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Using Energy

The
Big What form does energy have?
Idea

Answers will vary. Accept reasonable responses.

Pitch perceptual
quality which allows S
the distinction
between high and
low frequency
sound waves

Prism a cut piece of
clear glass or plastic
in the form of a
triangle or other
geometric shape

"

photon a tiny
bundle of energy by
which light travels

Volume the
strength or
weakness of
sound

sound wave a
series of
rarefactions and
compressions
traveling through
a substance
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Before reading this chapter, write down what you already know in
the first column. In the second column, write down what you want
to learn. After you have completed this chapter, write down what
you learned in the third column.

What We Know What We Want to Know What We Learned
There are different How is sound Sound travels as
types of sounds. Some produced? longitudinal waves
are high while others through a medium.
are low.

Light comes from What is light made of? Light is made of

the Sun, fire, and vibrating electric

lightbulbs. and magnetic
energy.

Copyright © McGraw-Hill Education
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Look and Wonder

A cloud forms as this jet breaks the sound barrier and creates a
sonic boom. What do you think you might feel if you were near a
sonic boom?

Possible answer: You would feel a very loud vibration that could

severely damage your hearing.

m What are the properties of sound?

Answers will vary. Accept reasonable responses.




What makes sound?

Form a Hypothesis

When you pluck the rubber band on the “instrument” shown, it
makes sound. How will this sound depend on the way you pluck
the rubber band? Write your answer in the form “If the rubber band
is plucked with increasing force, then the sound...”

Possible answer: If the rubber band is

plucked with increasing force, then the sound

- goggles

will be louder.

- paper cup

- toothpick

Test Your Hypothesis

o /\ Be Careful. Wear goggles. Make a rubberband
“instrument” as shown. Poke a small hole in the bottom of the
cup with a toothpick. Tie one end of a cut rubber band to the
toothpick. Thread the toothpick through the hole in the
cup. Tie the stretched rubber band to the ruler and tape
the ruler to the cup.

9 Observe Wrap one hand around the cup while you
pluck the rubber band. What do you hear and feel?
Record your observations.

The instrument makes sound. The cup

vibrates.

- rubber band
- wood or plastic ruler

- masking tape

) Pluck the rubber band both gently and forcefully.
Record how the sound is affected. Repeat your actions
to verify your results.

The sound is softer when | pluck the rubber

band gently. The sound is louder when | pluck

the rubber band harder.

426
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Inquiry Activity
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Draw Conclusions

o Interpret Data Did your observations support your hypothesis?
Explain.

Possible answer: Yes, the sound got louder as | plucked the rubber

band harder.

e Infer How do you think your rubberband “instrument” made sound?
Use your observations from step 2 to help you.

The instrument makes sound by having the vibrations of the rubber band

transfer to the cup and move the air around the instrument.

More

How will stretching the plucked rubber band affect whether the pitch is
high or low? Write out your hypothesis. Then carry out experiments
to test it.

Possible answer: My hypothesis is that if the rubber band is stretched more,

the pitch will be higher. | will stretch the rubber band three different ways:

loosely, more tightly, and then very tight. | will listen for the sound it makes.

My results show that my hypothesis is right: pitch increases when the rubber is

stretched tightest.

427
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How is sound produced? 28 cegios ofair )
Have you ever noticed the sound from a low-flying a’ that have many

jet rattling the dishes in the kitchen? Perhaps you've particles are called

noticed something similar when someone plays a stereo )

system too loudly. What causes objects to shake when A. rgrechtlons

there are loud sounds nearby? é) \c’:lcl)Dr:?t:'cgzions
When an object makes sound, it vibrates back and D. eneng )

forth. The vibrations of a drum alternately squeeze air

particles and then spread them out. This creates regions

of air that have many particles, called compressions

(kum«PRE-.shunz), and regions of air that have few particles,

called rarefactions (rer-uh-FAK.shunz). The compressions

and rarefactions move through the air, carrying sound energy.

Each region of the air is only moved back and forth.

compression

rarefaction

Sound waves vibrate
in the same direction
that they travel.

:
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Vibrations caused by the
helicopter blades produce
loud sound waves.

The density of the
air, but not the air
itself, moves.

Ry

dip

The density of the
air can be shown
as a series of
peaks and dips.

A series of rarefactions and compressions traveling
through a substance is called a sound wave. The
substance through which the wave travels is called
the medium for the wave. Like all waves, sound waves
carry energy. When they pass through a medium, the
medium is not permanently moved. Energy, however, is
permanently moved from one place to another.

Sound waves vibrate the medium in the same
direction that the energy moves. They are called
longitudinal (lahn«juh-TEWD-nul) waves. We can
also represent sound waves as a series of peaks
and dips. The peaks show the high density of air in
compressions. The dips show the low density of air
in rarefactions. However, remember that air does not
move up and down like the peaks and dips.

When sound waves hit an object, the object starts
vibrating. The object is moved by the energy of the
wave. This is how sound from a loud airplane or stereo
rattles dishes. You can feel the vibrations caused by
such loud sounds.

0 Quick Check

1. Describe the density of air in a closed room
when music is played.
Possible answer: As the sound waves pass

any point in the room, the density of the air

will alternately increase and decrease as

compressions and rarefactions pass through.

429
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How does sound travel?

Sound can travel through solids, liquids,
and gases. In fact, sound tends to travel with
the greatest speeds in solids and the slowest
speeds in gases. For example, sound travels
through steel at almost 6,000 m/s. But sound
travels through air at only 343 m/s.

These differences in the speed of sound
result from how far apart the particles are.
The particles carry sounds energy, and their
collisions are how sound energy travels. In a
solid, the particles are close together so they
quickly collide and move sound. In gases,
particles are far apart. Collisions are less
frequent, so sound travels more slowly.

The temperature of the medium also
affects the speed of sound. In warmer air,
particles move faster. As a result they collide
more often and transmit sound faster.

Can sound travel in an area without any
particles? No, sound cannot travel without a
medium. For example, outer space has few
particles, so there is no medium for sound
to travel through. Outer space is a vacuum
(VA-kyewm), a region that contains few or no
particles.

Sound cannot travel through
outer space.

J
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Changing How Sound Travels

Have you ever been in a soundproof
room? The walls in these rooms are
often covered with a soft, thick, uneven
material. When a sound wave hits the
material, the energy of the wave is
absorbed. Absorption (ubsSORP-shun)
is the transfer of energy when a wave
disappears into a surface. Absorbed
sound waves become thermal energy
on that surface.

When sound waves hit a flat, firm
surface, much of their energy bounces
back. Have you ever heard an echo?
Echoes are sound waves that have
reflected back to the speaker (source).
Reflection is the bouncing of a wave
off a surface. Whenever a sound wave
reflects off a surface, some of it is
absorbed. This is why echoes are never
as loud as the original sound wave.

The walls of this room are
made to absorb sound.

,LQuick Lab )

To learn more about how
different mediums
transmit sound, do the
Quick Lab in the activity
workbook.

0 Quick Check

1. A friend says echoes are scary
because they sound softer than
regular voices. Which part
of this statement is fact, and
which is opinion?

That echoes are softer than

regular voices is a fact. That they

are scary is an opinion.

2. How would putting your ear to the
floor let you hear a sound sooner
than you would hear it in the air?

The speed of sound in a solid is

generally faster than the speed of

sound in air. So, listening through

the solid floor may allow you to

hear a sound sooner than listening

through air.

431
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What is pitch?

How high can you sing a note? How low can you sing a note?
What is changing when you go from singing a high note to a low
note? The sound wave that reaches your ears is different. The series
of peaks and dips in the wave get closer together as you sing higher
notes. Frequency (FREE-kwunssee) is the number of times an object
vibrates per second. Its units are cycles per second (1/s) or hertz (Hz).
High notes have a greater frequency than low notes.

Pitch is the perceptual quality which permits the distinction
between a low freuency sound and a high frequency sound. In
music, pitch is often given a letter name of “C,” “D,” “E,” “F,” “G,” “A)”
or “B” The series repeats itself so that the eighth note is “C” again. A
series of eight notes is called an octave (OK.tiv).

Pitch and frequency are two different ways to describe sound
waves. Pitch is the way our ears perceive frequency. It is closely
related to the number of peaks in a sound wave.

1 2 3 4 5 6 600 Hz
High-frequency f
sounds have
peaks close
together.

2

com

Low-frequency sounds 1 2 200 Hz
have peaks far apart.

1/100 second

432
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Doppler Effect

Read a Photo F—

Would this train’s whistle sound
higher or lower in pitch than
normal?

Clue: Is this train moving toward
or away from you?

The pitch of the train whistle

would sound higher than

normal because the train

would be moving toward

you. This is an example of

Changing Pitch
To make a sound higher in pitch, the Doppler effect.

increase the number of times it vibrates
each second. On a string instrument,
shortening the string increases pitch.
On a wind instrument, shortening the
tube increases pitch. A shorter tube
produces a higher pitch because the
qir inside vibrates faster.

You can increase the frequency of
a sound wave by moving toward it.
Frequency is just the number of peaks
of a wave per second. If you move
toward a wave, you will hear the peaks
quicker than if you were standing still. 0 Quick Check
If you move away from a wave, the
peaks arrive at your ear more slowly
and the pitch is lower.

The pitch of a trombone changes with
the length of its tubes.

3. How do you think you change the
pitch of your voice?

You change the pitch of your voice

A change in frequency due to
moving toward or away from a wave
is called the Doppler effect (DAH«pluhr
i«FEKT). Any movement can cause a
Doppler effect, but only fast speeds

will change a pitch enough to be the sound, and relaxing lowers it.
noticed by you.

by tightening or relaxing the vocal

cords. Tightening raises the pitch of

433
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What is volume?

Pretend you are in a room when
someone turns up the volume on a radio
too much. Is it easy to hear other noises?
What makes a sound so loud?

Volume refers to the strength or
weakness of sound. If you hit a drum
with force, it produces a loud sound or
noise, but if you hit it gently, the sound it
produces will be lower.

Sound travels in air as a series
of compressions and rarefactions.
Compressions are represented by peaks
while rarefactions are represented by dips.

The amplitude (AM-.pluh-tewd) is the
maximum displacement moved by particles
of the medium away from their equilibrium
position. The loudness, or volume, of a
sound depends on the amplitude of the
sound’s waves.

Scientists measure the volume of
sounds with decibels (dB). Sounds above
85 decibels damage your hearing. Wear
earplugs if you are near loud sounds!

Volume of Sounds )

Decibel Level Sound \
180 dB rocket engine at 30 m (98 feet)
130 dB zgrer:r(\%dfeo;t;))aln, train horn at
120 dB rock concert
110 dB chainsaw at 1 m (3.3 feet)

100 dB jackhammer at 2 m (6.6 feet)
85 dB threshold of damaging hearing
80 dB vacuum cleaner at 1m
60 dB normal conversation
50 dB rainfall
30dB theater (without talking)
10 dB human breathing at 3 m (10 feet)
0dB threshold of human hearing
(with healthy ears)

N
Read a Table )

Could the sound from a rocket engine 30 m
away cause pain in your ears?

Clue: Compare the volume for the rocket
engine and the threshold of pain.

Yes, because the volume of the sound

of the rocket engine is 180 dB, and the

threshold of pain is 130 dB, which is lower.

small amplitude (quiet)

434
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Changing Volume

You can make sounds louder by
using more energy. For example, you
can pluck a string harder, use more air in
your voice, or hit a drum with more force.
The extra energy increases the density
of the particles in the compressions. Also,
the rarefactions will be less dense than
before.

Changing the medium of a sound
wave will also change its amplitude. A
wave in a dense material will have a
smaller amplitude than in air. The wave,
however, will have the same amount of
energy. Even though the amplitude is
smaller, there are more particles moving
in the wave.

The volume of a sound will be
smaller the farther you travel from its
origin. Why? Think of ripples in a pond.

At their center, the ripples are high,

but as they expand outward, they get
smaller. The same amount of energy in
the wave is being spread out over an
increasingly larger area. As you move
away from the origin of a sound, the
energy in the wave at any point gets
smaller. Less energy means less volume,
and you hear the difference.

0 Quick Check

4. You hear the sound of a drum as
45 dB, then 55 dB, then 65 dB.
How might this be happening?

Possible answers: The drum might

be beating harder to produce

louder sound waves; the drum

might be moving toward you.

435
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What is echolocation?

Echoes can be useful. Bats, for
example, make sounds that echo off of
their prey. The returning echoes tell the
bat where the prey is located. Finding
food or other objects in this manner is
known as echolocation. Whales and
dolphins also use echolocation to orient
themselves and to find food.

Scientists have developed a system
called sonar that works like echolocation
does for animals. Sonar stands for
“sound navigation and ranging.” It is
used under water to find objects. The
sonar system sends out sound waves
that reflect off of objects. It then detects
the reflected sound waves. The return
time and direction of the sonar echoes
are used to calculate the location of the
object.

436
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Boats use sonar to find
objects under water.

0 Quick Check

5. Could sonar work on land? Why
or why not?

Possible answers: Sound waves

travel through land as well as

water, so sonar could work on

land. Ultrasound, which uses

technology similar to sonar, is

used in medicine.

ion Larry y Images
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Visual Summary
Complete the lesson summary in your own words.

Vibrations Possible answer: Vibrating objects

produce sound waves in a medium.

Sound Waves ossible answer: Sound waves may

be transmitted, absorbed, or reflected by materials

or objects

pitch Fossible answer: As the frequency of a

sound wave increases, the pitch becomes higher.

438
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Think, Talk, and Write

& Vocabulary The substance through which a wave travels is called
aln) medium ]

9 Fact and Opinion Should you wear earplugs while using a vacuum
cleaner? Support your opinion with facts.

Fact Opinion
The sound of a vacuum Earplugs are not necessary
cleaner is not loud enough to when using a vacuum cleaner.
damage your ears.

© critical Thinking Is there more energy in a 30 dB or 40 dB sound
wave? Why?

There is more energy in the 40 dB sound wave because decibels measure

the volume of a sound wave and the louder a sound wave is, the more

energy it has.

o Test Prep At what volume do sounds start damaging hearing?
A 10decibels ()85 decibels

B 65 decibels D 150 decibels

9 Test Prep An echo is an example of a sound wave being
A transmitted. @reﬂected.

B absorbed. D surfed.

RGOS What are the properties of sound?

A sound wave is a series of rarefactions and compressions traveling through

a medium. Pitch is the perceptual quality which permits the distinction between

a low freuency sound and a high frequency sound. The volume of sound

depends on the amplitude of the sound’s waves.

439
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Be a Scientist

How can you change a

&_\ sound?

scissors Form a Hypothesis

Increasing or decreasing the number of vibrations
per second changes the pitch of a sound. For
example, the highest notes on a guitar are

played when the strings vibrate the fastest. For
/ instruments that have tubes, the length of each
tube determines how quickly air inside it vibrates.

How does the length of a tube affect the pitch
of sounds it makes? Write your answer as a

hypothesis in the form “If the tube of a wind ] ] ]
instrument is shortened, then the pitch... ” a wind instrument is shortened,

10 straws

Possible hypothesis: If the tube of

then the pitch will get higher.

masking tape Test Your Hypothesis

Lnu Images

5)C Squared Studios/

o Make a Model Use scissors
to cut a straw to a length of 15
centimeters.

9 Cut the next straw to be 1
cm shorter than the last one.
Repeat this procedure until all

of the straws are cut. The last S, = .
straw should be 6 cm long. e L ’
6 Lay the straws on the table in

order of size. Place a piece of
tape over all the straws.

Copyright © McGraw-Hill Education r 0
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o Experiment Hold the instrument to your mouth, and blow across the
straws to create sound.

Draw Conclusions

o Observe What do the shortest and longest pipes sound like? Did your results
support your hypothesis? Why or why not?

The shortest pipe has the highest pitch, the longest pipe has the lowest

pitch.

e Infer Would the 12 cm straw sound identical to the 6 cm straw if it was cut

in half? Why or why not?

The straws should sound the same because they’re now the same size

and shape.
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Light from the Sun hits Earth at an angle. What kind of path do you
think it follows to get here?

Look

The light from the Sun travels in a straight path to reach Earth. Earth’s

rotation and tilt affect the angle at which we see the light hitting Earth. 1;
L
=
Essential Question How does light travel and interact with
b matter? 3
;: Answers will vary. Accept reasonable responses. ; 5




What path does the light follow?

Form a Hypothesis

When you look in a mirror, you see light that travels to the
mirror, bounces off, and travels to your eye. How does the
angle of the light hitting the mirror compare to the angle of
the light bouncing to your eye? Write your answer in the form
“If the angle at which light strikes a mirror decreases, then...”

Possible hypothesis: If the angle at which light

strikes a mirror decreases, then the angle

of the light bouncing to your eye will also

decrease.

Test Your Hypothesis

o Using two pieces of tape, form a large letter T. Place
the mirror upright at the top of the T. Stick each
pencil, point down, into an eraser so that they can
stand up on their own.

masking tape
flat mirror
2 pencils

2 erasers

protractor

9 Experiment Place a pencil on the left side of the T.
Place your head on the right side. Move your head
until the pencil appears to be in the center of the
mirror at the top of the T. Now place the second
pencil so that it completely blocks your view of the
first pencil in the mirror.
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Draw Conclusions

e Measure Move the mirror and place a protractor at the top of the T.
Find the angle between the top left of the T and the first pencil. This is
your independent variable. Find the angle between the top right of the
T and the second pencil. This is your dependent variable.

o Repeat steps 2 and 3 three more times, moving the first pencil farther
from the T each time.

e Interpret Data Look at the angles you measured. Did your data
support your hypothesis? Why or why not?

The angle between each pencil and the surface of the mirror was the same.

The hypothesis was correct.

ISR viore

What would happen if one pencil was close to the mirror while another was
far away? Would the angles change? Write a hypothesis and carry out an
experiment to test it.

Possible hypothesis: The angles will not change if you change the distance to

the mirror. Experiments will vary: check for clarity of procedure.
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Where do Light waves

= Draw a circle ==
come from? - around the word
Light from the Sun travels to Earth (about 150 million that is used to
km) in only 8 ;7 minutes! Light is made of vibrating dgscribe the
electric and magnetic energy. This energy travels as distance between
a wave—it has both frequency and amplitude, and is one peak and the
called an electromagnetic wave. Light waves vibrate L next wave. J
in the direction perpendicular to the direction of their
motion.

In fact, light waves can travel with or without a
medium. In a vacuum, light travels very fast—about
300,000 km/s. Light travels slightly slower through
transparent mediums like air, water, or glass. In glass, for
example, light travels about 197,000 km/s. The speed of
light is so fast that some scientists think nothing travels
faster.

(WAYV-length) is the distance between

one peak and the next in a wave. When you multiply
the wavelength of a wave by its frequency, you get the
speed of that wave.




y Images

Hill
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Light Is Also a Particle

Although light is a wave of energy, it
is also a particle. How can something be
both a wave and a particle? Scientists
were confused about this question for a
very long time. They performed many
experiments and found that light has
properties of bothwaves and particles, so
they concluded it was both.

Light is like a particle in several ways.
It travels in straight lines called light rays.
Light does not have mass like a particle,
but it does have momentum like a particle.
Another way that light acts as a particle

can be seen in camera film. When light hits

camera film, it produces little dots. Over
time, those dots will eventually form the
original image.

Particles of light are called photons
(FOH-tahnz). A photon is a tiny bundle
of energy by which light travels. The
energy of a single photon is very small:
a photon of red light has only about
0.0000000000000000003 J of energy!
Each photon also acts like a wave with
a frequency. If a photon has a higher
frequency, it also has more energy.

0 Quick Check

1. What properties of particles
does light have?

It travels in a straight line, it has

momentum, and it hits objects.




How does light make

shadows?

When light strikes an object’s surface,
photons bounce off at random angles.
This is called scattering (SKA-tuhering)
light. We see objects because light has

scattered off them and entered our eyes.

Sometimes when light hits an object,
a photon is absorbed. These objects
gain energy. The light that is absorbed
is usually transformed into heat energy.
Darker objects absorb more light than
lighter objects.

Light may also pass through objects.
Objects that allow most light through
are called transparent (trans<PER.unt).

Objects that blur light as it passes
through are called translucent
(trans<LEW-.sunt). If an object allows little
to no light through, it is called opaque
(oh«PAYK).

Whether an object is opaque,
translucent, or transparent depends on
its material, its thickness, and the color
of the light. Thicker objects have more
particles to absorb photons, so they are
more likely to be opaque. Someobjects
will be opaque, transparent, or
translucent in only one color of light.

Opaque and translucent objects block
light. The area behind these objects is
darker—they have a shadow.Shadows
are the absence of light.

McGraw-Hill

Opaque objects let little to no
light pass through.

Translucent objects blur light
that passes through.

Transparent objects allow
almost all light through.
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When an object is between a light
source and another object, it will cast
a shadow on the other object. Light
sources can be natural, such as the Sun,
or artificial, such as a flashlight.

You cast shadows on the ground
when the Sun shines. Have you ever
seen how long your shadow is at
sunrise? The Sun is low in the sky. Light
from the Sun travels toward you at a
small angle. At this angle, there is a
long distance before the sunlight hits
the ground behind you. As the Sun rises,
the angle of the sunlightincreases. This
shortens your shadow.

Shadows depends on the angle and
the distance between a light source
and an object, and between the object

You can find the size and shape of
a shadow by tracing light rays.

and the place where the shadow is
cast. Drawing light rays helps you trace
the outline of a shadow. The closer a
light source is to an object, the larger
theshadow an object will cast.

0 Quick Check

2. What are the ways in which light
interacts with matter?

It can scatter; it can be absorbed

(opaque); it can be allowed

through partially (translucent) or

almost completely (transparent).
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How does light bounce

and bend?

When you look into a mirror, you see
an image. An image is a “picture” of
the light source that light makes when it
bounces off a shiny surface. Light reflects
off a mirror the way sound echoes off
a cliff. The image in a mirror is clear
because most of the light wave reflects
the same way off the mirror’s smooth
surface. Reflection is the organized
scattering of a wave.

When light hits a mirror, it obeys
the law of reflection: the angle of an
incoming light ray equals the angle of
the reflected light ray. An image in a flat
mirror appears to be behind the mirror.
The distance to the image is equal to
the distance the light traveled from the
object to the mirror.

EXPLAIN

*_n_a—

l~

\

flat mirror

convex mirror

Reflected images may appear behind
the mirror (faded bulbs) or be projected
in front of the mirror (bright bulbs).

Mirrors can also be made with
curved surfaces. If they curve in, they
are concave (kahn-KAYV). If they curve
out, they are convex (kahn<VEKS).
Curved mirrors can form many kinds of
images. They may be upright or upside
down. They may also be enlarged
or reduced. Convex mirrors always
produce images that are upright and
reduced.

om

Copyright © McGraw-Hill



Copyright © McGraw-Hill Education

Overlapping Colors

Whether an object scatters, absorbs,
or transmits light may depend on the
wavelength of the light. When light
hits an opaque object, it is scattered
or absorbed. Opaque objects appear
the color of light that they scatter. They
absorb all other colors of light.

When light hits a translucent object,
some colors are absorbed and others
pass through. Translucent objects
appear the color of the light that passes
through them. They absorb all other
colors of light.

The picture on a color television is
made of red, green, and blue dots of
light. Why are these colors used? Any
color of light can be created by mixing
red, green, and blue light in the right
amounts.

When equal parts of red, green, and blue
light rays are mixed, they form white light.

When equal parts of magenta, cyan,
and yellow materials are mixed, they
absorb all light and appear black.

-Quick Lab

To learn more about how
colors of light mix to form
white light, do the Quick Lab
in the activity workbook.

For this reason, red, green, and blue
are called the primary colors of light. If
mixed equally, red, green, and blue light
produce white light.

Magenta, cyan, and yellow are
often used to create color by scattering.
For example, you may want part of a
picture to look blue when white light
strikes it. You could mix equal amounts
of magenta and cyan paint. Magenta
scatters only red and blue. Cyan
scatters only blue and green. When the
two are mixed, magenta absorbs cyan’s
green, and cyan absorbs magenta’s red.
Together they only scatter blue.

0 Quick Check

4. What colors are made by mixing red,
green, and blue light two at a time in
equal amounts?

magenta (red and blue), cyan (blue and

green), and yellow (green and red)

5. What would happen if you shone yel-
low light on a blue opaque object?
Blue opaque objects only scatter blue

light. Yellow light has no blue light in

it, so the blue object would not scatter

any light and would appear black or

very dark.
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Is all light visible?

The way in which electric and magnetic
AM forces interact is called electromagnetism
(ielekstroh«MAG-nuh-ti-.zum). You know that
light is made of electric and magnetic waves
that can move through space. Light is just a
form of electromagnetic radiation.

Electromagnetic Spectrum

larger —
wavelength

Scientists know of many forms of
electromagnetic radiation besides visible
light. All travel at the speed of light and
can move through a vacuum. They differ,
however, in wavelength and energy.
Together, they make up the electromagnetic
spectrum.

What single source can produce all forms
of electromagnetic radiation? If you said the
Sun, you’re right! Most of the radiation from
the Sun is infrared, visible, and ultraviolet
light. Solar flares, however, give off all
forms of electromagnetic radiation when
they erupt.

Read a Diagram \J

Do radio or gamma-ray photons have more energy?
Clue: Higher frequency photons have more energy.

Gamma-ray photons have a higher frequency

and more energy.

higher
frequency
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Visual Summary
Complete the lesson summary in your own words.

Photons Ossible answer: Light travels as

electromagnetic waves, but it can also be thought

of as particles called photons.

Light Reflection and Refraction P0ssible answer:

Light reflects off of surfaces and refracts when

entering a new material.

Color of Light P0ssible answer: The color of light

depends on its wavelength.
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Think, Talk, and Write

o Vocabulary A material or an object that blocks light completely is
opaque

9 Summarize How does light act like a wave?

has a frequency has a wavelength has amplitude

N oL/

Light acts like a wave.

© ciitical Thinking How does light change when it enters a new
medium?

Possible answer: It changes speed and direction.

o Test Prep The law of reflection states that incoming and
outgoing angles are
always the same.
B never the same.
¢ always large.
D always small.

9 Test Prep Which kind of light has a wavelength shorter than
green light?
A red light
B radio waves

@X—rags

D yellow light

LGNS  How are nutrients cycled through ecosystems?

Light travels as a wave in a straight line. It interacts with matter as a particle. As

a particle, light has momentum and can hit matter.
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Math in Science

Make a Bar Graph

» To make a bar graph
using data, have each
axis represent one
variable.

» If an axis has
numbers, use even
increments (for
example: 350, 400,
450, 500...) and label
the units.

» Use your data to draw
a bar of the correct
height for each point
on the horizontal axis.

wondered about the colors” Why do they
always appear in the same order? The colors
appear in order of wavelength, with the longest
wavelength on the outside. Use the information
in the table to find out the order of the colors in




Solve It

1. Which color has the longest wavelength?
What is it?

red; 675 billionths of a meter

2. What is the difference in wavelength
between yellow and orange light?

25 billionths of a meter difference

. Make a bar graph using the colors and Blue (450)
wavelengths listed in the chart.

Violet (400)

Check students’ bar graphs for

accuracy.




Visual Summary

Summarize each lesson in your own words

Lesson 1 Sounds are produced by vibrating

objects.

Lesson 2 Light travels as waves, but it can also

be described as particles.
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Vocabulary

Fill each blank with the best term from the list.

amplitude photon
doppler effect pitch
decibel refraction
transparent objects wavelength
spectrum opaque objects
1. Atiny bundle of energy by which light travels is called a(n)
photon
2. Change in frequency due to moving towards or away from a wave
is called doupler effect
3. Perceptual quality which permits distinction between high and low

4. The unit used for measuring loudness is

5. Objects that allow no light to pass through are

10

frequency sounds pitch

decibel

opaque objects

The band of color in a rainbow, or from light passing through a

prism, is called a _SPectrum

The maximum displacement of medium particles away from their
equilibrium position is called _dmplitude

The bending of waves as they pass from one substance to another

is called refraction

Objects that allow most light through transparent objects

Distance between one peak and the next in a wave is Mt.h

461
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Skills and Concepts

11. Summarize How are the colors created in the rainbow below?

When it rains, droplets of water refract white light in the sky. The colors

contained in white light separate into a spectrum, or rainbow.
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12. True or False Lenses in eyeglasses use reflection to make
objects appear in focus. Is this statement true or false?
Explain.
False. As light passes through a lens, it is bent. This is refraction, not

reflection.

13. Expository Writing Write a paragraph explaining how
echolocation works and provide an example.

Echoes are sound waves that are bounced back to a speaker. Some

animals use echoes to orient themselves or to find food.

he
Bi
ld:ga

14. What form does energy have?
Its forms include sound and light.

463



1. The original sound is louder than its
echo because some of the energy
from the original sound wave is
A reflected.

B compressed.
C amplified.

@ absorbed.

2. Unlike sound waves, light waves can
travel through a

@ vacuum.

B liquid.
C solid.
D gas.

3. Which unit is used to measure the
volume of sound?
A hertz (H2)
B ohm(Q)
decibel (dB)
D ampere (A)
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4. Which process causes the straw
below to appear broken?
A reflection
B absorption
refraction
D electromagnetism

5. Visible light and Gamma rays are two
different types of electromagnetic
rays. What common characteristics do
these two forms of rays have?

A They have the same wavelength.
B They have the same frequency.
C They have the same color.

@ They travel at the same speed.

Copyright © McGraw-Hill Education
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| CHAPTER D |

Minerals, Rocks, and Soil

The

Big

Idea

What are minerals, rocks, and soil?

Answers will vary. Accept reasonable responses.

mineral a solid
material of Earth’s

| crust with a
~ distinct

composition

streak the color
of a mineral’s
powder

hardness ¢ property |

measured by

observing how easily |
an object is scratched

or how easily the
object scratches
something else

cleavage a
property described

| by a mineral’s

tendency to break
along flat surfaces

rock a solid object
made naturally in
Earth’s crust that
contains one or
more minerals

soil a mixture of
bits of rock and

® bits of once-living

things
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Before reading this chapter, write down what you already know
in the first column. In the second column, write down what you
want to learn. After you have completed this chapter, write down
what you learned in the third column.

What We Know
Rocks can be
divided into three

main types.

What We Want to Know
How are the kinds
of rock different

from one another?

What We Learned

Farmers have to
protect their soil

from erosion.

Rocks are made up

of minerals.
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Look and Wonder

All rocks have minerals. The mineral shown here is quartz. Quartz
minerals can be very colorful. They can be pink, white, or even
purple! Why don’t all rocks look like quartz?

Possible answers: Not all rocks are made of quartz. Rocks can be

made of several different kinds of minerals.

Essentiul Question What qre.the p.)r.oper‘ues of minerals and how
are they identified?

Answers will vary. Accept reasonable responses.




Exploré

What are properties of minerals?

Purpose
Observe the properties of minerals.

Procedure

o Use the clear tape and the marker to

label each mineral with a different sample

number.

e Examine the chart below or make one on

another sheet of paper.

N !
\ 5
clear tape

marker

mineral sample

Sample | Shine

Number| Mineral | Color | (yes/no)| Streak |Cleavage| Other « porcelain tile
1 « copper coin
2 - steel file

6 Fill in the columns of the chart for Color and

Shine.

o Observe Rub the mineral across the

porcelain tile. Record the color that you see

on the tile under Streak.

6 /\ Be Careful. Scratch the mineral on

a copper coin and a steel file. Record

whether the mineral scratches the coin or

the file.
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Inquiry Activity]
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Draw Conclusions

Infer Examine your data. What can you say about the properties of
different minerals?

Possible answer: Each mineral has a set of properties not possessed by any

other mineral.

0 How could the properties of minerals help you classify minerals?

Because each mineral has a unique set of properties, minerals can be

classified by their properties.

More

Using reference sources, identify the minerals. Then label and display them.

Answers will vary based on the minerals used.

How would you classify minerals with many similar properties?

Answers will vary. Accept reasonable responses.
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What are minerals?

If you collect rocks, you might find a rock with red
chunks in it. The red chunks are minerals. A mineral is a
solid, natural material made from nonliving substances in
Earth’s crust.

— % Draw a circle around
the minerals that are
made of two or more
elements.

Minerals, like all kinds of matter, are made up of
elements. An element is a pure substance that cannot
be broken down into a simpler substance. Gold is an
element, as are aluminum, oxygen, sulfur, and iron.
Some minerals, such as copper, are made of a single
element. Other minerals are made of two or more
elements. For example, the minerolis made of iron
and sulfur&cre examples of
other minerals that are made up of two or more elements.

Minerals form naturally. Materials made by people
are not considered minerals. Diamonds that form deep
beneath Earth’s surface are minerals. However, people

can make diamonds in a laboratory. These diamonds are
not minerals.

Although minerals are found in nature, they do not
contain anything that was once alive, such as plant parts.
Coal, for example, is made of ancient compressed plant
material. Because the plants that turned into the coal

were once alive, coal is not a mineral.

calcite

y Images, (b)©Doug Sherman/Geofile

y, (cr)GC Mi , (NSun C
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Hill

Emeralds are minerals that
occur naturally in some rocks.
Emeralds are cut and polished
to be used for jewelry.
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=
Read a Photo =)

How do you determine a mineral’s streak?

Scrape it on a porcelain tile or other

rough surface.

Properties of Minerals

Every mineral has a unique set of
properties, or characteristics. These
properties are used to identify minerals.
It is usually necessary to test several
properties in order to distinguish between
similar mineratls.

Some minerals have a unique color that
can be used for identification. The mineral
malachite always has a distinctive green
color. But the colors of most minerals vary.
Feldspar is a mineral that occurs in a variety
of colors, such as white, pink, gray, or blue.
Different elements in the mineral can affect
its color.

The color of a mineral’s powder is called
streak. It is observed by scratching the
mineral across a tile or porcelain plate.

Sometimes, the color of a mineral and
the color of its streak are different. However,

Pyrite, or fool’s gold, has
a yellow color, a shiny
metallic luster, and a
greenish-black streak.

a mineral’s streak is always the same,
even if the mineral varies in color. Hematite
can have a red, brown, or black color, but
its streak is always a dark, rusty red.

Gold and iron pyrite are two minerals
that look very similar. Because they look
so similar, iron pyrite is called “fool’s gold.”
However, gold has a yellow streak and
iron pyrite has a greenish-black streak.

0 Quick Check

1. Distinguish between a mineral’s
streak and its color.

Possible answer: Minerals can be

different colors, but the powder

left by the mineral, its streak, is

always the same color.
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What are some other

properties of minerals?

Hardness is another important
property used to identify minerals. The
hardness of a mineral is measured by
observing how easily it is scratched
or how easily it scratches something
else. Soft minerals are easily scratched,
and hard minerals are more difficult to
scratch.

Friedrich Mohs, a German scientist,
devised a scale of hardness to compare
minerals to one another. This has come
to be known as Mohs’ hardness scale.
On Mohs’ hardness scale, minerals are
ranked from 1, which is the softest, to 10,
which is the hardest.

Talc, a soft mineral, is number 1 on
the scale. Diamond, the hardest known
mineral, is number 10. A mineral with
a higher number will scratch a mineral
with a lower number. By scratching an
unknown mineral with materials that
have a known hardness, you can find
the hardness of an unknown mineral.

When a mineral is broken, the
appearance of the surfaces of the
mineral can help identify it. If a mineral
breaks along smooth, flat surfaces, it
displays cleavage (KLEE.vij). Cleavage
is described by the number of planes
along which the mineral breaks. A
mineral that breaks along rough or
uneven surfaces displays fracture
(FRAK-<chur).

(bIRF C

()OSt

Hill

Mohs’ Hardness Scale
1 talc
2 gypsum fingernail
3 calcite copper (coin)
4 fluorite
5 apatite steel (knife blade)
6 feldspar porcelain (streak plate)
7 l quartz
8 topaz Read a Table )—
9 corundum Which mineral is scratched
10 diamond by copper but not by a
fingernail?
calcite
474
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Mineral or Luster Streak Cleavage Hardness Density
. Color . X
Mineral (type of (porcelain-plate | (number of | (on Mohs (compared
(more common colors) .
Group shine) test) planes) scale) to water)
colorless, gray, white, ) .

Gypsum brown pearly white varies 2 23

Quartz colorless, various colors eEEser white none 7 2.6
greasy

Pyrite brassy, yellow metallic greenish black none 6 5.0

Calcite vanes TEIERR ERARESS, glassy colorless, white g g 27

white, pale blue, green
Galena steel gray metallic gray to black 3 25 75
Feldspar pink, gray, GRetstih yellow, glassy or colorless 2 6 26
white pearly

Mica colorless, silver, black pearly or white 1 (thin 2-3 3.0
metallic sheets)

Hornblende green to black gy @ gray to white 2 5-6 34
pearly

Bauxite rock gray, red, brown, white none gray none 1-3 2.0-25

Hematite black, gray, reddish brown metallic re(;i),rroevtjglsh none 5-6 5.3

Luster (LUS-tur) is the way a mineral reflects light. Minerals
with a metallic luster appear shiny, like metal. Minerals with a
nonmetallic luster look dull. These minerals can be described
as glassy, pearly, oily, earthy, waxy, or silky. Graphite has a
metallic luster. Quartz has a glassy luster, and talc has an oily
luster.

Some minerals have other special properties that can be
used to help identity them. For example, arsenic gives off an odor
of garlic when it is heated. Calcite fluoresces, or glows, when
it is exposed to ultraviolet light. Copper is a good conductor of
electricity and heat. Quartz gives off sparks when its surface is
scratched with a steel pin. Calcite fizzes when acid is dropped on it.
Magnetite is magnetic and attracts steel objects.

Magnetite,

or lodestone,

attracts these
metal objects.

o Quick Check

2. Why should you test several properties when identifying
minerals?

Two different minerals might share more than one property.

You should test several properties to make sure you can

properly distinguish the minerals.
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What are the shapes of a mineral?

<
As minerals form, the elements they are made from (Q“ICk Lab
form patterns. These patterns cause minerals to form To learn more about
geometric shapes called crystals (KRIS-tulz). A crystal crystal shapes, do the
is a solid whose shape forms a fixed pattern. Different Quick Lab in the activity
minerals have different crystal shapes. A crystal’s workbook.
shape depends on the way its structure is arranged.

~

The minerals shown on this page have different crystal
structures.

Sometimes the larger structure of the mineral shows the
same shape as the crystal structure. For example, if you look at
crystals of table salt with hand lens, you will observe that the
salt crystals look like tiny cubes. In other minerals, the crystal
structure can be seen only with a microscope.

0 Quick Check

3. How does a topaz crystal compare
to an amethyst crystal?

Topaz Amethyst

orthorhombic minerals with hexagonal

structure crystal structures structure

Topaz is an example

of a mineral with
an orthorhombic
structure.

0 Quick Check

1 4. Why is it useful to examine the
crystal structure of an unfamiliar
mineral?

Amethyst is an Possible answer: The outward

example of a

mineral with shape may not reflect the crystal

a hexagonal

structure. itself. In many minerals, the crystal
476 structure can be seen only with a

EXPLAIN .
microscope.

123RF, (b)RF C:

Hill
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Visual Summary
Complete the lesson summary in your own words.

Properties of Minerals | 0Ssible answer: Minerals

have properties, such as color and streak, by which

they can be identified.

Hardness of Minerals Possible answer: Hardness is

a measure of how well a mineral resists scratching.

Possible answer: Minerals exhibit many

_Am— Crystals
different crystal shapes.
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Think, Talk, and Write

OVocubulary The color of a mineral’s powder is
called its ___Streak

GCompure and Contrast Bones contain elements found in

minerals. Why is bone not considered a mineral?

Different Alike Different

made in nature in solid, contain forms in the bodies

Earth’s crust minerals of animals

eCriticul Thinking Give an example of an object you use daily that
is made from a mineral.

Answers will vary. Students might mention items made from metals,

gemstones, talc, gold, and so on.

o Test Prep Which property describes minerals that break along
smooth surfaces?
A hardness ¢ fracture

B color @cleavage
IETTUEINOITESIER)  What are the properties of minerals and how are they
identified?

Minerals have different properties that can be used to identify them: color,

luster, hardness, cleavage, fracture, and streak.
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Inquiry Skil: Use Variables

Can you grow small mineral crystals into larger ones?
How does the concentration of a mineral affect a crystal’s
growth rate? To answer questions such as these, scientists
use variables by doing a series of experiments, using a
different procedure ea&HEHTETRSIEthey put together
the results of all their experiments, like pieces of a (ps.vecos tiisa00p scorpss
puzzle, to answer questions,  oUECHsA00ESCTes

p Learnlt
P6_UEC09_L1_ISA_001A_SCO7.psd

When you use variables, you identify fGciGrsin Gii
experiment that can be changed. To make sure the results
are valid, scientists try to test each variable one at a time.
First, scientists perform an experiment. Then, they repeat
the test while changing only one variable. So that it is a
fair test, they make sure all other factors remain exactly
the same.

It is important to record your observations when you
change a variable. Then you can compare and contrast
the results to learn how each variable affected the
outcome of your original experiment.

 Trylt
- 2 clear plastic cups, water, salt, 100-mL
graduated cylinder, 2 plastic spoons, 2
pieces of string, 2 pencils

o Label one cup Cup 7 and the other Cup 2. Fill
each cup halfway with warm water. Pour 50 mL
of salt into cup 1 and 100 mL of salt into cup 2.
Stir the water in each cup until the salt dissolves.

9 Tie a string around the middle of each pencil.
Balance a pencil across the top of each cup so
the strina hangs down into the water without

PM_Spoon_Plastic_LtBluepsd . P6_UEC09_L1_ISA_005P_SCO7.psd P6_UEC09_L1ISA_001P_SCO7.psd
touciing uie sides or bouor.

Copyright ©
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e Observe the cups for several days. Write your observations on the chart below.

o Use variables by repeating this experiment using ice-cold water instead of warm

water. Record the results.

6 Do the experiment again. This time, change a different variable, such as the size of
the cups, the amount of water, the length of the strings, or the amount of time before
you check the strings. Record the results.

6 In which cup did the lump of crystals form faster? Why? Did changing your variable
in step 4 change your results? In step 5? Explain.

Answers will vary. The cup with the higher

concentration of salt should form larger crystals faster

than the cup with a lower concentration of salt.

Variable

My Observations P6_UEC09_L1_ISA_002P_SCO7.psd

Test 1: Warm Water
Cup1
Cup 2

(50 mL salt)
(100 mL salt)

Test 2: Icy, Cold Water
Cup1
Cup 2

(50 mL salt)
(100 mL salt)

Test 3:

Cup1
Cup 2

Test 4:

Cup1
Cup 2

481
EXTEND




Lesson 2 | )

/




Look and Wonder

You can find many different kinds of rocks and minerals. How are
minerals different from rocks, and how can you classify rocks?

Possible answers: Rocks and minerals are made of different things.

They have different properties.

Essential Question What are the properties of rocks and how are

they classified?

Answers will vary. Accept reasonable responses.




What makes rocks different from one
another?

Purpose
Explore the properties of different rocks.

Procedure
o Look at each rock. What color is the rock? What is its

shape? How does it feel?

9 Communicate Record your observations in this chart.

] Materials

‘ 7';

B

« several different rocks

« hand lens

Type of Rock Color Shape

Texture

e Observe Choose a rock that has more than one color.
Using a hand lens, compare the parts that are the
same color. Are those parts shiny or dull? Rough or
smooth? Record your observations in your chart.

0 Choose another color in the same
rock. How do the parts with this color
compare?

Answers will vary.

484
EXPLORE




Inquiry Activity ]
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Draw Conclusions

e Infer Are the differently colored parts of the rock made of the same or different
materials? Explain your answer.

Possible answer: Likely different colored parts of the same rock are different

materials because the properties of color, luster, and so on will differ.

e What do you think makes these rocks different from one another?

Possible answer: Rocks are made of minerals and different minerals have

different properties.

NEXBIGFEN Vore

Choose one of the rocks. How could you identify the rock and tell what it is
made of? Do some research. Report your findings.

Possible answers: Look up the rock in a book about rocks. Compare rocks to

samples of known rocks. Do scientific test on the rock.

How are rocks like the ones you've studied used by humans?

Answers will vary. Accept reasonable responses.
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What are rocks?

A rock is a solid substance naturally occurring in
Earth’s crust that contains one or more minerals. When
you look at a piece of granite with a hand lens, you
may be able to see the minerals quartz, feldspar, and
biotite. There are hundreds of different types of rocks.
The properties of rocks come from their composition
and the way they formed.

— ¥ Circle the name for a
. person who studies
rocks.

Some rocks, like granite, are made of several
minerals. Some rocks, like limestone, are made of
mostly one mineral. Most rocks consist of a mixture of
minerals. A rock’s color gives clues about the minerals
that make it up.

Rocks are made of mineral pieces called grains.
To o or a person who studies rocks, a rock’s
texture is how its grains look. Texture depends on the
size, shape, and arrangement of the grains. Some
rocks have large grains you can easily see. These
rocks have a coarse texture. Some rocks have grains

that are too small to see. These rocks have a fine
texture.

(r)Doug

Texture of Rock

(c)o

o

Eer

Hill

()Ken C

Hill
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Source, (tr)Dennis Flaherty/Getty Images, (bl)Scott Camazine/Science

(t)Charles R. Beli

Hill

Source, (br)©Doug Sherman/Geofile
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A geologist can tell how a rock was
formed just by looking at it. The formation
process is the basis for classifying rocks
into three main groups: sedimentary,
igneous (IG-nee-us), and metamorphic.

*» R [ngutor

Quick Lab )

To practice classifying
rocks, do the Quick Lab
in the activity workbook.

0 Quick Check
1. What are the steps you would

take to place an assortment of
rocks into different categories?

Possible answer: | would look at

the grains first. Then | would look

at the colors.

. Why do you think rocks have

different characteristics?

Possible answer: Rocks have

different characteristics because

they are made of different

materials.
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What is the rock cycle?

As you have learned, weathering and
erosion on Earth’s surface move particles
of dust, sand, and soil. As time passes,
layers of these sediments are deposited.
The upper layers press down on the
lower layers. The pressure compacts, or
squeezes, the sediments together. Over
time, the pressure cements the sediments,
or makes the minerals stick together. A
rock that forms from sediments is called
sedimentary rock.

As sedimentary rocks are pushed
underneath Earth’s crust, heat and
pressure melt them into magma. The
magma may erupt through a volcano.
If it does, an igneous rock forms as the
lava cools and hardens.

As time passes, sedimentary and
igneous rocks may be buried deep
beneath Earth’s surface. There they are
under pressure from the weight of the
rock above them. The temperature is also
much hotter. Metamorphic rocks usually
form no deeper than 20 kilometers below
the surface and at temperatures between
200°C and 800°C. A metamorphic rock is
a rock that forms when sedimentary and
igneous rocks change under heat and
pressure without melting.

Sedimentary rocks can change into
igneous or metamorphic rocks. Igneous
rocks can change into sedimentary or
metamorphic rocks. Metamorphic rocks
can change into sedimentary or igneous
rocks.
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A change from one type of rock
to another is caused by changes in
conditions on and underneath Earth’s
surface. The changing of rocks over time
from one type to another is called the
rock cycle.

0 Quick Check

3. What are the steps by which an
igneous rock turns into a sedi-
mentary rock?

Weathering and
erosion break down and
move rocks.

!

Layers of sediments are “i
deposited. o

+

Pressure cements the
particles together to
form rocks.

4. Why is the rock cycle calleda
cycle?

A cycle is similar to a loop




Key

weathering ‘
deposition -

The Rock Cycle

pressure
and heat

magma
and lava

igneous
rock

sedimentary
rock

L R MR A ™ ST Wi

What causes an igneous or
sedimentary rock to become
a metamorphic rock?

Clue: Look at the key to find
out what the arrow means.

pressure and heat




What are igneous and

sedimentary rocks?

Since at least 50,000 years ago,
people have used rocks to make
weapons and start fires. How did these
rocks form? What other uses have
people found for rocks?

Igneous Rocks

When an igneous rock forms from
magma inside Earth, it is called an
intrusive (in-TREW-siv) rock. Below
Earth’s surface, intrusive rocks cool
slowly. They may take 100 years or
more to cool a few degrees. This often
produces large crystals. If you find an
igneous rock with large crystals in it, you
can conclude that the rock is intrusive.

Granite is a common intrusive rock. It
is often used as a building material. The
minerals that make up gems, such as
rubies, may form in intrusive rocks. They
can also be used to make jewelry.

Pink granite is an

¥ intrusive igneous
rock, while obs idian
is an extrusive
igneous rock.
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An igneous rock that forms from lava
on Earth’s surface is called an extrusive
(ikeSTREW-.siv) rock. On Earth’s surface,
lava is exposed to air or water, causing
it to cool and harden very rapidly. Lava
may cool in minutes when it spills into
the sea orin a number of days as it
flows over land. Large crystals do not
have time to form. The crystals that
form in these rocks are very small and
difficult to see. Basalt, the most common
extrusive rock, is made of many small
crystals.

Some extrusive rocks develop so
quickly that they do not contain any
crystals. Obsidian, which is also called
volcanic glass, is an example of an
extrusive rock that has no crystals. Its
surface is smooth and glassy. People
have used obsidian to make sharp
tools and weapons. Rhyolite is another
example of an extrusive igneous rock.

Pumice is another type of extrusive
rock. As pumice forms, gases bubble
through the rock. The holes that are left
behind make pumice light and rough.
Because it is rough, pumice is often used
for grinding or polishing.

Because of its rough
surface, people use
pumice to remove
dead skin cells.

y Images

ion, (br)image

Hill

/, (bl)Jacques C

Hill
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Sedimentary Rocks

Sedimentary rocks are made of
different materials that have been
compacted and cemented together.
Some sedimentary rocks contain
minerals that were once dissolved in
water. The minerals formed crystals
among the sediments that came together
to form the rock.

Some sedimentary rocks are made
from smaller rounded stones that
have been cemented together. This
type of rock is called a conglomerate
(kun«GLAHMerut) rock.

Sedimentary rocks are often used in
buildings. Limestone and sandstone are
two types of sedimentary rocks that are
used on the outside of buildings. They
are also used for making statues and
other decorations. Ground limestone is
an ingredient in concrete.

0 Quick Check

5. You are driving along a highway
cut through walls of rock made
of layers. What type of rock is
this?

sedimentary rock

This building is covered with
sandstone and limestone.
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What are metamorphic rocks?

If sedimentary and igneous rocks are put under
heat and pressure, the shape or the size of the
crystals within them can change. The crystals may
also change position to form layers. Heat and
pressure may even change one of the minerals in
the rock into another mineral. The high pressure \
also squeezes the particles in the original rock The color in this marble was caused

more tightly together. by mineral impurities in the
limestone from which it formed.

If you look closely at limestone, you can
often see fossil fragments in the rock. As
limestone changes into marble under heat and
pressure, the fossils are usually crushed. Marble
is a more compact rock than limestone, with
crystals that are locked together like pieces of a
jigsaw puzzle. The color in marble comes from
the minerals in the original piece of limestone.

Slate is a type of metamorphic rock in
which the minerals are tightly packed together,
making it waterproof. When slate is broken, it
shows cleavage as it breaks into thin sheets.
This makes slate useful as a roofing material as
well as for stepping stones and outside floors.

Marble is a shiny metamorphic rock that
contains minerals that give it brilliant colors.
Marble is easy to carve or shape, making it
useful for fashioning statues, floors, kitchen
counters, and monuments.

0 Quick Check

6. What happens to the fossils in lime-
stone as the limestone turns into
marble?

As limestone is put under heat and

pressure, the fossils are crushed.

492 S
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Visual Summary

Complete the lesson summary in your own words.

What Are Rocks? 0ssible answer: Rocks are solid

substances naturally occurring in Earth’s crust and

contain one or more minerals.

Classifying Rocks Possible answer: Rocks can be

classified into three groups: igneous, sedimentary,

and metamorphic.

The Rock Cycle Possible answer: During the rock

cycle, rocks form and change into other types

of rocks.
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Think, Talk, and Write

OVocqbulury When magma or lava hardens,
produced.

ign .
& rock is

GSequence What are the steps by which a sedimentary rock turns
into a metamorphic rock?

limestone

~

heat and pressure

.

marble

eCriticul Thinking What steps of the rock cycle involve heat?

The melting of rock to form igneous rock and the changing of rocks into

metamorphic rock involve heat.

o Test Prep From which material does an extrusive rock form?
A magma C mineral
.lava D sediment

6 Test Prep A conglomerate is an example of which type of rock?
A intrusive igneous
B extrusive igneous

@sedimentary
D metamorphic

UGS What are the properties or rocks and how are they

classified?

Answers will vary. Students should note that rocks are classified as igneous,

sedimentary, or metamorphic depending on how they form.
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Inquiry Skill: ClOSSifl_]

As you just read, rocks are naturally
formed solids made of one or more minerals.
Each mineral adds its own properties to a
rock. There are billions of different rocks on
Earth. Scientists group S &S5 e cks into
three groups based on the way they form. In
order to determine how they f&ifi7, SEiSiiiss
observe the properties of the rocks. These ¢
properties include color, weight, texture, and 7
whether the rocks float or sink. R SIS

p Learn It

When you classify, you group objects
that share properties. You need to compare
and contrast the objects in order to find out
what properties they share. Remember, to
compare you look at how things are alike,
but to contrast you look at how things are
different.

Hill

y, (3, 4)Ken C

Classifying is a useful tool for organizing
and analyzing. It can help you understand
why things belong in the same group and
how some things can belong to several
different groups. It is important to keep notes.
Your notes can help you figure out how to
classify other things.

y Images, (2)RF Ct

(tto

Hill
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/ skill Builder \
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» Trylt
8 different rocks, water, small bowl

© Complete the table below. List the properties
that you want to look for in the first column.
© Examine the first rock carefully.

© Classify Mark an X in the appropriate box
if this rock can be classified by the property
listed in the rows.

© Fill the bowl with water. Place the rock in the
bowl to test whether the rock floats.

© Repeat using the remaining rocks.

P6_UEC09_L1_ISA_002P_SCO7.psd

Classifying Rocks by Properties

Answers will vary. | #1 #2 #3 #4 #5 #6 #7

#8

color: dark

color: light

several colors

heavy

light

rough

smooth

sharp

has holes

has layers

floats

sinks
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These young plants are growing in a field. Plants grow well in some
types of soil but don’t grow well in others. What is in soil that helps
plants grow?

Possible answers: nutrients; materials that hold some water but let

excess water pass through

“_ What makes up soil and how is it conserved?

Answers will vary. Accept reasonable responses.




What is in soil?

Purpose
Examine the contents of a soil sample.

Procedure

o Observe Use the toothpicks and hand lens to separate the
contents of the soil sample.

9 Identify and list the different materials in the soil sample.

Answers will vary.

\O —

« toothpicks
« hand lens

« soil sample
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Inquiry Activitg
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Draw Conclusions

9 Classify Does your soil sample contain nonliving things? What about
once-living things?

Answers will vary. Students may find nonliving things, such as sand and

rock fragments, and once-living things, such as decayed parts of plants and

animals..

o Based on your observations, what are the contents of soil?

Possible answer: My soil contains sand, rock fragments, insect parts, and

dead or decayed plant parts (parts of leaves, twigs, roots, flowers, etc.).

More

Collect and examine samples of soil from different places in your
neighborhood. How do the contents of these samples compare with the
one you studied in this activity? Do the additional samples change the
conclusion you drew about the contents of soil?

Possible answer: Soil in different places is made from different things. In

general, however, soil is made of both once-living and nonliving materials.

What part of soil provides nutrients for growing plants?

Answers will vary. Accept reasonable responses.
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What is soil?

If you watched the same rock over many years, you
would see that as time passed, the rock weathered.
Microscopic organisms would grow among the bits of
rock. Some of these organisms would break down the
rocks into chemicals that could nourish plants.

— ¥ Underline the
- definition of the word
organic.

As the rock weathers, grasses would grow, followed
by bushes and trees. Animals would come to eat the
plants, and other animals would feed on the animals that
fed on the plants. When the animals and plants die, their
bodies add organic nutrients back to the soil. Organic
means having to do with or coming from living things.

Soil is a mixture of bits of rock and bits of onceliving
parts of plants and animals. Soil covers most of Earth’s
landmasses. Without it, plants and animals would not
be able to live on land.

Soil covers the ground in rain forests, grasslands,
and deserts. The soils in these places look different,
but they all started from rocks. As rocks weather, the
soil forms in layers. If you dig a hole in the ground, you
will see the layers as you dig deeper.

er/Getty Images, (r)Steven P. Lynch

Soil is made of nonliving and once-living things.
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Soil Horizons

Each layer of soil is called a soil
horizon (huh«RYE-zuhn). In some places,
the layers of soil might look like the ones
on this page.

The A" horizon, which holds
the most nutrients, contains humus
(HYEW+mus). Humus is the part of the
soil that is made of decayed organic
materials. These materials are the
remains of dead plants and animals that
are decayed by microscopic organisms.
Humus contains nutrients that feed
plants. Humus also soaks up and holds
water more easily than bits of rock.

The soil in this horizon is called
topsoil. Most plant roots grow in this soil.
The roots absorb nutrients and water
from humus.

The . horizon is called subsoil.
You will find less humus in subsoil and
lots of fine particles of rock, such as the
particles that make up clay.

Next is the horizon, which
is made mostly of larger pieces of
weathered rock. These soil horizons rest
on solid, unweathered bedrock.

Different areas will have different
depths of soil horizons. Some areas may
not have one of these soil horizons.

o Quick Check

1. What are the main steps in the
formation of soil?

weathering of rock, breakdown

of rock by microorganisms, plant

growth, decay of plants and animals

@Soil is made of nonliving and once-living things.




How is soil used?

Soils in different places have different
properties. Each type of soil supports
different plant and animal life.

The soil in a forest has a thin layer
of topsoil with little humus. Frequent
heavy rainfall carries minerals deep into
the ground. Plants with shallow roots
cannot reach these minerals. Crops with
shallow roots do not grow well in such
soil.

Desert soil is sandy and does not
hold much humus. Because desert areas
receive little rain, plants have special
adaptations to grow there. However,
desert soil is rich in minerals. The
minerals are not washed away by rain.
Animals can sometimes be raised in
areas with desert soil. Crops can only be
grown if water for the plants is piped to
the area.
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The Arabian Desert, the second
largest on Earth, covers more than
2,300,000 square km and is home
to a variety of desert flora, including
succulents, shrubs, and flowering
plants that have adapted to the desert
conditions in the region.

Soilis a resource that can be
used up, wasted, or spoiled. Soil
can be eroded by flowing water and
wind. Plant roots hold soil in place. If
plants are removed, more soil may
be eroded. This may change the type
of plants that can grow in an area or
make it difficult for any plants to grow.

The nutrients in soil are naturally
removed by plants. The plants use
the nutrients to grow and build their
body parts. The nutrients are normally
replaced when plants die, fall to the
ground, and decay. What happens

Copyright © McG



when a farmer completely removes a =

crop from the land? Then there are no QUIck Lab \
plants left behind to die and decay. The u

land becomes less able to support the To observe how certain

soils hold water, do the
Quick Lab in the activity
workbook.

growth of new crops.

Pollution (puh.LEW-shun) is the
addition of harmful materials to soil,
air, or water. Soil can be polluted by

chemicals placed in the ground. It can 0 Quick Check
also be polluted by chemicals used to

kill insects and weeds. When people 2. What properties of soil are best for

dump garbage on the ground, the farming?
garbage can also pollute soil.

high humus | |high mineral||ability to
content content hold water

N L/

properties of soil best for farming

Farmers use chemicals to kill
insects that eat crops, but these
chemicals can pollute the soil that
the crops need to grow.

opyright © McGraw-Hill Education Glow Images
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How is soil conserved?

The preservation or protection of
natural resources, including soil, is
called conservation (kahn-sur-VAY-.shun).
Listed below are some methods of
conserving soil:

Fertilization Fertilizers containing
one or more nutrients can be added
to soil to replace nutrients used up by
previous crops.

Crop Rotation Farmers can plant
different crops on the same land in
different years. They can choose crops
that add the nutrients that have been
removed by other crops.

Contour Plowing

Read a Photo

How does the method shown in the
photograph conserve soil?

Contour plowing keeps soil

from being washed or blown

away.
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Strip Farming Plant roots help
prevent soil from being washed or
blown away. For this reason, farmers
may plant grasses between rows of
other crops.

Contour Plowing Rainwater flows
swiftly down hills and can carry away
rich topsoil. Farmers can slow the
speed of water flowing down the hill
by contour plowing. Instead of plowing
up and down the slope of the hill,
farmers plow furrows across the slope.

Terracing Terraces are flat shelves
that are cut into a hillside. Crops are
planted along each terrace. This also
slows the speed of water flowing down
a slope.

Wind Breaks Farmers plant tall
trees along the edges of farmland
to slow the speed of wind across the
ground. Where there are trees, the wind
is less likely to blow away topsoil.

Laws Governments may pass laws
to stop the pollution of soil.

Individual Efforts You can avoid
polluting soil with trash and help
clean up land that has already been
polluted.

Education You can help inform
people of the value of soil and how to
conserve it.

0 Quick Check

3. What might cause mountaintops
to have little or no topsoil?

Topsoil is on the surface of the

land. On a mountaintop, rain can

easily wash soil down the slope.

Copyright © McGraw-Hill Education  Tim McCabe, USDA Natural Resource Conservation Service
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Visual Summary
Complete the lesson summary in your own words.

What Is Soitz  POossible answer: Soil is a mixture

of bits of rock and once-living parts of plants and

animals.

SoilUse Fossible answer: Soil supports plant and

animal life and can be polluted.

Conserving Soil Possible answer: Soil can be

conserved in many different ways including crop

rotation and contour plowing.

508
EVALUATE

Copyright © McGraw-Hill Education  (t)Glow Images, (b)Photo by Tim McCabe, USDA Natural Resource Conservation Service



Copyright © McGraw-Hill Education

Think, Talk, and Write

OVocubulury The part of soil that is made of decayed organic
materials is called __NUMUS

GSummurize Describe the methods used to protect soil from erosion
by water.

strip farming

Soil can be

terracing protected from

water erosion.

contour plowing

eCritical Thinking Compare and contrast forest soil with desert soil.

Forest and desert soil are both low in humus. Desert soil is high in

minerals.

o Test Prep Which is the C horizon of soil made of?
A clay C bedrock
B humus @lqrge rocks

e Test Prep Which is strip farming?
A adding fertilizer to soil
B cutting shelves in hills
@planting grasses between crop rows
D planting trees around crops

ETUEIMOITESIR)  What makes up soil and how is it conserved?

Answers will vary. Students should note that soil is a mixture of once-living

things and bits of rock. They should also list methods of soil conservation

mentioned in this lesson.
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« potting soil

J—
S
g“:‘:::#-._«

g pate =

« ruler

« sand

« grass seeds

i

Vil
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« 2 measuring
cups with water

. Be a Scientist
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Which soil is better
for plant growth?

Form a Hypothesis

Different types of soil are made of
different materials. Sand is a type of
soil made from small pieces of rocks.
Potting soil is made from bits of sticks
and leaves. How fast will grass seeds
grow in potting soil compared to
sand? Write your answer in the form
“If grass seeds are planted in potting
soil and in sand, then...”

Possible answer: If grass seeds are planted in potting soil

and in sand, then the grass seeds in the soil will grow

faster than the grass seeds in the sand.

Test Your Hypothesis

0 Fill one pan with potting soil
until the soil is 3 centimeters deep.
Fill the other pan with sand until the
sand is 3 centimeters. deep.

Evenly scatter grass seeds over
each pan.

e Place the pans in the sunlight.
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Inquiry Investigation
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6 Observe What do the pans look like after three days? After one

0 Every other day, pour the same amount of water on the seeds in both

pans.

week?

The pan with potting soil should

show more plant growth after each

period.

Draw Conclusions

6 Why is it important to make sure the pans get the same amount of

light and water?

The amount of light and water must be the same for both samples so

that the only variable, or difference between the two samples, is the

type of soil.

o Infer What differences between the potting soil and the sand may have

affected the plant growth?

The plants needed the nutrients in the soil. Sand does not have as

many nutrients available for plant growth.
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Visual Summary
Summarize each lesson in your own words.

Minerals Minerals are identified by observing

properties such as color and streak.

Rocks Rocks are produced in different ways and

have different properties.

Soil Soil is a natural resource made of a mixture of

nonliving material and once-living things.

Chapter 9 « Review
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Vocabulary

Fill in each blank with the best term from the list.

hardness sedimentary rock
igneous rock soil
luster soil horizon
mineral streak
rock cycle top soil
1. A mixture of minerals, bits of rock, and pieces of once-living parts of

10.

soil

plants and animals is

A solid, natural material made from nonliving substances in the

ground is a(n) mineral

As lava or magma cools, a(n) igneous rock is

formed.

Most plant roots grow in top soil

The continuous process in which rocks change from one kind into

another is called the rock cycle

The way a mineral reflects light is its uster

The color of a mineral’s powder is called streak

Friedrich Mohs created a scale to measure the

hardness .
of a mineral.

Each layer of soil is called a(n) soil horizon

A rock that forms from sediments is called sedimentary rock
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Skills and Concepts

Answer each of the following in complete sentences.

.

12.

14.

15.

514

Fact and Opinion Some minerals contain crystals. Is this
statement a fact or an opinion? Explain your answer.

The statement is a fact. It can be observed and tested to see if it if true.

Summarize Write a description of the soil horizons.

The A horizon contains humus and is called topsoil. The B horizon, or

subsoil, has lots of fine particles of rock. The C horizon is made mostly of

larger pieces of weathered rock. They rest on solid, unweathered bedrock.

Use Variables You are doing an experiment to determine and
compare the hardnesses of talc, fluorite, and calcite by scratching
them with your fingernail. Which variable could you change in this
experiment? How could changing this variable affect the results?

You could change the pressure with which you scratch the minerals with

your fingernail. This change might reveal more about the hardness of the

materials.

Critical Thinking Why do metamorphic rocks not form at depths
greater than 20 km below Earth’s surface?

It is too hot for metamorphic rocks to form below that depth.

True or False Heat and pressure can change the properties of a
rock. Is this statement true or false? Explain.

True. Rocks can melt as they get hotter. The grains can also be changed

under great pressure.

Chapter 9 « Review
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16. Main Idea and Details How are the three types of rock formed?
Igneous rocks form when molten rock cools. Sedimentary rock forms when

sediments are stuck together. Metamorphic rocks form when igneous or

sedimentary rocks move deep underground where there is great heat and

pressure.

17. Explanatory Writing Explain how you can tell that this is an
extrusive rock and not an intrusive rock.
It is shiny and glassy, which shows that it cooled

and hardened very quickly. Large crystals did not

have time to form.

The
Bi
Idega

18. What are minerals, rocks, and soil?
Possible answer: Minerals are solid materials formed in nature.

Rocks are made up of minerals. Soil is a mixture of rocks, minerals,

and once-living things.
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Circle the best answer for each question.

1. Which mineral property describes how Use the chart below to answer
easily a mineral can be scratched? question 5.
A streak
hardness Rock Group Characteristics
C cleavage
D reaction to acid forms as melted
rock cools and
2. All are changes that happen in the hardens into
rock cycle EXCEPT . a solid
@ magma — sedimentary rock forms when rocks
B igneous rock — sediments are exposed to
C metamorphic rock — magma increases in heat
D sediments — sedimentary rock and pressure
forms when
3. A student tested the hardness of pieces ?f rocks
four mineral samples by using each and minerals
sample to scratch the others. Mineral are cemented
1 scratched Mineral 2 but would not together

scratch Mineral 3. Mineral 2 would not
scratch any of the others. Mineral 4
scratched Mineral 3. Which list shows
the mineral samples in order from
softest to hardest?

5. The chart above lists characteristics
of the three main rock groups. Which
order correctly fills in the left column
(top to bottom)?

A igneous, sedimentary,

A 1,234 .
metamorphic
B 1,3,4,2 . .
B lava, igneous, metamorphic
2,1,3,4 . .
C sedimentary, metamorphic,
D 2,413

igneous
igneous, metamorphic,
4. Which properties are most helpful in sedimentary
identifying minerals?
A weight and shape
B size and ability to float
luster and streak

D shape and color
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6. Study the table below.

Hardness Mineral

—_

talc

gypsum
calcite

fluorite

apatite

feldspar

quartz

topaz

OO |IN|o|jo|d|WI[N

corundum

(S

diamond

Copper has a hardness of 3. Which
minerals would copper most likely
scratch?
A topaz and talc
B apatite and diamond

gypsum and talc
D feldspar and quartz

7. You are trying to find out what kind
of mineral you have. You will need a
white tile to find out which property?
A color
B hardness
C luster

streak

8. What causes an igneous rock to

change into a metamorphic rock?

A weathering and erosion

heat and pressure
C compaction and cementation
D melting and cooling

9. A student placed a liquid on a mineral

and the mineral began to fizz and
bubble. What property was the student
investigating?
A cleavage
B hardness
C luster

reaction to acid

10. Rocks are changed by conditions

above and below Earth’s surface.
Explain how a sedimentary rock can
become an igneous rock.

As sedimentary rocks are

pushed underneath Earth’s

crust, heat and pressure melt

them into magma. The magma

becomes lava if it erupts through

a volcano. As the lava cools

and hardens, it becomes

igneous rock.
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Careers in Science

UD_CAR_002P_288009,j0g

Cartographer

Do you like making maps and charts? Do you
have good math and computer skills? If so, then
you might become a cartographer, or mapmaker.
Whenever families go on road trips or truckers
do their jobs on the highways, they depend on
maps or a global positioning system (GPS). Other
people who depend on maps or GPS include
airplane pilots, ship captains, hikers—most anyone
who is going anywhere. Following high school,
you’ll need a college degree in geography and
cartography. After that, it's on to further studies for
a fascinating career.

A This cartographer is analyzing a map.

Write About It

What are the skills and knowledge required for a cartographer? What does a
cartographer do every day? Write a job announcement for a cartographer that
you might see in a newspaper, trade magazine, or online employment search
site. Be sure to list all the qualifications and duties for this job.

Answers will vary. Accept reasonable responses.
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Technology and Design

The

1dé

How do we design technologies to meet

our needs?

Answers will vary. Accept reasonable responses.

technology
all of the ways that humans
adapt nature to meet their

needs

musculoskeletal
system the system that
includes the parts of the
muscular system and the

skeletal system

design process a

products and processes that

solve problems

series of steps for developing

prosthesis an
artificial extension that

replaces a body part

model a representation

of a product or an idea

prototype
a full-sized working model

that can be tested
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Before reading this chapter, write down what you already know in the first
column. In the second column, write down what you want to learn. After you have
completed this chapter, write down what you learned in the third column.

What We Know What We Want to Know What We Learned
New products are being How do people create new
designed all the time. products?
People try to make products How do people test the safety of
more useful. products?

People try to make products

safer.

Copyright © McGraw-Hill Education
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Can you picture a world without computers? We use
computers in almost everything we do. How do computers
help us? Why was the technology originally developed?

Answers will vary. Accept reasonable responses.

. . How does technology help us
Essential/Question IR

Answers will vary. Accept reasonable responses.

Copyright © Md
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How can we get freshwater
from salt water?

Purpose
You will construct a device that allows you to obtain freshwater
from salt water.

Procedure

o Use the measuring cup to add water to the bowl until it is
about 3 centimeters deep. Keep track of how many cups of
water are in the bowl.

e Measure Add 29 milliliters of salt for every cup of water
that is in the bowl. Stir the solution until the salt dissolves.

6 Place the beaker in the middle of the bowl. The top of the
beaker should be below the top edge of the bowl.

o Cover the bowl with plastic wrap. Place the rock on top of

the plastic wrap, directly over the beaker.

salt

water

measuring spoons
measuring cup
large bowl
beaker

plastic wrap

tape

small rock

6 Observe Carefully place your setup in a warm area. Observe the
setup each day for 1 week. Record your observations. Where does the

freshwater collect?

The freshwater collects in the beaker.
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Inquiry Activity ]
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Draw Conclusions
e Why might people need to obtain freshwater from salt water?

People might live near an open ocean and not near any source of

freshwater for drinking or raising crops.

O Communicate How did you use the materials to solve a problem?

Answers will vary.

More

Is there a way to obtain more freshwater? How could you make your
device work better? Test your device and present your results.

Answers will vary.

Do you think you could remove sugar or dirt from water in the
same way?

Why or why not? Answers will vary. Accept reasonable responses
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What is technology?

Look around you. What do you see? Maybe you
see computers, televisions, and cell phones. All of
these things are technology. Perhaps you also see
desks, books, doors, and windows. These things
are also technology. Technology is all of the ways
humans adapt or change nature to meet their needs.
Technology is all of the products and inventions made
by people.

‘meodmm
around the type
of television your
grandparents may

have had.

Technology is designed to solve human problems.
Technology began years ago when humans changed
natural materials to make them more useful. Since that
time, humans have continued to develop new techniques,
make design improvements, and use new materials.

Technology is always changing. Your grandparents
may have had a black-and-white television in their
home when they were your age. When your
parents were growing up, they might have had bo| Read a Photo)—
shaped color television. Today you may

have a television with a flat screen. How have computers changed
since they were first invented?

—~
Computers Then and Now Clue: Compare the two
pictures and read the caption.
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The invention of the
microscope allowed cells to
be discovered.

You may have noticed that the words
science and technology are often used
together. This is because technology
depends on science. Before a solution
to a problem can be developed, humans
must understand the scientific principles
behind the problem. For example,
doctors have to understand the causes
of diseases before they can treat them.

Humans also use technology to gain
more scientific knowledge. For example,
technology like computers, CAT scans,
and MRIs allow doctors to learn more
about the human body. This allows
people to develop new technology to
treat diseases. Science and technology
go hand in hand.

.LQuick Lab

activity workbook.

To learn more about the
factors that change the
brightness of a lightbulb,
do the Quick Lab in the

\

0 Quick Check

1. How is technology involved in

scientific advances?

2. Why are pencils and paper

considered technology?
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How does technology
help us?

Now that you know what technology
is, you might realize that we use
technology in almost everything that we
do! There are several different fields of

technology. The fields that are discussed
on this page are changing rapidly.

Fields of Technology |

0 Quick Check

3. Underline the needs that each
field of technology discussed
on this page meets.

2

Medical Technology

Biotechnology is the
field of technology that
uses knowledge about
living things to meet
human needs. Medical
technology is a type of
biotechnology. It focuses
on developing devices
and methods that improve
how we diagnose and
treat disease.

Medical Technology
Genetic engineering
is another type of
biotechnology. It allows
scientists to alter an
organism’s genetic makeup.
Genetic engineering is used
in many different fields
today. For example, some
bacteria can be genetically
engineered to clean up oil
spills.

Transportation Technology

Since the invention
of the wheel thousands
of years ago, humans
have continued to
develop faster and
more effective ways
of getting around. The
invention of the wheel
allowed humans to
design chariots. Today
jet engines and maglev
trains allow us to travel
thousands of miles in
just hours.

Communication Technology

Communication
technology has
progressed from smoke
signals to computers,
cell phones, and the
Internet, with several
other technologies
in between, allowing
people to share
information with others.
Each new type of
technology built on a
previous technology.
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Visual Summary
Complete the lesson summary in your own words.

Technology Technology is how humans adapt

nature to meet their needs.

Science and technology >Cience and technology go

hand in hand.

Fields of technology There are several different

fields of technology: medical technology,

transportation technology, genetic engineering,

and communication technology.
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Possible answer: Technology is how people change nature to solve their

Think, Talk, and Write

o Vocabulary Define technology in your own words.

problems.

e Cause and Effect Give an example of how an advancement in
science has affected technology.

Cause Effect
Possible answer: Possible answer:
Doctors learned People were able to
the causes of some develop treatment
diseases methods

© critical Thinking How is technology different than science?

Possible answer: Science explains how things happen. Technology uses the

scientific principles to solve problems.

o Test Prep Which is an example of technology?
@lumber c soil
B apple D tree

NGNS  How does technology help us meet our needs?

Technology uses science to help humans change natural materials to make

them more useful.
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Writing in Science
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Technology has been improving the way that
trains transport us for nearly two centuries. The
steam engine revolutionized travel in the nineteenth
century. Steam-powered trains have since been
replaced by other types of trains.

—ev

o v

Diesel engines, which produce electricity to
power the train, took train technology in a new Expository Writing
direction. Diesel trains are more efficient than steam o
) . A good exposition
trains, and are still used today.

» develops the main
idea with facts and
supporting details;

Electric trains powered by overhead cables or
electrified rails represent another advance in technology.
These fast, quiet trains are used by millions of commuters
in and around large cities. Some are called “bullet trains” » summarizes

due to their unique shape and high speed. inf<.>rmation froma
) variety of sources;
The latest technology is the maglev, or magnetic

levitation train. Electromagnets in the train and track » uses transition

produce charges that repel each other, making the words to connect
vehicle “float” as it moves. Because the train and ideas;
track don’t touch, maglevs are very fast and efficient. » draws a conclusion

based on the
facts and the
information.

A drawback of trains is that they are restricted to
tracks. However, as technology makes trains faster
and quieter, trains are “on track” to become a main
transportation method in many cities.

Expository Writing Use approved
Internet sites to identify the problems that
mass transportation systems are designed
to address. Write a plan to develop or
improve a system in your area. Find
real-life examples to help you predict

how much time, materials, and money it
would take.
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Getting Ideas

Copy the chart below on a piece of paper. Identify a problem that
occurs with a mass transportation system in your area. Write this
problem in the top box of the chart. In the center box, write steps you
would take to help solve this problem. In the bottom box, write how
you think the problem would best be resolved.

Problem

A

Steps to Solution

Y

Solution

Drafting

Write a sentence to begin your plan. Tell what the problem is and how
you would solve it.

Write your plan on a separate piece of paper. Explain why a model
would be useful in designing the solution to your problem. Include any
limitations in cost or design features that might affect the outcome.

Revising and Proofreading

Now revise and proofread your writing.
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Look and Wonder

This athlete has an artificial leg that allows him to run. How
does his artificial leg mimic a natural leg. How is it different?

Answers will vary. Accept reasonable responses.

m How can technology mimic human and
animal body systems?

Answers will vary. Accept reasonable responses.

- !
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How can you build a model that

works like a human hand?

Purpose

Work with classmates to make a model hand that can pick up a
piece of paper.

Procedure

o Observe Move your hand and fingers, watching to see
how the bones and muscles work together.

9 Pick up a piece of paper using just two fingers of one hand.

Notice which parts of your hand move.

9 Record how the different parts of your hand moved as you
picked up the paper.

o Make a Model Using any materials available, construct
a model of a human hand that allows you to pick up the
paper without touching it with your own hands.
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drinking straws
scissors
rubber bands
craft sticks
chenille stems
wire hangers

any other objects you
think you can use

Hill

Matt

Hill
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Inquiry Activity I

Draw Conclusions

6 Communicate Share your model with other groups, and observe
their models. Was one model better at picking up a piece of paper
than others? Explain.

Answers will vary.

e Infer Why do new technologies often mimic nature?

Answers will vary.

More

Could you construct a model leg that can kick a football? The model
should have enough strength to move a football by kicking it. What
materials would you need? Make your model and test it. Share your
model with your classmates.

Answers will vary.

Copyright © McGraw-Hill Education
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How can technology mimic nature?

When you think of technology, computer chips,
robots, televisions, and spacecraft might come to mind.
Nature seems to have nothing to do with technology—

— o Underline three

objects that imitate
objects that occur in
nature.

or does it? In fact, nature plays an essential role in the
invention of many new technologies.

Many types of technology are created to mimic,
or imitate, objects that occur in nature. Artificial lungs
“breathe” air like real lungs. An electronic implant, such
as a hearing aid, enhances the ear’s ability to hear. A
pacemaker helps a heart maintain its correct rhythm.

Technology does not necessarily have to be complex
to be effective. A pair of tweezers or forceps, for
example, is very simple. It doesn’t have a motor, wires,
or a computer chip in it. Yet when we use tweezers or
forceps to grasp a small object, they mimic the motion of
two fingers.

These technologies are designed to
mimic nature. A pacemaker regulates a
human’s heartbeat. An artificial heart
can replace a person’s natural heart.
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Bionics

Our bodies are amazing structures,
with many parts that constantly interact.
If a part is damaged or diseased, it can
affect our entire body. Medical engineers
work to develop systems that can
replace body parts that are injured or
missing. This field is known as bionics.

Some people receive donor organs
from other people when they are in
need of a new heart or lung. However,
donor organs are not always available.
Artificial organs, including hearts, lungs,
kidneys, and even eyes, are now a
possibility, thanks to bionics.

Many airplanes are designed to mimic the
position and shape of bird wings in flight.

Transportation

Technology that mimics nature can be
found in transportation as well. Scientists
noticed that birds adjust their wings to
change the way air fllows over them as
they fly. Many airplanes’ wings are built
to mimic birds’ wings. The shape of the
wing causes air to move faster over the
top of the wing than the bottom. As the
air moves it lifts them into flight.

0 Quick Check

1. Why do scientists create
technologies that mimic objects
in nature?

Most natural objects and systems

help individual organisms survive.

So scientists think the design must

work well and they try to copy it.
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L quick Lab

To learn how to mimic
human actions with
physical tools, do the
Quick Lab in the activity
workbook.

N\

What is a prosthesis?

Throughout much of history, wooden peg
legs and metal hookshaped hands were used to
replace human limbs when they were lost. These
are early examples of prosthetics. A prosthesis
(prahs-THEE-sis) is an artificial extension that
replaces a body part. Human body parts may need

to be replaced due to accidents, diseases, or birth
defects.

As technology improved, hinges were added
and the materials used to make prostheses
changed. The basic structure and purpose,
though, remain the same. Today, each prosthesis
is different. Each is customized for the person and
for its intended use. Modern prostheses move,
function, and often even look like real body parts.

Prostheses replace the function of the skeletal
and muscular system of the missing limb and
often allow patients to live normal lives. A skeletal
system includes all of the bones and cartilage
in a human’s or an animal’s body. It supports,
protects, and gives shape to the body. The power
to produce movement is provided by the muscular
system. The muscular system includes the muscles
that move bones and other body parts. Together,
the parts of the muscular and skeletal systems
make up the musculoskeletal system.

Modern prostheses allow people
with missing limbs to have much of
the function of a normal limb.

UpperCut
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Just like real limbs, prosthetic limbs
have a skeletal system. The pylon is
the skeleton of the prosthetic limb. It is
the internal frame of the prosthesis and
provides support.

For many years, prosthetic limbs
looked real, but they didn’t work like real
limbs. They lacked muscles, or a power
source. Today, power for prostheses
can be created in a variety of different
ways. Some prostheses are powered by
cables that are connected to other parts
of the body. The cable serves as the
muscle that moves the prosthetic. Other
prosthetics are powered by motors.

Some prosthetic devices have
computer chips and sensors. The
most advanced prosthetic devices use
electrical signals from the brain to move
the prosthetic device. The patient thinks
about moving

A Prosthetic Arm

Copyright © McGraw-Hill Education

J

Doctors attach nerves that were
once part of the girl’s damaged
arm to her chest muscles.

The signals from the girl’s
brain to move the arm or

hand travel to the chest
muscles.

0 Quick Check

2. Why are modern prostheses
different from older designs?

Possible answer: Modern

prostheses are customized for the

person and allow more normal

movement.

~

Read a Di
ead a Diagram )

How is the prosthetic arm controlled?

by the girl’s brain

Clue: Read the captions in order.

Sensors in the
prosthetic arm sense
the movement of the
chest muscles. The
sensors send these
signals to the arm.

®

A computer interprets
the signals and moves
the prosthetic arm and
hand.
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The robotic arm is able to
make precise movements
during surgery.

How can tech nology robots, doctors can perform surgery

from far away.
meet other needs?

Some technologies mimic the
human body to perform jobs that are
too dangerous or difficult for humans to
perform themselves. Robotics is the field of
science and technology that uses robots.
Robots are programmable machines that

Robots can sometimes perform
motions that the human hand or arm
cannot. The movements can also be more

They can put things together, lift heavy
objects, and handle hazardous materials.

perform tasks. Robots can have structures Robots are often sent to dangerous
that mimic the musculoskeletal system. or inaccessible areas like the surface of
For example, some robots resemble a Mars. The Mars rovers and other space
human arm. Some robots even mimic probes, such as the Voyagers, have
animals. Robots are usually controlled by traveled far into space.

instructions coming from a computer. The a Quick Check
computer is operated by a human.

o ) ) 3. What needs do robots meet?
The first industrial robot was invented

in 1954. It was an electronic arm that They perform dangerous or

precise. Robots are also used in industry.

lifted heavy objects. The robots in those

days could only perform simple tasks difficult tasks that humans cannot.

like welding. 4. Critical Thinking How are most
Today, robots can perform several robots controlled?
different tasks. For example, doctors

. . Robots are usually controlled by
might use robots to perform surgery. With

542 instructions from a computer.
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Complete the lesson summary in your own words.

Technology and Nature POSSIble answer: MOng

types of technology mimic the human body to meet

a need.

Prosthetic Limbs Possible answer: Prosthetic limbs

mimic the muscular and skeletal systems of the

human body.

Robots POssible answer: Robots perform

dangerous or difficult tasks that humans cannot.
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Think, Talk, and Write

o Vocabulary Define robotics in your own words.

e Problem and Solution How could you improve the function of a
prosthetic limb so it has a better grip?

e Critical Thinking Modern prostheses often allow patients to live
normal lives, but not all people who need prosthetic limbs have
them. Why?

o Test Prep A device that replaces the function of the
musculoskeletal system of a missing limb is a

A pylon. C prosthesis
B bionic. D robot.
EERUGIMOIESIGE  How can technology mimic human and animal body
systems?
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Today, lost teeth can be replaced with
implants. Damaged bones or joints can be
replaced with metal or plastic substitutes. If
someone loses an arm or a leg in an accident
or to disease, it can be replaced with an
artificial limb that bends and works a lot like a
natural one.

Hugh Herr knows about artificial limbs,
or prostheses. At the age of 17, the young
mountain climber was stranded for almost 4
days in freezing temperatures. Hugh suffered
from frostbite, a condition where skin and other
tissues become damaged due to extreme cold.
His frostbite was so severe that doctors had
to amputate his lower legs. That was in 1982.
Today, Hugh is a college professor and an
inventor of several prosthetic technologies.

To be able to continue climbing mountains,
Hugh invented rubber-coated feet made of .
light but strong metal. The feet are shaped like
wedges, so they can slip right into cracks in
the rocks. Hugh also developed a computer-
controlled knee. A computer chip inside the
prosthesis adjusts to give the right amount of

support. Main Idea and Details

Because of Hugh'’s inventions, many
people who have lost limbs are able to carry
out everyday functions, such as climbing
stairs. However, Hugh is not finished. He is
developing other technologies, including a
prosthesis that will pick up signals from a
person’s nerves and brain, just as a real
leg does.

P Look for the central
point of a selection to
find the main idea.

» Details are important
parts of the selection
that support the main

idea.

A

4
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Identifying the Main Idea and Supporting Details

The main idea tells you what a passage is about. Copy the chart
below. Find the main idea of the passage and write it in the graphic
organizer. Details are important parts of the passage that support
the main idea. Write three details from the passage that support
the main idea.

Main Idea Details

Technology may Hugh suffered severe
help amputees. frostbite, and his lower
legs had to be amputated.

Hugh invented rubber-
coated feet shaped like
wedges and a computer-
controlled knee

His invention has helped
others who have lost their
legs to do ordinary tasks.

~”  Main Idea and Details Investigate other types of prosthetic
technologies. Write a report about technologies that are
improving the lives of people with prostheses. Begin by
writing the main idea of your report. Be sure to include
details that support your main idea.
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% Look and Wonder %

This bridge is supported by many cables that are attached to four
large pillars in the center. How was this bridge designed? How did
the person who designed it know that it was safe?

\ Answers will vary. Accept reasonable responses.

EssentiallQuestion How are things designed?

Answers will vary. Accept reasonable responses.




' Materials

How can you design a bridge?

Purpose

When you design something, you create a plan then build
the object. Usually a design will have to meet certain
needs. In this activity, you will design the strongest bridge
that will cross a 30 cm gap.

%f":ﬁ

. avariety of objects
Procedure Y )

. . . « plastic cup
o Research different bridge designs before

beginning. Choose one type to construct. - several coins
Sketch the design you chose. Label the design
and list the materials you will use to construct
the bridge.

9 Construct your bridge.

9 Test your design by placing the plastic
cup on the bridge. Add coins to the cup
one by one. Keep track of how many coins
are in the cup. Record how many coins
your bridge held before collapsing.

Answers will vary.

(b)Matt

(tMatt

Hill
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Inquiry Activity

Copyright © McGraw-Hill Education

Draw Conclusions

0 Interpret Data Share your results with your classmates. Which design
worked best?

Answers will vary, but students will most likely find some elements that all

the successful bridges have in common.

e How could you improve your design to support more weight?

Answers will vary, but students should explain why their proposals would

improve their bridges.

0 Infer you were building a real bridge, why would it be important to
build a model?

Possible answer: Creating a model would help builders lower the cost of

making the bridge and increase the safety of the finished product.

More

How would you change your design if you had different requirements?
Design a bridge that must cross a 50-cm gap, but only has to support the
weight of a toy car. Test your design.

Answers will vary.
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How do we design things?

Do you ever wonder who makes all the technology
around you? Just about everything you see started as
an idea in someone’s mind. People come up with ideas
all the time. Some ideas are not practical. However,
others help solve a problem or meet a need.

Taking an idea and making it into a solution takes a
lot of work. Designers can help. A designer is someone
who takes an idea and creates a detailed plan to make
it a reality.

When a design depends on precise measurements,
it might involve an engineer. Engineering is a
profession that involves designing and constructing
technological solutions. Just like designers, engineers
take ideas and turn them into products. Engineers
use their knowledge of mathematics and science to
determine how to make something. They might decide
what materials should be used, if the product works
well, or if it is safe to use. Engineers are more involved
than designers in the construction of a product.
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27' Underline the word
- that describes
someone that takes
an idea and creates
a detailed

plan to make it a
reality.
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Designing Things

Read a Diagram

Why might designers perform tests on
a model of a building?

Clue: Think about the final product.

The model in the photo on the
left is being used to test the
effects of wind on the roof of
the stadium. The wind is
measured using a blue laser.

com

Source, (r)Yuri

Hill
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Possible answer: to make sure

the building is safe

Most engineers have a certain area
of expertise. For example, structural
engineers make sure buildings are
resistant to earthquakes. Aerospace
engineers build and test rockets and
spacecraft. Many engineers work closely
with designers and other scientists.

Making Models

Designs often require the construction
of a model. A model is a representation of
the product. Models make it easier to see
and understand how an object works.

Models can be made of many different
materials. Computers can also make
three-dimensional models. Models do not

need to be the same size as the actual
products. Dams and skyscrapers can be
represented as much smaller models.
Tiny particles can be represented as
much larger models.

o Quick Check

1. Why might an engineer build a
model?

to perform tests before the

product is actually made
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What is the design

process?

Anyone with an imagination can
design things. The design process is a
series of steps for developing products
and processes that solve problems.
Designers and engineers might follow
the design process differently. However,
they all have a goal to find a solution to
a problem.

Identify a Need or Problem

The design process starts when
someone identifies a need or problem.
How do you identify a problem or know
what people need? One way is to
observe trends, or patterns. Another way
might be to conduct surveys.

554
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Before proceeding with the design,
you will need to conduct research.
Someone may have already solved the
same problem. Sometimes a problem
can be solved by making improvements
on an existing product.

Brainstorm Potential Solutions
When you brainstorm, you think of
possible ideas for solutions. Write down
all your ideas. Some ideas might seem
silly. However, silly ideas sometimes
trigger other ideas that will work. Most
problems have more than one possible
solution. Some work better than others.

Be sure to document your work
throughout the design process. This
means you record what you do and what
you learn. Others might need to repeat
your procedures to verify your results.

When people brainstorm, '
they write down all of the
ideas that come to mind.

Copyright © McGraw-Hill Education Kevin Dodge/Blend Images
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Brainstorm Potential Solutions
After generating possible solutions,
you have to pick the best idea to try.
In order to select the most appropriate
solution, you need to ask questions.
What materials will you need? Will the
product cost too much to make? What
safety risks might there be?

Questions like these help you identify
constraints, or limitations, and criteria.
Criteria are requirements a design must
meet. For example, people might want
a small, lightweight vacuum that can be
easily carried up stairs. A vacuum that is
too large does not meet these criteria.

Select Appropriate Materials
It is important to consider the type

of material that will be needed. Some

materials might be too expensive.

A solution might work well, but if it is
expensive, people might not buy it. Other
materials could be dangerous to use.

Look at the three solutions for the
design of a vacuum cleaner below. The

designer picks the second solution.
Why? The first idea would make a lighter
vacuum, but heat buildup could melt the
plastic. The third idea might be possible
someday, but would cost too much to
make now.

0 Quick Check
2. Why is brainstorming important?
Brainstorming helps people

generate multiple, often different,

ideas for a solution to a problem.

3. Why should criteria and
constraints be determined at the
beginning of the design process?
Possible answer: Designers and

engineers do not want to waste

time working on a design that

cannot be used.

Solution #3

Make a
computerized
robotic vacuum that
climbs stairs and
changes tasks by
voice command.
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How can you create
a solution through a
prototype?

After choosing a solution, make a
detailed drawing, or schematic, of the
design. A schematic shows what each
part is, where it goes, and what it does.
Recall that you can also build a model of
the object.

After creating your model or schematic,
it is time to make a prototype. A prototype
is a full-sized working model that can be
tested. The prototype can be used to test
such things as reliability and safety.

Creating Schematics \
=

Test and Evaluate How Well

the Solution Meets the Goal

Once the prototype is constructed,
you should test it to see if it solves the
problem or meets the need. Often, the
best way to test the prototype is to
actually use it. For example, if you made
a vacuum cleaner, you need to try to
vacuum with it. You might also want
other people to test the design and then
listen to their feedback.

Read a Diagram)

What makes this vacuum good for
cleaning stairs?

SoLUTION 2.
Schematic
of Vgcuum telescoping hose
S -
ealev-m"vr g
extra ‘ hoee.
achments & novsing
3 - . . hf
uses 4
C batleries
X+ XT(= )°
w s oncasters
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Evaluate Using Measurement

Make sure to take careful measurements as you test your prototype.
You should record your test results and ask more questions to evaluate the
design. Does it work? Did it meet all the criteria and constraints? Is the product
safe to use? You should then repeat your tests. This will allow you to verify
your results.

Present Evidence

After testing and collecting data about your product, it might be necessary
to present your findings to your team and others. Graphs, data tables, and
charts can help you communicate your test results. You will most likely have
to go back and look at your design and modify it.

0 Quick Check
4. Why do engineers build and test prototypes?

5. Why are schematics used to build prototypes?
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How are designs

improved?

Look at the results of your prototype
tests and the feedback you received.
This will allow you to evaluate how well
your design solved the problem or met
the need.

Most designers and engineers
improve or refine their designs many
times until they are completely satisfied
that the product really works. After they
make revisions, they test their designs
again. This allows them to see if the
revisions improved the product.

Sometimes you might need to make
minor adjustments to your product.
Sometimes problems in designs cannot
be easily fixed. In that case, the designer
or engineer will have to rethink the
design. It might require a completely
different solution.

If a new solution must be chosen,
the steps in the design process should
be repeated. Use the knowledge you
gained from your previous design tests
to create a new and better solution.

Communicate how to improve the
solution with any team members.

Communicate the Solution
Once you are completely
satisfied with the design, you need to
communicate to others how you solved
the problem or met the need. If you've
made a product, you might want to name
it. You might also want to advertise and
sell it.

0 Quick Check

6. Why is communication an
important part of the design
process?

Without communication, others

would not know the problem had

been solved or the need had

been met.
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Visual Summary
Complete the lesson summary in your own words.

Engineers " 0sSsible answer: Engineers design and

construct products that will solve a problem or

meet a need.

Prototype | Ossible answer: Once a designer or

an engineer comes up with a possible solution to a

problem, he or she needs to build a prototype.

Improvement of Designs " 0ssible answer: A solution

to a problem often needs to be modified after it has

been tested.
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Think, Talk, and Write

o Vocabulary Describe what goes on during a brainstorming session.
Possible answer: During a brainstorming session, people think of

possible ideas for a solution to a problem.

0 Summarize Why is it important that designers and engineers
follow the design process when creating a product that will solve a

problem?
Main Idea Details

The design process is a series Following the design process

of steps for developing products | ensures that the design will be

and processes that solve tested and the results will be

problems. verified.
Following the design process
ensures that problems will be
addressed and needs will be met.

9 Critical Thinking What are some constraints that might affect the
construction of a particular prototype?

Possible answers: The materials used in the prototype are too expensive; the types of

materials used might cause safety hazards; the prototype is too big to be effective.

o Test Prep An engineer developed a prototype. What step will she
MOST LIKELY perform next?
A |dentify the problem to be solved. @ Test the prototype.

B Brainstorm possible solutions. D  Draw a schematic.

“ How are nutrients cycled through ecosystems?

Things are designed by identifying a need or a problem, generating possible

solutions, selecting a possible solution, testing and evaluating the prototype or

design, and presenting the evidence to determine if the design will work.
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» Apply It

O Compare your tower design with a partner’s. Are the towers similar?
How are they different? Analyze each other’s tower and suggest
improvements. Note your partner’s suggestions in your table. Can you
modify your tower so it will hold more weight?

Answers will vary.

6 Change the design of your tower based on your partner’s suggestions.
In what other ways might you make your tower stronger? Draw the new
tower in your table. Repeat the test above, and record your results. Did
the new tower hold more weight?

Answers will vary.

(© Share your design with the rest of the class. Did the other students’
towers hold more weight? Did your design have anything in common
with the other students’ designs?

Answers will vary.
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Schematic

Number
of Books
Held

Observations/
Suggestions
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Visual Summary
Summarize each lesson in your own words

Lesson 1

Lesson 2

Lesson 3

566
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Vocabulary

Use the list of words to complete each sentence.

brainstorm model
criteria prosthesis
design process prototype
engineering schematic
mimic technology
1. You _brainstorm o generate ideas.
2. A(n)___Model s g representation of an object or event.
3. The profession that involves designing and constructing
technological solutions is called __€M9NEETNG
4. The design process js q series of steps that scientists and
engineers follow when creating solutions to problems.
5. Standards that a product must meet are called __criteria
6. A working model is called a(n) _Prototype
7. People use to adapt nature to meet their needs M.
8. A detailed drawing is called a(n) _Schematic
9. A(n) M is an artificial extension that replaces a human
body part.
10. When you imitate something you it ___Mimic

567
Chapter 10 « Review




Skills and Concepts

".

12.

13.

14.

15.

568

Critical Thinking Give an example of a robotic technology that
could lead to an advance in scientific knowledge.
Possible answer: Space probes and ROVs could make discoveries about

distant planets or deep-sea life

Explanatory Writing Explain why water is not technology, but a
water filter is technology.
Water is natural and has not been changed by humans in any way. A water

filter has been designed and made by humans to meet our needs.

Critical Thinking What might happen if an artificial heart is
manufactured before the prototype is tested?
Possible answer: The prototype might not meet all of the design criteria. In

the case of an artificial heart, that might mean that it cannot pump blood

correctly.

Experiment You have developed a prototype for a new prosthetic
hand. Identify three design criteria that you will test.

Possible answer: | will test its range of motion, how realistic its appearance

is, and its strength.

Compare and Contrast How are prostheses and robotics similar?
How are they different?

Both prostheses and robots mimic body parts to meet a need. Prostheses

replace human body parts and robots are machines that perform tasks.

Chapter 10 « Review
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16. Make a Model Describe how you would make a model of a
prosthetic leg that can bend at the knee. Identify the materials that
you would use.
Possible answer: Students might suggest using two pieces of wood or metal

attached at the knee by a hinge. The two parts may be connected by a

cable that controls the movement.

17. Communicate What is the diagram below? What is its purpose?

The diagram is a schemaitic. It is a drawing that shows and labels the parts

of a proposed design, where they go, what they do, and what they will be

made of.

18. A robotic arm in an automobile factory welds car parts together.
What need does the robot MOST LIKELY meet?
A It performs a dangerous job.
B It designs the cars.
C It serves as a prototype.

D Itis controlled by a computer.

)
Big
Idea

19. How do we design technologies to meet our needs?
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Circle the best answer for each question.

1. A design criterion for a
computeroperated prosthetic arm
prototype is the amount of time
it takes to move the arm after a
command is given.

Prosthetic Arm Response Time
Design (seconds)
Design 1 1.2
Design 2 5.4
Design 3 2.6
Design 4 3.6

The table above shows the results of
four different designs. Which design
had the best response time?

@ Design 1

B Design 2
C Design3
D Design 4

2. What need does a robot that performs
surgery most likely meet?
A It mimics a human arm.

B Itis able make precise movements
that the human hand cannot.

C It makes scientific discoveries.
D It performs a dangerous job that a
human cannot do.
570
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3. A patient has an irregular heartbeat.
Which technology might she benefit
from?

A ¢ prosthesis
B a bionic lung
a pacemaker
D arobotic muscle

4. An engineer is designing a new
lower-leg prosthesis. Which material
would be best to represent the
skeletal system?

@ a light but strong metal material
B a flexible plastic material
C a comfortable, soft rubber material
D a strong, heavy wood material

5. The tool shown below is used to pick
up small objects.

Which human body part was the tool
most likely designed to mimic?

A hands

B feet

Copyright © McGraw-Hill Education
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6. A robotic arm is designed to lift

heavy objects in a factory. When the
prototype was tested, the arm broke
as a result of the weight. What should
the engineers do next?

A They should start the design
process over.

They should rebuild the prototype
with a stronger material.

C They should rebuild the prototype
with the same material and test it
again.

D They should only use the
prototype to lift light objects.

7. Students have each created their own

designs for cargo boats. Which would
work best to test their designs?

A Put the boats in water to see which
float and which sink.

Put the boats in water and add
weights to see which can hold the
most weight before sinking.

C Weigh and measure each boat and
then place them in water to see
which sink and which float.

D Have students vote on the best
design.

8.

10.

A new artificial heart design is needed
for patients whose bodies reject the
traditional artificial heart. You have
brainstormed and documented several
ideas. What are your next steps?

Build at least one prototype.

Thoroughly test its functionality

before testing it on patients.

Complete the graphic organizer below
with the parts of a prosthetic limb that
represent the human body systems
listed.

Body System Part OfL:‘l;%sthetlc
cables and
Muscular
motors
hinges and
Skeletal g
pylons

You created a prototype of a
prosthetic hand that allows more
natural movement. The prototype was
tested on several patients. Tests show
that the hand moves naturally, but it
does not look like a real hand. What
should you do?

Possible answer: Research and

test a variety of materials that

could be used to mimic the skin

and nails of a human hand.
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Careers in Science

Prosthetist

Are you interested in both medicine and
engineering? A prosthetist (PRAHS-thuh-tist) must
have skill in both of these fields. He or she works
with patients to build and custom-fit prosthetic
limbs. In order to make a prosthetic limb, the
prosthetist must take precise measurements so
the limb will fit correctly. After the prosthesis is
made, the prosthetist monitors the patient’s use
of the limb and continues to make adjustments.
The prosthetist continues working with patients
throughout their lives to ensure that their
prostheses work as much like the real thing as
possible. To be a prosthetist, you need to be
good at math, physics, and biology.

A prosthetist makes sure
prosthetic limbs fit and
work correctly.

— 9
~J Write About It

Describe how a prosthetist can use design and technology to solve problems.

com
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Measurements

Units of Measurement

International System of Units (Sl)

Temperature
Water freezes at 0°C (degrees Celsius)
and boils at 100°C.

Length and Distance

1,000 meters (m) =1 kilometer (km)
100 centimeters (cm) = 1 meter (m)

10 millimeters (mm) = 1 centimeter (cm)

Volume
1,000 milliliters (mL) =1 liter (L)
1 cubic centimeter (cmq) = 1 milliliter (mL)

Mass
1,000 grams (g) = 1 kilogram (kg)

Weight
1 kilogram (kg) weighs 9.81 newtons (N).
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Making Measurements

Temperature Length

You use a thermometer to measure €) Look at the ruler below. Each
temperature. A thermometer can be made centimeter is divided into 10

of a thin tube with liquid inside that is millimeters. Estimate the length
usually red in color. When the liquid inside of the paper clip.

the tube gets warmer, it expands and ) The length of the paper clip is
moves up the tube. When the liquid gets about 3 centimeters plus
cooler, it contracts and moves down 8 millimeters. You can write this
the tube. length as 3.8 centimeters.

€) Look at the thermometer shown here. It Try estimating the length of some

objects found in your classroom.
Then measure the length of the
objects with a ruler. Compare
your estimates with accurate
measurements.

has two scales—a Fahrenheit scale and
a Celsius scale.

) What is the temperature
on the thermometer?
Atwhat temperature
does water freeze
on each scale?

0 cenumeters 3 4 5 (3 1 L] 9 B0 2
e

C——

Time

You use timing devices to measure the
amount of time it takes for something
to occur. Two timing devices are a
stopwatch and a clock with a second
hand. A clock with a second hand is
accurate to 1second. A stopwatch is
accurate to parts of a second.

SR3
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Measurements

Measuring Mass, Weight, and Volume

Mass

Mass is the amount of matter that makes up
an object. You can use a balance to measure
mass. To find the mass of an object, you

balance or compare it with masses you know.

€) Place the balance on a level surface.
Check that the two pans are empty,

clean, and balanced with each other. The

pointer should point to the middle mark.
If it does not, move the slider to the right
or left until the pans are balanced.

) Gently place the object you want to
measure in the left pan. The left pan
will then lower.

) Now add masses to the right pan until
both pans are balanced again. Add the
masses in the right pan to get the total
mass. This total is the mass of the object
in grams.

Weight

You can use a spring scale to measure
weight. Weight is the amount of gravity
pulling down on the mass of an object.
Therefore, weight is a force. Weight is
measured in newtons (N).

€ To find the weight of your
object, hold the spring scale by
the top. Determine the weight
of the empty plastic cup.
Add the object to the cup.

) Subtract the first
measurement from
the second, and the
difference is the
weight of the rock.

SR4
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Volume

€) You can use a beaker or a graduated
cylinder to find the volume of a liquid.

) You can also find the volume of a solid,
such as a rock. Add water to a beaker
or a graduated cylinder. Gently slide
the object down into the beaker. To find
the volume of the rock, subtract the
starting volume of the liquid from the
new volume. The difference is equal to
the volume of the rock.
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Collecting Data

Microscopes

€) Look at the photograph to learn the different parts
of your microscope.

) Always carry a microscope with both hands. Hold
the arm of the microscope with one hand, and
put your other hand under the base. Place the
microscope on a flat surface.

€ Move the mirror so that it reflects light from the
room up toward the stage. Never point the mirror
directly at the Sun or a bright light. 2A Be careful.
Bright light can cause permanent eye damage.

) Place a small piece of newspaper on a slide. Put
the slide under the stage clips. Be sure that the
area you are going to examine is over the hole in
the stage.

€ Look through the eyepiece. Turn the focusing
knob slowly until the newspaper comes into focus.

(& Draw what you see through the microscope.

&) Look at other objects through the microscope.
Try a piece of leaf, a human hair, or a pencil mark.

Other Lenses

You use a hand lens to magnify an object, or make the object
look larger. With a hand lens, you can see more detail than
you can without the lens. Look at a few grains of salt with a
hand lens and draw what you see. Binoculars are a tool that
makes distant objects appear closer. In nature, scientists

use binoculars to look at animals without disturbing them.
These animals may be dangerous to approach or frightened
at the approach of people. Cameras can act like binoculars,
or they can be used to see things
up close. Cameras have the
advantage of making a record
of your observations. Cameras
can make a record on film or as
data on a computer chip.
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Tools of Science

Use Calculators

Sometimes after you make measurements, you have to
analyze your data to see what they mean. This might involve
doing calculations with your data. A handheld calculator helps
you do calculations quickly and accurately, and it can also

be used to verify your calculations.

SR6
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Make sure the calculator is
on and previous calculations
have been cleared.

To add a series of numbers,
press the + sign after you
enter each number. After

you have entered the last
number, press the = sign to
find the sum.

If you make a mistake while
putting in numbers, press the
clear entry key. You can then
enter the correct number.

To subtract, enter the first
number, then the — sign. Then
enter the number you want
to subtract. Then press the

= sign for the difference.

To multiply, enter the first
number, then the x sign, and
then the second number
you want to multiply by.
Then press the = sign for the
product.

To divide, enter the number
you want to divide, press the +
sign, and enter the number you
want to divide by. Then press
the = sign for the quotient.

You can also find averages
and percents with a calculator
and verify your work.
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Use Computers

A computer has many uses. You can write a paper on a computer.
You can use programs to organize data and show your data in a
graph or a table. The Internet connects your computer to many
other computers and databases around the world. You can send the
paper you wrote to a friend in another state or another country. You
can collect all kinds of information from sources near and far. Best
of all, you can use a computer to explore, discover, and learn. You
can also get information from computer disks that can hold large
amounts of information. You can fit the information found in an entire
encyclopedia set on one disk.

One class used computers to work on a science project. They
were able to collect data from students in another area who were
working on a similar project and share their data with them. They were
also able to use the Internet to write to local scientists and request
information. The students collected and stored their data, moved
paragraphs around, changed words, and made graphs. Then they
were able to print their report to share their discoveries with others.
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Organizing Data

Use Graphs

When you do an experiment in science, you collect information, or
data. To find out what your data mean, you can organize them into
graphs. Several different kinds of graphs can be made. You can
choose the type of graph that best organizes your data and makes
it easier for you and others to understand the data presented.

Bar Graphs

A bar graph uses bars to show
information. For example, what if you
performed an experiment to test the
strength of a nail electromagnet and the
number of coils of wire wrapped around
it? This graph shows that increasing the
number of coils increases the strength of
the electromagnet.

Paper Clips

10 20 30 40 50 60
Coils of Wire

Circle Graphs

A circle graph is used to show how a
complete set of data is divided into
parts. This circle graph shows how water
is used in the United States. In a circle
graph, all the data must add up to 100.

Homes
8%

Line Graphs

A line graph shows information by
connecting dots plotted on a graph. A
line graph is often used to show changes
that occur over time. For example,

this line graph shows the relationship
between temperature and time for a
particular morning.

SR8
SCIENCE HANDBOOK

14

12

10

Copyright © McGraw-Hill Education



Copyright © McGraw-Hill Education

Use Tables and Maps

Tables

Tables help you organize data during
experiments. Most tables have vertical
columns and horizontal rows. The columns
and rows have headings that tell you what
kind of data go in each part of the table.
The table here shows a record of the
conductivity of several different kinds of
substances.

~ Material  Thermal Conductivity

Idea Maps

This kind of map shows how ideas or
concepts are connected to each other.
Idea maps help you organize information
about a topic. The idea map shown here
connects different ideas about rocks.

nonbanded

beneath
surface

Aluminum 109.0

Copper 385.0

Wood 01

Packing foam 0.01
Maps

A map is a drawing that shows an
area from above. Maps help you learn
about a location. You are probably
most familiar with road maps, which
are often used to plan routes to travel
from one place to another. Other
kinds of maps show terrain. Hills and
valleys, for example, can be shown on
some types of maps. A good map has
a legend that shows the scale it was
made to and a compass point that at
least shows the direction of north.

J— D N
inch=1 kilometer
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Human Body Systems

Organization of the Human
Body

Like all organisms, humans are made

of cells. In fact, the human body is

made of trillions of cells. These cells are
organized into tissues, a group of similar
cells that perform a specific function.
The cardiac muscle in your heart is

an example of tissue. A group of

nervous
control

endocrine

: regulation
tissues, in turn, form organs. Immune ang control
Your heart and lungs are protection
examples of organs. Finally,
organs work together as respiratory
part of organ systems. For gas exchange integumentary
example, your heart and — protection
blood vessels are part of
the circulatory systgm. skeletal digestive
The organ systems in support food
the human body function absorption
together to keep the
body healthy. reproductive

reproduction excretory
waste
removal
muscular circulatory
movement ¢ transport
SR10
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The Skeletal and
Muscular Systems

The body has a supporting frame
called a skeleton, which is made
of bones. The skeleton gives the
body its shape, protects organs in
the body, and works with muscles
to move the body.

Each of the 206 bones of
the skeleton is the size and the
shape best fitted to do its job.
For example, long and strong leg
bones support the body’s weight.

Three types of muscles make
up the body—skeletal muscle,
cardiac muscle, and smooth
muscle. Cardiac muscles are
found only in the heart. These
muscles contract to pump blood
throughout the body.

Smooth muscles make up
internal organs, such as the
intestines, as well as blood
vessels.

The muscles that are attached
to and move bones are called
skeletal muscles. Skeletal muscles
pull bones to move them. Most
muscles work in pairs to move
bones.

clavicle

sternum
humerus

rib

vertebral

elvis
column P

radius
ulna

patella

tibia

fibula T [

large l
intestine triceps

biceps ‘(‘U—

skeletal
muscles

smooth
muscle

cardiac muscle
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Human Body Systems

The Circulatory and Respiratory Systems

The circulatory system consists of the heart,
the blood vessels, and the blood. Circulation
is the flow of blood through the body. Blood
is a liquid that contains red blood cells, white
blood cells, and platelets. Red blood cells
carry oxygen and nutrients to cells. They
also carry CO, and cellular wastes away
from the cells. White blood cells work to fight
germs that enter the body. Platelets are cell
fragments that help make the blood clot.

The heart is a muscular organ about the
size of a fist. Arteries carry blood away from
the heart. Some arteries carry blood to the
lungs, where red blood cells pick up oxygen.
Other arteries carry oxygen-rich blood from
the lungs to all other parts of the body. Veins
carry blood from other parts of the body back
to the heart. Blood in most veins carries the

wastes released by cells and has little oxygen.

Blood flows from arteries to veins through
narrow vessels called capillaries.

trachea

alveoli

bronchiole

SR12
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capillaries

The process of getting and using
oxygen in the body is called respiration.
When a person inhales, air is pulled into
the nose or the mouth. The air travels
down into the trachea. In the chest the
trachea divides into two bronchial tubes.
One bronchial tube branches into smaller
tubes called bronchioles. At the end of
each bronchiole are tiny air sacs called
alveoli. The alveoli exchange carbon
dioxide for oxygen.
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Digestion is the process of breaking down
food into simple substances the body

can use. Digestion begins when a person
chews food. Chewing breaks the food into
smaller pieces and moistens it with saliva.
Food passes through the esophagus and
into the stomach. The stomach mixes
digestive juices with food before passing it
on to the small intestine.

Digested food is absorbed in the small
intestine. The walls of the small intestine
are lined with villi, which are fingerlike
projections. Digested food is absorbed
through the surface of the villi. From the
villi the blood transports nutrients to every
part of the body. Water is absorbed from
undigested food in the large intestine.

Hill
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The Digestive and Excretory Systems

esophagus

bladder

large
intestine

Excretion is the process of removing
waste products from the body. The liver
filters nitrogen wastes from the blood
and converts them into urea. Urea is then
carried by the blood to the kidneys for
excretion. Each kidney contains more
than a million nephrons. Nephrons are
structures in the kidneys that filter blood.

The skin takes part in excretion when a
person sweats. Glands in the inner layer of
skin produce sweat. Sweat is mostly water.
It also contains a tiny amount of urea and
mineral salts.
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Human Body Sustems

outer covering —

The Immune System

The immune system helps the body fight disease. A soft
tissue known as red marrow fills the spaces in some bones. compact bone
Red marrow makes new red blood cells, germ-fighting white

blood cells, and platelets that stop a cut from bleeding. blood vessels

White blood cells are found in the blood vessels and
in the lymph vessels. Lymph vessels are similar to blood
vessels. Instead of blood, they carry lymph. Lymph is a »
straw-colored fluid that surrounds body cells. /l.‘

red marrow

Lymph nodes filter out harmful materials in lymph.
Like red marrow, they also produce white blood cells yellow marrow
to fight infections. Swollen lymph nodes in the neck

are a clue that the body is fighting germs. spongy bone

lymph
vessels

spleen

lymph
vessels
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Communicable Diseases

A disease is anything that interferes with the normal
functions of the body. Some diseases are caused by
harmful materials in the environment. Many diseases

are caused by microscopic organisms and viruses and

can be passed from person to person. This type of disease

is called a communicable, or infectious, disease.

Disease-causing agents are called pathogens.
Pathogens include many types of bacteria, as

well as viruses. Diseases caused by pathogens
are also called communicable diseases
because they can be passed from one
person to another. Pathogens must enter
the body before they can cause an illness.
Once these invaders enter the body,
the immune system works hard to fight

them off.

Disease

Caused by

Organ System Affected

Common cold

virus

respiratory system

Chicken pox

virus

skin

Smallpox

virus

skin

Polio

virus

nervous system

Rabies

virus

nervous system

Influenza

virus

respiratory system

Measles

virus

skin

Mumps

virus

digestive system and skin

Tuberculosis

bacteria

respiratory system

Tetanus

bacteria

muscular system

Meningitis

bacteria or virus

nervous system

Gastroenteritis

bacteria or virus

digestive and excretory system
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The Nervous System

The nervous system has two parts. The brain
and the spinal cord make up the central nervous
system. All other nerves make up the outer, or
peripheral, part of the nervous system.

The largest part of the human brain is the
cerebrum. A deep groove separates the right half, or
hemisphere, of the cerebrum from the left half. The
right and left hemispheres of the cerebrum contain
control centers for the senses. The cerebrum is the
part of the brain where thought occurs.

The cerebellum lies below the cerebrum. It
coordinates the skeletal muscles so they work
together smoothly. It also helps to keep balanced.

The brain stem connects to the spinal cord.
The lowest part of the brain stem is the medulla. It
controls heartbeat, breathing, blood pressure, and
the muscles in the digestive system.

The spinal cord is a thick band of nerves that
carries messages to and from the brain. Nerves
branch off from your spinal cord to all parts of
your body. The spinal cord also controls reflexes.
A reflex is a quick reaction that occurs without
waiting for a message to and from the brain. For
example, if you touch something hot, you pull your
hand away without thinking about it.

Parts of a Neuron

The nerves in the nervous system are
made of nerve cells called neurons.

brain

cerebrum
cerebellum
medulla

spinal cord

cell body

Each neuron has three main dendrites
parts—a cell body, dendrites, and = i
an axon. Dendrites are branching fatty axon

nerve fibers that carry impulses,
or electrical signals, toward the

cell body. An axon is a nerve fiber that \

carries impulses away from the cell body.

When an impulse reaches the tip of an axon,
it must cross a tiny gap to reach the next neuron.
This gap between neurons is called a synapse.
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Stimulus and ResPonse body respond to stimuli. Sensory neurons

The nervous system, the skeletal system, receive stimuli from your body and the

and the muscular system work together environment. Associative neurons connect
to help you adjust to your surroundings. the sensory neurons to the motor neurons.
Anything in the environment that requires Motor neurons carry signals from the central
your body to adjust is called a stimulus nervous system to the organs and glands.

(plural: stimuli). A reaction to a stimulus is

In addition to responding to external
called a response.

stimuli, your body also responds to

As you learned, nerve cells are called internal changes. Your body regulates its
neurons. There are three kinds of neurons: internal environment to maintain a stable
sensory, associative, and motor. Each condition for survival. This is called a
kind does a different job to help your steady-state condition.

associative
neuron

sensory 4&%{,{
neuron < Y,
'i\ P
e Q. 200

impulse

impulse

muscle

motor
neuron

¥
-
T
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Human Body Systems

The Senses

Sense of Sight
Light reflected from an object enters your eye and falls on the retina.

Receptor cells change the light into electrical signals, or impulses. These
impulses travel along the optic nerve to the vision center of the brain.

>

@ Light reflects off the tree and into your eye. 47 ) T

@ The light passes through your

cornea and the pupil in your iris. cornea\ » 're‘tlﬁa ‘:‘ L |
pupil . ol o -
(3) The lens bends the light T ‘ .T;}ﬁ'ptlc E‘e-rv'_ej_‘,;
so that it hits your retina. ; R '
) =l i e

@ Receptor cells on your retina
change the light into electrical signals.

lens iris

@} The impulses travel along neurons in your
optic nerve to the vision center of your brain.

Sense of Hearing
Sound waves enter your ear and cause the eardrum to vibrate.

Receptor cells in your ear change the sound waves into impulses
that travel along the auditory nerve to the hearing center of the brain.
G) Your outer ear collects sound waves.
hEmARe @ They travel down your ear canal.
@ The eardrum vibrates.
@ Three tiny ear bones vibrate.

@ The cochlea vibrates.

canals

\\ semicircular i @ Receptor cells inside your cochlea change.

(j} The impulses travel along your auditory
nerve to the brain’s hearing center.
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Sense of Smell

The sense of smell is the ability to
detect chemicals in the air. When you
breathe, chemicals dissolve in mucus
in the upper part of your nose, or
nasal cavity. When the chemicals
come in contact with receptor cells,
the cells send impulses along the
olfactory nerve to the smelling center
of the brain.

olfactory
bulb

olfactory

Sense of Taste

When you eat, chemicals in the food
dissolve in saliva. Saliva carries the
chemicals to taste buds on the tongue.
Inside each taste bud are receptors that
can sense the four main tastes—sweet,
sour, salty, and bitter. The receptors send
impulses along a nerve to the taste center
of the brain. The brain identifies the taste
of the food, which is usually a combination
of the four main taste categories.

Sense of Touch

Receptor cells in the skin help

a person tell hot from cold and
wet from dry. These can also tell
the light touch of a feather or the
pressure of stepping on a stone.
Each receptor cell sends impulses
along sensory nerves to the spinal
cord. The spinal cord then sends
the impulses to the touch center
of the brain.

pressure

epidermis

dermis
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Human Body Systems

The Endocrine System

Hormones are chemicals that control body functions. An organ
that produces hormones is called an endocrine gland.

The endocrine glands are scattered around the body. Each
gland makes one or more hormones. Each hormone seeks a
target organ or organ system, the place in the body where the
hormone acts. Changing levels of different hormones communicate
important messages to target organs and organ systems.

The endocrine glands help maintain a constant, healthy
condition in your body. These glands can turn the production of
hormones on or off whenever your body produces too little or
too much of a particular hormone.
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Use this glossary to understand the meanings
of the science words used in this book. Page
numbers tell you where to find the words in
the book.
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adaptations special characteristics that help organisms
survive in their environments

alternative energy source a source of energy other
than the burning of a fossil fuel

atmosphere the layers of gases that surround Earth
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balanced diet meals and snacks that provide the
proper amounts of foods from each food group daily

brainstorm the process of thinking of possible solutions
for a problem
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carbohydrates a group of nutrients made from carbon,
hydrogen, and oxygen; commonly called starches and
sugars

carrying capacity the maximum population size that an
ecosystem can support

cellular respiration a process in the cells of living
organisms that breaks down sugars to make energy

chloroplasts the parts of a plant cell where
photosynthesis occurs

cleavage the number of planes along which the mineral
breaks

commensalism a relationship between two kinds of
organisms that benefits one without harming the other

community all the living things in an ecosystem

conservation saving, protecting, or using natural
resources wisely
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consistency the ability to repeat a task with little
variation

continental drift the concept that a single
supercontinent broke apart into separate continents
which drifted to their current positions on Earth

controlled experiment a scientific investigation that
involves changing one factor and observing its effects
on another factor while keeping all other factors
constant

criteria requirements to accomplish a goal
crust the rocky surface that makes up the top of

the lithosphere, including the continents and the ocean
floor

crystal solid whose shape forms a fixed pattern
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data different types of information that can be collected
to answer a scientific question

deciduous forest a forest ecosystem with four distinct
seasons and deciduous trees

deforestation when people cut down forests, causing
living things to lose their habitats

dependent variable the variable that is being measured
by the experiment
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deposition the process of dropping off pieces of alSha) saseall oy @S35 U1l dcdee s i3
eroded rock

description a summary of observations Slas jasls ooy
design process a series of steps for developing Gilonaie) pasad) @lglasdl o dlwluie degora pusait) ilos
products and processes that solve problems S o ) llealls
earthquake a sudden shaking of Earth’s crust G, 8 sl oy lie 5lial JIH)
ecosystem all the living and nonliving things in an Slad) gumb 3352s0)) )l ks dd) SLASN e S pLAS
environment, including their interactions with each oasdl ppian g pedelss gens (il
other

endangered species a species that is in danger of in e e ol ssage fs¥) (B ENL Bauge gl

becoming extinct

endurance the ability to perform an activity without ez ¥l see il Gs balis elal Gle 3jaa)) (453
becoming tired
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extinct species a species that has died out completely)

Lle sty cale 3! 1Y) dud yhio El,ﬁ

Flood plain land near a river that is likely to be under
water during a flood

food chain the path that energy and nutrients follow in
an ecosystem

food web the overlapping food chains in an ecosystem
fossil fuel a material formed from the decay of ancient
organisms and is used as a source of energy

fracture a mineral property that breaks along rough or
uneven surfaces
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glacier a large sheet of ice and snow that moves slowly

over land

graduated cylinder a tall, narrow, clear container used
to measure liquid volume

sdan o wlidly wdod) (o dedis Ao gé:..l:v,g.n
was¥ Gl

Golen) s Calady Geing Jasks sley Ao jie &) sda
Slgaad) o

habitat the place where a plant or an animal lives and
grows

hardness how easily a mineral is scratched or how easily
it scratches something else

humus decayed plant or animal material in soil
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hydrosphere Earth’s water, whether found on continents ol Sl ozl 2l a8 Gle spm sl L) Hle B
or in oceans, including the freshwater in ice, lakes, rivers, SLe¥ls o odly adsdl sz gell aiall sLd) Jedog il
and underground gl alolly
hygiene the practice of keeping your body clean Gaws a8l le Ialasd) clujles dolad) dowad! Jados
hypothesis a prediction or an answer to a question that Lojlas) oSa dlas le als) of 305 Awd 8

can be tested

igneous rock a rock formed when magma or lava cools o) 5l 85lpall lass of 3,5 Lonie 0955 3,5us (g yLd) Swad)
and hardens

independent variable the variable that changes in an Gl b abas e @) ne)) i) pdiod)
experiment
inference a conclusion formed from available aslid) @Y ol Sleslad) oo adslanal o ) gluawy) ¥ i)
information or evidence
g.
e e
-§_ inner core a solid layer of iron and nickel inside Earth ¥ sl Sy apasd) e s dnds (S lod) )
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magma hot fluid rock in Earth’s mantle, the layer below
Earth’s surface

mantle a nearly melted layer of hot rock below Earth’s
crust

mean a set of data is the sum of the numbers in a data
set divided by the number of entries in the data set

meander a bend or S-shaped curve in a river
measurement a precise expression of a physical
property

median the middle number in a set of data when the
data are arranged in numerical order

metamorphic rock a rock that forms from another kind
of rock under heat and pressure

metric balance an object used to measure mass
mimic to copy or imitate

mineral a solid, natural material made from nonliving
substances in Earth’s crust; some minerals are also
nutrients that help living organisms grow and function

model a representation of an object, event, or concept
that describes how it works; often used as a tool

for understanding the natural world or defining the
construction of a product

musculoskeletal system all of the bones, cartilage, and
muscles that work together to make a body move

mutualism a relationship between two kinds of organisms
that benefits both
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natural resources materials people take from Earth to
meet their needs

niche the role of an organism in an ecosystem
nonrenewable resource natural resources that can be
used more quickly then they made by Earth’s natural

processes, or are elements that cannot be made ;

nutrients substances in foods that your body needs for
growth, repair, and energy
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observation using one or more of your senses to identify

or learn about something

outer core a liquid layer of iron and nickel below Earth’s

mantle
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parasitism a relationship in which one organism lives
in or on another organism and benefits from that
relationship while the host organism is harmed by it

photosynthesis a plant’s process of making food using
sunlight, water, and air

physical fitness when your heart, lungs, muscles, and
body are healthy and working at their best

plastic a synthetic substance made from petroleum or
natural gas that is easily shaped or molded

plate tectonics a model in which Earth’s surface is
broken into large plates (some bigger than continents)
that move slowly over the liquid magma below the
surface

pollution the addition of harmful substances to the
environment

population all the members of one species in an area
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precision a description of how close repeated
measurements are to each other

predator an animal that hunts other animals for food
prey a living thing that is hunted for food

primary succession the beginning of a community where
few, if any, living things exist

prosthesis an artificial extension that replaces a body
part

proteins nutrients in food that are needed for growth and
repair of body tissues
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qualitative data descriptive data that cannot be
measured

quantitative data data that can be measured
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range a set of data is the difference between the highest
and lowest values

relief map a map that shows the elevation of an area
using colors or shading

resource a substance needed by an organism for growth
and other life processes

robotics field of science and technology that makes and
uses programmable machines that perform specific tasks

rock a solid object made naturally in Earth’s crust that
contains one or more minerals

rock cycle a never-ending process in which rocks change
from one kind into another
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schematic a detailed drawing showing the parts and
functions of an object or system

science a way of learning about the natural world

scientific law a rule that describes a pattern in nature
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scientific method a series of steps that scientists use
when conducting an investigation

scientific theory an attempt to explain a pattern
observed repeatedly in the natural world

secondary succession the beginning of a new
community where an earlier community already existed

sediment the particles of soil or rock that may be eroded
and deposited

sedimentary rock a rock made of compacted and
cemented materials

shelter a part of animals environment that offers
protection

soil a mixture of bits of rock and once-living plants and
animals

soil horizon any of the layers of soil from the surface to
the bedrock

spring scale an object that uses springs and gravity to
measure weight

stomata tiny pores on the underside of plant leaves that
allow air to enter leaves and water to evaporate out of
leaves

streak the color of a mineral’s powder

succession the process of one ecosystem changing into a
new and different ecosystem

symbiosis a relationship between two kinds of organisms
over time

synthetic made by humans; not found in nature
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taiga a cool forest of coniferous evergreen trees

technology the scientific ways that humans adapt or
change nature to meet their needs

temperate rainforest an ecosystem with a lot of rain,
fog, and a cool climate
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textile any type of fabric, especially one made by
weaving or knitting fibers together

threatened species a species that is in danger of
becoming
endangered

topographical map a map that shows the elevation of
an area of Earth’s surface using contour lines

topsoil the dark, top layer of soil, rich in humus and
minerals, in which organisms live and most plants grow

tropical rainforest a forest ecosystem characterized by a

rainy, hot, and humid climate

tsunami a huge wave caused by an earthquake under
the ocean
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vitamins nutrients that help your body grow, function,
and use other nutrients

volcano an opening in Earth’s crust through which lava
may flow
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weathering the process through which rocks or other
materials are broken down into smaller pieces
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