life science p. 8

scientific methods
p. 12

hypothesis p. 14

controlled experiment
p. 16

variable p. 16

technology p. 20

compound light
microscope p. 21

electron microscope p. 21
area p. 23

volume p. 23

mass p. 24

weight p. 24
temperature p. 25

model p. 26

scale p. 28

theory p. 29

law p. 29

first aid p. 37
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beginning of the chapter. Add to
Using Vocabulary
research project,” what does the word
b. materials containing information

Layered Book Review the Fold- -
or correct the FoldNote based on h
© Academic Vocabulary In the sentence
resources mean?
¢. materials used to gather information

Note that you created at the

what you have learned.
“They used a variety of print resources in their
a. materials used to make products
d. materials about science

© Use controlled experiment and variable in the
same sentence.

For each pair of terms, explain how the meanings
of the terms differ.

© theory and hypothesis

O compound light microscope and electron
microscope

© area and volume

Understanding Concepts

Multiple Choice

© The steps of scientific methods
a. must all be used in every scientific
investigation.
b. must always be used in the same order.
. often start with a question.
d. always result in the development of a
theory.

© Which of the following tools is best for
measuring 100 mL of water?
a. 10 mL graduated cylinder
b. 150 mL graduated cylinder
¢. 250 mL graduated cylinder
d. 500 mL graduated cylinder

(e}
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1.1a, 1.1b, 7.7,

INTERPRETING GRAPHICS Use the symbols
below to answer the next question.

OHe

© The directions for a lab include the safety icons
shown above. These icons mean that
a. you should be careful.
b. you are going into the laboratory.
¢. you should wash your hands first.
d. you should wear safety goggles, a lab apron,
and gloves during the lab.

INTERPRETING GRAPHICS The pictures below
show how an egg can be measured by using a
beaker and water. Use the pictures below to
answer the next two auestions.

Before: {:"?
125 mL 1

ol

© What kind of measurement is being taken?
a. area
b. length
€. mass
d. volume

@ Which of the following is an accurate
measurement of the egg in the picture?
a. 75 cm®
b. 125 cm®
c. 125 mL
d. 200 mL

Short Answer

@ Listing What are three examples of
resources scientists might use to collect infor-
mation as part of a research project?

@ Listing List two ways that scientists commu-
nicate the steps and results of investigations.

@® Describing What are some advantages and
limitations of models?

@ Identifying Which SI units can be used to
describe an object’s volume?



@ Communicating Concepts Write a para-
graph explaining how scientific explanations
change. Include information about why scien-
tists propose new theories. Also, describe how
scientists evaluate new theories.

Critical Thinking

e

@ Expressing Opinions Your classmate says
that all information on the Internet is reliable.
Do you agree with this statement? Explain your
answer.

@ Concept Mapping Use the
following terms to create a
concept map: observations,
predictions, questions, con-
trolled experiments, variable,
and hypothesis.

@ Analyzing Methods Why is it important for
scientists to write reports about the scientific
investigations that they perform?

INTERPRETING GRAPHICS Use the table below
to answer the next question.

Year Normal Deformed
1999 25 0
2000 21 0
2001 19 1
2002 20 2
2003 17 3
2004 20 5

@ Expressing Opinions A group of citizens
wants the local government to ban the use of
a new chemical pesticide. The group proposes
that since 1999, when the pesticide was first
used, the number of deformed frogs has
increased. To support the proposal, the group
submits the table above. Do you think that the
pesticide should be banned, or is more infor-
mation needed? Explain your answer.

@ Forming Hypotheses A scientist who stud-
ies mice observes that on the day the mice are
fed vitamins with their meals, they perform
better in mazes. What hypothesis would you
form to explain this phenomenon? Write a
testable prediction based on your hypothesis.

INTERPRETING GRAPHICS Use the scale map
below to answer the next question.

@ Making Calculations If the scale of this
map is 1 square:10 m, what is the distance
between the center of Tree A and the center of
Tree B?

Challenge

@ Analyzing Methods Madison wants to test
the following hypothesis: “Plants grow better
with plant fertilizer than without it So, she
plants seeds in pots and places the plants in a
window so that all the plants get the same
amount of sunlight. Then, she divides the
plants into two groups: Group A and Group B.
Group A plants get 50 mL of water each day,
and Group B plants get 100 mL of water each
day. Once a week, she mixes fertilizer into the
water. After three weeks, Madison measures
the plants and finds that all of the plants are
the same height. She concludes that fertilizer
does not make plants grow better. Did Madi-
son’s experiment test her hypothesis? Explain
your answer.

Chapter Review

43



Sta

REVIEWING ACADEMIC VOCABULARY

o In the sentence “After conducting the
science experiment, we recorded and
analyzed the results,” what does the
word conducting mean?

A directing
B doing
C researching

D constructing

o In the sentence “A two-year-old child
is too young to understand the concept
of cooperation,” what does the word
concept mean?

A act
B idea
C reward

D process

o Choose the appropriate form of the word
construct for the following sentence: |
have a model of Earth’s layers.

A construct

B will construct
C are constructing
D

constructed

o Which of the following words is
the closest in meaning to the word
appropriate?

A regular
B formal
C proper

D common

44 Chapter 1 The Nature of Life Science

SR 77b, 77.c, 7.7.4, 1.7

REVIEWING CONCEPTS

e Which of the following is a print resource
that is useful for researching a topic?

A television
B computer
C newspaper
D

typewriter

e What is the name of the computer
network that allows scientists from all
over the world to share information?

A The Punnett Square
B World Wide Web
C International System of Units

D Public Broadcasting System

o Which of the following is a tool for
measuring the volume of a liquid?

A graduated cylinder
B cubic centimeter

C spring balance
D

meterstick

0 It is important to know proper first-aid
procedures when conducting laboratory
experiments. What is the proper
treatment for a minor burn?

A to apply firm pressure to the burn
B to apply first-aid cream to the burn
C to cover the burn with a clean cloth

D to rinse the burn under cold water

o The steps in a scientific investigation
must

A include laboratory experiments.

B begin with a good hypothesis.

C include the development of a theory.
D

be performed in a logical sequence.



OF Oc
20 110
212°F Water boils et 460 ----| - 100°C Water boils
20
180 80
160 70
140 60
120 50
98.6°F Normal -]----300 5 20 . L. 37°C Normal
body temperature 80 30 body temperature
60 20
10
32°F Water freezes -{-----22-JE - -6----} - 0°C Water freezes
20 -10
0 -20

@ The conversion table above shows

Fahrenheit and Celsius temperature
scales. According to the conversion chart,
which of the following sentences is true?

A You can swim in water that is 100°C.
B You can boil eggs in water that is 150°F.
C You can skate on water that is 10°C.

D Your body temperature is about 37°C.

In which type of model are the
measurements of the model proportional
to the measurements of the real object?

REVIEWING PRIOR LEARNING

Experiment to Test Effect of UV Light on Frogs

Control factors Variable
Temperature | UV light
Kind Number of water exposure
Group of frog | of eggs (o] (days)
#1 leopard 100 25 0
(control) frog
#2 leopard 100 25 15
(experimental) frog
#3 leopard 100 25 24
(experimental) frog

@ The data in the table above were

collected during an experiment to test
the effects of UV light on frogs. What
is the variable in the experiment?

A water temperature

B length of exposure to UV light
C number of eggs

D kind of frog

m What is a hypothesis?

A an accurate prediction

B a possible explanation that can be

tested

A a conceptual model

a scale model

C a sentence that states statistical data

D a factor that may cause a certain result

B
C asimple model
D

a mathematical model

Written reports and oral presentations
are part of which step of scientific
methods?

A communicating results
B asking questions

C performing tests
D

analyzing results

@ What is the purpose of scientific
investigation?

A to demonstrate how scientific
methods work

B to learn about discoveries
C to perform experiments

D to answer questions about the
natural world

Standards Assessment

JUDWISSISSY Spaepuels
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Science
in Action

Scientific Debate

Should We Stop All Forest Fires?

Each year in California, forest fires
endanger lives and damage homes and tim-
ber. Since 1972, the policy of the National
Park Service has been to manage the national
parks as naturally as possible. Most fires
caused by lightning are allowed to burn.
The only lightning-caused fires that are put
out are those that threaten lives, property,
uniquely scenic areas, or endangered species.
All human-caused fires are put out. However,
this policy has caused some controversy.
Some people want this policy followed in all
public forests and even grasslands. Others
think that all fires should be put out.

Social Studies B_S—'li!ily

Research a location where there is a debate
about controlling forest fires. You might

look into national forests or parks. Record
your research in your Science Journal. Write a
newspaper article about the issue. Be sure to
present all sides of the debate.

46 Chapter 1
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Science Fiction

“The Homesick Chicken”
by Edward D. Hoch
Why did the chicken cross the road? You
think you know the answer to this old riddle,
don’t you? But “The Homesick Chicken,” by
Edward D. Hoch, may surprise you. That old
chicken may not be exactly what it seems.
One of the chickens at the high-tech
Tangaway Research Farms has escaped.
Then, it was found in a vacant lot across
the highway from Tangaway, pecking away
contentedly. Why did it bother to escape?
Barnabus Rex, a specialist in solving scien-
tific riddles, is called in to work on this mys-
tery. As he investigates, he finds clues and
forms a hypothesis. Read the story, and see if
you can explain the mystery before Mr. Rex does.

Language Arts Q&l@l/ﬂ'y

In your Science Journal, write your own short
story about a chicken crossing a road for

a mysterious reason. Give the reader clues
(evidence) about the mysterious reason but
do not reveal the truth until the end of the
story. Be sure that the story makes sense
scientifically.




Careers

Yvonne Gagle

Flight Surgeon and Astronaut Most doctors practice medicine with both feet on the
ground. But Dr. Yvonne Cagle found a way to fly with her medical career. Cagle became
a flight surgeon for the U. S. Air Force and an astronaut for the National Aeronautics and
Space Administration (NASA).

Cagle’s interest in both medicine and space flight began early. As a little girl, Cagle
spent hours staring at X rays in her father’s medical library. Those images sparked an early
interest in science. Cagle also remembers watching Neil Armstrong walk on the moon
when she was five years old. As she tried to imagine the view of Earth from space, Cagle
decided that she wanted to see it for herself.

Becoming a flight surgeon in the U. S. Air Force was a good first step toward becoming
an astronaut. As a flight surgeon, Cagle learned about the special medical challenges that
humans face when they are launched high above Earth. Being a flight surgeon also allowed
Cagle to work with some of the best pilots and to fly in the latest jets.

It wasn’t long before Cagle worked as an occupational

physician for NASA at the Johnson Space Center. Two
years later, she was chosen to begin astronaut training.
Cagle completed two years of training and is now quali-
fied for flight assignment as a mission specialist. Through
hard work and dedication, Cagle has achieved many of her
childhood goals.

\ v A ‘ )

math BATiViTy
In spaceflight, astronauts experience changes in
gravity that affect their bodies in several ways.
Because of gravity, a person who has a mass of
50 kg weighs 110 Ib on Earth. But on the moon,
the same person weighs about 17% of his
or her weight on Earth. How much does the
person weigh on the moon? Show your work in
your Science Journal.

(]

Internet Resources

© To learn more about © To learn more about ® Check out articles
careers in science, visit ~ these Science in Action related to this chapter
www.scilinks.org and topics, visit go.hrw.com by visiting go.hrw.com.
enter the SciLinks code ~ and type in the key- Just type in the key-
HY70225. word HY7LIVF. word HY7LIVC.
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Chapter Preview

Improving Comprehension

Graphic Organizers are important visual tools that can help you organize
information and improve your reading comprehension. The Graphic Organizer
below is called a spider map. Instructions for creating other types of Graphic
Organizers are located in the Study Skills section of the Appendix.

How to Make a Spider Map

@ Draw a diagram like the one shown below.
In the circle, write the main topic.

© From the circle, draw legs to represent the
main ideas or characteristics of the topic.
Draw as many legs as you want to draw.
Write an idea or characteristic along
each leg.

© From each leg, draw horizontal lines. As you
read the chapter, write details about each
idea on the idea’s horizontal lines. To add
more details, make the legs longer and add
more horizontal lines.

Grow and
Develop

for chemical processes

DNA

controls heredity

sexually

asexually

You Try It!

Living Things

When to Use a Spider Map

A spider map is an effective tool for classifying
the details of a specific topic in science. A spider
map divides a topic into ideas and details. As
you read about a topic, look for the main ideas
or characteristics of the topic. Within each idea,
look for details. Use a spider map to organize
the ideas and details of each topic.

through cell division

in life stages

structural unit

Sense

and Respond internally (homeostasis)

\ex‘rer'nal ly

to Change

Reproduce

This Reading Strategy can also be used within the chapter that you are about
to read. Practice making your own spider map as directed in the Reading
Strategy for Section ). Record your work in your Science Journal.
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Unpacking the Standards

The information below “unpacks” the standards by breaking them down
into basic parts. The higher-level, academic vocabulary is highlighted
and defined to help you understand the language of the standards.
“What It Means” restates the standards as simply as possible.

California Standard Academic Vocabulary m

7.1.a Students know cells function function (FUHNGK shuhn) to work Cells perform the same actions in all living
similarly in all living organisms. similarly (SIM uh luhr lee) in almost the ~ things.
same way
7.2.a Students know the differences cycle (SIE kuhl) a repeating series of You must know how the life cycles of living
between the life cycles and reproduction changes things that reproduce sexually differ from
methods of sexual and asexual organisms. the life cycles of living things that reproduce
asexually. You must also explain how these
ways of reproducing differ.

Chapter Preview 49
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It’s Alivel!
Orisit?

d All living things share
I ea characteristics and needs.

VN

MR California Standards

Focus on Life Sciences

7.1 All living organisms are composed of cells, from just one to many
trillions, whose details usually are visible only through a microscope.
(Sections 1 and 2)

7.2 Atypical cell of any organism contains genetic instructions that
specify its traits. Those traits may be modified by environmental
influences. (Section 1)

Investigation and Experimentation
7.7 Scientific progress is made by asking meaningful questions and
conducting careful investigations. (Science Skills Activity)

-
Math Organize
7.1.1 Mathematical Reasoning
7.1.1 Algebra and Functions

Double Door

Before you read this chapter, create the
FoldNote entitled “Double Door." Write
“Characteristics” on one flap of the dou-
ble door and “Needs” on the other flap.
i As you read the chapter, compare

the two topics, and write

characteristics of each topic

on the inside of the

appropriate flap.

English-Language Arts
7.1.3 Reading
7.2.1 Writing

About the Photo

What does it mean to say that something is
alive? To be alive, an organism must have all
of the characteristics of living things. Machines
have some but not all of the characteristics

of living things. This amazing robotic insect
can respond to changes in its environment.

It can walk over obstacles. It can perform
some tasks. But it is not alive. How is it

like and unlike a living insect?

Instructions for creating
FoldNotes are located in
the Study Skills section

on p. 579 of the Appendix.
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Explore Activity W0

Cellular Similarity

One characteristic shared by all living things is being
composed of cells. Nonliving things, such as robots,
are not made of cells. In this activity, you will observe
a reaction produced by an enzyme found in both
liver cells and potato cells.

Procedure

1. On a plate, use a knife to cut a few slices of
potato. Place the potato pieces in a beaker.

2. Pour in enough hydrogen peroxide to cover the
potatoes. Observe any changes in their appearance
in the next few minutes.

3. Use the knife to cut up a small piece of
chicken liver. Use forceps to place the liver

pieces in a beaker.

@ZOmin =
=~

11.a
11c

4. Pour in enough hydrogen peroxide to cover
the liver. Observe any changes in the liver's
appearance in the next few minutes.

Analysis

5. What happened when the
hydrogen peroxide was
poured over the potato?

6. What happened when the
hydrogen peroxide was
poured over the liver?

7. How can your observations
be used to support the
idea that living things
are similar?

51



What You Will Learn

® Living things are composed of
one or more cells.

® Living things sense and respond
to changes in their environment.

® Living things produce offspring
through sexual reproduction or
asexual reproduction.

® The cells of living things
contain DNA.

® Living things use energy.
® Living things grow and develop.

Why It Matters

Learning about the characteristics
that all living things share helps you
understand life science.

Vocabulary

* cell « asexual

» homeostasis reproduction
* sexual « metabolism

reproduction

READING STRATEGY

Summarizing Read this section
silently. In pairs, take turns summa-
rizing the material. Stop to discuss
ideas and words that seem confusing.

7.1.a Students know cells function similarly in all
living organisms.
7.2.a Students know the differences between the

life cycles and reproduction methods of sexual and

asexual organisms.

Figure 1 Some organisms, such

Characteristics
of Living Things

Key Concept Living things have six characteristics
in common.

P> While outside one day, you notice something strange in the
grass. It is slimy and bright yellow and is about the size of a dime.
You have no idea what it is. Is it alive? How can you tell? An
amazing variety of organisms, or living things, exist on Earth. All
living things are alike in several ways. What does a dog have in
common with a bacterium? And what do you have in common
with a slimy, yellow blob known as a slime mold? Read on to find
out about the six characteristics that all organisms share.

Living Things Have Cells

All living things, such as those in Figure 1, are composed
of one or more cells. A cell is the structural and functional
unit of life. It is the smallest unit that can carry out the activ-
ities of life. All cells are surrounded by a cell membrane, which
separates the contents of the cell from the cell’s environment.
Most cells are too small to be seen with the naked eye.

In an organism made up of only one cell, different parts of
the cell perform different functions. For example, a one-celled
protist needs to eat. So, some parts of the cell take in food.
Other parts of the cell break down the food. Still other parts
of the cell excrete wastes.

Some living things are made up of trillions of cells. In
an organism with many cells, different kinds of cells perform
specialized functions. For example, your nerve cells transport
signals, and your muscle cells are specialized for movement.

ke 399 What are all living things made of? [g7.1.a

as the California quail on the left,
are made up of trillions of cells. The
protists on the right are made up
of one cell or a few cells. They are
so small that they can be seen only
with a microscope.
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Living Things Sense and
Respond to Change

All living things are able to sense change in their environ-
ment and to respond to that change. When your pupils are
exposed to light, they respond by becoming smaller. A change
that affects the activity of an organism is called a stimulus
(plural, stimuli).

Stimuli can be chemicals, gravity, light, sounds, hunger, or
anything that causes organisms to respond in some way. A gen-
tle touch causes a response in the plant shown in Figure 2.

Homeostasis

Even though an organism’s outside environment may
change, conditions inside its body must stay the same. Many
chemical reactions keep an organism alive. These reactions
can take place only when conditions are exactly right. An
organism must maintain stable internal conditions to survive.
The maintenance of a stable internal environment is called
homeostasis.

Responding to External Changes

Your body maintains a temperature of about 37°C. When
you get hot, your body responds by sweating. When you get
cold, your muscles twitch in an attempt to warm you up.
This twitching is called shivering. Whether you are sweating or
shivering, your body is trying to return itself to normal.

Other organisms also need to have stable internal condi-
tions. But many cannot respond the way you do. Some liv-
ing things control their body temperature by moving from
one environment to another. If they get warm, they move to
the shade. If they get cool, they move into the sunlight. For
example, turtles often can be seen sunning themselves on rocks.
When they get too warm, the turtles slide into the water.

Section 1

Figure 2 The touch of an insect
triggers the Venus’ flytrap to close
its leaves quickly.

cell (SEL) the smallest functional and
structural unit of all living organisms

homeostasis (HoH mee oH STAY sis)
the maintenance of a constant inter-
nal state in a changing environment

Quick Lab

Nz
-~
The Role of Cells 71a

1. Gather 20 to 30 small
marshmallows.

2. Use toothpicks to connect
your marshmallows into
any shape that you like.

3. Compare your marsh-
mallow arrangements with
your classmates’. What do
they have in common?

4. If your arrangement rep-
resents an organism,
describe how the marsh-
mallows represent cells.
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Figure 3 Like most animals,
bears produce offspring by

sexual reproduction.

Figure 4 The hydra can
reproduce asexually by forming
buds that break off and grow
into new individuals. How will
the new buds compare to

the original organism?

sexual reproduction (SEK shoo uhl
Ree pruh DUHK shuhn) reproduction
in which the sex cells from two par-
ents unite to produce offspring that
share traits from both parents

asexual reproduction

(ay SEK shoo uhl ree pruh DUHK shuhn)
reproduction that does not involve
the union of sex cells and in which
one parent produces offspring that
are genetically identical to the parent

metabolism (muh TAB uh vz uhm)
the sum of all chemical processes
that occur in an organism

54 Chapter 2

Living Things Reproduce

Living things make offspring like themselves by either sex-
ual reproduction or asexual reproduction. In sexual reproduction,
two parents produce offspring that share characteristics of
both parents. Most plants and animals, such as the bears
in Figure 3, reproduce sexually. In asexual reproduction, a sin-
gle parent produces offspring that are identical to the parent.
Most single-celled organisms and many multicellular organisms
reproduce asexually. Figure 4 shows a hydra, a multicellular
animal that reproduces asexually.

T ke 199 Describe asexual reproduction. (m)7.2.a

Living Things Have DNA

The cells of all living things contain the molecule deoxyribo-
nucleic acid (dee AHK see RIE boh noo KLEE ik AS id), or DNA.
DNA carries instructions for the organism’s traits. When organ-
isms reproduce, they pass copies of their DNA to their offspring.
Passing DNA ensures that the traits of parents are passed to
the offspring. This passing of traits is called heredity.

Living Things Use Energy

Living things use energy to carry out the chemical activities
of life. Some of these activities are changing energy into food,
breaking down food, moving materials into and out of cells,
growing, and building cells. An organism’s metabolism is the
sum of all of the activities that the organism performs.

It's Alive!! Or Is It?



Living Things Grow and Develop

All living things grow during parts of their lives. In a single-
celled organism, the cell gets larger and divides, which makes
other organisms. In a multicellular organism, the number of
cells increases, and the organism gets bigger. As living things
grow, they also may develop and change. Like the organisms
in Figure 5, you will pass through different stages in your life
as you develop into an adult.

Figure 5 Over time, acorns
develop into oak seedlings,
which become oak trees.

¥ o,

FSECTION
Review

71.a, 7.2.a
Summary,

® Organisms are made up
of one or more cells.

Using Vocabulary

Complete each of the following sen-

tences by choosing the correct term

from the word bank.
cells
homeostasis

© sunlight canbea .

stimulus
metabolism

(2 ) Living things are made of ___.

Understanding Concepts

© Describing Describe the six
characteristics of living things.

® Organisms detect and
respond to stimuli.

® Organisms reproduce
through sexual or asexual

reproduction. O Comparing Explain the two

types of reproduction.

Critical Thinking

© Applying Concepts How
are traits of parents passed to
offspring? What traits might
be passed to offspring if both
parents are California quails?

® Organisms have DNA.

® Organisms use energy to
carry out their activities.

® Organisms grow and develop.

O Identifying Relationships How
is the fur coat of a bear related
to homeostasis?

© Using Equations Bacteria
double every generation. If one
bacterium is in the first genera-

tion, how many bacteria will be
in the sixth generation?

Challenge

© Making Inferences Sexual
reproduction produces offspring
that share characteristics from
two parents. What is an advan-
tage of sexual reproduction?

Internet Resources

For a variety of links related to this
chapter, go to www.scilinks.org

Topic: Characteristics of Living Things N
SciLinks code: HY70258 -




What You Will Learn

® The cells of every living thing need
water and food in order to function
properly.

® Proteins, carbohydrates, lipids, ATP,
and nucleic acids are molecules that
support the functions of cells.

Why It Matters

Understanding the needs of living
things will help you recognize how

humans are similar to other organisms.

Vocabulary

* producer * lipid
 consumer * phospholipid
» decomposer  « ATP

* protein * nucleic acid

« carbohydrate

READING STRATEGY

Graphic Organizer In your Science
Journal, make a Spider Map that
shows proteins, carbohydrates, lipids,
ATP, and nucleic acids as nutrients
that living things need.

7.1.a Students know cells function similarly in all
living organisms.

Figure 1 This spider surrounds
itself with an air bubble that

provides the spider with a

source of oxygen underwater.

56 Chapter 2

The Necessities of Life

Key Concept Every living thing needs water, a place
to live, and food in order to survive.

P Would it surprise you to learn that you have the same basic
needs as a tree, a frog, and a fly? Almost every organism has the
same basic needs: water, air, a place to live, and food.

Water

You may know that your body is made mostly of water. In
fact, water makes up approximately 70% of your cells and the
cells of almost all living things. Most of the chemical reactions
involved in metabolism require water. But organisms differ
greatly in terms of how much water they need and how they
get it. You could survive for only about three days without
water. You get water from the fluids you drink and the food
you eat. The desert-dwelling kangaroo rat never drinks. It gets
all of its water from food.

MLl X949 Why do cells require water? 7la

Air

Air is a mixture of several gases, including oxygen,
nitrogen, and carbon dioxide. Most living things use oxygen
in the chemical process that releases energy from food. Oxy-
gen may come from the air or may be dissolved in water. The
European diving spider in Figure 1 goes to great lengths to
get oxygen. Green plants, algae, and some bacteria need car-
bon dioxide as well as oxygen. They use oxygen and carbon
dioxide to produce food and oxygen through the process of
photosynthesis (FoHT oh SIN thuh sis).

Although most living things need air, some do not. Organ-
isms that can live without air are anaerobic. A kind of bacte-
rium that causes sickness in humans, Clostridium botulinum, is
anaerobic. It will not grow in the presence of air.




A Place to Live

All living things need a place to live that has all of the
things that they need to survive. Some organisms, such as
elephants, must have a large amount of space. Other organ-
isms may live their entire life in one small area.

Space on Earth is limited. Often, organisms must compete
with each other for food, water, and other necessities. Many
animals, including the warbler in Figure 2, will claim a par-
ticular space. After claiming a space, they try to keep other
animals away.

Food

All living things need food. Food gives organisms energy
and the raw materials needed to carry out life processes. Organ-
isms use nutrients from food to make cells and build body
parts. But not all organisms get food in the same way. In fact,
every kind of organism can be placed into one of three groups
based on how it gets food.

Making Food

Some organisms, such as plants, are producers. Producers
make their own food through photosynthesis. Like most pro-
ducers, plants use the sun’s energy to make food from water
and carbon dioxide. Some producers get energy and food from
the chemicals in their environment.

Taking Food

Other organisms are consumers.
Consumers must eat (consume) other organ-
isms, such as plants or animals, to get food.
The frog in Figure 3 is a consumer. It gets
the energy that it needs by eating insects
and other organisms.

Some consumers get their food by break-
ing down the nutrients in dead organisms
or in animal wastes. These organisms are
decomposers. Decomposers are consumers
because they must eat their food. The mush-
room in Figure 3 is a decomposer.

Figure 3 The frog is a consumer.
The mushroom is a decomposer.
The green plants are producers.

Figure 2 A warbler’s song is
more than just a pretty tune. The
warbler is protecting its home by
telling other warblers to stay out
of its territory.

producer (proh DOOS uhr) an
organism that can make its own food
by using energy from its surroundings

consumer (kuhn SOOM uhr) an
organism that eats other organisms
or organic matter

decomposer (pee kuhm POHZ uhr)
an organism that gets energy by
breaking down the remains of dead
organisms or animal wastes and
consuming or absorbing the nutrients
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Oxygen Molecule Count
Each red blood cell carries

about 250 million molecules

of hemoglobin. If every
hemoglobin molecule were

attached to four oxygen mol-
ecules, how many molecules

of oxygen could a single red

blood cell deliver throughout

the body? Record your work
in your Science Journal.

protein (PROH Teen) a molecule that
is made up of amino acids and that
is needed to build and repair body

structures and to regulate processes

in the body

carbohydrate (caHr boh HIE drayt)
a class of molecules that includes

sugars, starches, and fiber

Figure 4 Spider webs, hair,
horns, and feathers are made
from proteins.
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Putting It All Together

Some living things make their own food. Some get food
from eating other organisms. But all organisms need to break
down their food in order to use the nutrients in it.

Nutrients are made up of molecules. A molecule is a sub-
stance made when two or more atoms join together. Molecules
made of different kinds of atoms are compounds. Molecules
found in living things are most often combinations of six ele-
ments: carbon, hydrogen, nitrogen, oxygen, phosphorus, and
sulfur. These elements join together to form proteins, carbo-
hydrates, lipids, ATP, and nucleic acids.

Proteins

Almost all life processes of a cell involve proteins. Proteins
are large molecules that are made up of smaller molecules
called amino acids. Living things break down proteins in food
to supply their cells with amino acids. These amino acids then
join together to form new proteins. Some proteins are made up
of only a few amino acids. Others have more than 10,000
amino acids.

Proteins in Action

Proteins have many functions. Some proteins form struc-
tures that are easy to see, such as the examples in Figure 4.
Other proteins are very small and help cells do their jobs. Inside
red blood cells, the protein hemoglobin (HEE moh GLOH bin)
binds oxygen and delivers it throughout the body. Some
proteins protect cells. Other proteins, called enzymes
(EN ziemz), start or speed up chemical reactions in cells.

NNl N [Fd® What function do enzymes in cells serve?
(7.
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Quick Lab SNV S

Observing Enzymes in Pineapples

The enzymes in pineapple break down other
proteins, such as the proteins in gelatin. In
this activity, you will observe how altering an
enzyme affects its function.

71la
17.c

P Try It! p> Think About It!
1. Gather two small cups of gelatin, a piece 5. Did the enzymes in the fresh pineapple
of prepared pineapple, and a piece of break down the proteins in the gelatin?
fresh pineapple. The pieces of pineapple Explain your answer.
should be similar in size. 6. Did the enzymes in the prepared pineapple
2. Use a marker to label one cup “Prepared” break down the proteins in the gelatin?
and the other cup “Fresh.” Explain your answer.
3. Place the piece of prepared pineapple on 7. The prepared pineapple was heated to
top of the gelatin in the cup labeled “Pre- denature its enzymes. To denature some-
pared.” Place the piece of fresh pineapple on thing is to remove the natural qualities of
top of the gelatin in the cup labeled “Fresh.” an object, such as its shape. Denaturing an
4. After 20 min, record your observations. enzyme makes it unable to perform its func-

tion. What might happen to a cell if all of its
enzymes were denatured?

Carbohydrates

Molecules made of sugars are called carbohydrates. Carbo-
hydrates provide and store energy for cells. A living thing’s
cells break down carbohydrates to free the energy that carbo-
hydrates store. There are two kinds of carbohydrates: simple
carbohydrates and complex carbohydrates.

. Figure 5 The extra sugar in a
Simple Carbohydrates potato plant is stored in the potato

Simple carbohydrates are made up of one sugar molecule or as starch, a complex carbohydrate.
a few sugar molecules. Table sugar and the sugar in fruits are
examples of simple carbohydrates. The simple carbohydrate
glucose is the most common source of energy for cells.

Complex Carbohydrates

When an organism has more sugar than it needs, its
extra sugar may be stored as complex carbohydrates. Complex
carbohydrates are made up of hundreds of sugar molecules
linked together. Plants, such as the potato plant in Figure 5,
store extra sugar as starch. When you eat mashed potatoes,
you are eating the stored starch of the potato plant. Your body
then breaks down this complex carbohydrate to free the energy
stored in the potato.
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Phospholipid Membranes

Head

molecule is
attracted to
water, but the

tail is not. \

lipid (LIP id) a fat molecule or a
molecule that has similar properties

phospholipid (Fans foh LIP id) a lipid
that contains phosphorus and that

is a structural component in cell
membranes

Wordwise The root phospho-
means “containing phosphorus.” The
root lip- means “fat.

ATP (AY TEE PEE) adenosine triphos-
phate, a molecule that acts as the
main energy source for cell processes

nucleic acid (noo KLEE ik AS id) a
molecule made up of subunits called
nucleotides

ScHooL, to, Home,

With an adult, write a menu
for a favorite meal. Using
Nutrition Facts labels, find
out which items on your
menu include proteins,
carbohydrates, and fats.

AT
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4

€™
The head of a p _
phospholipid V" Tail

\

Cell
Water - membrane
When phospholipid p
molecules come .

together in water,
they form two
layers.

Lipids
Lipids are molecules that cannot mix with water. Lipids

have many jobs in the cell. Like carbohydrates, some lipids
store energy. Other lipids form the membranes of cells.

Phospholipids

All cells are surrounded by a cell membrane. The cell
membrane helps protect the cell and maintain homeostasis.
Phospholipids are molecules that form much of the cell mem-
brane. The head of a phospholipid molecule is attracted to
water. The tail is not. When phospholipids are in water, the
tails come together and the heads face out into the water. As
Figure 6 shows, the phospholipids form a two-layer membrane.
This membrane protects the cell by making it difficult for
materials to move into or out of the cell.

et he e List two functions of cell membranes. (7.1

Fats and Oils

Fats and oils are lipids that store energy. When an organism
has used up most of its carbohydrates, it can get energy from
these lipids. Fats and oils are almost the same in structure,
but at room temperature, most fats are solid, and most oils
are liquid. Most of the lipids stored in plants are oils. Most
of the lipids stored in animals are fats.

ATP

Adenosine triphosphate (uh DEN uh seeN trie FAHS rayT), or
ATP, is another important molecule. ATP is the major energy-
carrying molecule of cells. The energy in carbohydrates and lipids
is transferred to ATP to provide fuel for cellular activities.

It's Alive!! Or Is It?



Nucleic Acids

Nucleic acids are molecules that carry the directions for
how to make proteins. Nucleic acids are made up of smaller
molecules called nucleotides (NOO klee oh TiEDZ). A nucleic acid
may have thousands of nucleotides. The nucleotide sequence

stores information.

DNA is a nucleic acid. A DNA molecule is like a cookbook
called How to Make Proteins. When a cell needs to make a cer-
tain protein, the cell gets directions from the sequence of the
nucleotides in DNA. The sequence of nucleotides tells the cell
the order in which the amino acids must be linked together

to make the protein.

-

SECTION
Review

Summary,

® The cells of living things
need water to function.

® The cells of some living
things need gases, such
as oxygen, to release the
energy contained in food.

® Living things must have
a place to live.

® Cells store energy in carbo-
hydrates, which are made
up of sugars.

® Proteins are made up of
amino acids. Some proteins
are enzymes.

® Lipids store energy and
make up cell membranes.

® Cells use molecules of ATP
to fuel their activities.

® Nucleic acids, such as DNA,

are made up of nucleotides.

Understanding Concepts

© Summarizing Summarize the
way plants store extra sugar.

© Listing List four things that all
organisms need to survive.

© Describing Describe the
chemical building blocks of cells.

O Analyzing How is water related
to how a cell functions?

© Applying What are the functions
of the cell membrane?

Critical Thinking

© Making Inferences Could life
as we know it exist on Earth
if air contained only oxygen?
Explain.

© Predicting Consequences
What would happen to the sup-
ply of ATP in your cells if you
ate too few carbohydrates? How
would your cells be affected?

© Applying Concepts Which
resource do you think is most
important to your survival: water,
air, a place to live, or food?
Explain your answer.

WERNETACTIViT)

Newfound Pet

What kind of information
would help you properly
care for a new pet? Write a
short story about living

with an unusual pet. Go to
go.hrw.com, and type in the
keyword HY7ALVW.

INTERPRETING GRAPHICS Use
the figure below to answer the next
question.

© Forming Hypotheses Which
end of the phospholipid is not
attracted to water? How might
this fact affect the arrangement
of phospholipids in a cell
membrane?

(@ Using Equations Protein A
is a chain of 660 amino acids.
Protein B is a chain of 11 amino
acids. How many times as many
amino acids does protein A have
than protein B?

Internet Resources
For a variety of links related to this
chapter, go to www.scilinks.org
Topic: The Necessities of Life N A
SciLinks code: HY71018 \




Skills Practice [1£)

¢ Comparing Methods
POBIECTIVES of Reproduction

simulate methods of plant All types of organisms reproduce. Living things reproduce either
reproduction. by sexual reproduction or by asexual reproduction. In sexual
reproduction, offspring are produced by two parents. As a result
of this process, the offspring share traits from both parents.
During asexual reproduction, a new individual is produced from

Compare sexual and asexual
reproduction in plants.

m one parent. This individual is an exact copy of the parent.
« Coleus (whole plant) Plants can reproduce sexually or asexually. Some plants can use
« flower, complete both methods to reproduce. During sexual reproduction, seeds
« flower seeds are produced in the flower. Seed formation requires pollination,
« magnifying lens the transfer of pollen from the anther to the stigma. Although
o Petri dishes (2) some plants can self-pollinate, pollination typically requires
« pipe cleaner help from the wind, birds, and insects. Asexual methods of
« potting soil (1 cup) reproduction include planting runners, cuttings, and specialized
* SCiSSOrs plant parts from grown plants.

Part A: Sexual Reproduction

@ 0 Q e Procedure
@ Use the image of the flower below to identify the anthers and

stigma of your flower. Observe them with your magnifying lens.

O Gently brush the anthers with the pipe cleaner. Anthers are
part of the male reproductive structure of a flower. Observe
the pipe cleaner through the magnifying lens. You should see
grains of pollen. Pollen contains male genetic information.

Stigma

Anther
s

7.2.a Students know the differences between the
life cycles and reproduction methods of sexual and
asexual organisms.

Investigation and Experimentation

7.7.c Communicate the logical connection among
hypotheses, science concepts, tests conducted, data
collected, and conclusions drawn from the scientific
evidence.
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o Trade flowers with another group of students.
Identify the stigma. The stigma is part of the
female reproductive structure of a flower. The
female reproductive structure contains the
female genetic information.

Q Gently brush the same pipe cleaner on the
stigma. You have now pollinated the flower.

e Use your magnifying lens to study the flower
seeds. These seeds are similar to those that
your flower might have produced. The genetic
information stored in seeds is a combination of
the male and female genetic information.

O Place one or two flower seeds in a Petri dish
filled with moist potting soil. Analyze the Results

Part B: Asexual Reproduction © Explaining Events How did you simulate

asexual plant reproduction in this lab? How

Procedure did you simulate sexual plant reproduction?

o Snip off a tip from an actively growing Coleus @ Recognizing Patterns Predict what the
stem. The cutting should be about 6 cm in offspring will look like from each method of
length. Remove leaves from the bottom third reproduction. Explain your predictions.

of the cutting.

N , : Draw Conclusions
O Place the cutting in a dish filled with moist

potting soil. (@ Interpreting Information Examine the
image above that shows an assortment of
Coleus plants. Do you think that these plants
were cuttings from the same parent plant?
Explain.

(@ Drawing Conclusions Can all organisms
reproduce both sexually and asexually?

(® Evaluating Methods Compare sexual and
asexual reproduction.
Big Idea Question

(@ Applying Conclusions What is an advantage
of sexual reproduction? What is an advantage
of asexual reproduction?
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Science Skills Activity

. . Data Models, Maps
Scientific e Analysis & Diagrams

Methods ‘
Investigation and
& Experimentation
- 7.7.a Select and use appropriate tools and

Selectl“g Tools to COIIect Data technology (including calculators, computers,
balances, spring scales, microscopes, and

» - I binoculars) to perform tests, collect data, and

Tutorla display data.

Scientists ask many questions about the natural

world, so they conduct experiments to find

answers. To perform an experiment and communi- Question: Does ice exist at room

cate the results, scientists must choose the correct o temperature?

equipment and tools. It is very important to select Hypothesis: Lze melts at room

these tools before beginning the experiment so temperature,

that data are not lost.

Procedure

@ Write a question on a subject that you want Factors:

to investigate. Then, write a hypothesis to (2

explain your question. The hypothesis must be —porityof weter——
testable. If the hypothesis is not testable, — time—
revise it.
© List all of the different things, or factors, that
could influence the experiment’s outcome. Materials:
Choose one factor that you will test. o — water
© Write a list of all of the materials needed to = lce cubes
perform your experiment. This list should - cups

include safety equipment.

@ Determine the scientific equipment and tools

that you will need for observing, measuring, Scientific Equipment Teols:
recording, analyzing, and communicating data. (4 — calpdator _ thermometers
— binptulars — 4reph paper
P> You Try It!
Procedure © Analyzing Ideas List the factors that you will
You are a scientist on the Intergalactic Beagle be testing. How will you experiment for
Starship Explorer. When your starship discovers a each factor?

new planet, your job is to determine if there are
any lifeforms on the planet. On one mission,
you find many small, yellow blobs. Use the steps

© Analyzing Methods What equipment and
tools will you need for each experiment?

above to plan the experiment(s) and to select the © Making Comparisons Which of the following
appropriate equipment and tools to determine tools is best for determining whether your
if the blobs are alive. blob is made up of cells: a balance, a micro-

scope, or binoculars? Explain your answer.

Analysis © Predicting Consequences What might hap-

@ Forming a Hypothesis What question are pen if you select inappropriate tools for your
you asking? How does your hypothesis offer experiment? What might happen if you do not
an explanation to your question? have the correct safety equipment?

64 Chapter 2 It's Alive!! Or Is It?



go.hrw.com

SUPER SUMMARY

The Big Idea All living things share characteristics and needs.

Cection ] Vocabulary |

&) Characteristics
of Living Things
Key Concept Living things have six
characteristics in common.

@ Living things are composed of one or more cells.

® Living things sense and respond to changes in
their environment.

@ Living things produce offspring through sexual
reproduction or asexual reproduction.

® The cells of living things contain DNA.
® Living things use energy.
® Living things grow and develop.

&) The Necessities of Life

Key Concept Every living thing needs
water, a place to live, and food in order
to survive.

® The cells of every living thing need water
and food in order to function properly.

® Proteins, carbohydrates, lipids, ATP, and

nucleic acids are molecules that support
the functions of cells.

s .,
| A
An acorn develops
into an oak tree.

cell p. 52
homeostasis p. 53

sexual reproduction
p. 54

asexual reproduction
p. 54

metabolism p. 54

producer p. 57
consumer p. 57
decomposer p. 57
protein p. 58

Tail carbohydrate p. 59
lipid p. 60
phospholipid p. 60
ATP p. 60
nucleic acid p. 61

A phospholipid is the type of lipid
found in cell membranes.

Chapter Summary 65



Double Door Review the
FoldNote that you created at the
beginning of the chapter. Add to
or correct the FoldNote based on
what you have learned.

Using Vocabulary

© Academic Vocabulary Choose the appropri-
ate form of the word similar for the following

sentence: “Cells function in all organisms.”
a. similarity ¢. similarly
b. similar d. dissimilar

Complete each of the following sentences by
choosing the correct terms from the word bank.

lipid carbohydrate
consumer metabolism
homeostasis producer

© All of the chemical activities of an organism are
the organism’s __.

o A ___ obtains food by eating other organisms.
O starchisa___and is made up of sugars.

© Fatis a___that stores energy for an organism.

Understanding Concepts

Multiple Choice

© Which of the following statements about cells
is true?
a. Cells are the smallest structural unit of life.
b. All organisms are made up of cells.
¢. Sometimes, cells are specialized for
particular functions.
d. All of the above

© Which of the following statements about all
living things is true?
a. All living things reproduce sexually.
b. All living things have one or more cells.
¢. All living things must make their own food.
d. All living things reproduce asexually.
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© Organisms must have food because

a. food is a source of energy.

b. food supplies cells with oxygen.

¢. organisms never make their own food.
d. All of the above

© Organisms store energy in

a. nucleic acids.
b. phospholipids.

c. lipids.
d. water.

@ The molecule that contains the information
about how to make proteins is

a. ATP.

b. a carbohydrate.

c. DNA.
d. a phospholipid.

@ The subunits of nucleic acids are
a. nucleotides.

b. oils.
C. sugars.

d. amino acids.

Short Answer

@ Comparing What is the difference between
asexual reproduction and sexual reproduction?

® Summarizing In one or two sentences,
explain why living things must have water.

@ Identifying What is ATP, and why is it impor-
tant to a cell?

INTERPRETING GRAPHICS Use the table below
to answer the next two questions.

Characteristics of Three Living Organisms

Organism A B C
Comparison | slightly - L
to parent(s) | different similar identical

@ Applying Juan is studying three different
organisms so that he can classify them accord-
ing to how much each organism is like its
parent. The table shows the characteristics of
the three different organisms. Which of the
organisms that Juan studied could have been
produced from a single parent?

@ Comparing Juan adds organism D to the
table. The organism has been produced through
sexual reproduction. How will organism D

compare to its parent(s)?




@ Creative Writing You find a strange creature
while walking on the beach one day. In a short
story, describe the creature, including how it
displays the six characteristics of living things.

Critical Thinking

@ Concept Mapping Use the

following terms to create a

drates, protein, enzymes, DNA,
sugars, lipids, nucleotides, O é é O

concept map: cell, carbohy-
amino acids, and nucleic acid.
@ Applying Concepts Using what you know

about carbohydrates, lipids, and proteins,
explain why a balanced diet is important?

@ Evaluating Hypotheses Your friend tells you
that the stimulus of music makes his goldfish
swim faster. How would you design a controlled
experiment to test your friend’s claim?

€@ Analyzing Ideas A flame can move, grow
larger, and give off heat. Is a flame alive?
Explain.

INTERPRETING GRAPHICS Use the diagram
below to answer the next two questions.

~

@ Evaluating Data What part of the cell does
this image show?

@ Analyzing Relationships What is the
function of this part of the cell?

INTERPRETING GRAPHICS The pictures below
show the same plant over a period of three days.
Use the pictures below to answer the next two

questions.

“-ﬂ?

Day

an
m‘"""

2.5

@ Evaluating Data What is the plant doing?

@ Applying Concepts What characteristic(s)
of living things is the plant exhibiting?

@ Using Equations A young tree grows 6 cm
per year. Use the equation height = 6 cm X
number of years to find how many years the
tree would take to grow 1 m.

Challenge

@ Making Comparisons Some reptiles are
able to grow a new tail if their original tail has
been damaged or lost. Does this ability fit the
description of asexual reproduction? Why or
why not?

Chapter Review
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StandardsJAssessme

REVIEWING ACADEMIC VOCABULARY

: 71.a, 72, 7.2.a

REVIEWING CONCEPTS

o Which of the following words is closest in

meaning to the word function?
A control

B standard
C use

D rate

In the sentence “The cell membranes of
all cells work similarly,” what does the
word similarly mean?

A from the start
B by cell division
C without interest

D in almost the same way

Which of the following words means “to
define or describe in detail”?

A specify
B stimulate
C personalize

D associate

o Which of the following words best

completes the following sentence:
The cell membrane of a one-celled animal
protects the animal from ___ dangers.

A pivotal
B insignificant
C harmful
D

environmental

Chapter 2 It's Alive!! Or Is It?

e Which part of the phospholipid

membrane is found at point 1 in the
diagram above?

A water—loving tail

B water-loving head
C water—hating tail
D

water-hating head

New organisms are created either by
sexual or asexual reproduction. How are
offspring produced sexually and offspring
produced asexually similar?

A Both are identical to one parent.
B Both have DNA.

C Both have multiple cells.

D

Both share traits of two parents.

Some organisms have only one cell, while
others have trillions of cells. Which of the
following statements best describes an
organism that has many cells?

A Most of the organism’s cells can be seen
with the naked eye.

B Different parts of each cell perform
different functions.

C The organism reproduces asexually
through cell division.

D Different kinds of cells perform
specialized functions.



0 You may think that humans do not have
anything in common with a bacterium,
but they do! Which of the following
sentences best describes what bacteria
and humans have in common?

A Both are multicellular organisms.
B Both reproduce sexually.

C Both are warmblooded.

D Both have DNA.

Proteins play a role in most cell
processes. What do cells make proteins
from?

A amino acids
B lipids

C nucleic acids
D

carbohydrates

Which of the following sentences best
describes how DNA affects heredity?

A DNA ensures that traits of the parent are
passed to the offspring.

B The order of DNA nucleotides tells a cell
how to make proteins.

C DNA controls the structure and function
of cells in all organisms.

D Nucleic acids such as DNA are
sometimes called the “blueprints
of life.”

m Which of the following functions can

be performed by a hydra but cannot be
performed by a California quail?

A A hydra can reproduce without a
partner.

B A hydra can divide cells through mitosis.

C A hydra can maintain homeostasis in
cells.

D A hydra can pass traits to offspring.

REVIEWING PRIOR LEARNING

@ Which term best describes the rabbit in
the food chain pictured above?

S/

*—>

A omnivore
B top-level predator
C carnivore

D primary consumer

@ Plants make food through photosyn-
thesis. What waste product do plants
excrete as a result of this chemical
process?

A carbon dioxide
B nitrogen
C oxygen
D sugar

@ Which group of organisms completes
the food chain by returning nutrients to
the soil?

A primary consumers
B secondary consumers
C decomposers

D producers

@ The nonliving components of an
ecosystem are called

A abiotic components.
B rock cycles.

C natural disasters.

D

organisms.
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Weird Science
Breathing Arsenic
Searles Lake in the Mojave Desert of
California isn’t like most lakes. It's mostly
salt-crusted ooze that smells like a com-
bination of rotten eggs, dead fish, and old
cheese. To top things off, Searles Lake con-
tains extreme levels of deadly arsenic.
Scientists never expected to find organ-
isms living in Searles Lake. Incredibly, one
organism thrives in the poisonous lake. This
organism, a bacterium named SLAS-1, is an
extremophile. Extremophiles can exist in
extreme environments where most other liv-
ing things cannot. For example, most organ-
isms need oxygen, but there is no oxygen in
the ooze at Searles Lake. Instead, SLAS-1 uses
arsenic for its cellular activities.

math RETiViTy

Searles Lake contains levels of arsenic that
are 29,000 times as high as the levels in
drinking water! If there are 0.01 mg of
arsenic in 1 L of drinking water, how many
grams of arsenic are in half of that volume
at Searles Lake? Record your work in your
Science Journal.
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Science Fiction

“They’re Made Out of Meat”
by Terry Bisson
Two space explorers millions of light-years
from home are visiting an uncharted sector
of the universe to find signs of life. Their
mission is to contact, welcome, and log any
and all beings in this part of the universe.
During their mission, the explorers
encounter a life-form quite unlike anything
that they have ever seen before. It looks
strange and disgusting. The explorers have
very strong doubts about adding this new
organism to the log. But their official duty
is to contact and welcome all life-forms no
matter how ugly they are. Can the explorers
bring themselves to perform their duty?
You'll find out by reading “They’re Made
Out of Meat,” a short story by Terry Bisson.
This story is in the Holt Anthology of Science
Fiction.

Language Arts 3&!1[@1'}'

Write a story about what happens when
the explorers meet new creatures on a
distant planet. Record your work in your
Science Journal.




Careers P
Janis Davis-Street

NASA Nutritionist Do astronauts eat shrimp cocktail
in space? Yes, they do! Shrimp cocktail is nutritious and
tastes so good that it is one of the most popular foods in
the space program. And having a proper diet helps astro-
nauts stay healthy while they are in space.

But who figures out what astronauts need to eat?
Janis Davis-Street is a nutritionist and laboratory super-
visor for the Nutritional Biochemistry Laboratory at the
Johnson Space Center in Houston, Texas. She was born
in Georgetown, Guyana, on the northeastern coast of
South America. She was educated in Canada.

Davis-Street is part of a team whose members use
their knowledge of nutrition, biology, and chemistry
to figure out the nutritional requirements for space-
tlight. For example, they determine how many Calo-
ries and other nutrients each astronaut needs per day
during spaceflight.

The Nutritional Biochemistry Laboratory’s work on the space shuttle missions and Mir
space station developed into tests that allow NASA to help ensure the health of astro-
nauts before, during, and after flight. These tests are important for understanding how the
human body adapts to long space missions. They also help determine whether treatments
for preventing bone and muscle loss during spaceflight are working.

Social Studies I}El’ﬂ,@l’y

Scientists from more than 30 countries have been on space missions.
Research which countries have provided astronauts or cosmonauts
for space missions. On a map, place self-stick notes on countries that
have provided scientists for space missions. Write the names of the
appropriate scientists on the self-stick notes.

Internet Resources

© To learn more about © To learn more about @ Check out articles
careers in science, visit ~ these Science in Action related to this chapter

www.scilinks.org and topics, visit go.hrw.com by visiting go.hrw.com.
enter the SciLinks code ~ and type in the key- Just type in the key-
HY70225. word HY7ALVF. word HY7ALVC.
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@3}, Chapter Preview

Improving Comprehension

Graphic Organizers are important visual tools that can help you organize
information and improve your reading comprehension. The Graphic Organizer
below is called a cause-and-effect map. Instructions for creating other types of
Graphic Organizers are located in the Study Skills section of the Appendix.

How to Make a Cause- When to Use a Cause-

and-Effect Map and-Effect Map

@ Draw a box, and write a cause in the box. A cause-and-effect map is a useful tool for
You can have as many cause boxes as you illustrating a specific type of scientific process.
want. The diagram shown here is one exam- Use a cause-and-effect map when you want to
ple of a cause-and-effect map. describe how, when, or why one event causes

© Draw another box to the right of the cause another event. As you read, look for events that
box to represent an effect. You can have are either causes or results of other events, and
as many effect boxes as you want. Draw draw a cause-and-effect map that shows the
arrows from each cause box to the appropri- relationships between the events.

ate effect boxes.

© In the cause boxes, explain the process that
makes up the cause. In the effect boxes,
write a description of the effect or details
about the effect.

reflection

absorption \
Light interacts . - » | Matter is seen in
with matter. refraction certain ways.

transmission

scattering

You Try It!

This Reading Strategy can also be used within the chapter that you
are about to read. Practice making your own cause-and-effect map as
directed in the Reading Strategy for Section . Record your work in
your Science Journal.
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Unpacking the Standards

The information below “unpacks” the standards by breaking them down
into basic parts. The higher-level, academic vocabulary is highlighted
and defined to help you understand the language of the standards.
“What It Means” restates the standards as simply as possible.

California Standard Academic Vocabulary

7.6.a Students know visible light
is a small band within a very broad
electromagnetic spectrum.

AR

visible (VIZ uh buhl) that can be seen

The light you are able to see is just a small
part of the range of radiation that sur-
rounds you.

7.6.b Students know that for an
object to be seen, light emitted by or
scattered from it must be detected by
the eye.

detect (dee TEKT) to notice

For you to see an objedt, the light that is
given off by an object or that bounces off an
object must enter your eye.

7.6.¢ Students know light travels
in straight lines if the medium it travels
through does not change.

medium (MEE dee uhm) a substance
through which something else is sent or
carried

Light moves in a straight line if the light
passes through only one kind of material.

7.6.d Students know how simple
lenses are used in a magnifying glass,
the eye, a camera, a telescope, and a
microscope.

You must know how simple lenses are used
in a magnifying glass, the eye, a camera, a
telescope, and a microscope.

7.6.e Students know that white light is
a mixture of many wavelengths (colors) and
that retinal cells react differently to different
wavelengths.

react (ree AKT) to act in return; to
respond

White light consists of many wavelengths
of radiation, or colors. Cells in the back
of human eyes respond to these different
wavelengths in different ways.

7.6.f Students know light can be
reflected, refracted, transmitted, and
absorbed by matter.

transmit (trans MIT) to send or cause to
go from one thing to another

Light can be reflected, bent (refracted),
transmitted, and absorbed by matter.

7.6.g Students know the angle of
reflection of a light beam is equal to the
angle of incidence.

incidence (IN suh duhns) the point at
which a line or something moving in a
straight line, such as a ray of light, meets
a surface

The angle at which light will bounce off of a
mirror is the same angle at which the light
hits the mirror’s surface.
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Light and
Living Things

The

|
Blg Light is an electromagnetic
wave that interacts with matter

Idea in many different ways.

California Standards

Focus on Life Sciences
7.6 Physical principles underlie biological structures and functions.
(Sections 1, 2, and 3)

Investigation and Experimentation
7.7 Scientific progress is made by asking meaningful questions and
conducting careful investigations. (Science Skills Activity)

Math

6.2.1 Algebra and Functions
English-Language Arts
7.1.3, 7.2.3 Reading

7.2.5 Writing

About the Photo’

What kind of alien life is this? Actually,
these glowing blobs are animals that live
off the coast of California. These jellyfish
are bioluminescent, which means that
they produce their own light. Many bio-
luminescent animals live in the oceans,
but others, such as fireflies, live on land.

74 Chapter 3

Organize

Key-Term Fold

Before you read the chapter, create the
FoldNote entitled “Key-Term Fold.” Write
a key term from the chapter on each
tab of the key-term fold. As you read
the chapter, write the definition of
each key term under the

appropriate tab.

Instructions for creating
FoldNotes are located in
the Study Skills section

on p. 581 of the Appendix.



Explore Activity 'y

Seeing Colors of Light

Is white light really white? In this activity, you will
use a spectroscope to answer that question. A
spectroscope is a device that separates light into
different colors.

Procedure

1. Your teacher will give you a spectroscope or
instructions for making one.

2.Turn on an incandescent light bulb. Look at the

light bulb through your spectroscope. Write a
description of what you see.

3. Repeat step 2 by using a fluorescent light. Again,
describe what you see.

@ 20 min —
=~
Analysis 76.e

4. Compare what you saw by using the
incandescent light bulb with what you saw
by using the fluorescent light bulb.

5. Both kinds of bulbs produce white light. What
did you learn about white light by using the
spectroscope?

6. Light from a flame is yellowish but is
similar to white light. What do you
think you would see if you used
a spectroscope to look at light
from a flame?



What You Will Learn

® Light is an electromagnetic wave.
@ Visible light is a small part of a very
broad electromagnetic spectrum.

® White light is a mixture of many
wavelengths of visible light.

@ Infrared waves and ultraviolet light
affect living things.
Why It Matters

The electromagnetic waves that make
up the electromagnetic spectrum affect
living things.

Vocabulary
« electromagnetic wave
« electromagnetic spectrum

READING STRATEGY

Graphic Organizer In your
Science Journal, show the bad and
good effects of ultraviolet light in a
Cause-and-Effect Map.

7.6.a Students know visible light is a small band
within a very broad electromagnetic spectrum.
7.6.e Students know that white light is a mixture
of many wavelengths (colors) and that retinal cells
react differently to different wavelengths.

The Electromagnetic
Spectrum

Key Concept Visible light, infrared waves, and ultraviolet
light are small parts of a large electromagnetic spectrum.

P> When you look around, you can see things that reflect light
to your eyes. But a bee might see the same things differently, as
Figure 1 shows. Bees can see a kind of light—called ultraviolet
light—that you can't see!

It might seem odd to label something that you can’t see with
the term light. The light that you are most familiar with is called
visible light. Ultraviolet light is similar to visible light. Both are
forms of energy that travel as a certain kind of wave.

Light: An Electromagnetic Wave

Some kinds of waves, such as water waves, must travel
through matter, which is anything that has mass and takes
up space. All light waves can also travel through matter. But
light does not need matter through which to travel. Light is
an electromagnetic wave (EM wave). An electromagnetic wave is
a wave that consists of changing electric and magnetic fields.
EM waves can travel through empty space or matter.

Fields exist around certain objects and can exert a force on
another object without touching that object. The electric field
in an EM wave is similar to the electric fields around charged
particles. And the magnetic field in an EM wave is similar to
the magnetic fields around magnets. But keep in mind that
these fields, like all fields, are not made of matter.

£y e

Figure 1 The petals of the flower
on the right look solid yellow to you.

can see the ultraviolet markings,
which are shown in the flower on
the left. These markings direct the
| = bee to the center of the flower.

76 Chapter 3 Light and Living Things
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@’TLYP The Electromagnetic Spectrum

Wavelength

(M) 10° 10* 10® 102 10" 1 10" 102 10 10* 10° 10® 107 108 100 100 10" 102 108

| | | | | | | | | | | | | | | | | | | |

X rays
Radio waves Infrared waves < =
-t} - -
Microwaves Gamma rays
Visible light Ultraviolet light

A Spectrum of Waves

Visible light waves and ultraviolet light waves are both kinds .
electromagnetic wave

of electromagnetic waves. Other kinds of EM waves include (ee Lk troh mag NET ik WAYV) a

radio waves, infrared waves, and X rays. Visible light, ultraviolet wave that consists of electric and

light, and infrared waves are important to living things. magnetic fields that vibrate at right
The entire range of electromagnetic waves is called the angles to each other

electromagnetic spectrum. The electromagnetic spectrum is electromagnetic spectrum

shown in Figure 2. As you can see, visible light is only a small (e Lex troh mag NET ik SPEK truhm)

all of the frequencies or wavelengths

band within the broad electromagnetic spectrum. There is no e
of electromagnetic radiation

sharp division between one kind of wave and the next. Some
kinds even have overlapping ranges.

It he 399 What is the electromagnetic spectrum? (e)7.6.a

Wavelength and the EM Spectrum

You probably know how different kinds of EM waves are
used. For example, microwaves are used to cook food in micro-
wave ovens. Radio waves are used to send TV and radio signals.

And X rays are used in X-ray machines to make images of tis- Figure 3 Wavelength can
sues and bones. How is one kind of EM wave different from be measured between any
other kinds of EM waves? An important difference between two corresponding points

kinds of EM waves is their wavelength. on adjacent waves.

A wavelength is the distance from any point
on a wave to an identical point on the next

[ 1
[ - -
wave. Figure 3 shows how wavelength can be .
measured on a wave. Notice that the wavelength
of the wave is the same no matter where it
is measured. You can see the range of wave- [ |
| |

lengths for the different kinds of EM waves in
Figure 2.

. Wavelength |

Wavelength
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Infrared Waves

Infrared waves are EM waves that have wavelengths between
700 nanometers and 1 mm. A nanometer (nm) is equal to
0.000000001 m. The size of an atom is about 0.1 nm.

Infrared waves are important to living things. On a sunny
day, you may be warmed by infrared waves from the sun. The
sun also warms other things on Earth and even warms Farth
itself! In fact, infrared waves from the sun keep the tempera-
tures on Earth suitable for life.

All things, including buildings, trees, animals, and you, give
off infrared waves. The amount of infrared waves an object
gives off depends on the object’s temperature and the properties
of the object’s surface. Warmer objects give off more infrared
waves than cooler objects do. You can see the temperature
differences on the surface of a dog in Figure 4. This photo was
taken with film that is sensitive to infrared waves.

Figure 4 In this photograph,

brighter colors indicate higher == -
temperatures. The dark color VlSIbIe nght
of the nose shows that this Visible light is the very narrow range of wavelengths in the

dog has a cold nose! electromagnetic spectrum that humans can see. Visible light

waves have wavelengths between 400 nm and 700 nm.
Visible light energy is changed into chemical energy by

green plants during photosynthesis, as shown in Figure 5. The

chemical energy can be stored in food that you can eat.

MNENl Ll N9 749 What range of wavelengths can humans see?

() 7.6.2
@ TIZXD From Light Energy to Chemical Energy
Light energy Chlorophyll in Photosynthesis
green leaves L light energy
carbgnv\;ialgaxrlde ———  sugar + oxygen
chlorophyll

Carbon Sugar in food

dioxide
in the air

Water in the soil
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Figure 6 Water droplets can
separate white light into visible
light of different wavelengths.
As a result, you see the colors
of visible light in a rainbow.

Visible Light from the Sun

Some of the energy that reaches Earth from the sun is visible
light. The visible light from the sun is white light. White light
is visible light of all wavelengths combined. Light from lamps
in your home as well as from the fluorescent bulbs in your
school is also white light.

Lt le Ye® What is white light? [e7.6.e

Colors of Light

Cells in the human eye react differently to different wave-
lengths of light. As a result, humans see the different wave-
lengths of visible light as different colors, as shown in Figure 6.
The longest wavelengths are seen as red light. The shortest
wavelengths are seen as violet light.

The range of colors is called the visible spectrum, which is
shown in Figure 7. To help you remember the colors, you can
use the name ROY G. BiV. The capital letters in Roy’s name
represent the first letter of each color of visible light: red,
orange, yellow, green, blue, and violet. You can think of i in
Roy’s last name as standing for the color indigo. Indigo is a
dark blue color. Though the colors are given separate names,
the visible spectrum is a continuous band of colors.

R O Y G

Section 1

ScHOOL, to, Hop,

Making a Rainbow

On a sunny day, ask an adult
to use a hose or a spray
bottle to make a mist of
water outside. Move around
until you see a rainbow in
the water mist. In your Science
Journal, draw a diagram that
shows the positions of the
water mist, the sun, the rain-
bow, and yourself.

AeTiVilyy

Figure 7 The visible spectrum
contains all colors of light.

B V
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Refraction Rainbow

MQLQ— J\W

1. Tape a piece of construction paper over
the end of a flashlight. Use scissors to cut

a slit in the paper.

2. Turn on the flashlight, and lay it on a table.

Place a prism on end in the beam

of light. 4. What colors do you see in your rainbow?

3. Slowly rotate the prism until you can see a 5. Compare the colors of the rainbow with the

rainbow on the surface of the table.

color of the light produced by the flashlight.

\“TE“_,J AeTiViTy

What's Your Frequency?

Create a brochure helping
soon-to-propagate waves
decide on a frequency that
will meet their personal
goals. Go to go.hrw.com,
and type in the keyword
HY7LGTW.
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Figure 8 Too much exposure

to ultraviolet light can lead to a
painful sunburn. Using sunscreen
will help protect your skin.

Chapter 3

@ 15 min

Ultraviolet Light

Ultraviolet light (UV light) is another kind of electromagnetic
wave that affects living things. Ultraviolet waves have shorter
wavelengths than visible light waves do. The wavelengths of
ultraviolet light waves vary between 60 nm and 400 nm. Ultra-
violet light affects your body in both bad and good ways.

NNl Ne 49 Compare ultraviolet light waves with visible light
waves. (m)7.6.a

Bad Effects

On the bad side, too much ultraviolet light can cause sun-
burn, as you can see in Figure 8. Too much ultraviolet light can
also cause skin cancer, wrinkles, and damage to the eyes. Luck-
ily, much of the ultraviolet light from the sun does not reach
Earth’s surface. But you should still protect yourself against
the ultraviolet light that does reach you. To do so, you should
use sunscreen that has a high SPF (sun protection factor). You
should also wear sunglasses that block out UV light to protect
your eyes. Clothes, such as hats, long-sleeved shirts, and long
pants, can protect you, too. You need this protection even on
overcast days because UV light can travel through clouds.




Good Effects

On the good side, ultraviolet light
that is produced by ultraviolet lamps is
used to Kkill bacteria on food and surgi-
cal tools. In addition, small amounts of
ultraviolet light are good for your body.
When exposed to ultraviolet light, skin
cells produce vitamin D. This vitamin
allows the intestines to absorb calcium.
Without calcium, your teeth and bones
would be very weak. Figure 9 shows a

Figure 9 Healthy teeth need calcium. Vitamin D
' ) that is produced when your skin is exposed to
good effect of ultraviolet light. ultraviolet light helps your body absorb calcium.

SECTION Using Vocabulary © Making Comparisons Com-

Review _ pare the wavelengths of infrared
o In your own words, write a waves, ultraviolet light, and
definition for the term electro- visible light.
— magnetic spectrum.
INTERPRETING GRAPHICS Use
T 16.a, 76.e the diagram of two EM waves below

Understanding Concepts to answer the next two questions.

mm © Comparing Compare the size
- . of the visible light spectrum with 2
® Light is an electromagnetic

the size of the electromagnetic
wave (EM wave). An EM 8
spectrum.

wave can travel through
matter or space. © Describing  How do the various (b /\/\/\/\/\/
e The entire range of EM kinds of EM waves differ from

waves is called the each other?

© Applying Concepts Which

electromagnetic spectrum. O Applying Explain why ultravio- wave has the longest wavelength?
@ Infrared waves from the sun let light can be both helpful and ] ) ]
warm Earth and everything harmful. @ Analyzing Relationships
on Earth . . Suppose that one of the waves
L © Listing What colors of light represents an infrared wave and
® Visible light is the narrow make up white light? that one of the waves represents
L?cht?o(:l:a‘lmi‘;i:cer;gt:strl:rr:he 0 Identifying What is the visible a visible light wave. Which wave
8 P spectrum? represents the visible light wave?
that humans can see.

® Humans see different wave- — ——
lengths of visible light as EtCAINNifkiiTe

different colors.

(7] Applying Concepts Describe T P —

® Ultraviolet light is both three ways that electromagnetic . , :
harmful and helpful to waves have affected you today. For a variety of links rel_alt.edkto this
living things. chapter, go to www.scilinks.org

Topic: Electromagnetic Spectrum Qe N
SciLinks code: HY70482 ’




What You Will Learn

® Light travels in straight lines if
the material that the light travels
through does not change.

® The angle of reflection of a light beam
is equal to the angle of incidence.

® An object can be seen if light emit-
ted by or reflected by it is detected
by the eye.

® Light can be reflected, absorbed,
scattered, or transmitted by matter.

Why It Matters

The way that light interacts with
matter affects what you see.

Vocabulary
« reflection < scattering
* absorption ¢ transmission

READING STRATEGY

Clarifying Concepts Take turns
reading this section out loud with a
partner. Stop to discuss ideas that
seem confusing.

reflection (ri FLEK shuhn) the
bouncing back of a ray of light,
sound, or heat when the ray hits a
surface that it does not go through
Wordwise The prefix re- means
“again” or “back” The root flect-
means “to bend.”

The beam of

light traveling

toward the mir-
ror is called the
incident beam.

The angle between the incident
beam and the normal is called
the angle of incidence.

82 Chapter 3

Interactions of Light
with Matter

Key Concept Light interacts with matter during reflection,
absorption, scattering, and transmission.

P Have you ever seen a cat’s eyes glow in the dark when light
shines on them? Cats have a special layer of cells in the back of
their eyes that reflects light. This layer helps the cat see better by
giving the eyes a second chance to detect the light. Reflection is
one interaction of light waves with matter.

Reflection

Light travels in straight lines as long as the material that the
light travels through doesn’t change. So, a ray of light shining
through air is usually straight. One way to change the direction
of a light beam is by reflection. Reflection is the bouncing back
of light rays when they hit an object. But light doesn’t change
directions randomly. Instead, it follows the law of reflection.

The Law of Reflection

Light is reflected by surfaces the same way that a ball bounces
off the ground. If you throw the ball straight down, it will bounce
straight up. If you throw the ball at an angle, it will bounce
away at an angle. The law of reflection states that the angle of
incidence is equal to the angle of reflection. Incidence is the
arrival of a beam of light at a surface. Figure 1 shows this law.

ML Ne 149 When does a ray of light travel in a straight line?
What is the law of reflection? 1.6.c, 7.6.8

@T2YP The Law of Reflection

A line perpendicular to
‘ﬁe beam of

the mirror's surface is
called the normal.

light reflected
by the mirror

is called the
reflected beam.

A A

The angle between the reflected
beam and the normal is called
the angle of reflection.

Light and Living Things



Quick Lab NS

Reflecting Mirrors

In this activity, you will use the law of reflection
to direct a beam of light.

1. Spread a sheet of butcher paper on a table or
on the floor.

2. Lay a flashlight on its side on the edge of the
butcher paper so that the beam of light will
shine on the paper.

3. Place a paper cup on the edge of the paper.
You can put the cup on any edge as long as the
cup is not directly across from the flashlight.

4. Turn the flashlight on, and use three small
mirrors to direct the beam of light so that the
beam of light shines on the cup. Use pieces of
modeling clay to hold each mirror in place.

7.6.
1.6.8

5. Carefully trace the path of the beam of light
on the paper. Also, trace the locations of the
flashlight, the mirrors, and the cup.

6. Describe the path of the beam of light
before and after the light hits a mirror.

7. Use a protractor to measure the angle of
incidence and the angle of reflection for one
mirror. Compare the angles.

Types of Reflection

Why can you see your image in a mirror but not in a wall?
The answer has to do with the differences between the two
surfaces. A mirror’s surface is very smooth. Thus, light beams
are reflected by all points of the mirror at the same angle. This
kind of reflection is called regular reflection. A wall’s surface is
slightly rough. Light beams will hit the wall’s surface and reflect
at many different angles. So, the light scatters as it is reflected.
This kind of reflection is called diffuse reflection. Figure 2 shows
the difference between the two kinds of reflection.

@T2X) Regular Reflection Vs. Diffuse Reflection

7.6.b Students know that for an object to be
seen, light emitted by or scattered from it must be
detected by the eye.

7.6.¢ Students know light travels in straight lines if
the medium it travels through does not change.
7.6.e Students know that white light is a mixture
of many wavelengths (colors) and that retinal cells
react differently to different wavelengths.

7.6.f Students know light can be reflected,
refracted, transmitted, and absorbed by matter.
7.6.g Students know the angle of reflection of a
light beam is equal to the angle of incidence.

Regular reflection occurs when light beams

are reflected at the same angle. When your eye
detects the reflected beams, you can see a
reflection on the surface.

Section 2

Diffuse reflection occurs when light beams
reflect at many different angles. You can't see

a reflection because not all of the reflected light
is directed toward your eyes.
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Figure 3 You can see the
tail of this firefly because it is
luminous. But you see its body
because it is illuminated.

Light Source or Reflection?

If you look at a TV set in a bright room, you see the cabi-
net around the TV and the image on the screen. But if you
look at the same TV in the dark, you see only the image on
the screen. The difference is that the screen is a light source,
but the cabinet around the TV is not.

You can see a light source even in the dark because light
emitted by it is detected by your eyes. The tail of the firefly
in Figure 3 is a light source. Flames, light bulbs, and the sun
are also light sources. Objects that emit visible light are called
luminous (LOO muh nuhs).

Most things around you are not light sources. But you can
still see them because light from light sources is reflected by
the objects and then is detected by your eyes. A visible object
that is not a light source is illuminated.

NNl lelNe 149 Explain how you see luminous and illuminated

objects. (= 7.6

Absorption and Scattering

Have you noticed that when you use a flashlight, the light is
dimmer the farther it travels from the flashlight? Partly because
the beam spreads out and partly because of absorption and scat-
tering, the light is weaker the farther it is from the source.

Absorption of Light
The transfer of energy carried by light waves to particles

absorption (ab SAWRP shuhn) in of matter is called absorption. When a beam of light shines
optics, the transfer of light energy to through the air, particles in the air absorb some of the energy

particles of matter

84

from the light. As a result, the beam of light becomes dim. The
farther the light travels from its source, the more the light is
absorbed by particles, and the dimmer it becomes.

Chapter 3 Light and Living Things



Scattering of Light

Scattering is an interaction of light with matter that causes
light to change direction. Light scatters in all directions after
colliding with particles of matter or undergoing diffuse reflec-
tion. Light from the ship shown in Figure 4 is scattered out
of the beam by particles in the fog. This scattered light allows
you to see things that are outside the beam. But because light
is scattered out of the beam, the beam becomes dimmer.

Scattering makes the clear sky blue. Light that has shorter
wavelengths is scattered more by particles of gas in the air than
light that has longer wavelengths is. Sunlight is made up of
many colors of light, but blue light (which has a very short
wavelength) scatters more than any other color. So, when you
look at the sky, you see a background of blue light.

Light and Matter

When light hits any form of matter, the light can interact
with the matter in different ways. The light can be reflected,
absorbed, or transmitted.

You know that reflection happens when light bounces off
an object. Reflected light allows you to see things. And you
know that absorption is the transfer of light energy to mat-
ter. Absorbed light can make things feel warmer. Transmission
is the passing of light through matter. In fact, without the
transmission of light, you couldn’t see! All of the light that
reaches your eyes is transmitted through air and several parts
of your eyes. Light can interact with matter in several ways
at the same time, as Figure 5 shows.

NNl fNe[1d/9 What are three ways that light can interact with
matter? 1.6.f

You can see objects

outside because light
is transmitted through
the glass.

You can see the glass
and your reflection
in it because light is i
reflected off the glass. i.-_-~

The glass feels warm il}

when you touch it
because some light is

Figure 4 Partly because of
scattering, a beam of light
becomes dimmer the farther it
is from its source.

scattering (SKAT uhr ing) an interac-
tion of light with matter that causes
light to change its energy, direction
of motion, or both

transmission (trans MISH uhn) the
passing of light or other form of
energy through matter.

Figure 5 Light is transmitted,
reflected, and absorbed when

it strikes the glass in a window.
Describe at least two ways that
light interacts with the person
in this photo.
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Transparent, Translucent, and Opaque

Transparent plastic makes Translucent wax paper makes Opaque aluminum foil makes
it easy to see what you are it a little harder to see exactly it impossible to see your lunch
having for lunch. what's for lunch. without unwrapping it.

Types of Matter

Matter through which visible light is easily transmitted is
said to be transparent. Air, glass, and water are examples of
transparent matter. You can see objects clearly when you view
them through transparent matter.

Sometimes, windows in bathrooms are made of frosted glass.
If you look through one of these windows, you will see only
blurry shapes. You can’t see clearly through a frosted window
because it is translucent (trans LOO suhnt). Translucent matter
transmits light but also scatters the light as it passes through
the matter. Wax paper is an example of translucent matter.

Matter that does not transmit any light is said to be opaque
(oh PAYK). You cannot see through opaque objects. Metal,
wood, and this book are opaque. You can compare transpar-
ent, translucent, and opaque matter in Figure 6.

ML fNed® Why can’t you see clearly through translucent
objects? () 7.6.8

Colors of Objects

How is an object’s color determined? Humans see different
wavelengths of light as different colors. For example, humans
see long wavelengths as red and short wavelengths as violet.
And, some colors, such as pink and brown, are seen when
certain combinations of wavelengths are present.

The color that something appears to be is determined by
the wavelengths of light that reach your eyes. Light can reach
your eyes after being reflected by an object, transmitted through
an object, or emitted by an object. When your eyes receive
the light, they send signals to your brain. Your brain interprets
the signals as colors.
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@TLXD Opaque Objects and Color

This cow’s white hair reflects all of
the colors of light, but the black hair
absorbs all of the colors.

When white light shines on

a strawberry, only red light is
reflected. Other colors of light
are absorbed. Therefore, the
strawberry looks red to you.

Colors of Opaque Objects

When white light strikes a colored opaque object, some
colors of light are absorbed, and some are reflected. Only the
light that is reflected reaches your eyes and is detected. So, the
colors of light that are reflected by an opaque object determine
the color you see. For example, if a sweater reflects blue light
and absorbs all other colors, you will see that the sweater is
blue. Another example is shown on the left in Figure 7.

What colors of light are reflected by the cow shown on the
right in Figure 7?7 Remember that white light includes all colors
of light. So, white objects—such as the cow’s white hair—appear
white because all of the colors of light are reflected. On the
other hand, black is the absence of color. When light strikes
a black object, all of the colors are absorbed.

NNl NE 9 Describe what happens to the colors in white light
when the light strikes a green, opaque object? ([m)7.6.e, 7.6

Colors of Transparent and Translucent Objects

The colors of transparent and translucent objects are deter-
mined differently than the colors of opaque objects. Ordinary
window glass is colorless in white light because it transmits all
of the colors that strike it. But some transparent or translucent
objects are colored, such as the window in Figure 8. When
you look through colored transparent or translucent objects,
you see the color of light that was reflected by or transmitted
through the material. The other colors were absorbed.

Figure 8 Stained glass
has different colors because
different colors are reflected
and transmitted.

Section 2 Interactions of Light with Matter
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Figure 9 Some leaves contain
orange and yellow pigments. But
you can't see these pigments if
chlorophyll is present. In the fall,
chlorophyll breaks down and
other pigments in the leaves

can be seen.

Figure 10 The picture of the
balloon on the left was made by
overlapping yellow ink, cyan ink,
magenta ink, and black ink.
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Yellow

Pigments and Color

A pigment is a material that gives a substance its color
by absorbing some colors of light and reflecting others.
Almost everything contains pigments. For example, melanin
(MEL uh nin) is a pigment that gives your skin its color. Chlo-
rophyll (KLAWR uh ri1) is the pigment that gives plants a green
color. The light energy absorbed by chlorophyll is converted
into chemical energy during photosynthesis. Some tree leaves
have pigments other than chlorophyll, as Figure 9 shows.

e heTYe® What is a pigment? (g 7.6.f

Color Subtraction

Each pigment absorbs at least one color of light. When you
mix pigments together, more colors of light are absorbed or
taken away. So, mixing pigments is called color subtraction.

The primary pigments are yellow, cyan, and magenta. They
can be combined to make any other color. In fact, every color
in this book was made by using just the primary pigments
and black ink. The black ink was used to provide contrast to
the images. Figure 10 shows how the four pigments combine
to produce many different colors.

Cyan Magenta Black

Light and Living Things



SECTION
Review

Summary;

e Light travels in straight lines if the material that
the light is traveling through does not change.

ﬁ 7.6.b, 7.6.c, 76.¢,
NN 1.6, 7.6.8

® The law of reflection states that the angle of
incidence is equal to the angle of reflection.

® Things that are luminous can be seen because
they emit light. Things that are illuminated can
be seen because they reflect light.

® Absorption is the transfer of light energy to
particles of matter. Scattering is an interaction
of light with matter that causes light to change
direction.

e Light can be reflected, transmitted, and
absorbed by matter.

® Colors of opaque objects are determined by the
colors of light that they reflect.

® Colors of translucent and transparent objects are
determined by the colors of light they transmit
and reflect.

® Pigments give objects color. The primary
pigments are magenta, cyan, and yellow.

Using Vocabulary

@ Use the following terms in the same sentence:
absorption and scattering.

© \Write an original definition for reflection and
transmission.

Understanding Concepts

© Comparing How is the angle of incidence
related to the angle of reflection?

O Concluding Why can you see through a car
window?

© Describing  Name and describe at least three
different ways light interacts with matter.

© Comparing Explain why you can see both a
light bulb and a lamp base.

© Summarizing Describe how absorption and
scattering can affect a beam of light.

© Concluding Why do you see objects as differ-
ent colors when white light is shining on them?

© Applying Why is the beam of light from a
flashlight that is shining in fog straight?

@ Listing What four colors of ink were used to
print this book?

Critical Thinking

@ Applying Concepts What happens to the dif-
ferent colors of light when white light shines on
an opaque, violet object?

@ Analyzing Relationships Explain why you can
see your reflection in a spoon but not in a piece
of cloth.

@® Applying Concepts How can you use a mirror
to see around a corner? (Hint: You can draw a
diagram to help explain your answer.)

INTERPRETING GRAPHICS Use the image below
to answer the next question.

@ Applying Concepts The red rose was
photographed in red light. Explain why the
leaves appear black and the petals appear red.

Challenge

(@ Making Inferences The planet Mars does not
produce light. But if you look at Mars at night,
it shines like a star with a reddish light. Explain
why Mars shines and why you see reddish light.

Internet Resources

For a variety of links related to this
chapter, go to www.scilinks.org

Topic: Colors
SciLinks code: HY70314




What You Will Learn

® Light is refracted when the medium
it travels in changes.

@ Convex and concave lenses refract
light to form images.

® Human eyes, magnifying glasses,
cameras, telescopes, and micro-
scopes have lenses that form
images.

Why It Matters

Refraction by the cornea and lens of
the eye allows you to see.

Vocabulary
e refraction * convex lens
e lens  concave lens

READING STRATEGY

Summarizing Read this section
silently. In pairs, take turns summarizing
the material. Stop to discuss ideas and
words that seem confusing.

Figure 1 Light travels more slowly
through glass than it does through
air. So, light refracts as it passes at
an angle from air to glass or from

glass to air.

7.6.¢ Students know light travels in straight lines if
the medium it travels through does not change.
7.6.d Students know how simple lenses are used in
a magnifying glass, the eye, a camera, a telescope,
and a microscope.

7.6.e Students know that white light is a mixture

of many wavelengths (colors) and that retinal cells
react differently to different wavelengths.

7.6.f Students know light can be reflected,
refracted, transmitted, and absorbed by matter.

90 Chapter 3

Refraction

Key Concept Light can be bent, or refracted, by matter.
Lenses refract light to form images.

P Imagine that you and a friend are at a lake. Your friend wades
into the water. You look at her, and her feet appear to have
separated from her legs! You know her feet did not fall off, so
how can you explain what you see? The answer has to do with
refraction.

Refraction and Media

Light often travels through a medium, such as air, glass,
or water. A medium is a substance through which a wave can
travel. The plural of medium is media. If the medium through
which light is travelling does not change, the light travels in
a straight line. But if the medium changes, refraction can hap-
pen. Refraction is the bending of a wave as it passes at an angle
from one medium to another. Refraction, shown in Figure 1,
is one way that light interacts with matter.

Refraction can also happen when the density of a medium
varies. For example, on sunny days, the air above a paved road
has a higher temperature than the air around it has. So, the air
above the road has a lower density than the surrounding air
has. If you look over the pavement, the objects in the distance
may seem to shimmer or wobble because of refraction.

L ke Te® When does light undergo refraction? (m7.6.c, 7.6.f

If light passes into a medium where the
speed of light is slower, the light bends away
from the boundary between the media.

Light in
—_—

If light passes into a medium where the speed of light
is faster, the light bends toward the boundary.

Light and Living Things



Optical illusion
\\ seen by the fish
e ]

the fish see optical
illusions. To the cat,

fish, the cat appears
farther away than it

+_f-'-e:1-; actually is.

Optical illusion - \
seen by the cat 5

;:

Refraction and Optical lllusions
Usually, when you look at an object, the light reflected by

the object travels in a straight line from the object to your refraction (ri FRAK shuhn) the
eye. Your brain always interprets light as traveling in straight be"difng of a Waviffont as the
lines. But when you look at something that is underwater, the ~ VaVelront passes between two
. ] . . ) substances in which the speed
light reflected by it does not travel in a straight line. Instead, of the wave differs

it refracts. Figure 2 shows how refraction creates an optical illu-
sion. A similar kind of illusion causes a person’s feet to appear
separated from his or her legs when the person is wading.

Refraction and Color Separation

White light is made up of all of the wavelengths, or colors,
of visible light. When white light is refracted, the amount
that the light bends depends on its wavelength. Waves that
have short wavelengths bend more than waves that have long
wavelengths do. As Figure 3 shows, white light can be sepa-
rated into different colors during refraction. Color separation
by refraction is responsible for rainbows. Rainbows form when
sunlight is refracted by water drops.

LR e e How do rainbows form? (s 7.6.e, 7.6.f

Light passing through a prism is refracted twice— Violet light, which has a

once when it enters and once when it exits. shorter wavelength, is
refracted more than red

light, which has a longer

/s_ wavelength.

Figure 3 A prism is
a piece of glass that

separates white light into
\ " the colors of visible light

by refraction.

Section 3 Refraction

Figure 2 Because of
refraction, the cat and

Air the fish appears closer
Water than it really is. To the
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 Quick Lab SWS

Refracting Water 5. The pencil should look different when
In this activity, you will see an optical illusion viewed from different angles. Describe how
created by the refraction of light by water. LC;OIEZII: at the pencil to make it appear to be
1. Place a pencil in a clear, empty plastic cup ' .
or an empty 250 mL beaker. The pencil 6. How c!o you hgve to look at the pencil to
should be leaning against the side of the see it in one piece?
container. 7. Why does changing the

2. Study the pencil from all angles. Write a angle at which you look
description of what you see. at the pencil change what

. . ou see?
3. Watch the pencil from the side as you slowly Y
pour water into the container. Fill the con-
tainer half full with water.

4. Study the pencil from all angles again.

1.6.c
7.6.f

Lenses and Refraction of Light

What do cameras, telescopes, and the human eye have in
lens (LENZ) a transparent object common? They all use lenses to form images. A lens is a trans-
that refracts light waves such that parent object that forms an image by refracting, or bending,
they converge or diverge to create light. Two kinds of lenses, convex and concave, are shown in
an image 8 ! !

Figure 4. The yellow beams in Figure 4 show that light rays
that pass through the center of any lens are not refracted.
The point at which beams of light cross after going through
a lens is called the focal point. The distance between the lens
and the focal point is called a focal length.

TN ¥ ) How Lenses Refract Light

When light rays
pass through a
convex lens, the
rays are refracted
toward each
other.

When light rays
pass through a
concave lens, the
rays are refracted
away from each
other.

92 Chapter 3 Light and Living Things



@TLX)P How Convex Lenses Form Images

If an object is less A ) -
than 1 focal length - J Virtual
away from a convex Image
lens, a virtual image is 7
formed. The image is Front Object Fg?N
larger than the object. : 1ol | P

length
If an object is more . > Focal point
than 2 focal lengths Object P
away from the lens, a e Real image
real image is formed. | T o h Back
The image is inverted 5 o : ac
and is smaller than . 2 focal 1 focal
the object. lengths length

Convex Lenses

A lens that is thicker in the middle than at the edges is a
convex lens. Convex lenses can form real images and virtual
images. A real image can be projected onto a screen because
light passes through the image. A virtual image cannot be pro-
jected because light doesn’t travel through the image.

A magnifying glass has a convex lens. A magnifying glass
can form images of an object that are larger or smaller than
the object is. Figure 5 shows how a convex lens, such as the
lens in a magnifying glass, forms two kinds of images.

The lens of the human eye is also a convex lens. This lens
refracts light and focuses the light on the back surface, or
retina, of the eye, as shown in Figure 6. The muscles that hold
the lens of the eye can change the shape of the lens to help
it focus images. The cornea of the eye also refracts light.

NNl N [1d9 How are lenses used in a magnifying glass and
in the eye? () 7.6.d

the retina.

convex lens (kahn VEKS LENZ) a
lens that is thicker in the middle
than at the edges

Figure 6 Incoming light is
refracted by the cornea and the
lens. A real image is formed on

Light rays

Section 3  Refraction 93



Figure 7 The four-eyed fish
has eyes specially adapted to
see above and below water
at the same time.

concave lens (kahn CAYV LENZ) a
lens that is thinner in the middle
than at the edges

How a Concave Lens Forms an Image

Concave lenses can
form only virtual
images. The image
formed is always
smaller than the
object.

Animal Eyes

Many animal eyes also contain convex lenses. The lenses
of animal eyes focus light in a way similar to the way that
the lenses of human eyes focus light. However, some animal
eyes are very different from human eyes.

For example, dragonflies have compound eyes. Compound
eyes are made of thousands of lens-like facets that each form
a separate image. The dragonfly’s brain uses these images to
form a composite image.

Another animal that has interesting eyes is a fish called the
four-eyed fish. This fish, shown in Figure 7, does not actually
have four eyes. Each of the fish’s two eyes are divided into two
regions. The upper and lower regions of the eyes are shaped
differently and have separate retinas. When the fish swims on
the surface of the water, part of each eye is above water and
part is below. The differences in the two regions allow the fish
to see above water and below water at the same time.

Concave Lenses

A concave lens is a lens that is thinner in the middle than at
the edges. Light rays entering a concave lens are refracted and
bend away from each other. For a distant object, the refracted
rays appear to come from a focal point in front of the lens.
But the rays never actually meet. So, concave lenses do not
form a real image. Instead, they form virtual images, as shown
in Figure 8.

Ml cNe 9 What happens to light when it travels through
a concave lens? 1.6.f

Virtual
image
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Optical Instruments and Refraction

Optical instruments are things that help people make obser-
vations. Many optical instruments contain convex and concave
lenses that refract light to form images.

Some optical instruments help you see things that are very
far away. Others help you see things that are very small. Some
optical instruments record images. The optical instrument that
you are probably most familiar with is the camera.

Cameras

Cameras are used to record images as photos. The way a
camera works is similar to the way your eye works. Like your
eye, a camera has a lens that focuses light to form an image.
But unlike your eye, the lens of a camera is moved back-and-
forth to focus light. The image formed by a camera lens is
focused on the film. The image is then recorded on the film.
Figure 9 shows the parts of a 35 mm camera and explains how
a camera works.

A digital camera has a lens, a shutter, and an aperture
(AP uhr chuhr) like a 35 mm camera has. But instead of using
film, a digital camera uses light sensors to record images. The
sensors send an electrical signal to a computer in the camera.
This signal carries data about the image that are stored in the
computer and then on a memory stick, card, or disk.

Ll the 1 e® What does the lens of a camera do? [m)7.6.d

How a Camera Works

The shutter opens
and closes behind
the lens to control
how much light
enters the camera.
The longer the
shutter is open,
the more light en-
ters the camera.

The lens of a
camera is a convex
lens that focuses
light on the film.
Moving the lens
focuses light from
objects at different
distances.

Section 3

The film is
coated with
chemicals that
react when they
are exposed to

light. The result is

an image stored
on the film.

The aperture is
an opening that
lets light into
the camera. The
larger the aper-
ture is, the more
light enters the
camera.

Refraction
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An ocular lens magnifies

the real image.

IAATiy BraCTice)
Microscope Magnification

Some microscopes use more
than one lens to magnify
objects. The power of each
lens indicates the amount of
magnification the lens gives.
For example, a 10x lens
magnifies objects 10 times.
To find the amount of magni-
fication given by two or more
lenses used together, multiply
the powers of the lenses.
What is the magnification
given by a 5x lens used with
a 20x lens?

96 Chapter 3

An objective lens
forms a real image.

Figure 10 You see a
magnified image when you
look through the ocular lens
of a refracting telescope.

Telescopes

Telescopes are used to see images of large, distant objects.
Astronomers use telescopes to study things in space, such as
planets and stars. Telescopes that use lenses to focus light are
called refracting telescopes. A simple refracting telescope has
two convex lenses. An objective lens points toward the object
being studied. An ocular lens is the lens that you look through.
Figure 10 shows how these lenses are used in a telescope.

Light Microscopes

Simple light microscopes are similar to refracting telescopes.
These microscopes also have two convex lenses. Biologists use
microscopes to see magnified images of tiny, nearby objects,
such as cells and microscopic organisms. Figure 11 explains
how a microscope works.

NNl NE 199 How are lenses used in telescopes and in micro-
scopes? (m)7.6.d

Ocular lens

Figure 11 The objective
lens of a microscope forms
a real image. The ocular
lens then produces a larger
virtual image that you see
when you look through

the microscope.

Objective lens

Light and Living Things



",;;;TI ON
Review

Summary;

® Light travels in straight lines if the medium
through which the light travels does not change.

ﬁ 7.6.c, 7.6.d,
&) 7.6.e, 7.6.f

® Refraction is the bending of a wave, such as
light, as it passes at an angle from one medium
to another.

® Refraction of light can create optical illusions
and can separate white light into different
colors.

® Lenses form images by refracting light.

® Convex lenses produce both real images and
virtual images.

® A magnifying glass and the lens of the human
eye are convex lenses.

® Concave lenses produce only virtual images.

® Cameras, telescopes, and microscopes are optical
instruments that use lenses to form images.

Using Vocabulary

@ Use refraction and lens in the same sentence.

© Explain how the meanings of convex lens and
concave lens differ.

Understanding Concepts

© Applying Why do you not normally see refrac-
tion when you look across a room?

O Describing Explain the role of lenses in a
magnifying glass, a camera, a telescope, a
microscope, and the human eye.

© summarizing What happens to white light
when it passes at an angle through a prism?

@ Describing What happens when light is
refracted by matter?

© Comparing How are telescopes and micro-
scopes similar? How are they different?

© Analyzing What are the similarities and differ-
ences between a camera and the human eye?

Critical Thinking

© Forming Hypotheses Imagine that you are
toasting a piece of bread in a toaster. As you
wait for your toast, you notice that the air
above the toaster appears to be wiggling or
shimmering. Form a hypothesis that explains
what you see.

@ Making Inferences Teachers sometimes use
overhead projectors to show transparencies on
a screen. What type of lens does an overhead
projector use? Explain your reasoning.

INTERPRETING GRAPHICS Use the image below
to answer the next two questions.

sy
71
!

\

@ Applying Concepts What kind of lens is
shown in the diagram?

@ Making Inferences Is the lens forming a real
image or a virtual image?

Challenge

@® Predicting Consequences Some animals
have simple eyes called ocelli. Ocelli have
receptors that can detect light, but do not
have lenses. What do you think an animal
that has ocelli sees?

Internet Resources

For a variety of links related to this
chapter, go to www.scilinks.org

Topic: Lenses Qe
SciLinks code: HY70868




Using Scientific Methods

Skills Practice [1£)

. Images from Convex Lenses

{ OBJECTIVES ] A convex lens is thicker in the center than at the edges. Parallel
light rays passing through a convex lens come together at a
focal point. Under certain conditions, a convex lens will create
a real image of an object. The characteristics of this image
depend on the distance between the object and the lens. In
real images formed by convex this experiment, you will determine the characteristics of real
lenses. images created by a convex lens—the kind of lens that is used

m as a magnifying lens.
« candle Ask a Question
e card, index, 4 x 6 in. or larger
e clay, modeling
e convex lens
e jar lid

» matches Form a Hypothesis
o meterstick

Use a convex lens to form
images.

Determine the characteristics of

@ What are the characteristics of real images created by a convex
lens? For example, are the images upright or inverted (upside
down)? Are the images larger or smaller than the object?

0 Write a hypothesis that is a possible answer to the questions

SAFETY above. Explain your reasoning.

@ 0 Test the Hypothesis
Q Copy the table below.
Orientation Size Image Object
(upright/ (larger/ distance distance
Image inverted) smaller) (cm) (cm)

1

, -

3

7.6.d Students know how simple lenses are used in
a magnifying glass, the eye, a camera, a telescope,
and a microscope.

7.6.f Students know light can be reflected,
refracted, transmitted, and absorbed by matter.
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Q Use modeling clay to make a base for the lens.
Place the lens and base in the middle of the
table.

© stand the index card upright in some modeling
clay on one side of the lens.

@ Place the candle in the jar lid, and anchor it
with some modeling clay. Place the candle on
the table so that the lens is halfway between
the candle and the card. Light the candle.
Caution: Use extreme care around an open
flame.

o In a darkened room, slowly move the card and
the candle away from the lens while keeping
the lens exactly halfway between the card
and the candle. Continue until you see a clear
image of the candle flame on the card. This
image is image 1.

@) Measure and record the distance between the
lens and the card (image distance) and the
distance between the lens and the candle
(object distance).

o Is the image upright or inverted? Is it larger or
smaller than the candle? Record this informa-
tion in the table.

@ Move the lens toward the candle. The new
object distance should be less than half the
object distance measured in step 8. Move
the card back-and-forth until you find a sharp
image (image 2) of the candle on the card.

m Repeat steps 8 and 9 for image 2.

Q Leave the card and candle in place, and move
the lens toward the card to get the third image
(image 3).

@ Repeat steps 8 and 9 for image 3.

Analyze the Results

@ Recognizing Patterns Describe the pattern
between image distance and image size.

(D Examining Data What are the similarities
between the real images that are formed by a
convex lens?

Draw Conclusions

@ Making Predictions The lens of your eye is a
convex lens. Use the information that you col-
lected to describe the image projected on the
back of your eye when you look at an object.

Big Idea Question

(@ Making Predictions Light can interact with
matter in many different ways. Describe four
different ways that light from the candle may
have interacted with matter in the room.

Applying Your Data

Convex lenses are used in film projectors.
Explain why your favorite movie stars are
truly “larger than life” on the screen in terms
of image distance and object distance.




Science Skills Activity

. . Models, Maps
Scientific Research Data & Diagrams

Methods Analysis

Investigation and Experimentation
&Y 7.7.a Select and use appropriate tools and
technology (including calculators, computers, balances,

USi“g d MiCI'OSCOPe tO COHECt Data spring scales, microscopes, and binoculars) to perform
. tests, collect data, and display data.
P> Tutorial

A microscope is a tool often used by life scientists
to collect data. Follow these instructions when you
use a light microscope.

] ) Ocular lens
@ Turn on the light source of your microscope,

and select the low-power objective lens.

© Light from the light source passes through
a small hole in the stage. Place a prepared
slide over this hole. Secure the slide with the
stage clips.

© Look at the stage from eye level. Slowly turn
the adjustment knob to lower the objective Objective lens
lens until the lens almost touches the slide.

Adjustment
knob

© Look through the ocular lens. Turn the adjust-
ment knob to raise the objective lens until the
image is in focus.

© Make sure that the image is exactly in the
center of your field of vision. Then, switch to
the high-power objective. If necessary, use the
adjustment knob to focus.

P> You Try It!

Procedure

@ Obtain a light microscope, and identify its © Making Inferences Biologists often use
parts. Learn how the various parts work. When microscopes to collect data about microscopic
you are familiar with how the microscope organisms. How could a biologist adapt a
works, ask your teacher for a prepared slide. microscope to display data? (Hint: Think about

© Follow the steps described above to view the other kinds of optical instruments.)

slide. Be sure to view the slide by using at
least two different objective lenses.

Analysis

© Collecting Data Draw a diagram of the
image that you saw when you used each
objective lens.

© Identifying Relationships How did the differ-
ent objective lenses change what you saw?
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Chapter;Summary;

The Big Idea

and ultraviolet light are small parts of a
large electromagnetic spectrum.
@ Light is an electromagnetic wave.

@ Visible light is a small part of a very broad
electromagnetic spectrum.

® White light is a mixture of many wavelengths
of visible light.

® nfrared waves and ultraviolet light affect
living things.

during reflection, absorption, scattering,
and transmission.

® Light travels in straight lines if the material
that the light travels through does not change.

® The angle of reflection of a light beam is
equal to the angle of incidence.

® An object can be seen if light emitted by or
reflected by it is detected by the eye.

® Light can be reflected, absorbed, scattered,
or transmitted by matter.

&) Refraction

Key Concept Light can be bent, or
refracted, by matter. Lenses refract light
to form images.

® Light is refracted when the medium it travels
in changes.

@ Convex and concave lenses refract light to
form images.

® Human eyes, magnifying glasses, cameras,
telescopes, and microscopes have lenses
that form images.

Exposure to ultraviolet light
can cause sunburn.

&) Interactions of Light with Matter
Key Concept Light interacts with matter

The angle of reflection is equal
to the angle of incidence.

The lens of the eye refracts light
and focuses the light on the retina.

go.hrw.com

SUPER SUMMARY
KEYWORD: HY7LOWS

Light is an electromagnetic wave that interacts
with matter in many different ways.

Cection ] Vocabulary |

) The Electromagnetic Spectrum

Key Concept Visible light, infrared waves,

electromagnetic
wave p. 76

electromagnetic
spectrum p. 77

reflection p. 82
absorption p. 84
scattering p. 85
transmission p. 85

refraction p. 90
lens p. 92

convex lens p. 93
concave lens p. 94
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Key-Term Fold Review the
FoldNote that you created at the
beginning of the chapter. Add to
or correct the FoldNote based on
what you have learned.

Using Vocabulary

© Academic Vocabulary Which of the follow-
ing is the plural form of the word medium?
a. mediums
b. medians
¢. media
d. medias

Complete each of the following sentences by
choosing the correct term from the word bank.

refraction reflection

scattering transmission

electromagnetic electromagnetic
wave spectrum

© __ happens when light waves bounce off
matter.

© Vvisible light is a small part of the __.

© __ happens when light waves enter a new
medium at an angle.

© Lightis a kind of ___ and therefore can travel
through matter and space.

© During __, light travels through an object.

Understanding Concepts

Multiple Choice

@ Objects that transmit light easily are
a. opaque.
b. translucent.
C. transparent.
d. colored.

102 Chapter 3 Light and Living Things

7.6.a, 7.6.b, 7.6.c, 7.6.d,

© You can see yourself in a mirror because of
a. absorption. c. regular reflection.

b. scattering. d. diffuse reflection.
© Prisms produce the colors of the rainbow

through

a. reflection. ¢. scattering.

b. refraction. d. absorption.

Short Answer

@ Describing What has to happen to light for
you to see an object?

@ Identifying What kind of lenses are found in
magnifying glasses and in the human eye?
What do these lenses do?

@ Summarizing Describe how the lenses in
telescopes and microscopes help people make
observations.

@® Concluding Why can sunlight form a
rainbow?

@ Listing Explain what happens to light when
it is reflected, refracted, transmitted, and
absorbed by matter.

@ Comparing What are the angle of reflection
and the angle of incidence? How are they
related?

INTERPRETING GRAPHICS Use the image below
to answer the next two questions.

@ Analyzing Why doesn't the large beam of
light bend like the two beams in the middle of
the tank?

@ Identifying Which interaction of light
explains what is happening to the bottom
light beam?



@ Communicating Key Concepts Analyze the
information in one section of this chapter.
Then, write a one-page paper that identifies
and explains the main concepts in your own
words. Be sure to use vocabulary words from
the section in your paper.

Critical Thinking

@ Concept Mapping Use the
following terms to create a
concept map: light, matter,
reflection, absorption,
refraction, and transmission. ) )

& Applying Concepts A tern is a type of bird
that dives underwater to catch fish. When a
young tern begins learning to catch fish, the
bird is rarely successful. The tern has to learn
that when a fish appears to be in a certain
place underwater, the fish is actually in a
slightly different place. Why does the tern see
the fish in the wrong place?

(=)

Evaluating Conclusions Imagine that you
are teaching your brother about light. You tell
him that white light is light of all of the colors
of the rainbow combined. But your brother
says that you are wrong because mixing differ-
ent colors of paint produces black and not
white. Why is your brother’s conclusion wrong?

@ Making Inferences If you look around a
parking lot during the summer, you might see
sunshades set up in the windshields of cars.
How do sunshades help keep the insides of
cars cool?

@ Identifying Relationships What is the
electromagnetic spectrum? How is the visible
spectrum related to the electromagnetic
spectrum?

@ Applying Concepts Imagine that you are at
a concert. While the music is playing, beams of
laser light flash through the air. The light
beams travel in straight lines. What can you
conclude about the medium through which
the light is travelling?

INTERPRETING GRAPHICS Use the images
below to answer the next question.

@ Analyzing Processes Each photo shows at
least one interaction of light with matter. Iden-
tify the interactions shown.

@ Making Conversions One nanometer
(1 nm) is equal to 0.000000001 m. Visible
light has wavelengths between 400 nm and

750 nm. Convert this range of wavelengths
to meters.

Challenge

@ Predicting Consequences The phrase
“looking at the world through rose-colored
glasses,” is an adage that means that a person
has an overly positive view of things. What
would you expect to see if you actually looked
at the world through rose-colored glasses?
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REVIEWING ACADEMIC VOCABULARY

Which of the following words means
“that can be seen™?

A Vvisible
B audible
C palpable
D sensible

o Which of the following sets of words best
completes the following sentence: Light
is the eye.

A detects with
B detected for
C detected by
D detecting in

o Which of the following sets of words best
completes the following sentence: Light
can be matter.

A transmitted with
B transmits in
C transmits by

D transmitted through

o Which of the following words is closest in
meaning to the word react?

A repeat
B renovate
C respond
D

remove
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6.5.a, 6.5.e, 7.6.a, 7.6.b,
7.6.¢, .6.d, 7.6.¢, 7.6.f,
@ 716.8, 1.7.a

REVIEWING CONCEPTS

e Which of the following best describes
the relationship between infrared waves,
ultraviolet light, and visible light?

A Infrared waves are found on the
electromagnetic spectrum, while
ultraviolet and visible light are not.

B Infrared waves have the longest
wavelength, followed by visible light
and then ultraviolet light.

C Infrared waves and visible light are
visible to the human eye, while
ultraviolet light is not.

D Infrared waves consist of changing
electric and magnetic fields, while
ultraviolet light and visible light do not.

e Your eyes detect a burning candle in a
candleholder. Your eyes see the candle
flame because it emits light. Why do your
eyes see the opaque candleholder?

A ltis luminous.

B It is illuminated.
C It absorbs light.
D It transmits light.

0 The diagrams above show how light
interacts with two different surfaces.
Which of the following statements is
true?

A Diagram A illustrates the process of
diffuse reflection.

B You will be able to see your reflection in
surface B but not in surface A.

C Diagram B illustrates the process of
regular reflection.

D You will be able to see your reflection in
surface A but not in surface B.
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The diagram above illustrates the law of
reflection. What is found at point E in the
diagram?

A the angle of incidence
B the angle of reflection
C the incident beam
D the reflected beam

What happens to white light during
refraction?

A It appears to be closer than it actually is.

B It absorbs the pigment of the medium it
passes through.

C It separates into different wavelengths
or colors.

D Itis refracted at the same angle as the
angle of incidence.

What part of a camera is most like the
retina in the human eye?

A thelens C the shutter
B the film D the aperture

What happens when white light shines
through a translucent, red, glass window?

A All colors of light except red are
transmitted through the glass.

B Red light is transmitted through and
reflected by the glass.

C Red light is absorbed by the glass.

D All colors of light except red are
reflected by the glass.

REVIEWING PRIOR LEARNING

@ While you are conducting an experiment,
your lab partner burns himself on a

candle flame. After such an accident, you
should

A take your partner to the bathroom and
wash the burn with soap.

B perform first aid by rinsing the burned
area with warm water.

C tell your teacher, even if the burn seems
like @ minor injury.

D continue with your lab and tell no one
about what has happened.

@ Corals and producers live in the neritic
zones of an ocean. Whales and squid live
in the oceanic zone. Bacteria and worms
live in the benthic zone. Which of the
following factors most determines the
types of organisms that live at each level?

A the strength of underwater currents and
daily tides

B the amount of fresh water that falls as
precipitation

C the number of predators living in the
oceanic zone

D the depth to which sunlight can
penetrate the water

@ If sunlight could not reach Earth’s
surface, which of the following would
happen first?

A Producers would die.
B Consumers would die.
C Scavengers would die.

D Decomposers would die.
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Science

Weird Science

Fireflies Light the Way
Just as beams of light from lighthouses warn
boats of approaching danger, the light of
an unlikely source—fireflies—is being used
by scientists to warn food inspectors of
bacterial contamination.

Fireflies use an enzyme called luciferase
to make light. Scientists have taken the gene
from fireflies that tells cells how to make
luciferase. They put this gene into a virus that
preys on bacteria. The virus is not harmful
to humans and can be mixed into meat.
When the virus infects bacteria in the meat,
the virus transfers the gene into the genes of
the bacteria. The bacteria then produce lucif-
erase and glow! So, if a food inspector sees
glowing meat, the inspector knows that the
meat is contaminated with bacteria.

Social Studies Aq'ivll'}'

Many cultures have myths to explain certain
natural phenomena. Read some of these
myths. Then, write your own myth titled
“How Fireflies Got Their Fire”
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Science, Technology,
and Society

Bionic Eyes

Imagine bionic eyes that allow a person who
is blind to see. Researchers working on artifi-
cial vision think that the technology will be
available soon. Many companies are working
on different ways to restore sight to people
who are blind. Some companies are develop-
ing artificial corneas, while other companies
are building artificial retinas. One item that
has already been tested on people is a pair
of glasses that provides limited vision. The
glasses have a camera that sends a signal to
an electrode implanted in the person’s brain.
The images are black and white and are not
detailed, but the person who is wearing the
glasses can see obstacles in his or her path.

Language Arts Bf—‘l‘!ﬂf

Write a one-page story in your Science Journal
about a teen who has his or her eyesight
restored by a bionic eye. What would the
teen want to see first? What would the teen
do that he or she couldn’t do before?




Careers

Edie Widder

Oceanographer When Dr. Edie Widder
studies the waters of the world’s oceans, she’s

always searching for the light. She is not searching for
light from a lighthouse or a nearby coastal town. She is
searching for the light given off by marine animals.

Widder received a Ph.D. in neurobiology from the
University of California, Santa Barbara in 1982. She
is now one of the world’s leading researchers on bio-
luminescence. Bioluminescence is the production and
emission of light by a living organism. Many marine
animals emit light when chemical energy is converted
into light energy. Thousands of deep-sea creatures,
including various species of shrimp, squid, and jelly-
fish, are bioluminescent. Widder also studies animals
that give off light through a process called fluorescence.
In fact, Widder was part of a team that discovered the
only known fluorescent shark!

To help her research, Widder designed a special
camera system called Eye-in-the-Sea. Eye-in-the-Sea
sits on the sea floor and automatically films biolumi-
nescent organisms. Widder recently used this device
to explore the depths of California’s Monterey Bay.

math ASTiViTy

The fluorescent shark filmed by Widder's team
is about 36 in. long. If 1 in. is equal to 2.54 cm,
how long is the shark in centimeters? Show
your work in your Science Journal.

Internet Resources

© To learn more about © To learn more about @ Check out articles
careers in science, visit ~ these Science in Action related to this chapter

www.scilinks.org and topics, visit go.hrw.com by visiting go.hrw.com.
enter the SciLinks code ~ and type in the key- Just type in the key-
HY70225. word HY7LOWF. word HY7LOWC.
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TIMELINE

Cells

Cells are everywhere. Even
though most cells can’t be
seen with the naked eye,
they make up every living
thing. Living things may

be made up of one cell or
many cells. Your body alone
contains trillions of cells!

In this unit, you will learn
about different kinds of
cells. You will also learn
about what happens in a
cell. This timeline shows
some of the discoveries that
scientists have made about
cells. Each discovery has
helped people understand
more about these tiny,
amazing structures.

108 Unit 2
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1492 Around

Christopher Columbus reaches North
America after sailing from Europe.

Johannes
Muller proves
that cancerous
tumors are
made up

of cells.

1595

Zacharias and
Hans Janssen
build the first
compound
microscope.

Friedrich Miescher discovers a special
material in the nucleus of a white blood
cell. Later research on this material
leads to the discovery

of DNA.

White blood cell

1999

Elizabeth Gould and
Charles Gross dis-
cover that cells in the
brain can be repaired
and regrown. This
discovery contradicts
previous scientific

understanding.

A neuron




1665 1683

Robert Hooke looks at Anton van Leeu-
cork under a wenhoek uses
microscope a microscope to
and uses the observe bacteria
name cells to living on his teeth.
describe the He calls these bac- Streptococcus sanguis
small struc- teria animalcules. found on teeth

tures that
he sees.

1809

Abraham Lincoln,
the 16th presi-
dent of the United
States, is born.

1873 1937 1967

Camillo Golgi Sir Hans Adolf Ragnar Granit, Hal-
develops a stain Krebs discov- dan Hartline, and
that allows sci- ers how cells George Wald are
entists to view produce ¢ awarded a Nobel
the structure of energy from Prize for describing
entire nerve cells. nutrients how cells in the eye

through are sensitive to light.

the citric

acid cycle.

Rods and cones
in the eye

\ 4 \ 4
The largest known Two separate groups Peter Agre
bacterial species, publish the decoded receives a
Thiomargarita human genome. Nobel Prize

for discovering
water channels
in human cells.

namibiensis, is

discovered near
Namibia. The cell
of one bacterium
is 0.3 mm long!




Chapter Preview

Improving Comprehension

Graphic Organizers are important visual tools that can help you organize
information and improve your reading comprehension. The Graphic Organizer
below is called a comparison table. Instructions for creating other types of
Graphic Organizers are located in the Study Skills section of the Appendix.

How to Make a Comparison Table = When to Use a Comparison Table

@ Draw a table like the one shown below. A comparison table is useful when you want
Draw as many columns and rows as you to compare the characteristics of two or more
want to draw. topics in science. Organizing information in a

© In the top row, write the topics that you table helps you compare several topics at one
want to compare. time. In a table, all topics are described in terms

of the same list of characteristics, which helps
you make a thorough comparison. As you read,
look for topics whose characteristics you may
want to compare in a table.

© In the left column, write the general charac-
teristics that you want to compare. As you
read the chapter, fill in the characteristics
for each topic in the appropriate boxes.

Prokaryotic cells | Eukaryotic cells

Nucleus no yes
DNA yes yes
Membrane-bound
no yes
organelles

Cell wall yes some

Cell membrane yes yes

Cytoplasm yes yes

Ribosomes yes yes

You Try It!

This Reading Strategy can also be used within the chapter that you are
about to read. Practice making your own comparison table as directed
in the Reading Strategies for Section {) and Section ). Record your
work in your Science Journal.
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Unpacking the Standards

The information below “unpacks” the standards by breaking them down
into basic parts. The higher-level, academic vocabulary is highlighted
and defined to help you understand the language of the standards.
“What It Means” restates the standards as simply as possible.

California Standard Academic Vocabulary m

7.1.a Students know cells function
similarly in all living organisms.

function (FUHNGK shuhn) to work

similarly (SIM uh luhr lee) in almost the
same way

Cells perform the same actions in all living
things.

7.1.b Students know the
characteristics that distinguish plant cells
from animal cells, including chloroplasts
and cell walls.

Plant cells have some unique structures that
make plant cells different from animal cells.
These structures include chloroplasts and a

cell wall.

7.1.c Students know the nucleus is the

repository for genetic information in plant
and animal cells.

The nucleus of a plant cell or an animal cell
contains information that the cell uses as
blueprints for building new cells.

7.1.d Students know that
mitochondria liberate energy for the work
that cells do and that chloroplasts capture
sunlight energy for photosynthesis.

liberate (LIB uhr av7) to release; to set
free

energy (EN uhr jee) the capacity to do
work

Mitochondria release energy from sugar to
power the cell’s life processes. Chloroplasts
use energy from the sun to produce sugars
and oxygen.

7.1.f Students know that as
multicellular organisms develop, their cells
differentiate.

differentiate (pir uhr EN shee Av1) to
become specialized in structure and
function

As a living thing that is made of more than
one cell grows, the structure of its cells
change so that the cells perform specific
jobs.

7.5.a Students know plants and
animals have levels of organization for
structure and function, including cells,
tissues, organs, organ systems, and the
whole organism.

structure (STRUHK chuhr) the
arrangement of the parts of a whole

function (FUHNGK shuhn) use or
purpose

Plants and animals are made of smaller
parts which are organized by shape and
purpose. These layers of organization
include cells, tissues, organs, organ systems,
and the whole organism.
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Cells: The

Basic Units
of Life

The
Big All organisms are

composed of one

Idea or more cells.

California Standards

Focus on Life Sciences

7.1 All living organisms are composed of cells, from just one to many
trillions, whose details usually are visible only through a microscope.
(Sections 1, 2, and 3)

7.5 The anatomy and physiology of plants and animals illustrate the
complementary nature of structure and function. (Section 3)

Investigation and Experimentation =
7.7 Scientific progress is made by asking meaningful questions and Ol'ganlle
conducting careful investigations. (Science Skills Activity)

Math _ Layered Book
7.1.1 Algebra and Functions )
72.3 Measurement and Geometry Before you read this chapter, create the

. FoldNote entitled “Layered Book." Label
English-Language Arts the tabs of the layered book with “Char-
1.3 Reqdmg acteristics of all cells,” “Prokaryotic cells,”
721 Writing “Eukaryotic cells,” and “Organization of

living things.” As you read
the chapter, write informa-
i tion that you learn about
each category under the
appropriate tab.

About the Photo

Harmful bacteria may invade your body and ) .
make you sick. But wait—your white blood ::'LSIL':;:Z’S“:::OC:::;"&
cell_s come to the rescue!_ln this image, a the Study Skills section
white blood cell (shown in yellow) reaches on p. 580 of the Appendix.
out to destroy bacteria (shown in purple).
The red disks are red blood cells.
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What Are Plants Made Of?

All living things, including plants, are made of cells.
What do plant cells look like? Do this activity to
find out.

Procedure

1. Follow your teacher’s directions on how to set up
and operate a microscope.

. Tear off a small leaf from near the tip of an
Elodea sprig. Using forceps, place the whole leaf
in a drop of water on a microscope slide.

. Place a coverslip on top of the water drop by put-
ting one edge of the coverslip on the slide near
the water drop. Next, lower the coverslip slowly
so that the coverslip does not trap air bubbles.

4. Place the slide on your microscope.

5. Using the lowest-powered lens first, find
the plant cells. When you can see the cells
under the lowest-powered lens, switch to a
higher-powered lens.

6. Draw a picture of what you see.

Analysis

7. Describe the shape of the
Elodea cells. Are all of the
cells the same?

8. Do you think that human
cells look like Elodea cells?
How do you think they are

Ve
»

different? How might they -
be similar?
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What You Will Learn

® The cell theory explains why cells
are important for living things.

® All cells have a cell membrane,
cytoplasm, and DNA.

® Prokaryotic cells and eukaryotic
cells differ in how their genetic
information is contained.

Why It Matters
Understanding how cells function
makes it easier to learn how organisms
function.

Vocabulary

* cell * nucleus

+ cell membrane < prokaryote
« organelle « eukaryote

READING STRATEGY

Asking Questions Read this section
silently. In your Science Journal, write
down questions that you have about
this section. Discuss your questions in
a small group.

cell (SEL) the smallest functional and
structural unit of all living organisms;
usually consists of a nucleus, cyto-
plasm, and a membrane

Figure 1

7.1.a Students know cells function similarly in all
living organisms.

7.1.¢ Students know the nucleus is the repository
for genetic information in plant and animal cells.

114 Chapter 4

Hooke discovered
cells by using this microscope.
His drawing of cork cells

is shown to the right of his
microscope.

The Characteristics of Cells

Key Concept Cells function similarly in all living
organisms.

P Most cells are so small that they can’t be seen with the naked
eye. So, how did scientists find cells? They found cells by accident!
The first person to see cells wasn’t looking for them.

All living things are made of cells. A cell is the smallest
structural and functional unit of living things. Because of their
size, cells weren’t discovered until microscopes were invented
in the mid-1600s.

Cells and the Cell Theory

Robert Hooke was the first person to describe cells. In 16685,
he built a microscope to look at tiny objects. One day, he
looked at a thin slice of cork. Cork is found in the bark of
cork trees. The cork looked as if it were made of little boxes.
Hooke named these boxes cells, which means “little rooms”
in Latin. Hooke’s cells were really the outer layers of dead
cork cells. His microscope and his drawing of the cork cells
are shown in Figure 1.

Hooke also looked at thin slices of living plants. He saw
that they too were made of cells. Some cells were even filled
with “juice.” The “juicy” cells were living cells.

Hooke also looked at feathers, fish scales, and the eyes of
houseflies. But he spent most of his time looking at plants and
tungi. The cells of plants and fungi have cell walls. Thus, they
are easy to see. Animal cells do not have cell walls. The lack
of cell walls makes seeing the outline of animal cells harder.
Because Hooke couldn’t see their cells, he thought that animals
weren’t made of cells.

Cells: The Basic Units of Life



Finding Cells in Other Organisms

In 1673, Anton van Leeuwenhoek (LAY vuhn HOOK), a
Dutch merchant, made his own microscopes. He used one
of his microscopes to look at pond scum. Leeuwenhoek saw
small organisms in the water. He named these organisms
animalcules, which means “little animals.” Today, we call these
single-celled organisms protists (PROH tists).

Leeuwenhoek also looked at animal blood. He saw dif-
ferences in blood cells from different kinds of animals. For
example, blood cells in fish, birds, and frogs are oval. Blood
cells in humans and dogs are round and flat. Leeuwenhoek
was also the first person to see bacteria. And he discovered that
yeasts that make bread dough rise are single-celled organisms.
Examples of the types of cells that Leeuwenhoek examined are
shown in Figure 2.

The Cell Theory

Almost 200 years passed before scientists concluded that
cells are present in all living things. Matthias Schleiden
(muh THIE uhs SHLIE duhn) studied plants. In 1838, he con-
cluded that all plant parts were made of cells. Theodor Schwann
(THEE oh pawr SHVAHN) studied animals. In 1839, Schwann
concluded that all animal tissues were made of cells. Shortly
thereafter, he wrote the first two parts of what is now known
as the cell theory:

e All organisms are made up of one or more cells.
e The cell is the basic unit of all living things.

In his book published in 1858, doctor Rudolf Virchow
(ROO pawtLr FIR koh), stated that all cells could form only from
other cells. He then added the third part of the cell theory:

e All cells come from existing cells.

NNl Ne 14/ What are the three parts of the cell theory?
(712

Section 1

qw:f"‘"

. X
Moet O I‘S

Bacteria |

Figure 2 Leeuwenhoek
examined many types of cells,
including protists of the genus
Euglena and the other types of
cells shown above. The bacteria
in the photo have been enlarged
more than the other cells.
Bacterial cells are much smaller
than most other types of cells.

Quick Lab

Observing Cells 712
7.1d

1. Follow your teacher’s
directions on how to
set up and operate a
microscope.

2. Examine prepared
microscope slides
from a variety of
living things.

3. Record your obser-
vations of the samples
on the slides. Draw pic-
tures of what you see, and
label your drawings.

4. \What similarities between
the samples do you
observe?

5. How do the samples differ?
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Cell Size

Most cells are too small to be seen without a microscope. It
would take 50 human cells to cover the dot on this letter i.

A Few Large Cells

Most cells are small. A few, however, are big. The yolk of a
chicken egg, shown in Figure 3, is one big cell. The size of most
cells is controlled by the relationship between the surface area
and the volume of the cell.

Many Small Cells

. There is a reason why most cells are so small. Cells take
in food and get rid of wastes through their outer surface. As a
Figure 3 The white and yolk of ;;11 gfets larger, it neeFls more food anc} produces more waste.
this chicken egg provide nutrients erefore, more materials pass through its outer surface.
for the development of a chick. As the cell’s volume increases, its surface area grows, too.
But the cell’s volume grows faster than its surface area. If a cell
gets too large, the cell’s surface area will not be large enough
to take in enough nutrients or pump out enough wastes. So,
the surface area of a cell—relative to the volume of the cell—
limits the cell’s size. The ratio of the cell’s surface area to the
cell’s volume is called the surface area—to—volume ratio. It can
be calculated by using the following equation:

) surface area
surface area—to-volume ratio = —————

volume
) K ) ) \
‘N\ATH _F,Q,Qgi—
Surface Area-to-Volume Ratio Calculate the sur- Now It's Your Turn
face area-to—volume ratio of a cube whose sides 1. Calculate the surface area—to—
measure 2 cm. volume ratio of a cube whose
Step 1: Calculate the surface area. sides are 3 cm long.

2. Calculate the surface area—to-—
volume ratio of a cube whose
sides are 4 cm long.

surface area of cube =
number of sides X area of side

surface area of cube = 6 X (2 cm X 2 cm) 3. Of the cubes from questions 1
surface area of cube = 24 cm” and 2, which has the greater
Step 2: Calculate the volume. surface area—to—volume ratio?

4. What is the relationship between

) be = side X side X sid
volume of cube = side X side x side the length of a side and the

volume of cube = 2 cm X 2 cm X 2 cm surface area-to—volume ratio
volume of cube = 8 cm’® of a cell?
Step 3: Calculate the surface area-to—volume ratio.

. surface area 24
surface area—to—-volume ratio = = =
volume 8 1
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Parts of a Cell

Cells have many different functions and come in many
shapes and sizes. But all cells have some parts in common.

The Cell Membrane and Cytoplasm

All cells are surrounded by a cell membrane. The
cell membrane is a protective layer that covers the cell’s sur-
face and acts as a barrier. It separates the cell’s contents from
its environment. The cell membrane also controls materials
going into and out of the cell. Inside the cell is a fluid. This
fluid and almost all of its contents are called the cytoplasm
(SIET oh rrLAzZ uhm).

Organelles

Cells have organelles that carry out many life processes.
Organelles are structures that have specific jobs inside the cell.
Different kinds of cells have different organelles. Most organ-
elles are surrounded by membranes. For example, the algal cell
in Figure 4 has membrane-bound organelles. Some organelles
float in the cytoplasm. Other organelles are attached to mem-
branes or other organelles.

Genetic Material

All cells have DNA (deoxyribonucleic acid) at some point
in their lives. DNA is genetic material. It carries information
needed to make new cells and new organisms. DNA is passed
on from parent cells to new cells and directs the activities of
a cell. Figure 5 shows the DNA of a bacterium.

In cells such as plant and animal cells, DNA does not float
around the cell. The repository, or storage area, for DNA is an
organelle called the nucleus. Other cells, such as bacterial cells,
do not have a nucleus.

Some cells can live without DNA. When human red blood
cells are first made, they have a nucleus with DNA. But as red
blood cells mature, they lose their nucleus and DNA. Most
cells, however, always need to have DNA. DNA gives these
cells instructions on how to make proteins.

MLl NE 199 Where is DNA located in plant and animal cells?
(o 7.0

Cell

membrane Organelles

DNA

Figure 4 The green alga in this
photomicrograph has organelles.
The organelles and the fluid
surrounding them make up the
cytoplasm.

cell membrane (SEL MEM BRAYN) a
phospholipid layer that covers a cell's
surface and acts as a barrier between
the inside of a cell and the cell's
environment

organelle (awr guh NEL) one of the
small bodies in a cell's cytoplasm
that are specialized to perform a
specific function

nucleus (NOO klee uhs) in a eukary-
otic cell, a membrane-bound organ-
elle that contains the cell's DNA and
that has a role in processes such as
growth, metabolism, and reproduction

Figure 5 This
photomicrograph shows an
Escherichia coli bacterium. The
bacterium’s cell membrane
has been treated so that the
cell's DNA is released.
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ScooL to Hopye,

Magnifying Glasses

You can make your own mag-
nifying glasses by using items
from around your home. Ask
an adult to help you find
clear drinking glasses. Look at
a piece of newspaper through
the glasses. Try holding the
glasses at different heights
and angles. Try putting small
amounts of water in the
glasses. Experiment until you
find the best magnification.

KTVl

Two Kinds of Cells

All cells have cell membranes, organelles, cytoplasm, and
DNA. But there are two basic types of cells. Cells without
a nucleus are prokaryotic (proh kaAr ee AHT ik) cells. Cells that
have a nucleus are eukaryotic (yoo KAr ee AHT ik) cells. Pro-
karyotic cells are further classified into two groups: bacteria
(bak TIR ee uh) and archaea (ahr KEE uh). Figure 6 shows a
prokaryotic cell and eukaryotic cell. Other prokaryotic and
eukaryotic cells may look different from the cells in the dia-
grams below.

MLl fNe 199 How do prokaryotic cells differ from eukaryotic
cells? 1.l.a

Prokaryotes

Bacteria and archaea are prokaryotes. Prokaryotes are single-
celled organisms that do not have a nucleus. Even though
prokaryotes do not have a nucleus, they do have DNA. The

DNA of a prokaryote is a long, circular molecule. It is shaped
like a twisted rubber band. Prokaryotes also do not have mem-
brane-bound organelles. But they do have ribosomes. Ribosomes
are tiny, round organelles made of protein and other material.
Prokaryotic cells also have strong, weblike cell walls.

prokaryote (proh KAR ee oHT) a
single-celled organism that does not
have a nucleus or membrane-bound
organelles; examples are archaea and
bacteria

Wordwise The prefix pro- means
“before” The root karyon means
“nut” or “kernel”

Prokaryotic cell

Flagellum \

Ribosome .
Cell membrane
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Two Kinds of Cells

Ribosome

._,— - Eukaryotic cell
o~ - - N
¥ AW y
- me Nucleus

Membrane-bound

organelles
Cell

membrane
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Eukaryotes

Eukaryotic cells are the largest cells. Most eukaryotic cells
are still microscopic, but they are about 10 times as large as
most prokaryotic cells.

Unlike bacteria and archaea, eukaryotic cells have a nucleus.
The nucleus holds the cell’s DNA. Eukaryotic cells have other
membrane-bound organelles, too. Each kind of organelle has
a specific job in the cell.

All living things that are not bacteria or archaea are
made up of one or more eukaryotic cells. Organisms made up
of eukaryotic cells are called eukaryotes. Yeasts and amoebas
are single-celled eukaryotes. Plants and animals are eukaryotes

eukaryote (yoo KAR ee oHT) an
organism made up of cells that have
a nucleus enclosed by a membrane;
eukaryotes include protists, animals,
plants, and fungi but not archaea

or bacteria

that are made up of many cells.

-

SECTION

Review

Summary,

® The cell theory states that all
organisms are made of cells,
the cell is the basic unit of
all living things, and all cells
come from other cells.

® All cells have a cell mem-
brane, cytoplasm, and DNA.

® Most cells are too small to
be seen with the naked eye.
The surface area-to-volume
ratio of a cell limits the size
of the cell.

® The two basic kinds of cells
are prokaryotic cells and
eukaryotic cells. Eukaryotic
cells have a nucleus and

membrane-bound organelles.

Prokaryotic cells do not.

® Prokaryotes are single-celled.

® Eukaryotes can be single-
celled or multicellular.

Understanding Concepts Critical Thinking

© Summarizing What does the
cell theory tell us about cells?

© Listing Name three structures
that every cell has.

© Describing  Why are most cells
small?

INTERPRETING GRAPHICS The
picture below shows an organism
that has one cell. Use the picture to
answer the next two questions.

Flagellum

—y

_ Cell wall

Cell

O Identifying Is this cell a pro-
karyotic cell or a eukaryotic cell?
How can you tell?

© Identifying What part of the
organism is labeled “A™?

© Making Comparisons Compare
the ways in which eukaryotic cells
and prokaryotic cells store their
DNA.

© Applying Concepts You have
discovered a new single-celled
organism. It has ribosomes and
long, circular DNA. Is it a eukary-
ote or a prokaryote? Explain.

© Identifying Relationships You
are looking at a cell under a
microscope. What characteristics
would this cell have if the organ-
ism is a eukaryote? What char-
acteristics would this cell have
if the organism is a prokaryote?
What would you look for first?

© Analyzing Shapes Calculate the
surface area—to—volume ratio of a
cube whose sides are 3 cm long.

Internet Resources

For a variety of links related to this
chapter, go to www.scilinks.org

Topic: Prokaryotic Cells Qe
SciLinks code: HY71225




What You Will Learn

® Eukaryotic cells have many parts—
such as cell membranes, a nucleus,
and ribosomes—in common.

® Plant cells and animal cells have
some cell parts that are different.

Why It Matters

Learning how organelles function
helps you know how cells stay alive.

Vocabulary
« cell wall  mitochondrion
* cytoskeleton < chloroplast

* ribosome * Golgi complex
+ endoplasmic - vesicle
reticulum < lysosome

READING STRATEGY

Graphic Organizer In your Science
Journal, make a Comparison Table
that compares the structure, function,
location in the cell, and presence in
animal and plant cells of all the
organelles discussed in this section.

cell wall (SEL WAWL) a rigid
structure that surrounds the
cell membrane and provides
support to the cell

'-.
o

Large central vacuole 'r-[ \

Golgi complex
Chloroplast

Cytoskeleton

Endoplasmic reticulum

Nucleus
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Eukaryotic Cells

Key Concept Eukaryotic cells have organelles
that perform important functions.

P Even though most cells are small, cells are complex. A
eukaryotic cell has many parts that help the cell stay alive. Some
eukaryotic cells can be classified as plant cells or animal cells.
Compare the plant cell in Figure 1 with the animal cell in Figure 2
to see the differences between these two types of cells.

Cell Wall

Plant cells have an outermost structure called a cell wall. A
cell wall is a rigid structure that gives support to a cell. The
cell walls of plants, fungi, archaea, and bacteria can be made
of different materials. For example, plants and algae have cell
walls made of a complex sugar called cellulose. Figure 1 shows
the cellulose fibers in the cell wall of a plant cell. Animal cells
do not have cell walls.

ML fNe 99 What is one characteristic that distinguishes plant
cells from animal cells? 1.l.b

Figure 1 WA A

Ribosome

Mitochondrion
Cytoplasm

Cellulose fibers

Cell membrane

Cell wall
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Cell Membrane

All cells have a cell membrane made up of proteins and
lipids. The cell membrane is a protective barrier that encloses
a cell. It separates the cell’s contents from the cell’s environ-
ment. The cell membrane is the outermost structure in cells
that lack a cell wall. In cells that have a cell wall, the cell
membrane lies just inside the cell wall.

The cell membrane has two layers of phospholipids, shown
in Figure 2. A phospholipid is a type of lipid. Each phospholipid
has a hydrophobic, or “water fearing,” end and a hydrophilic, or
“water loving,” end. The “water fearing” ends are on the inside of
the cell membrane. The “water loving” ends form the outer part
of the membrane. This structure makes it difficult for materials
to pass through the membrane. Not allowing materials to pass
through is one way the cell membrane protects the cell.

Some materials, such as nutrients and wastes, must pass
through the cell membrane. These materials are able to pass
through passageways made of proteins. Nutrients move into
the cell—and wastes move out of the cell—through these pro-
tein passageways.

NNl Ne 199 How does the cell membrane protect the cell?
([ 71.2

€7D An Animal Cell

Lysosome
Golgi complex

K Cytoplasm

Mitochondrion

Cell membrane

Quick Lab

"2
R
Cell Diagrams 7.1.b
1.1d

1. Draw an outline of a
plant cell and an animal
cell on separate pieces
of paper.

2. As you read about eukary-
otic cells, use colored
pencils to add the correct
cell parts to each cell. Label
the cell parts.

3. Which cell parts are found
in both plant cells and
animal cells?

4. Which cell parts are found
either in plant cells or in
animals cells but not in
both types of cells?

Phospholipids

Hydrophilic
heads

i_' Endoplasmic Hydrophobic tails
: reticulum

¢ -
.. I .
N
' 7.1.a Students know cells function similarly in all
, Ribosomes living organisms.

7.1.b Students know the characteristics that
distinguish plant cells from animal cells, including
chloroplasts and cell walls.

7.1.¢ Students know the nucleus is the repository
for genetic information in plant and animal cells.
7.1.d Students know that mitochondria liberate
energy for the work that cells do and that chloroplasts
capture sunlight energy for photosynthesis.
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Figure 3 The cytoskeleton is
a network of protein fibers that
anchors the cell’s organelles
and other components of its
cytoplasm.

cytoskeleton (siet oh SKEL uh tuhn)
the cytoplasmic network of protein
filaments that plays an essential
role in cell movement, shape, and
division

Figure 4 The nucleus
contains the cell's DNA. Does
every cell have a nucleus?

Cytoskeleton

The cytoskeleton is a web of proteins in the cytoplasm of
some cells. Both plant cells and animal cells have a cytoskeleton.
Many of the organelles in cells are attached to the cytoskeleton,
as Figure 3 shows. In an animal cell, the cytoskeleton defines
the shape of the cell because the cell does not have a cell wall.
Different cells in your body have different shapes because of
how their cytoskeleton is arranged.

The cytoskeleton is also used for movement. The cyto-
skeleton can help objects move around within the cell. Some
organisms use their cytoskeleton to form structures that help
the organisms move.

Nucleus

All eukaryotic cells have a membrane-bound nucleus. The
nucleus is a large organelle in a eukaryotic cell. It contains
the cell’s DNA. DNA is the genetic material that contains the
information on how to make a cell’s proteins. Proteins control
the chemical reactions in a cell. They also provide structural
support for cells and tissues. But proteins are not made in the
nucleus. Messages for how to make proteins are given by the
DNA. These messages are then sent out of the nucleus through
the membranes that surround it.

The nucleus is covered by two membranes. Materials cross
this double membrane by passing through pores. Figure 4 shows
a nucleus and nuclear pores. In many cells, the nucleus has a
dark area called the nucleolus (noo KLEE uh luhs). A cell begins
to make its ribosomes in the nucleolus.

et Re 129 What is the function of the nucleus? (s 7.1.c

Double membrane Double membrane
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Ribosomes

Organelles that make proteins are called ribosomes. Ribo-
somes are the smallest organelles. And there are more ribosomes
than there are any other organelles in a cell. Some ribosomes
float freely in the cytoplasm. Others are attached to membranes
or the cytoskeleton. Unlike most organelles, ribosomes are not
covered by a membrane.

Ribosomes make proteins by assembling chains of amino
acids. An amino acid is any of about 20 different organic mol-
ecules that are used to make proteins. All cells need proteins
to live. Thus, all cells have ribosomes.

Endoplasmic Reticulum

Many chemical reactions take place in a cell. Many of these
reactions happen on or in the endoplasmic reticulum. The
endoplasmic reticulum, or ER, is a system of folded membranes
in which proteins, lipids, and other materials are made. The
ER is shown in Figure 5.

The ER is part of the internal delivery system of the cell. Its
folded membrane contains many tubes and passageways. Sub-
stances move through the ER to different places in the cell.

The endoplasmic reticulum is either rough or smooth. The
part of the ER covered in ribosomes is rough ER. Rough ER is
usually found near the nucleus. Ribosomes on rough ER make
many of the cell’s proteins. The ER then delivers these proteins
throughout the cell. The ER that lacks ribosomes is smooth
ER. The functions of smooth ER include making lipids and
breaking down toxic materials that could damage the cell.

Smooth ER

Rough ER

Ribosomes

Endoplasmic
reticulum

ribosome (RIE buh soHm) a cell
organelle composed of RNA and pro-
tein; the site of protein synthesis

endoplasmic reticulum

(ex doh PLAZ mik ri TIK yuh luhm)

a system of membranes that is found
in a cell's cytoplasm and that assists
in the production, processing, and
transport of proteins and in the
production of lipids

Figure 5 The endoplasmic
reticulum (ER) is a system
of membranes. Rough ER
is covered with ribosomes.
Smooth ER does not have
ribosomes.
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Inner
membrane

Outer
membrane

Inner
membrane

membrane

Figure 6 Mitochondria break down
sugar and make ATP. ATP is produced
on the inner membrane.

mitochondrion

(mier oh KAHN dree uhn) in eukary-
otic cells, the cell organelle that is
surrounded by two membranes and
that is the site of cellular respiration

chloroplast (KLAWR uh pLAsT) an
organelle found in plant and algae
cells where photosynthesis occurs

Figure 7 Chloroplasts harness and
use the energy of the sun to make
sugar. A green pigment—chlorophyll—
captures the sun’s energy.

Inner
membrane
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Mitochondria

A mitochondrion is the main power source of a cell. A
mitochondrion is the organelle in which sugar is broken
down to release energy. Mitochondria are covered by two
membranes, as shown in Figure 6. Energy released by mito-
chondria is stored in a substance called ATP (adenosine
triphosphate). The cell then uses ATP to do work. ATP
can be made at several places in a cell. But most of a
cell’s ATP is made on the inner membrane of the cell’s
mitochondria.

Most eukaryotic cells have mitochondria. Mitochondria
are the size of some bacteria. Like bacteria, mitochondria
have their own DNA, and mitochondria can divide within
a cell.

NNl Ne 49 Why are mitochondria important for cells?
71.d

Chloroplasts

Animal cells cannot make their own food. Plant cells
are different. Some of them have chloroplasts.Chloroplasts
are organelles in which photosynthesis takes place. They
are found in plant, algae, and some prokaryotic cells.
Like mitochondria, chloroplasts have two membranes
and their own DNA. A chloroplast is shown in Figure 7.
Photosynthesis is the process by which cells, such as plant
cells, use sunlight, carbon dioxide, and water to make
sugar and oxygen.

Chloroplasts are green because they contain chloro-
phyll, a green pigment. Chlorophyll is found in an internal
membrane system within a chloroplast. Chlorophyll traps
the energy of sunlight. This energy is used to make sugar.
The sugar produced by photosynthesis is then used by
mitochondria to make ATP.

Inner
membrane

Outer I

Outer >
membrane

membrane
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Figure 8 The Golgi com-
plex processes proteins. It
moves proteins to where
they are needed, including
out of the cell.

complex

Golgi Complex

The organelle that packages and distributes proteins is called
the Golgi complex. It is named after Camillo Golgi, the Italian Golgi complex (GOHL jee
scientist who first identified the organelle. KAHM pLeks) a cell organelle that
The Golgi complex, shown in Figure 8, looks like smooth Eelps make and package materials to
e transported out of the cell
ER. Lipids and proteins from the ER are delivered to the Golgi
complex. There, the lipids and proteins may be modified to  Vesicle (VESikuhl) a small cavity
do different jobs. The final products are enclosed in a piece :LE:;:E;‘TF tains materials in a
of the Golgi complex’s membrane. This membrane pinches off
to form a small bubble. The bubble transports its contents to
other parts of the cell or out of the cell.

Cell Compartments \“T‘R_,.f AeTiViTyy

The bubble that forms from the Golgi complex’s membrane cell World
is one example of a vesicle. A vesicle is a small sac that sur- What would a cell look like
rounds material to be moved into or out of a cell. All eukaryotic from the inside? Create a
cells have vesicles. Vesicles also move material within a cell. brochure inviting tourists to
For example, vesicles carry new proteins from the ER to the visit various parts of the cell.

Go to go.hrw.com, and type

Golgi complex. Other vesicles carry material from the Golgi in the keyword HY7CELW.

complex to other parts of the cell. Some vesicles form when
part of the cell membrane surrounds an object that is outside
the cell.
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. .
E. ﬁgsdme i Lysosomes
, Lysosomes are vesicles found mainly in animal cells. Lyso-
somes contain digestive enzymes. They are responsible for diges-
tion inside a cell. Lysosomes destroy worn-out or damaged
organelles, get rid of waste materials, and engulf foreign invad-
ers. The foreign invaders are digested, and most of them are
no longer harmful to the cell.
N When eukaryotic cells engulf particles, they enclose the par-
Large ticles in vesicles. Lysosomes, shown in blue in Figure 9, bump
central into the vesicles, shown in purple, and pour enzymes into

vauole . them. These enzymes digest the particles in the vesicles.
ek 199 Why are lysosomes important? [m)71.a

Vacuoles

A vacuole (VAK yoo oHL) is another type of vesicle found in
cells. In plant and fungal cells, some vacuoles act like lysosomes.
They store digestive enzymes and aid in digestion within the
cell. The large central vacuole in a plant cell stores water and
other liquids. Large central vacuoles that are full of water, such
as the one in Figure 9, help support the cell. Some plants wilt
when their large central vacuoles lose water. Some organelles
and their functions are shown in Table 1.

Figure 9 Lysosomes digest
materials inside a cell. In plant
cells, the large central vacuole
stores water.

lysosome (LIE suh soHwm) a cell
organelle that contains digestive
enzymes

@YD oOrganelles and Their Functions

Nucleus Chloroplast

the organelle that contains the organelle that uses sun-

the cell's DNA light, carbon dioxide, and
water to make food

Ribosome Golgi complex

the organelle upon which
amino acids are hooked
together to make proteins

the organelle that processes
and transports materials
within and out of the cell

Endoplasmic reticulum

the organelle that makes lipids,
breaks down toxic substances,
and packages proteins for the
Golgi complex

Large central vacuole
the organelle that stores
water and other materials

Mitochondrion

the organelle that breaks
down food molecules to
make ATP

Lysosome

the organelle that digests
wastes, cell parts, and foreign
invaders
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° .1.a, 7.1.b,
Review AL Spker

Summary;

® Eukaryotic cells have organelles that perform
functions that help cells remain alive.

® All cells have a cell membrane. Some cells have
a cell wall. Some cells have a cytoskeleton.

® The nucleus of a eukaryotic cell contains the
cell's genetic material, DNA.

® Ribosomes are the organelles that make
proteins. Ribosomes are not covered by a
membrane.

® The endoplasmic reticulum (ER) and the Golgi
complex make and process proteins before the
proteins are transported to other parts of the
cell or out of the cell.

® Mitochondria and chloroplasts are organelles
that provide chemical energy for the cell.

® Lysosomes are organelles responsible for diges-
tion within a cell. In plant cells, the large central
vacuole stores cell materials and sometimes
acts like a large lysosome.

® Plant cells have cell parts that are not found in
animal cells. Plant cells have cell walls, chloro-
plasts, and a large central vacuole.

Using Vocabulary

o Write an original definition for mitochondria,
nucleus, and cell wall.

Understanding Concepts

© Listing What are two functions of the cytoskel-
eton in animal cells?

© Describing What is the function of the Golgi
complex? What is the function of the endo-
plasmic reticulum?

© Comparing Describe three ways in which
plant cells differ from animal cells.

© Applying Every cell needs ribosomes.
Explain why.

INTERPRETING GRAPHICS Use the diagram
below to answer the next two questions.

© \dentifying s this a diagram of a plant cell or
an animal cell? Explain how you know.

© Describing  What is the function of the organ-
elle labeled “b"?

Critical Thinking

© Predicting Consequences A certain virus
attacks the mitochondria in cells. What would
happen to a cell if all of its mitochondria were
destroyed?

© Expressing Opinions Do you think that having
chloroplasts gives plant cells an advantage over
animal cells? Support your opinion.

@ Making Calculations There are 11 foreign
invaders and 4 lysosomes in Cell A. If it takes
each lysosome 1 h to digest 1 foreign invader,
how long will it take to digest all of the foreign
invaders?

Challenge

@ Mmaking Inferences Amoebas are single-celled
eukaryotes. An amoeba moves by creating an
extension of the cell. The cytoplasm from the
rest of the cell flows into the extension. Given
what you know about cell parts, determine
which cell part inside of an amoeba is most
likely used to make the extension.

Internet Resources

For a variety of links related to this
chapter, go to www.scilinks.org

Topic: Eukaryotic Cells Qe
SciLinks code: HY70541




What You Will Learn

® Unicellular organisms are made up
of one cell, and multicellular organ-
isms are made up of many cells.

® The cells of multicellular organisms
can differentiate to become special-
ized types of cells.

® The levels of organization in multi-
cellular organisms are cells, tissues,
organs, and organ systems.

Why It Matters

Because cells can differentiate, multi-
cellular organisms, such as humans,
can have different kinds of cells,
tissues, organs, and organ systems.

Vocabulary
* organism ¢ tissue
» function * organ

* structure

READING STRATEGY

Graphic Organizer In your Science
Journal, make a Comparison Table
that compares various characteristics of
unicellular and multicellular organisms.

* organ system

The Organization
of Living Things

Key Concept As multicellular organisms develop,
their cells differentiate and form levels of organization.

P> In some ways, organisms are like machines. Some machines
have just one part. But most machines have many parts. Some
organisms exist as a single cell. Other organisms have many
cells—trillions in some cases.

Anything that can perform life processes by itself is an
organism. There are two types of organisms: unicellular organ-
isms and multicellular organisms.

Unicellular Organisms

Organisms that are made up of one cell are called unicellular.
Prokaryotes, such as bacteria and archaea, are unicellular organ-
isms. Eukaryotes such as yeasts, some algae, and some protists
are also unicellular. A unicellular organism performs all of the
necessary functions to stay alive. Unicellular organisms need
fewer resources and can live in harsher conditions than organ-
isms that have many cells.

Multicellular Organisms

Organisms that are made up of many cells are called multi-
cellular. Plants, animals, some protists, and many fungi are
multicellular organisms. A multicellular organism starts as a
single cell, such as the fertilized egg shown in Figure 1. As
the single cell develops into many cells, the cells become dif-
ferentiated, or fixed, into different types of cells.

128
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Figure 1 Multicellular organisms
that have differentiated cells, such
as humans, can be traced back to
a single fertilized egg.

Cells: The Basic Units of Life

4 months



The Characteristics of Being Multicellular

Multicellular organisms differ from unicellular organisms in
many ways. Characteristics of multicellular organisms include

the following:

e Larger Size Many multicellular organisms are small. But
usually they are larger than unicellular organisms. Multicel-

-

7.1.f Students know that as multicellular organisms
develop, their cells differentiate.

7.5.a Students know plants and animals have levels
of organization for structure and function, including
cells, tissues, organs, organ systems, and the whole
organism.

lular organisms grow by making more small cells, not by
making their cells larger. Being large can be an advantage.
Large organisms are prey for fewer predators. Large preda-

tors can eat a wider variety of prey.

e Longer Life A unicellular organism dies if its cell dies. But
if a single cell in a multicellular organism dies, the organism

continues to live.

e Specialization Each type of cell has a particular job.
Specialization makes the organism more efficient than a
unicellular organism. In some ways, having specialized cells

organism (AWR guh niz uhm) a living
thing; anything that can carry out life
processes independently

is similar to having an assembly line at a factory. The assem-
bly line allows the factory to produce more products in less

time than a single individual could.

MLl (Ne 149 How are multicellular organisms more efficient

than unicellular organisms? 1.|.f

%@x@

In this activity, your teacher will ask you to
model a unicellular organism or a multicellular
organism. You will make paper chains according
to the steps at right. The steps represent how
organisms do work, such as making cell parts.

1. If you are a unicellular organism, you must
complete all of the steps before you start
over.

2. If you are a cell in a multicellular organism,
you will be a member of a team. Each team
will work together in an assembly line. Each
team member represents a cell that com-
pletes only one step. Each team member
will receive the product from the previous
team member, complete the step, and pass
the product to the next team member.

3. Listen for your teacher’s directions about
when to start and stop.

4. Who made longer chains: the multicellular
organisms or the unicellular organisms?

AR
5. How does this activity relate to cell
specialization?

How to Make a Paper Chain
1. Use scissors to cut

line down the middle of

one 8 in. strip of -« \
the length of one strip of
paper.

paper. 0.
2. Use a marker to draw a
3. Use a marker of a different
color to draw three circles on the line.
4. \Walk to a desk in the front of the classroom.
For the first strip, tape the two ends together
to form a loop. For the rest of the strips,
thread one end of the strip through the pre-

vious loop, and tape the ends of the strip to
form another loop.

Section 3
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Figure 2 This photomicrograph
shows a small part of one

heart muscle cell. The green
line surrounds one of many
mitochondria, the powerhouses
of the cell. The pink areas are
muscle filaments.

function (FUHNGK shuhn) the
special, normal, or proper activity
of an organ or part

structure (STRUHK shuhr) the
arrangement of parts in an organism

Figure 3 Some plant cells have
structures that allow the cells to
perform specialized functions.

130 Chapter 4

From Cells to Organisms

In a multicellular organism, such as a
human, different kinds of cells perform
different functions. These cells rely on
each other and work together to do all
of the activities needed for the organism
to live. Such cells must be well organized
in an organism. A multicellular organism
can have four levels of organization: cells,
tissues, organs, and organ systems.

Cells: The First Level of Organization

Cells in a multicellular organism can be specialized. A
specialized cell performs a specific function. The function of a
cell is the activity that the cell performs. The function of a
specialized cell relates to the cell’s structure. Structure is the
arrangement of parts in an organism. It includes the shape of a
part and the material of which the part is made. For example,
the cardiac muscle cell in Figure 2 is a specialized muscle cell.
Heart muscle cells have internal structures that contract and
that make the heart pump blood.

Plants also have cells that perform specific functions. For
example, a special type of cell is found in the layer between the
inside of a plant and the outside of the plant. These cells are
shaped like sausages, as Figure 3 shows. Pairs of these sausage-
shaped cells, which are called guard cells, control the size of
openings called stoma. The stoma allow gases, such as carbon
dioxide and oxygen, to move into and out of a leaf.

Guard cells

Stoma

Cells: The Basic Units of Life



Tissues: The Second Level of Organization

A tissue is a group of cells that work together to perform
a specific job. The material around and between the cells is
also part of the tissue. The cardiac muscle tissue, shown in
Figure 4, is made of many cardiac muscle cells. Cardiac muscle
tissue is just one type of tissue in a heart.

Animals have four basic types of tissues: nerve tissue, mus-
cle tissue, connective tissue, and protective tissue. In contrast,
plants have three types of tissues: transport tissue, protective
tissue, and ground tissue. Transport tissue moves water and
nutrients through a plant. Protective tissue covers the plant.
It helps the plant retain water and protects the plant from
damage. Photosynthesis takes place in ground tissue.

Organs: The Third Level of Organization

A structure that is made up of two or more tissues working
together to perform a specific function is called an organ. For
example, your heart is an organ. It is made mostly of cardiac
muscle tissue. But your heart also has nerve tissue and tissues
of the blood vessels that work together to make your heart
the powerful pump that it is.

Another organ is your stomach. It also has several kinds
of tissues. Muscle tissue in the stomach makes food move in
and through the stomach. Special tissues make chemicals that
help digest your food. Connective tissue holds the stomach
together, and nervous tissue carries messages back and forth
between the stomach and the brain. Other organs include the
intestines, brain, and lungs.

Plants also have different kinds of tissues that work together
as organs. The leaf of a plant is an organ that contains tissue
that traps sunlight energy to make food. Other examples of
organs in plants are stems and roots.

YLt he3e® What is an organ? (m)75.a

Figure 4 This
photomicrograph
shows cardiac muscle
tissue. Cardiac muscle
tissue is made up of
many cardiac cells.

tissue (TISH oo) a group of similar
cells that perform a common
function

organ (AWR guhn) a collection of
tissues that carry out a specialized
function of the body

IAATE) BRACTi

Imagine that you have a tiny,
box-shaped protist for a pet.
To care for your pet protist
properly, you have to figure
out how much to feed it. The
dimensions of your protist
are roughly 25 pm x 20 pm
x 2 ym. If seven food par-
ticles can enter through each
square micrometer of surface
area per second, how many
particles can your protist eat
in 1 min? Record you work in
your Science Journal.
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Figure 5 The
cardiovascular
system carries
blood to every
cell in your
body.

organ system (AWR guhn SIS tuhm)
a group of organs that work together
to perform body functions

Organ Systems: The Fourth Level of Organization

A group of organs working together to perform a particu-
lar function is called an organ system. Each organ system has
a specific job to do in the body. The cardiovascular system,
shown in Figure 5, includes organs and tissues, such as the
heart and blood vessels. The job of the cardiovascular system
is to transport blood throughout the body.

The digestive system is an organ system made up of sev-
eral organs, including the stomach and intestines. The diges-
tive system’s job is to break down food into small particles.
Other parts of the body then use these small particles as fuel.
In turn, the digestive system depends on the respiratory and
cardiovascular systems for oxygen.

Plants also have organ systems. They include leaf systems,
root systems, and stem systems.

Organisms

Multicellular organisms, such as plants and animals, have
levels of organization. Cells form the tissues, the tissues form
the organs, and the organs form the organ systems of a multi-
cellular organism. The levels of organization in a multicellular
organism are shown in Figure 6.

NNl FNe[d9 List the four levels of organization in multicellular
organisms. (752

Levels of Organization

Cell Tissue
Cells form Tissues form
tissues. organs.

g

Organ Organ system
Organs form And organ systems form
organ systems. organisms, such as you!
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Unicellular Organization

Prokaryotes, most protists, and some kinds of fungi are
unicellular. Although some of these organisms live in colo-
nies, they are still unicellular. These unicellular organisms live
together, and each cell in the colony is the same. However,
each cell must carry out all life processes in order for that cell
to survive. In contrast, even the simplest multicellular organ-
ism has specialized cells that depend on each other in order
to survive.

A slime mold is shown in Figure 7. A slime mold is a uni-
cellular organism in which individual cells can come together

Figure 7 Slime molds eat small

to form a large group.

-

SECTION

Review

Summary,

® Unicellular organisms have
only one cell.

® As a multicellular organism
develops, its cells differenti-
ate into specialized cells.

® Multicellular organisms are
made up of one or many
cells and can have a larger
size and a longer life than
unicellular organisms.

® The four levels of organiza-
tion in multicellular organ-
isms are cells, tissues,
organs, and organ systems.

® A tissue is a group of cells
working together. An organ
is made up of two or more
tissues working together. An
organ system is made up of
two or more organs working
together.

Using Vocabulary

© Use tissue, organ, and multi-
cellular in separate sentences.

Understanding Concepts

© Describing Describe the four
levels of organization in multi-
cellular organisms.

© Applying Explain how different
types of tissues work together
in the heart, an organ.

O Demonstrating The layer
between the outside of a plant
leaf and the inside of the leaf
contains specialized cells called
guard cells. How does the struc-
ture of guard cells relate to the
function of guard cells?

Critical Thinking

© Predicting Consequences
What would happen if the cells
of a developing plant did not
differentiate into guard cells?

© Making Inferences Why can
multicellular organisms be
more complex than unicellular
organisms?

organisms and break down
organic matter.

© Making Comparisons
Organisms need to perform life
functions. How do the ways in
which a multicellular organism
and a unicellular organism
perform life functions differ?

O Analyzing Shapes Multi-
cellular organism A is a cube.
Each of its sides is 3 cm long.
The volume of each of its cells
is 1 cm3. How many cells does
the organism have?

Challenge

© Applying Concepts Think of
an environment on Earth in
which you would expect to
find unicellular organisms but
no multicellular organisms. Why
are unicellular organisms able
to survive in this environment?

Internet Resources

For a variety of links related to this
chapter, go to www.scilinks.org

Topic: Organization of Life " N
SciLinks code: HY71080 y




Skills Practice [1£)

Observe the structure of a
eukaryotic organism.

Compare the structure of
several organisms.

MATERIALS J

« algae of the genus
Protococcus (or other algae)

eyedropper
microscope
saucer

slide, microscope, and
coverslip

water

SAFETY

=

7.1.b Students know the characteristics that
distinguish plant cells from animal cells, including
chloroplasts and cell walls.

7.1.¢ Students know the nucleus is the repository
for genetic information in plant and animal cells.

Investigation and Experimentation

7.7.a Select and use appropriate tools and
technology (including calculators, computers,
balances, spring scales, microscopes, and binoculars)
to perform tests, collect data, and display data.

7.7.d Construct scale models, maps, and
appropriately labeled diagrams to communicate
scientific knowledge (e.g., motion of Earth’s plates
and cell structure).

134 Chapter 4
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You have probably used a microscope to look at single-celled
organisms such as those shown below. These organisms can be
found in pond water. In the following exercise, you will look
at algae of the genus Protococcus, which form a greenish stain
on tree trunks, wooden fences, flowerpots, and buildings.

Paramecium

Euglena Amoeba

Procedure

o Locate some algae of the genus Protococcus. Scrape a small
sample into a container. Bring the sample to the classroom. If
you can't find these algae outdoors, look for algae on the glass
in an aquarium. Such algae may not be members of the genus
Protococcus but will be very good substitutes.

0 Mix the scraping in a few drops of water in a saucer. Draw up
the mixture with an eyedropper, and carefully squeeze one or
two drops onto a slide.

o Place one edge of the coverslip on one end of the slide face.
Hold the coverslip at about a 45° angle to the slide.

Cells: The Basic Units of Life



Protococcal cells

o Draw the edge of the coverslip along the slide
until the edge comes into contact with the
liquid. Gently lower the coverslip onto the
slide. Avoid trapping any air bubbles under
the coverslip.

© set the microscope on low power to examine
the algae. Draw the cells that you see.

© switch to high power to examine a single cell.
Draw the cell on a separate sheet of paper.

o You will probably see several chloroplasts in
each cell. Label a chloroplast on your drawing.
What is the function of the chloroplast?

© Another structure that should be clearly visible
in all the algae cells is the nucleus. Find a cell’s
nucleus, and label it on your drawing. What is
the function of the nucleus?

@) What does the cytoplasm look like? Describe
any movement that you see inside the cells.

Analyze the Results

(D Examining Data s a protococcus unicellular
or multicellular?

(@ Examining Data How does a protococcus
differ from an amoeba?

(@ Identifying Patterns How can you tell if a
protococcus is eukaryotic or prokaryotic?

Draw Conclusions

(@ Interpreting Results Discuss how the shape
of the cells and the structures within the cells
differ between a protococcus and an amoeba.

(@ Interpreting Results How does a protococ-
cus get its nutrition? Is this method different
from the method used by an amoeba?

(D Making Predictions If there were no light
for some time, predict whether the proto-
coccus or the amoeba would survive more
easily, and explain why.

Big Idea Question

(D Drawing Conclusions What cell parts were
you able to observe in the algae? Are these
cell parts found in all living organisms? Explain
your answer.
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Science Skills Activity

Scientific Data
Methods Research Analysis Models, Maps

&Diagrams

¥
- - . Investigation and
& Experimentation

= = 7.7.d Construct scale models, maps, and

COIIStI'lICtIng scale Dlagl'ams appropriately labeled diagramstozommunicate
scientific knowledge (e.g., motion of Earth’s

» Tutorial plates and cell structure).
Procedure © Once you determine the scale, the actual
When a scientist needs to study objects that are measurement divided by the scale gives you
too big or too small to fit on a piece of paper, he the measurement of the object in scale units.
or she uses a scale diagram. A scale diagram For example, to draw a scale diagram of a
shows the relationship between the size of the yeast cell, you might decide that one square
object shown on the diagram and the actual size unit, or scale unit on a piece of graph paper, is
of the object. The following procedure explains equal to 2 pm. Therefore, a yeast cell that is
how to construct a scale diagram. 10 pm in length would equal 5 scale units on

a piece of graph paper.
Scale: 1 scale unit:2 ym
10 ym + 2 pm = 5 scale units

@ Find the actual size
of the object. You
can measure the
object if it is big
enough, or do
research to find its
size. For example, if
you wanted to draw
a scale diagram of a
yeast cell, you might
research yeast cells
and find that the
longest yeast cell is  Yeast The longest
10 pm long. individual cell is

10 pm long.

© Mark the dimensions of your object in scale
units on a piece of graph paper. Draw the
object so that it begins and ends on the spots
that you marked.

7700

P> You Try It!

Procedure

Scale diagrams can be used to compare objects.
Construct a scale diagram of each cell shown
below. The photos were taken using a microscope.
Each photo has a different magnification. Use the
actual dimensions of the cells to determine the
measurement of the cells in scale units. Construct
your diagram on graph paper using the following
scale: 1 scale unit = 5 pm.

Euglena The aver-
age individual cell is
100 ym long.

Red blood cell
The average diam-
eter is 7 pm.
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Chapter;Summary;

o
The Blg Idea All organisms are composed of one or more cells.

go.hrw.com

SUPER SUMMARY
KEYWORD: HY7CELS

Cection ] Vocabulary |

o The Characteristics of Cells

Key Concept Cells function similarly
in all living organisms.

® The cell theory explains why cells are
important for living things.

® All cells have a cell membrane, cytoplasm,
and DNA.

® Prokaryotic cells and eukaryotic cells differ in
how their genetic information is contained.

A bacterium is a prokaryotic cell.

&) Eukaryotic Cells

Key Concept Eukaryotic cells have
organelles that perform important
functions.

® Eukaryotic cells have many cell parts—such as
cell membranes, a nucleus, and ribosomes—in
common.

@ Plant cells and animal cells have some cell
parts that are different.

A plant cell is made of many cell parts,
such as cell walls and chloroplasts.

&) The Organization of
Living Things
Key Concept As multicellular organisms

develop, their cells differentiate and form
levels of organization.

@ Unicellular organisms are made up of one cell, and
multicellular organisms are made up of many cells.

@ The cells of multicellular organisms can differentiate
to become specialized types of cells.

@ The levels of organization in multicellular organisms
are cells, tissues, organs, and organ systems.

The cardiovascular
system is an organ
system that delivers
blood throughout
your body.

cell p. 114

cell membrane p. 117
organelle p. 117
nucleus p. 117
prokaryote p. 118
eukaryote p. 119

cell wall p. 120
cytoskeleton p. 122
ribosome p. 123

endoplasmic reticulum
p. 123

mitochondrion p. 124
chloroplast p. 124
Golgi complex p. 125
vesicle p. 125
lysosome p. 126

organism p. 128
function p. 130
structure p. 130
tissue p. 131

organ p. 131

organ system p. 132
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Layered Book Review the
beginning of the chapter. Add to !
or correct the FoldNote based on
Using Vocabulary
© Academic Vocabulary Which of the
to the word structure?
a. evidence

FoldNote that you created at the

what you have learned.
following words is the closest in meaning
b. shape

¢. duty
d. location

Complete each of the following sentences by
choosing the correct term from the word bank.

cell organ

cell membrane prokaryote
organelles differentiate
cell wall tissue

© A(n) __is the smallest structural and
functional unit of living things.

© Two types of ___ are ribosomes and
mitochondria.

© During development, the cells of a multicel-
lular organism ___, which allows them to
be specialized.

© A(n) ___is a group of cells working together to
perform a specific function.

Understanding Concepts

Multiple Choice

© Which of the following best describes an
organ?
. a group of cells that work together to
perform a specific job
. a group of tissues that belong to different
systems
a group of tissues that work together to
perform a specific job
d. a body structure, such as muscles or lungs
138
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7.1.a, 7.1.b, 7.1.¢,
71d, 715, 7.5.a

© In eukaryotic cells, which organelle contains
the DNA?
a. nucleus
b. Golgi complex

¢. smooth ER
d. vacuole

© Which of the following statements is part of
the cell theory?
a. All cells suddenly appear by themselves.
b. All cells come from other cells.
¢. All organisms are multicellular.
d. All cells have identical parts.

© The surface area-to-volume ratio of a cell
limits
a. the number of organelles that the cell has.
b. the size of the cell.
¢. where the cell lives.
d. the types of nutrients that a cell needs.

@ Two types of organisms whose cells do NOT
have a nucleus are
a. prokaryotes and eukaryotes.
b. plants and animals.
¢. bacteria and archaea.
d. single-celled and multicellular organisms.

Short Answer
@ Listing Describe the four levels of organiza-
tion in multicellular organisms.

INTERPRETING GRAPHICS Use the diagram
below to answer the next three questions.

@ Analyzing Is this a plant or an animal cell?

@® Identifying Which letter identifies the
structure that captures sunlight energy for
photosynthesis?

@ Applying Which letter identifies the structure
that makes proteins and lipids and that con-
tains passageways through which substances
move from place to place in the cell?



@ Creative Writing \Write a paragraph from the
perspective of an organelle in a plant cell.
Describe which organelle you are and what
you do for the cell. Include information about
how your structure relates to your function.

Critical Thinking

@ Concept Mapping Use the
following terms to create a
concept map: cells, organisms,
Golgi complex, organ systems, O O

organs, nucleus, organelle,
and tissues.

@ Making Comparisons Compare the func-
tions of the endoplasmic reticulum with the
functions of the Golgi complex.

@ Evaluating Hypotheses One of your class-
mates states a hypothesis that all organisms
must have organ systems. Is your classmate’s
hypothesis valid? Explain your answer.

@ Predicting Consequences What would
happen fif all of the ribosomes in your cells
disappeared?

INTERPRETING GRAPHICS Use the diagram
below to answer the next question.

@ Making Inferences Describe what could
happen to an organism if the organ system
shown above failed to function properly.

@ Making Comparisons Compare how a
plant cell retains its shape to how an animal
cell retains its shape. Be sure to include in your
explanation which cell parts are used by each
type of cell to maintain its shape.

@ Making Comparisons Compare how a
eukaryote stores DNA to how a prokaryote
stores DNA.

@ Applying Concepts If you used a microscope
to observe a heart cell and a skin cell, would
you find that the two cells are exactly the
same? Explain your answer.

@ Expressing Opinions How do you think cell
differentiation affects an organism? Support
your answer with examples.

INTERPRETING GRAPHICS Use the diagram
below to answer the next question.

@ Analyzing Shapes What is the surface area—
to—volume ratio for a cell that has the shape
depicted in the diagram?

Challenge

@ Making Inferences A plant cell has chloro-
plasts that capture sunlight for photosynthesis.
Plant cells have mitochondria that release
energy that the cell can use to do work.
Animal cells have mitochondria but do not
have chloroplasts. How do animal cells get
the sugars that mitochondria use to release
energy?

Chapter Review
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REVIEWING ACADEMIC VOCABULARY

o Which of the following words is the
closest in meaning to the word liberate?

A constrain
B tolerate

C protect

D free

o Choose the appropriate form of the word
differentiate for the following sentence:
When cells ___, they become specialized.

A different
B differentiate
C differ

D differentiation

o Which of the following is the noun form
of the word illustrate?

A illustrated
B illustrate
C illustration

D illustrating

o Which of the following words means “the
arrangement of the parts of a whole™?

A structure
B function
C inclusion

D container

o Which of the following words means
“something that can be seen”?

A dominant
B visible
C identical

D process
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— 4.2.b, 5.2.¢, 5.2.f, 6.5.a,
71, 71.a, 7.1.b, 7.1.¢, 7.1.d,
> 114, 15,15.a

REVIEWING CONCEPTS

0 The cell theory has three parts. The first
states that all organisms are made up
of one or more cells. The second states
that the cell is the basic unit of all living
things. What does the third part state?

A Cells were discovered by accident.
B Single-celled organisms are protists.
C All cells come from existing cells.

D DNA is contained in a cell’s nucleus.

o Some cells have nuclei, and some do not.
Cells that have nuclei are called

A prokaryotic. € eukaryotic.

B archaea. D ribosomes.

0 Which part of the cell is pictured at
point A in the diagram above?

A cell wall C DNA

B flagellum D cell membrane

o Eukaryotic plant and animal cells have
many of the same organelles, but how do
these cells differ?

A Animal cells have cytoskeletons, and
plant cells do not.

B Animals cells have phospholipids, and
plant cells do not.

C Plant cells have ribosomes, and animal
cells do not.

D Plant cells have cell walls, and animal
cells do not.



@ Mitochondria are important organelles
within a cell. What would most likely
happen if a cell’'s mitochondria were not
functioning properly?

A The cell would use lysosomes to release
energy.

B The cell's level of ATP would decrease.

C The cell would create new mitochondria
by cell division.

D The cell’s level of sugar would decrease.

Cardiac Cardiac
muscle cell muscle tissue Heart
L\

m Which of the following choices correctly
completes the diagram above?

A Cardiac organ
B Connective tissue
C Cardiovascular organ system

D Human organism

@ What types of cells differentiate to
become specialized?

A the cells of multicellular organisms
B prokaryotic cells

C bacterial cells
D

the cells of unicellular organisms

@ Why are a plant cell’s chloroplasts green?
A because they trap sunlight
B because they contain chlorophyll
C because they make sugar
D because they have DNA

REVIEWING PRIOR LEARNING

Some unicellular organisms are
decomposers. Others, including some
bacteria, are

A protists. C eukaryotes.

B organelles. D producers.

@ Plants make their food through
photosynthesis. What substances
must plants have in order to begin
photosynthesis?

A sunlight, oxygen, and water

B sunlight, carbon dioxide, and water
C water and carbon dioxide
D

sunlight and oxygen

@ Multicellular plants have many
specialized structures. What function
does the xylem perform in multicellular
vascular plants?

A The xylem transports water and
minerals from the roots to the leaves.

B The xylem is the place where
photosynthesis takes place in a plant.

C The xylem breaks down sugar into a
form that plant cells can use.

Al

D The xylem is a woody tissue that fills the s
stem of a plant. =
=3

)

m How does energy enter an ecosystem? a
A as sunlight “
B as ATP a
7]

C as food o
“

D as prokaryotes ]
S

(-]

=

[
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Science
in Action

Scientific Discoveries

Discovery of the Stem Cell

What do Parkinson’s disease, diabetes, aplas-
tic anemia, and Alzheimer’s disease have in
common? All of these diseases are diseases
for which stem cells may provide treatment
or a cure. Stem cells are unspecialized cells
from which all other kinds of cells can grow.
And research on stem cells has been going on
almost since microscopes were invented. But
scientists have been able to culture, or grow,
stem cells in laboratories for only about the
last 20 years. Research during these 20 years
has shown scientists that stem cells can be
useful in treating—and possibly curing—a
variety of diseases.

Language Arts Bf—’li!_i,!y

Imagine that you are a doctor who treats
diseases such as Parkinson’s disease. Design
and create a pamphlet or brochure that you
could use to explain some of the methods
used to treat Parkinson’s disease. Include a
description of how stem cells might be used
to treat one of your patients who has Parkin-
son'’s disease. Be sure to include information
about Parkinson’s disease.
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Weird Science

Extremophiles

Are there organisms on Earth that can give
scientists clues about possible life elsewhere?
Yes, there are! Such organisms are called
extremophiles. They live where the environ-
ment is extreme in some way, such as in tem-
perature. Some extremophiles live in the hot
volcanic thermal vents of the deep ocean.
Other extremophiles live in the extreme
cold of Antarctica. Most extremophiles are
archaea, but some are bacteria, fungi, or
animals.

Social Studies B_ngi!!.,!y

Do some research about an extremophile,
and make a poster showing what you
learned about it, including where it can be
found, under what conditions it lives, how it
survives, and how it is used.




People in Science
Garoline Schooley

Microscopist Imagine that your assignment is the following: Go outside. Look

at 1 ft* of the ground for 30 min. Make notes about what you observe. Be prepared
to describe what you see. If you look at the ground with just your naked eyes, you may
quickly run out of things to see. But what would happen if you used a microscope to look?
How much more would you be able to see? And how much more would you have to talk
about? Caroline Schooley could tell you.

Caroline Schooley joined a science club in middle school. That’s when her inter-
est in looking at things through a microscope began. Since then, Schooley has spent
many years at the University of California at Berkeley teaching about the study of life
through a microscope. Schooley is a microscopist. A
microscopist is someone who uses a microscope to
explore the world of small things that cannot be seen
by the naked eye. And with today’s powerful electron
microscopes, microscopists can study things that we
could never see before, such as atoms.

\ v A Yy )
C J
math BETiViTy
An average bacterium is about 0.000002 m long. A
pencil point is about 0.001 m wide. Approximately
how many bacteria lined up end to end would fit

across a pencil point? Record your work in your
Science Journal.

’ :E Internet Resources

© To learn more about © To learn more about @ Check out articles
careers in science, visit ~ these Science in Action related to this chapter

v www.scilinks.org and topics, visit go.hrw.com by visiting go.hrw.com.
' enter the SciLinks code ~ and type in the key- Just type in the key-
HY70225. word HY7CELF. word HY7CELC.
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@5}, Chapter Preview

Improving Comprehension

Graphic Organizers are important visual tools that can help you organize
information and improve your reading comprehension. The Graphic Organizer
below is called a cause-and-effect map. Instructions for creating other types of
Graphic Organizers are located in the Study Skills section of the Appendix.

How to Make a Cause- When to Use a Cause-

and-Effect Map and-Effect Map

@ Draw a box, and write a cause in the box. A cause-and-effect map is a useful tool for
You can have as many cause boxes as you illustrating a specific type of scientific process.
want. The diagram shown here is one exam- Use a cause-and-effect map when you want to
ple of a cause-and-effect map. describe how, when, or why one event causes

© Draw another box to the right of the cause another event. As you read, look for events that
box to represent an effect. You can have are either causes or results of other events, and
as many effect boxes as you want. Draw draw a cause-and-effect map that shows the
arrows from each cause box to the appropri- relationships between the events.

ate effect boxes.

© In the cause boxes, explain the process that
makes up the cause. In the effect boxes,
write a description of the effect or details
about the effect.

Cells get energy
from the process of
photosynthesis.

Cells break down food

' Cells grow The organism
in the process of (9 qnd divide. »|  grows and
cellular respiration. develops.

Cells break down food
in the process of
fermentation.

You Try It!

This Reading Strategy can also be used within the chapter that you
are about to read. Practice making your own cause-and-effect map as
directed in the Reading Strategy for Section @M. Record your work in
your Science Journal.
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Unpacking the Standards

The information below “unpacks” the standards by breaking them down
into basic parts. The higher-level, academic vocabulary is highlighted
and defined to help you understand the language of the standards.
“What It Means” restates the standards as simply as possible.

California Standard Academic Vocabulary m

7.1.b Students know the
characteristics that distinguish plant cells
from animal cells, including chloroplasts
and cell walls.

Plant cells have some unique structures that
make plant cells different from animal cells.
These structures include chloroplasts and a

cell wall.

7.1.d Students know that
mitochondria liberate energy for the work
that cells do and that chloroplasts capture
sunlight energy for photosynthesis.

liberate (LIB uhr A1) to release; to set
free

energy (EN uhr jee) the capacity to do
work

Mitochondria release energy from sugar to
power the cell’s life processes. Chloroplasts
use energy from the sun to produce sugars
and oxygen.

7.1.e Students know cells divide to
increase their numbers through a process
of mitosis, which results in two daughter
cells with identical sets of chromosomes.

process (PRAH sks) a set of steps, events,
or changes

identical (ie DEN ti kuhl) being exactly
the same

Cells split to make more cells through a
process called mitosis. Through this process,
a single cell becomes two cells that have the
same genetic material.

7.2.e Students know DNA
(deoxyribonucleic acid) is the genetic
material of living organisms and is located
in the chromosomes of each cell.

located (LOH kavr id) to be in a certain
place

DNA is the material that determines what
traits are passed from one generation of
living things to the next. DNA is found in the
chromosomes of each cell.
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The Cell
in Action

The Cells carry out important life

Big functions, such as obtaining . |
d energy, growing, and 4
I €a making new cells.

California Standards

Focus on Life Sciences
7.1 All living organisms are composed of cells, from just one to many
trillions, whose details usually are visible only through a microscope.
(Sections 1 and 2)

7.2 Atypical cell of any organism contains genetic instructions that
specify its traits. Those traits may be modified by environmental
influences. (Section 2)

Investigation and Experimentation
7.7 Scientific progress is made by asking meaningful questions and

conducting careful investigations. (Science Skills Activity) ' o rg an i zZe ' ¥
Math :

7.1.1 Mathematical Reasoning
7.1.3 Number Sense

.-

Layered Book

Before you read this chapter, create the
FoldNote entitled “Layered Book." Label
the tabs of the layered book with “Photo-
synthesis,” “Cellular respiration,” “Fermen-
tation,” and “The cell cycle!” As you read
the chapter, write information that you
learn about each category on the appro-

i priate tab.

Instructions for creating

FoldNotes are located in

the Study Skills section

on p. 580 of the Appendix. —

English-Language Arts
7.2.1 Writing
7.2.3 Reading

About the Photo

This Elodea plant cell has been magnified to
be over 400 times as large as its actual size. At

this magnification, cell walls and round, green
chloroplasts are visible. Chloroplasts are the e —
site of photosynthesis, the process by which

plants use energy from the sun to make food.
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A
Explore Activity

The Purpose of Pigment

Chlorophyll is a green pigment found in the chloro-
plasts of plant cells. Chlorophyll gives plants their
green color. Sunlight stimulates the formation of
chlorophyll. Chlorophyll is important for photosyn-
thesis because chlorophyll absorbs energy from the
sun. In this activity, you will observe how chlorophyll
affects the appearance of a plant.

Procedure

1. Gather a large, presoaked lima bean and a
magnifying lens. A lima bean is actually the seed
of the lima bean plant.

2. Carefully remove the softened outer shell that
covers the seed. Gently separate the two larger
halves of the seed.

3. Use the magnifying lens to examine the
small plant between the two halves. Draw

what you see.

4. Examine the seedling supplied by your
teacher. Draw what you see.

Analysis

5. Compare the size and appearance
of the two plants.

6. Both of these samples
are the same type of
plant. Why are they
different colors?

7. Which plant is capable of
absorbing energy from the
sun? Explain your answer.

The Cell in Action

e
¢,
sy A 4

147




What You Will Learn

® In plant cells, chloroplasts capture
energy from the sun in order to
make food during photosynthesis.

® Cells release energy from food
through either cellular respiration or
fermentation.

Why It Matters

Understanding the differences in how
plants and animals obtain energy is an
important part of cell biology.

Vocabulary

* photosynthesis

« cellular respiration
« fermentation

READING STRATEGY

Graphic Organizer In your Science
Journal, create a Cause-and-Effect Map
about fermentation.

photosynthesis

(FoHT oh SIN thuh sis) the process by
which plants, algae, and some bacte-
ria use sunlight, carbon dioxide, and
water to make food

Wordwise The root phot- means
“light”"

Wordwise chloroplast
The root chlor- means “green.” The
root plast- means “to form.”

Figure 1 Photosynthesis
takes place in chloroplasts.
Chloroplasts are found

inside plant cells.

7.1.b Students know the characteristics that
distinguish plant cells from animal cells, including
chloroplasts and cell walls.

7.1.d Students know that mitochondria

liberate energy for the work that cells do and
that chloroplasts capture sunlight energy for
photosynthesis.
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Cell Energy

Key Concept All cells need energy to carry out cell
functions. However, cells may obtain and process energy
in different ways.

| Why do you get hungry? Feeling hungry is your body’s way
of telling you that your cells need energy. All cells need energy
to live, grow, and reproduce. Plant cells get their energy from the
sun. Many animal cells get their energy from food.

From Sun to Cell

Nearly all of the energy that fuels life comes from the sun.
Plants absorb energy from the sun and change the energy
into food through a process called photosynthesis. The food
that plants make gives them energy. This food also becomes
a source of energy for the organisms that eat the plants.

Photosynthesis

Plant cells have molecules that absorb light energy. These
molecules are called pigments. Chlorophyll (KLAWR uh Fip),
the main pigment used in photosynthesis, gives plants their
green color. Chlorophyll is found in chloroplasts.

Plants cannot use energy directly from the sun to perform
life processes. Instead, they use the sun’s energy to change
carbon dioxide and water into food. The food is in the form
of the simple sugar glucose. Glucose can be stored and used
by the plant’s cells. Photosynthesis also produces oxygen. The
chemical equation for photosynthesis is shown in Figure 1.

YLt he 399 What kind of cell has chloroplasts? (s 7.1.b

Photosynthesis

6CO, + 6H,0 + light energy —C,H,,0, + 60,

Carbon  Water
dioxide

Glucose  Oxygen

E Chloroplast
. X

V%

N

Plant cell



Getting Energy from Food

Animal cells cannot make their own food. Animals must

-

eat to get food. No matter how an organism gets food, the Q“ICk I.ab o
food must be broken down in the organism’s cells in order to i\;f/-
free the energy stored in the food. Even plant cells must break Currency of the Cell 7.4
down the food that they make during photosynthesis. 1. Some of the energy in

Cells can break down food in two ways. The first way is food is converted into ATP,
cellular respiration, a process that uses oxygen. The second way }’xrrlr'ﬁhc;mulﬁt?gﬁ: E:::
does not use oxygen. This process is called fermentation. Cellular ine the table that your
respiration releases more energy from food than fermentation teacher has drawn.
does. Most complex organisms, such as plants and animals, 2. Use the chart's data to
get most of their energy through cellular respiration. explain why ATP is referred

to as the energy currency

Cellular Respiration of the cell.

3. Why do you think that the
number of ATP molecules
varies so much?

4. If each glucose molecule

The word respiration means “breathing,” but cellular respira-
tion is different from breathing. Cellular respiration is a chemi-
cal process that happens in cells. In prokaryotic cells, cellular

respiration happens in the cell membrane. In eukaryotic cells, can produce 36 ATP, how
cellular respiration takes place mostly in the mitochondria. many molecules of glucose
During cellular respiration, food (such as glucose) is broken are needed to produce

down into CO, and H,O, and energy is liberated, or freed. In enough ATP to assemble
the protein molecule in

animals, most of the freed energy is used to keep a constant the chart?
body temperature. Some of the energy is used to form adeno-
sine triphosphate (ATP). Molecules of ATP supply readily avail-
able energy that fuels cell activities, such as growth.
The process of cellular respiration is shown in Figure 2.
Does the equation in the figure remind you of the equation cellular respiration
for photosynthesis? On the next page, Figure 3 shows how  (SELyoo luhr res puh RAY shuhn) the
photosynthesis and respiration are related. process by which cells use oxygen to

produce energy from food
MLl fN@ 199 Where does the process of cellular respiration take

place in eukaryotes, such as plants and animals? (e 70d fermenitation, (fuhr muhn TAY shuhn)

the breakdown of food without the
use of oxygen

Cellular respiration
C,H,,0, + 60, = 6CO, + 6H,0 + energy (ATP)
Glucose  Oxygen  Carbon  Water
dioxide

Mitochondrion - :. ' "

Figure 2 The mitochondria
in the cells of this cow will
use cellular respiration to
release the energy stored

in the grass.

ane ; T
Animal cell k; 0 4 -
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@ITZXED The Connection Between Photosynthesis and Respiration

Cellular respiration

Cellular respiration releases carbon
dioxide and water, which plant cells use
to make glucose. During photosynthesis,
oxygen is released.

Energy
(ATP)

Chloroplast

Photosynthesis

Photosynthesis makes glucose
and oxygen, which plant and
animal cells use to make ATP.
Cellular respiration releases
carbon dioxide and water.

Plant cell Animal cell
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Connection Between Photosynthesis and Respiration

As shown in Figure 3, photosynthesis changes CO, and
H,O into glucose. During photosynthesis, cells use energy from
the sun to make glucose. The process also releases O,. During
cellular respiration, cells use O, to break down glucose and to
free energy and CO,. Each process makes the materials that
are needed for the other process to occur.

Ynr e ye® List the products of cellular respiration. (g 7.1.d

Fermentation

Have you ever had a burning feeling in your leg muscles
while you were running? You may have these feelings during
short, fast races. When muscle cells cannot get the oxygen

ScHooL to Hope,

Calories and Energy

Mitochondria in your cells
change energy from the food
that you eat into ATP. Pack-
aged food lists the energy in
food but not in units of ATP.
Instead, the energy is listed
as Calories. Ask an adult to
help you find the number of
Calories in each serving of
your favorite food.

that they need for cellular respiration, they use the process
of fermentation to get energy. One kind of fermentation takes
place in your muscles and makes lactic acid. The buildup of
this acid leads to muscle fatigue and causes a burning feeling.
This kind of fermentation also happens in the muscle cells of
other animals and in some fungi and bacteria.

AeTiViTy

/F"

SECTION
Review

Summary,

® Most of the energy that fuels
life comes from the sun.

Using Vocabulary L Mathskills

@ \rite an original definition for
cellular respiration.

Understanding Concepts

© Applying How are photosyn-
thesis and cellular respiration
related?

© Concluding What type of cell

® The sun’s energy is changed has chloroplasts? How do chloro-
into food by the process of plasts affect the functions of the
photosynthesis, which occurs cell?
in the chloroplasts of plant

cells. Critical Thinking

® Cellular respiration breaks
down glucose into water,
carbon dioxide, and energy.

© Making Conversions Cells of
plant A make 120 molecules of
glucose per hour. Cells of plant
B make half as many molecules
of glucose as cells of plant A do.
How many molecules of glucose
does plant B make per minute?

Challenge

© Applying Concepts Your class-
mate suggests that chlorophyll is
not the only pigment contained
in plant cells. Is your classmate
correct? Explain your answer.

O Analyzing Relationships Why
are plants important for the sur-
vival of other organisms?

® Cellular respiration takes
place in the mitochondria
of plant and animal cells.

L Internet Resources
© Predicting Consequences

What would happen to an ani-
mal if all of its mitochondria
disappeared?

For a variety of links related to this
chapter, go to www.scilinks.org

Topic: Cell Energy; Photosynthesis N
SciLinks code: HY70237; HY71140

® Fermentation is a way that
cells get energy from their
food without using oxygen.




What You Will Learn

® Before a cell divides, it must make a
copy of its DNA.

® To increase their numbers, eukary-
otic cells divide through the pro-
cesses of mitosis and cytokinesis.

® Mitosis has four phases.

® Cytokinesis differs in animals and
plants.

® Cancer occurs when cells replicate
abnormally.

Why It Matters

Problems within the cell cycle can lead
to cancer.

Vocabulary

* cell cycle * cytokinesis
« chromosome + cancer

* mitosis

READING STRATEGY

Prediction Guide Before reading
this section, write each heading from
this section in your Science Journal.
Below each heading, write what you
think you will learn.

cell cycle (SEL SIE kuhl) the life
cycle of a cell

chromosome (KROH muh soHm) in a

eukaryotic cell, one of the structures
in the nucleus that are made up of
DNA and protein; in a prokaryotic
cell, the main ring of DNA

mitosis (mie TOH sis) in eukaryotic
cells, a process of cell division that
forms two new nuclei, each of
which has the same number of
chromosomes

cytokinesis (sier oh ki NEE sis) the
division of the cytoplasm of a cell

Figure 1 Bacteria reproduce by
binary fission. How will the new
cells compare to the parent cell?

152 Chapter 5

The Cell Cycle

Key Concept The cell cycle results in daughter cells, two
new cells that are exact copies of the original cell.

P In the time that it takes you to read this sentence, your body
will have made millions of new cells! Making new cells allows you
to grow and to replace cells that have died. Your stomach is so
acidic that the cells lining the inside must be replaced every few
days. Other cells are replaced less often, but your body is always
making new cells.

The Life of a Cell

As you grow, you pass through different stages in life. Your
cells also pass through different stages in their life cycle. The
life cycle of a cell is called the cell cycle.

The cell cycle begins when the cell is formed and ends when
the cell divides and forms new cells. Before a cell divides, it
must make a copy of its deoxyribonucleic acid (DNA). DNA is
the hereditary material that directs all cell activities, including
the making of new cells. The DNA of a cell is organized into
structures called chromosomes. Chromosomes are made up of
DNA and proteins. Copying chromosomes ensures that each
new cell receives all of the DNA of the parent cell. Each new
cell will be an exact copy of its parent cell. How a cell makes
more cells depends on whether the cell is prokaryotic (has no
nucleus) or eukaryotic (has a nucleus).

Making More Prokaryotic Cells

Prokaryotic cells are less complex than eukaryotic cells.
Bacteria, which are prokaryotes, have a single, circular chromo-
some. Also, they do not have membrane-enclosed organelles.
Cell division in bacteria is called binary fission, which means
“splitting into two parts.” Binary fission results in two cells,
each of which has one copy of the circle of DNA. A few of
the bacteria in Figure 1 are undergoing binary fission.

A
t.




Eukaryotic Cells and Their DNA

Prokaryotic cells have a single chromosome, but eukaryotic
cells have many chromosomes. Eukaryotes have more DNA
than prokaryotes do. Different kinds of eukaryotes have dif-
ferent numbers of chromosomes. More-complex eukaryotes do
not always have more chromosomes than simpler eukaryotes
do. For example, fruit flies have 8 chromosomes, potatoes have
48, and humans have 46. Figure 2 shows the 46 chromosomes
of a human body cell lined up in pairs. These pairs are made
up of similar chromosomes known as homologous chromosomes
(hoh MAHL uh guhs KROH muh sonmz). Although chromo-
somes vary in size, the homologous chromosomes in each pair
will be very similar.

NNl N9 lFd® How many chromosomes are in the cells of the
human body? (7.2

Making More Eukaryotic Cells

The eukaryotic cell cycle has three stages. In the first stage,
called interphase, the cell grows and copies its organelles and
chromosomes. After each chromosome is duplicated, the two
copies are called chromatids. Chromatids are held together at a
region called the centromere. The joined chromatids condense
into an X shape, as shown in Figure 3. After this step, the cell
enters the second stage of the cell cycle.

In the second stage, the chromatids separate. The process by
which chromosomes separate is called mitosis. During mitosis,
each new cell receives a copy of each chromosome. Mitosis
is divided into four phases: prophase, metaphase, anaphase,
and telophase.

In the third stage, cytokinesis, the cell splits into two cells
called daughter cells. Cytokinesis is the division of cytoplasm and
all of the materials in the cytoplasm. The new daughter cells
are exactly the same as each other and as the original cell. For
example, each daughter cell receives exactly the same number
of chromosomes.

Figure 3 This duplicated 2 v
chromosome consists of two g
chromatids. The chromatids }

are joined at the centromere.

. Chromatids

-

Centromere

Figure 2 Human body cells
have 46 chromosomes, or 23
pairs of chromosomes.

\IERNET ACTiViT)

Mitosis Adventure

How does a cell change dur-
ing a cell cycle? Describe cell
division from inside the cell.
Go to go.hrw.com, and type
in the keyword HY7ACTW.

7.1.b Students know the characteristics that
distinguish plant cells from animal cells, including
chloroplasts and cell walls.

7.1.e Students know cells divide to increase their
numbers through a process of mitosis, which
results in two daughter cells with identical sets of
chromosomes.

7.2.e Students know DNA (deoxyribonucleic acid)
is the genetic material of living organisms and is
located in the chromosomes of each cell.
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The Cell Cycle

Interphase Before mitosis Mitosis Phase 1 (Prophase) Mitosis Phase 2 (Metaphase)
begins, chromosomes are Mitosis begins. Chromosomes The nuclear membrane is
copied. Each chromosome condense from long strands dissolved. Paired chromatids
becomes two chromatids. into rodlike structures. align at the cell’s equator.

Mitosis and the Cell Cycle

Figure 4 shows the cell cycle and the phases of mitosis in
an animal cell. Mitosis has four phases, as shown and described
above. This diagram shows only four chromosomes to make
it easy to see what’s happening inside the cell.

Cytokinesis

In animal cells and other eukaryotes that do not have cell
walls, division of the cytoplasm begins at the cell membrane.
The cell membrane begins to pinch inward to form a groove.
Eventually, the cell is pinched in half, and two daughter cells
form. Cytokinesis is shown at the last step of Figure 4.

Eukaryotic cells that have a cell wall—such as the cells of
plants, algae, and fungi—go through cytokinesis differently. In
this kind of cell, a cell plate forms in the middle of the cell.
The cell plate contains the materials for the new cell mem-
branes and for the new cell walls that will separate the new
cells. After the cell splits in two, a new cell wall forms where
the cell plate was. The cell plate and a late stage of cytokinesis

Figure 5 When a plant cell

divides, a cell plate forms and in a plant cell are shown in Figure 5.
the cell splits into two cells. MOl FNe 49 What is the difference between cytokinesis in an

animal cell and cytokinesis in a plant cell? (g 71b
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Mitosis Phase 3 (Anaphase)
The paired chromatids sepa-
rate and move to opposite
sides of the cell.

Quick Lab

The Mitosis Flipbook

The process of mitosis involves four phases,
but the transition from one phase to the next
involves many intermediate stages. In this
activity, you will illustrate and assemble a flip-
book. The flipbook will show the phases and
intermediate stages of mitosis.

1. Punch two holes near the upper edge of 20
index cards.

2. Take four cards from your stack. List a differ-
ent phase of mitosis on each card.

3. Review the images above. Draw a diagram
of each phase of mitosis on the correct card.

4. Use colored pencils to make each
chromosome a different color. On each card
where the cell part is present, label one
example of the chromosome, centromere,
and nuclear membrane.

5. On the blank cards, draw the intermediate
stages between each phase. Show the grad-
ual transitions of mitosis by making small
changes on each card.

Mitosis Phase 4 (Telophase)
A nuclear membrane forms
around each set of chromo-
somes, and the chromosomes
decondense. Mitosis is
complete.

Cytokinesis In a cell that
lacks a cell wall, the cell
pinches in two. In a cell that
has a cell wall, a cell plate
forms and separates the cells
into two new cells.

6. Put your cards in order. Place a brad in each
hole to assemble your flipbook.

7. In what phase of mitosis does the nuclear
membrane dissolve?

8. This flipbook shows the actions of chromo-
somes, centromeres, and the nuclear mem-
brane during mitosis. Is it acceptable to
leave out what is happening to the rest of
the cell’s organelles? Explain your answer.

9. Why is it important for eukaryotic cells to
undergo mitosis?

@ 30 min
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Figure 6 The feedback switches of
cells work like traffic signals. A “go”
signal, like a green light, tells a cell to
start or continue a process. A “stop”
signal, like a red light, tells a cell to

end a process.

IAATiy BraScs
Uncontrolled Division

Cell A normally divides once
every two days. If control
mechanisms are not func-
tioning properly, cell A divides
6 times as fast. How many
hours does it take cell A to
divide when control mecha-
nisms are not functioning
properly? Record your work in
your Science Journal.

Interphase

Cytokinesis
vt Mitosis

-'-
ryw

"M'-

Control of the Cell Cycle

Most of a cell’s life is spent in interphase. During interphase,
parent cells replicate their chromosomes and organelles. But
what causes a cell to start or stop making copies of organelles
and chromosomes? These activities are controlled by feedback
switches.

Feedback Switches

Babies cry when they are hungry. Once they are fed, they
stop crying. Crying is a baby’s way of reporting conditions.
Cells report conditions in messages called feedback. A cell may
report that it needs more, has enough, or has too much of
a certain molecule. This feedback turns on a set of switches
that work like traffic lights. For example, if feedback indicates
that there is too much of a molecule, proteins assembling that
molecule get a “stop” signal. Thus, the production of the mol-
ecule stops. At the same time, proteins that break down the
molecule may get a “go” signal. Thus, the breakdown of the
molecule begins. This process continues until feedback indicates
that levels of the molecule are ideal.

The cell cycle is controlled by the feedback switches
shown in Figure 6. When feedback indicates that the cell is

healthy and large enough for division, proteins get the first
“go” signal. Organelles and chromosomes are copied. Then,
the cell prepares for division.

(el 0o 49 What feedback does the cell need in order to
prepare for cell division? 1.I.e

cancer (KAN suhr) a tumor in which
the cells begin dividing at an uncon-
trolled rate and can become invasive
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Cancer

The feedback switches that control the “stop” and “go” sig-
nals are proteins. A cell’s DNA carries the information needed
to make proteins. If the DNA is changed, the proteins also may
be changed. Thus, the proteins may not be able to control cell
growth and division. Cells may reproduce rapidly and form
clumps called tumors. Cancer occurs when tumors affect the
normal functions of the body.

There are more than a hundred kinds of cancer. All can-
cers are caused by the uncontrolled growth of cells. Figure 7
shows melanoma, the most deadly kind of skin cancer. Wearing
sunscreen and checking skin for abnormal moles may help
prevent skin cancer.

-

SECTION
Review

71b, 1,
& 7.2.e

® The life cycle of a cell is the
cell cycle.

© Comparing Compare the
organization of DNA in prokary-
otic and eukaryotic cells.

© Analyzing Why must chromo-
somes be copied before cells
divide?

© Describing Describe mitosis.
O summarizing Summarize the

® A cell copies its chromo-
somes during interphase.

® Mitosis produces two nuclei
that have the same number

© Predicting Consequences
of chromosomes.

® Mitosis has four phases:
prophase, metaphase,
anaphase, and telophase.

occurred without mitosis?

© Applying Concepts How does
mitosis ensure that a new cell is

® After mitosis, the cytoplasm identical to its parent cell?

is divided by cytokinesis into

two daughter cells. © Making Comparisons Com-
pare the processes that animal
cells and plant cells use to make
new cells. How are the processes

different?

® In plant cells, a cell plate
forms between the two new
cells during cytokinesis.
® Cancer is a disorder of cell
division. © |dentifying Relationships Do
more-complex organisms always
have more chromosomes than
simpler organisms do? How do
you know?

control methods of the cell cycle.
Critical Thinking

What would happen if cytokinesis

Figure 7 Cancer cells, such
as these melanoma cells, are
growing uncontrollably.

Understanding Concepts INTERPRETING GRAPHICS Use

the diagram below to answer the

next question.

P

” ; v
Y

o |

© Evaluating Data What step of
mitosis does this image show?
Describe what is happening.

@ Solving Problems Cell A takes
6 h to complete division. Cell B
takes 8 h to complete division.
After 24 h, how many more
copies of cell A than copies of
cell B are there?

Internet Resources
For a variety of links related to this
chapter, go to www.scilinks.org
Topic: Cell Cycle

SciLinks code: HY70235




Skills Practice [1£)

Observe cells in the phases of
mitosis.

Draw the phases of mitosis.
e microscope

o paper (4 sheets)
« prepared slide, onion-root tip

Onion root
tip

7.1.e Students know cells divide to increase their
numbers through a process of mitosis, which
results in two daughter cells with identical sets of
chromosomes.

7.2.e Students know DNA (deoxyribonucleic acid)
is the genetic material of living organisms and is
located in the chromosomes of each cell.

Investigation and Experimentation

7.7.d Construct scale models, maps, and
appropriately labeled diagrams to communicate
scientific knowledge (e.g., motion of Earth’s plates
and cell structure).

158 Chapter 5

Phases of Mitosis

Cell division is a step-by-step process that results in the forma-
tion of two identical daughter cells. All of the material inside
the parent cell must be replicated before the new daughter
cells can form. A cell’s nucleus is replicated by the process of
mitosis. Mitosis has four phases: prophase, metaphase, ana-
phase, and telophase. During each phase of mitosis, cell parts
follow a routine that results in the formation of two identi-
cal nuclei. You can observe mitosis in the cells of onion-root
tips. These cells reproduce often, so you can observe a large
number of them in the stages of cell reproduction.

Procedure

@ Use the microscope’s low-power setting to examine a
prepared slide of an onion root tip.

O Locate the growing region of the root tip.
Q Switch to the high-power setting.

© select the cells that are the best representatives of each of the
four phases of mitosis. Draw each cell on a separate sheet of
paper. Label the chromosomes, centromeres, and the nuclear
membrane on your drawings.

The Cell in Action



Analyze the Results

© Analyzing Data Which phase(s) have vis-
ible chromosomes? In which phase(s) are the
chromosomes invisible?

© Recognizing Patterns What feature of
metaphase is most visible?

@ Examining Data During which phase do the
two separate nuclei appear?

@ Examining Data In which phase(s) does the
cell have a visible nuclear membrane?
Draw Conclusions

@) Evaluating Results  Explain why the nuclear
membrane is visible in some phases of mitosis
but not in others.

(@ Interpreting Information Although chromo-
somes are not visible during interphase, the
cell still contains DNA. Where is the DNA and
why can't it be seen?

(D Making Predictions The cell's DNA doubles
during interphase. Suppose this increase in
DNA never occurred. How would this affect the
daughter cells produced during mitosis?

Big Idea Question

@ Interpreting Information Explain what
the term cycle means and how the meaning
applies to the cell cycle. Besides mitosis, what
are the stages of the cell cycle?
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Science Skills Activity

Models, Maps

Research & Diagrams

Data
Analysis

Scientific
Methods

Drawing Conclusions from Data

P> Tutorial

Investigation and
& Experimentation
7.7.c Communicate the logical connection
among hypotheses, science concepts, tests

conducted, data collected, and conclusions
drawn from the scientific evidence.

After scientists analyze the data from an experiment,
they can draw conclusions. Conclusions reveal what
was discovered through the experiment.

@ First, determine which question you want to
answer. Use your question to form a hypothesis.
Then, plan and carry out your experiment.

© Collect data and other observations during
your experiment. Your observations should also
include any problems that you encountered
during your experiment.

© Analyze your data. Complete mathematical cal-
culations if necessary. Be sure to use the
correct units.

P> You Try It!

(4]
o

o

Begin your conclusions with a brief summary
of your data. Describe what your data show.

Explain how your data relate to the question
you were trying to answer. Be sure to use the
data that you collected, not the data that you
expected to collect.

Explain any errors or problems that occurred
during experimentation. Major problems can
result in incorrect data. Incorrect data can lead
to incorrect conclusions.

Why do we put food in the refrigerator? Perishable
foods—foods that can go bad, such as meat—can
support the growth of thousands of bacteria. Some
bacteria, such as Escherichia coli, can cause sick-
ness and even death when people eat foods
contaminated by these bacteria. At cool tempera-
tures, the chemical processes that lead to cell
growth and division are slowed down or stopped.
This environment helps control bacterial popula-
tions. Use the data in the table below to draw
conclusions and to answer the following questions.

Bacterial Growth on Food X
at Various Temperatures

Drawing Conclusions Analyze the table.
Write a conclusion paragraph about the data.
Begin with a summary of the data. What do
the data show?

Examining Data Explain any problems that
occurred in the data. Are the data valid? Why
or why not?

Defending Conclusions Explain why each of
the following conclusions CANNOT be drawn
from the data: (a) bacteria grow faster on food
X than on food Y, (b) you will get sick if you
eat food X left at 30°C for one day, and (c)
storing food X at a temperature of 15°C leads

Starting Growth Observations to fewer bacteria than storing it at 10°C.
temperature after 24 h | of refrigerator O Applying Conclusions Does this experiment
(°C) (% increase) | performance indicate that refrigeration slows the processes
e o .
30 42 normal of cell growth and division? Explain your
answer.
20 20 normal
15 5 normal
10 9 broke down
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Chapter;Summary;

= Cells carry out important life functions, such as
The Blg Idea obtaining energy, growing, and making new cells.

go.hrw.com

SUPER SUMMARY
KEYWORD: HY7ACTS

Cection ] Vocabulary |

&) Cell Energy

Key Concept All cells need
energy to carry out cell functions.
However, cells may obtain and
process energy in different ways.

@ |n plant cells, chloroplasts capture
energy from the sun in order to make
food during photosynthesis.

@ Cells release energy from food
through either cellular respiration
or fermentation.

&) The Cell Cycle

Key Concept The cell cycle results
in daughter cells, two new cells that
are exact copies of the original cell.

@ Before a cell divides, it must make a
copy of its DNA.

@ To increase their numbers, eukaryotic cells

divide through the processes of mitosis
and cytokinesis.

® Mitosis has four phases.

@ Cytokinesis differs in animals and plants.

® Cancer occurs when cells replicate
abnormally.

Mitochondrion

s v
N7
i

Eukaryotic cells, such as this
animal cell, carry out cellular
respiration in mitochondria.

Telophase is the last phase of mitosis.

photosynthesis p. 148

cellular respiration
p. 149

fermentation p. 149

cell cycle p. 152
chromosome p. 152
mitosis p. 153
cytokinesis p. 153
cancer p. 157
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Layered Book Review the Fold-

Note that you created at the begin- -
ning of the chapter. Add to or ;
correct the FoldNote based on P
what you have learned.

Using Vocabulary

© Academic Vocabulary In the sentence “The
process of photosynthesis converts energy
from the sun into food,” what does the word
process mean?

Complete each of the following sentences by
choosing the correct term from the word bank.
cellular respiration
photosynthesis
fermentation

© Plants use ___to make glucose.

© During __, oxygen is used to break down food
molecules, releasing large amounts of energy.

For each pair of terms, explain how the meanings
of the terms differ.

O cytokinesis and mitosis

© cellular respiration and fermentation

Understanding Concepts

Multiple Choice

© What is the result of mitosis and cytokinesis?
a. two identical cells
b. two nuclei
¢. two chloroplasts
d. two different cells

© Before a cell can use the energy in food, the
energy must be transferred to molecules of
a. proteins.
b. carbohydrates.
c. DNA.
d. ATP.

162 Chapter 5 The Cell in Action

7.1.b, 7.1.d,

© Which of the following cells would form a cell
plate during the cell cycle?
a. a human cell
b. a prokaryotic cell
¢. a plant cell
d. All of the above

Short Answer

© Identifying Name the cell structures that are
needed for photosynthesis and the cell structures
that are needed for cellular respiration.

@ Describing Describe the three stages of the
cell cycle of a eukaryotic cell.

@ Listing List in order the four phases of
mitosis.

@ Evaluating How many pairs of chromosomes
do humans have?

INTERPRETING GRAPHICS The picture below
shows a cell. Use the picture to answer the next
question.

@® Classifying Does the picture show a plant
cell or an animal cell? How do you know?

@ Writing a Biography Write and illustrate the
biography of a cell. The biography can be
humorous or serious, but it should include
accurate descriptions of how cells grow and
reproduce.



Critical Thinking

e

@ Applying Concepts A parent cell has
10 chromosomes. How many chromosomes
will each new cell have after the parent cell
divides?

@ Identifying Relationships How is DNA
related to cancer? How are chromosomes
related to cancer?

@ Concept Mapping Use the
following terms to create a
concept map: chromosome
duplication, cytokinesis,
prokaryote, mitosis, cell cycle,
binary fission, and eukaryote.

@ Analyzing Processes How is ATP involved
in cellular respiration? What would happen to
cells if ATP did not exist?

@ Making Comparisons How are chlorophyll
and chloroplasts related, and where are they
found?

@ Applying Concepts How are mitochondria
related to ATP?

INTERPRETING GRAPHICS Use the table below
to answer the next two questions.

Cell Characteristics

Cell Number of Presence of
chromosomes chloroplasts
A 12 no
B 12 yes
C 10 yes
D 12 yes

@ Evaluating Data Two of these cells came
from the division of one parent cell. Which two
cells came from the same parent cell? Explain
your answer.

@ Applying Concepts Which of the cells does
NOT form a cell plate during cytokinesis? How
do you know?

@ Predicting Consequences What would hap-
pen to a cell if it were unable to use feedback?

INTERPRETING GRAPHICS The image below
shows a cell. Use the image to answer the next
four questions.

@ Applying Concepts Is the cell prokaryotic or
eukaryotic?

@ Evaluating Data Which stage of the cell
cycle is this cell in?

@ Identifying Relationships What will hap-
pen to the cell after this stage is complete?

@ Applying Concepts Assume that 12 chro-
matids are present in the image above. How
many chromosomes will be present in each of
the new cells after the cell divides?

@ Making Calculations Cell A converts 80%
of its food into usable fuel. Cell B is not as effi-
cient as cell A. Cell B converts only half the
amount of food into fuel as cell A does. What
percentage of food does cell B convert into
fuel? How many grams of fuel will cell B make
if cell B starts with 150 g of food?

Challenge

@ Identifying Relationships Describe the
path of energy conversions, beginning with
light energy from the sun and ending with the
energy in your muscles.

Chapter Review

163



Sta

REVIEWING ACADEMIC VOCABULARY

o Which of the following words is the
closest in meaning to the word identical?

A related
B common
C duplicate
D woven

o Choose the appropriate form of the word
locate for the following sentence: Genetic
information is ___in the nucleus of a cell.

A locates
B locative
C located
D

location

o Which of the following sets of words best
completes the following sentence: A cell’s
traits may be ___ the environment.

A modify with
B modified by
C modifying

D modifies in

o Which of the following words means “to
release or to set free”?

A liberate
B characterize
C function
D specify
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m 4.2.a, 6.5.¢, 7.1.b, 7.1.c,
@ 71d, 7.1.e, 7.2, 7.2.e

REVIEWING CONCEPTS

e The diagram above shows a plant cell.
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