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Lesson 1 

amplitude maximum distance a 
wave varies from its rest position

electromagnetic wave travels 
through matter or through empty 
space

frequency number of wavelengths 
that pass a point each second 

longitudinal wave particles of a 
medium move back and forth 
parallel to the direction the wave 
travels

mechanical wave travels only 
through matter

perpendicular at right angles

refraction change in direction of a 
wave as it changes speed, in 
moving from one medium into 
another 

transverse wave the disturbance is 
perpendicular to the direction the 
wave travels

Lesson 2

infrared wave electromagnetic wave 
with a wavelength shorter than a 
microwave but longer than light

intensity amount of energy that 
passes through a square meter of 
space in one second

opaque material that light does not 
pass through

radio wave low-frequency, low-
energy electromagnetic wave that 
has a wavelength longer than 
about 30 cm

range set of values from least to 
greatest

translucent material that allows 
most of the light that strikes it to 
pass through, but through which 
objects appear blurry

transparent material that allows 
almost all of the light striking it to 
pass through, and through which 
objects can be seen clearly

ultraviolet wave electromagnetic 
wave with a slightly shorter 
wavelength and higher frequency 
than light

Quick Vocabulary
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Quick Vocabulary

Lesson 3

compression region of a longitudinal 
wave where the particles in the 
medium are closest together

decibel (dB) unit used to measure 
sound intensity, or loudness

pitch perception of how high or low 
a sound seems

rarefaction region of a longitudinal 
wave where the particles are 
farthest apart

rest position the position of an 
undisturbed particle; particles are 
still in motion here
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Waves
A. What are waves?

 1. All waves begin with a source of               that causes a 

  back-and-forth or up-and-down              , or movement. 

 2. A(n)               is a disturbance that transfers 

                from one place to another without 

  transferring              .

 3. When a flag waves in the wind, the flag ripples back and forth as the energy 

                along the flag, but the fabric does not 

                forward with the wave energy.

 4. A(n)               wave travels only through matter.

 5. A(n)               wave can travel through empty space or through 
matter.

 6. There are               types of wave motion—transverse,

               , and a combination of both.

a. A(n)               wave is a wave in which the disturbance is 
perpendicular to the direction the wave travels. 

b. A(n)               wave is a wave that makes the particles of a 
medium move back and forth parallel to the direction the wave travels. 

 7. Two common waves in nature are water waves and 

                waves.

a. In water waves, water particles move in              , indicating 

that these waves are a combination of               and 

              waves. 

b.               waves occur during an earthquake. 

B. Properties of Waves

 1. The               of a wave is the distance from one point, such 

  as the crest, to the corresponding point on the next              . 

 2. The               of a wave is the number of wavelengths that pass 
a point each second.

 

Lesson Outline LESSON 1
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 3. Frequency is measured in               (Hz); the 

                the wavelength, the lower the frequency. 

 4. Wave speed depends on the type of material, or              , a wave 
travels through.

 5. The maximum distance a wave varies from its rest position is the 

                of the wave; the more energy a(n) 

                wave has, the larger the 

  wave’s               will be.

C. Wave Interaction with Matter

 1. When you knock on one side of a door, the sound travels as 

                sound waves through the door.

 2. These waves travel through the               that makes up the door 

  to the               on the other side.

 3. The particles that make up the door               some of the sound 

  energy; they increase their motion, changing to               energy. 

  This causes a(n)               in the sound.

 4. Some of the energy of your knock bounces, or              , back 

  into the room; that is why you               the sound.

 5. Waves that bounce off a surface follow the law of              : the 

  angle between the               (incoming) wave and the 

                (the perpendicular to the surface) is equal to the angle 

  between the               wave and the normal.

 6.               is the change in direction of a wave as it changes speed, 
moving from one medium into another.

 7. When entering a medium, waves refract toward the normal if they 

                and away from the normal if 

  they              .

 8. The change in direction of a(n)               when it travels past the 

  edge of an object or through an opening is called              ; 

  sound waves spread around a(n)               due to diffraction.

Lesson Outline continued
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Waves
Directions: On the line before each definition, write the letter of the term that matches it correctly. Each term 
is used only once.

Content Practice A LESSON 1

    1. a wave in which the disturbance is perpendicular 
to the direction the wave travels

    2. the number of wavelengths that pass a point each 
second

    3. the maximum distance a wave varies from its rest 
position

    4. a wave that can travel through empty space or 
through matter

    5. the change in direction of a wave as it changes 
speed, moving from one medium into another

    6. a wave that makes the particles of a medium 
move back and forth parallel to the direction the 
wave travels

    7. a wave that travels only through matter

A. mechanical wave

B. electromagnetic wave

C. transverse wave

D. longitudinal wave

E. frequency

F. amplitude

G. refraction
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Waves
Directions: Circle the term in parentheses that correctly completes each sentence.

 1. Waves always begin with a source of energy that causes a back-and-forth or 

  up-and-down (transfer/disturbance).

 2. Waves transfer energy, not (heat/matter), from place to place.

 3. The way in which waves transport energy (differs/is the same).

 4. A(n) (electromagnetic/mechanical) wave forms when a source of energy causes particles 

  that make up a medium to vibrate.

 5. A (mechanical/transverse) wave that is produced by a vibrating electric charge is 

  an electromagnetic wave.

 6. (Longitudinal/Electromagnetic) waves are always mechanical waves because this type 

  of motion can occur only when energy passes from particle to particle of a medium.

 7. Two familiar types of waves in nature are seismic waves produced by

  (tornadoes/earthquakes) and water waves.

 8. You can describe waves by their (properties/heights).

 9. The speed of a wave depends on the medium, or (strength/type) of material, through 

  which it travels.

 10. Waves can carry different amounts of (energy/water).

 11. As waves travel, some of the energy they carry is transmitted, some is absorbed, and 

  some is (reflected/held) by the particles in matter.

Content Practice B LESSON 1
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Waves
Key Concept What are waves, and how are waves produced?

Directions: Complete the table by writing each sentence or phrase under the correct heading.

An example is energy from the Sun.

These form when a source of energy causes particles that make up a
  medium to vibrate.

 These waves can travel through empty space or through matter.

These form when a charged particle vibrates.

The energy of a pebble dropped in water produces these waves.

 These waves travel only through matter.

Mechanical Waves Electromagnetic Waves

•

•

•

•

•

•

Key Concept Builder LESSON 1
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Waves
Key Concept What are waves, and how are waves produced?

Directions: On the line before each statement, write the letter of the correct answer.

    1. Waves are common in nature because many different               
produce waves.

 A. energy sources
 B. bodies of water
 C. weather conditions

    2.               waves form because there is friction between sea 
wind and water.

 A. Water
 B. Seismic
 C. Longitudinal

    3. A(n)               wave is called a seismic wave.
 A. water
 B. sound
 C. earthquake

    4. Seismic waves can be              .
 A. transverse
 B. longitudinal
 C. a combination of longitudinal and transverse

    5. Water waves move              .
 A. as S waves
 B. in circular paths
 C. as transverse waves only

    6. All seismic waves are               waves because they move 
through matter.

 A. water
 B. mechanical
 C. electromagnetic

    7.               from the wind transfers to the water as the water 
moves toward land.

 A. Energy
 B. Moisture
 C. Vibrations

Key Concept Builder LESSON 1
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Waves
Key Concept How can you describe waves by their properties?

Directions: Label this diagram by writing the correct terms from the word bank in each text box.

longer wavelength, lower frequency shorter wavelength, higher frequency 

Key Concept Builder LESSON 1

Directions: Use the diagram to answer each question or respond to each statement on the lines provided.

 3. Define crests and troughs.

  

 4. What is wavelength?

 5. Describe the possible range of wavelengths.

  6. How is frequency measured?  

Transverse waves

1. 2.

Longitudinal waves
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Waves
Key Concept What are some ways in which waves interact with matter?

Directions: On each line, write the term from the word bank that describes the statement. Some terms will be 
used more than once.

absorption   diffraction   reflection   refraction   transmission

             1.  Radio waves carry energy from an antenna to a plane.

             2.  A plane reflects the radio waves back toward an antenna.

             3.  A plane and particles in the air absorb some energy. The 
reflected wave carries less energy than the original wave.

             4.  When someone knocks on a door, sound energy changes 
to thermal energy and remains in the door.

             5.  Some of the energy used to knock on a door reflects, or 
bounces back.

             6.  Some of the sound from a knock passes through the door.

             7.  Instead of passing through the door, energy from a knock 
increases the motion of the particles in the wood.

             8.  This is the change in direction of a wave when it travels 
past the edge of an object or through an opening.

             9.  This is the change in direction of a wave as it changes 
speed, moving from one medium into another.

             10.  An object blocks the path of a wave, causing the wave to 
change direction.

Key Concept Builder LESSON 1
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LESSON 1Lesson Quiz A

Waves
True or False
Directions: On the line before each statement, write T if the statement is true or F if the statement is false. If the 
statement is false, change the underlined word to make it true. Write your changes on the lines provided.

    1. Mechanical waves are waves that move through matter or empty space.

    

    2. A wave in which the disturbance is perpendicular to the direction the wave 
travels is called a longitudinal wave.

   

    3. The longer a wave’s wavelength is, the lower its frequency will be.

   

    4. The more energy a wave has, the smaller its amplitude will be.

   

    5. When a wave changes direction as it moves from one medium to another, 
diffraction occurs.

   

Multiple Choice
Directions: On the line before each question or statement, write the letter of the correct answer.

    6. Which term describes a wave bouncing back toward its source?
 A. reflection 
 B. absorption
 C. transmission

    7. A change in direction in a wave when it passes through an opening is called 
 A. reflection. 
 B. refraction.
 C. diffraction.
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LESSON 1Lesson Quiz B

Waves
Short Answer
Directions: Respond to each statement on the lines provided.

 1. Compare and contrast mechanical waves and electromagnetic waves.

 2. Define longitudinal wave.

 3. Explain the relationship between a wave’s frequency and its wavelength.

 4. Describe the relationship between a wave’s energy and its amplitude.

Completion
Directions: On each line, write the term from the word bank that correctly completes each sentence. Not all terms 
are used.

absorption   diffraction   reflection   refraction   transmission 

 5. The change in direction of a wave as it changes speed, moving from one medium 

  to another, is              .

 6.               occurs when wave energy bounces back toward its source.

 7.               occurs when a wave changes direction when it travels 
through an opening. 
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Light
A. What are light waves?

 1.               is a small range of electromagnetic waves that are 

  detected by most people’s              .

 2. Objects that produce light, including the Sun and lightbulbs, are 

              objects.

B. The Electromagnetic Spectrum

 1. There are               main types of               
that make up the electromagnetic spectrum; these waves have different 

  wavelengths,              , and energy.

  2. The               produces energy that is carried outward in all 

 directions as              . 

 3. More than 90 percent of the Sun’s energy that reaches Earth is carried by 

              and               waves.

C. Speed, Wavelength, and Frequency

 1. The               of light in empty space is 3 × 108 m/s.

 2. The               and the frequency of light determines the 

              of the light. 

a. The light color that has the               wavelength and the 

              frequency is red.

b. Colors at the violet end of the spectrum have the shortest 

              and the               frequency.

D. Light and Matter Interact

 1. A(n)               material allows almost all the light that strikes it  

  to pass through; objects can be seen               through this 
material.

 2. A(n)               material allows most of the light that strikes it to 

  pass through; objects appear               through this material.

 3. Light does not pass through               material.

Lesson Outline LESSON 2
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  4. You see a clear reflective image when rays reflect from a(n)

                surface.

 5. Light interacts with different types of               in different ways; 

  some of the light is reflected, and some is transmitted or              .

E. Color 

 1. Colors people see are due to the               of the light that enters 

 their              ; with a(n)               object, the 
colors are the wavelengths emitted by the object.

 2. Objects that are               absorb all of the wavelengths of light 
except the wavelengths of the color that people see when white light hits the 

 object; so the               of an opaque object is the color of the 

 light that the object              . 

 3. The color of a transparent or               object is the color the 

  object              .

F. Intensity of Light 

 1.               is the amount of energy that passes through 1  m2 of 
space in 1 second.

 2. Intensity varies with               from the light source; the 

              the source, the greater the intensity of the light. 

 3.               is a person’s perception of the light intensity.

G. Interaction of Sunlight and Matter

 1. Particles that make up the air               the blue wavelengths of 
light more than they scatter longer wavelengths. 

 2.               of sunlight causes the Sun to be visible even after it has 

 set below Earth’s              .

H. Vision and the Eye

 1. Light enters the eye through the               which, along with the 

             , focuses light onto the              .

 2. Cells in the retina               light and send signals about the 

 light to the              .

Lesson Outline continued
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Light
Directions: Unscramble the terms. Then write the unscrambled term from the word bank that correctly completes 
each sentence. Each term is used only once.

 diora vewa              redinfra weav             

oletultravi vwae              nspartraent             

luctransent              queopa             

nsitintey             

  1.               refers to the amount of energy that passes through a square 
meter of space in one second.

 2. A(n)               material is a material through which light does not 
pass.

 3. A material that allows almost all of the light striking it to pass through and through 

  which objects can be seen clearly is              .

 4. A(n)               is an electromagnetic wave with a wavelength shorter 
than a microwave but longer than light. 

 5. A low-frequency, low-energy electromagnetic wave that has a wavelength longer than 

  about 30 cm is called a(n)              .

 6. An electromagnetic wave with a slightly shorter wavelength and higher frequency 

  than light is a(n)              .

 7. A material that allows most of the light striking it to pass through but through 

  which objects appear blurry is              .

Content Practice A LESSON 2
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Light
Directions: Complete the chart with the correct information in the space provided.

Electromagnetic Wave Definition One Property

radio waves 1.  2.

microwaves 3. 4.

5. an electromagnetic wave with a 
wavelength shorter than a 
microwave but longer than 
light

6.

7. 8. includes a range of 
wavelengths

9. 10. The shorter the wavelength of 
an electromagnetic wave is, the 
more energy the wave carries 
and the more harmful the wave 
can be.

11. a high-energy electromagnetic 
wave that has a slightly shorter 
wavelength and higher 
frequency than an ultraviolet 
wave

12.

13. 14. have shorter wavelengths and 
higher frequencies than any 
other form of electromagnetic 
wave

Content Practice B LESSON 2
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Light
Key Concept How does light differ from other forms of electromagnetic waves?

Directions: On the line before each statement, write the letter of the correct answer.

    1.               and               are two main 
types of waves.

 A. Mechanical waves, transverse waves
 B. Transverse waves, electromagnetic waves
 C. Mechanical waves, electromagnetic waves

    2.               waves can move only through matter, but 
electromagnetic waves can move through matter or empty space.

 A. Sound
 B. Transverse
 C. Mechanical

    3. The most familiar type of electromagnetic wave is              .
 A. light
 B. gamma
 C. microwave

    4.               of electrons produce electromagnetic waves that 
have many different wavelengths.

 A. Qualities
 B. Numbers
 C. Vibrations

    5. Your eyes are able to               only a narrow range of the 
wavelengths produced by electromagnetic waves.

 A. block
 B. detect
 C. produce

    6.  Light differs from other forms of electromagnetic waves only in its wavelength, 

  its frequency, and the amount of               it carries.
 A. heat
 B. color
 C. energy

Key Concept Builder LESSON 2
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 Light
Key Concept How does light differ from other forms of electromagnetic waves?

Directions: Complete the chart by writing two characteristics of each electromagnetic wave.

Electromagnetic Wave Characteristics

radio waves  1.

 2.

microwaves  3.

 4.

infrared waves  5.

 6.

light  7.

 8.

ultraviolet waves  9.

10.

X-rays 11.

12.

gamma rays 13.

14.

Key Concept Builder LESSON 2
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Key Concept Builder LESSON 2

 Light
Key Concept What are some ways in which light interacts with matter?

Directions: Label this diagram by writing the correct term from the word bank on each line.

gamma increasing energy increasing frequency X-rays

increasing wavelength infrared light

microwave radio ultraviolet   

 Directions: Use the diagram to answer each question or respond to each statement on the lines provided.

 11. According to the diagram, how do electromagnetic waves differ?

  

 12. Which electromagnetic wave has the longest wavelength?              

 13. Which electromagnetic wave has the most energy?              

1.

8.

9.

10.

2.

3.

4.

5. 7.

6.
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Key Concept Builder LESSON 2

Light
 Key Concept How do eyes change light waves into the images you see?

Directions: Write a question and an answer for the parts of the eye listed. Focus on how the parts work together 
to produce image signals for the brain.

 1. cornea

  Question:  

  Answer:  

 2. iris and pupil

  Question:  

  Answer:  

 3. lens and ciliary muscles

  Question:  

  Answer:  

 4. retina

  Question:  

  Answer:  

 5. rod cells and cone cells

  Question:  

  Answer:  

 6. optic nerve

  Question:  

  Answer:  
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LESSON 2Lesson Quiz A

Light
Matching
Directions: On the line before each definition, write the letter of the term that matches it correctly. Each term 
is used only once.

Matching Set 1

    1. a material through which objects can be seen 
clearly

    2. a material through which objects appear blurry  

    3. a material through which light does not pass

Matching Set 2

    4. low-frequency, low-energy electromagnetic waves 
with a wavelength longer than 30 cm

    5. electromagnetic waves with a slightly shorter 
wavelength and a higher frequency than light

    6. electromagnetic waves with a wavelength shorter 
than a microwave and longer than light

A. opaque

B. transparent

C. translucent

A. radio waves

B. infrared waves

C. ultraviolet waves

Multiple Choice 
Directions: On the line before each question or statement, write the letter of the correct answer.

    7. The color of an opaque object is the color of the light it
 A. reflects.
 B. absorbs.
 C. transmits.

    8. The intensity of light depends on
 A. its wavelength.
 B. how much of it is absorbed.
 C. the amount of energy it has.

    9. Which structure sends signals about what you see to the brain?
 A. lens
 B. retina 
 C. cornea
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LESSON 2Lesson Quiz B

Light
Matching
Directions: On the line before each definition, write the letter of the term that matches it correctly. Not all terms 
are used.

    1. a material through which objects can be seen 
clearly

    2. a material through which objects appear blurry  

    3. a material through which light does not pass

    4. low-frequency, low-energy electromagnetic waves 
with a wavelength longer than 30 cm

    5. electromagnetic waves with a slightly shorter 
wavelength and a higher frequency than light

    6. electromagnetic waves with a wavelength shorter 
than a microwave and longer than light

A. intensity

B. radio waves

C. X-rays

D. opaque

E. transparent

F. translucent

G. infrared waves

H. ultraviolet waves

Multiple Choice
Directions: On the line before each question or statement, write the letter of the correct answer.

    7. A blue stained-glass window appears to be blue because it
 A. refracts blue light.
 B. scatters blue light.
 C. absorbs blue light.
 D. transmits blue light.

    8. The intensity of a light determines its
 A. color.
 B. brightness.
 C. absorption.
 D. transmission.

    9. What is a function of the cornea and lens?
 A. allows you to see color
 B. sends signals to the brain
 C. focuses light on the retina
 D. changes the size of the eye’s pupil
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Sound
A. What are sound waves?

 1. Sound waves are               longitudinal waves that travel through 

 a(n)              .

 2. Sound waves are               the ear can detect; they usually have 

 frequencies in the range of 20 to 20,000               for humans.

 3. As sound waves move through air, the air particles bounce off objects and 

 exert              .

a. A(n)               is the region of a longitudinal wave where the 
particles of the medium are closest together.

b. A(n)               is the region of a longitudinal wave where the 
particles of the medium are farthest apart.

B. Properties of Sound Waves

 1. Many properties of sound waves depend on the compressions and 

                of the sound waves.

 2. The wavelength of a(n)               becomes shorter as the wave’s 

              increases. 

a.               is the perception of how high or low a sound seems.

b. A sound that has a high               is considered to have 

a(n)               pitch.

 3. The greater the energy in a sound is, the               the particles 

 move as they              .

a. The               of a sound wave is the distance that a vibrating 

particle moves from its               position.

b. The more energy a sound               has, the 

              the amplitude of the wave will be. 

 4. Sound waves travel much               than electromagnetic waves do.

a. Sound waves travel               through gases than through 

solids because the particles in               are farther apart; so it 
takes longer to transfer sound energy between particles in a gas.

Lesson Outline LESSON 3
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b. Sound waves travel faster as the temperature of a gas 

             , and sound waves travel slower as 

the temperature of a liquid              .

 5.               is a person’s perception of a sound’s intensity.

 6. The              , abbreviated dB, is the unit used to measure sound 
intensity or loudness.

 7. Sounds above               dB can result in permanent 

               loss.

C. Hearing and the Ear

 1. The external               ear collects sound waves. 

 2. The middle ear includes the               and three 

 small              ; this part of the ear              , 
or intensifies, the sound waves.

 3. The inner ear contains the              , which converts sound waves 

 to               signals that the               then 
processes, creating the perception of sound.

Lesson Outline continued
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Sound
Directions: On each line, write the term from the word bank that correctly completes each sentence. Some terms 
will be used more than once.

compression(s)    decibel    pitch    rarefaction(s)

 1. The perception of how high or low a sound seems is called              .

 2.  The unit used to measure sound intensity, or loudness, is the              .

 3. A               is the region of a longitudinal wave where the particles 
are farthest apart.

 4. A sound wave produces               and               as 
it passes through matter.

 5. As the               level goes up, the amount of time you can listen to 
the sounds without risking hearing loss gets shorter and shorter.

 6. The higher the frequency is, the higher the               of the sound 
will be.

 7. A               is the region of a longitudinal wave where the particles 
in the medium are closest together.

Content Practice A LESSON 3
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Sound
Directions: Answer each question or respond to each statement on the lines provided. 

 1. List two characteristics of sound waves.

  

 2. Describe the relationship between age and hearing.

 3. How do compressions and rarefactions differ?

  

 4. Explain how pitch and frequency are related.

 5. Define amplitude.

 6. Why do sound waves travel slower than other electromagnetic waves?

 7. What is the highest decibel level that you can listen to without risking permanent 

  hearing loss?              

 8. How many main parts does the human ear have?              

Content Practice B LESSON 3

C372_044_050_CRF_L3_892514.indd   50C372_044_050_CRF_L3_892514.indd   50 4/24/10   3:56:32 PM4/24/10   3:56:32 PM



Waves, Light, and Sound 51

C
o
p
y
ri

g
h
t 

©
 G

le
n
co

e/
M

cG
ra

w
-H

il
l,

 a
 d

iv
is

io
n
 o

f 
T

h
e 

M
cG

ra
w

-H
il

l 
C

o
m

p
an

ie
s,

 I
n
c.

Name  Date  Class 

 Reading Comprehension Activity: Reading 
Mathematics in Science
Mathematics is an important part of science. However, mathematics has its own language. 
Understanding this language will help you read and take notes about science. The language of 
mathematics uses many different symbols to represent relationships, operations, and variables. 
Some common symbols are shown in the table below. 

Symbol Meaning Example

> greater than 10 > 4

< less than 4 < 10

λ wavelength The λ of a microwave is between 1 mm and 30 cm.

m/s meters per second A wave’s speed can be measured in m/s.

Δ change Sound waves Δ to nerve signals in your ear.

⊥ perpendicular Lines that are ⊥ cross at right angles.

| | parallel Lines that are next to each other and do not intersect are | |.

Directions: Study the table above. Then insert the correct symbol to complete the following sentences.

1. Transverse waves move       to the direction that the wave travels. 

 2. A wave that has a shorter       has a higher frequency. 

 3. Dolphins and dogs have hearing ranges that are       the hearing range of humans. 

 4. The frequency of an infrared wave is       the frequency of an X-ray.

 5. Refraction occurs when waves       speed and direction upon moving from one 
medium to another.

 6. Longitudinal waves move       to the direction that the wave travels.

 7. The speed of light is 3 × 108      .

Language Arts Support LESSON 3
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Language Arts Support

Reading Comprehension Activity: Reading 
for Standardized Tests
Developing reading skills can help you when you take tests. Certain skills are particularly 
helpful for standardized tests. Follow these steps when you read a standardized test question:

  1. Read the question carefully. Make sure that you understand what the question is   
 asking.

  2. Reread the question if necessary. Underline words or terms that are important. 

  3. Cover the response choices with your hand and answer the question. 

  4. Look at the response choices. Read every choice and cross out the ones that you   
 know are incorrect. 

Directions: Underline words that are important in each question below. Then write the letter of the correct 
answer on the line before each statement.

     1. Which kind of waves ripple out in all directions when a child throws a pebble 
into a pond? 

 A. light waves
 B. sound waves
 C. mechanical waves
 D. electromagnetic waves

     2. Which term describes the maximum distance that a wave varies from its rest 
position? 

 A. amplitude
 B. frequency
 C. wavelength
 D. transmission

     3. Which unit would you use to measure the loudness of an airplane taking off?
 A. hertz
 B. decibel
 C. centimeter 
 D. meters per second

     4. Luis’s T-shirt reflects green light waves. What color is Luis’s shirt? 
 A. red
 B. blue
 C. green
 D. black

LESSON 3
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 Use a Fraction
If you move away from the source of a sound, the sound gets softer. If you move toward the 
source of a sound, it gets louder. This is because the intensity of the sound decreases as you 
move away from its source and increases as you move toward a source. The fraction by 
which sound intensity changes depends on the starting distance from the source, r1, and 
the ending distance from the source, r2. 

 change in sound intensity =  (   r1 __ r2
   ) 
2
  

By what fraction does sound intensity decrease if you start at 3 m from the source and 
move to 9 m from the source? 

Step 1 Identify the values given in the problem.

  r1 = 3 m

  r2 = 9 m

Step 2 Insert the known values to solve.

  change in sound intensity =  (   r1 ___ 
 r2

   ) 
2

  =  (   3 __ 9   ) 
2
 =  (   1 __ 3   ) 

2
 =   1 __ 9   

The sound intensity decreases to   1 __ 9   of its original value.

Practice

Math Skills LESSON 3

 1. By what fraction does sound intensity 
decrease if you start at 4 m from the 
source and move to 6 m from the 
source? 

 2. By what fraction does sound intensity 
decrease if you move from 6 m away to 
8 m away from a source?

 3. By how many times does the sound 
intensity increase if you move from 
6 m away to 3 m away from a source?

 4. You are standing at a distance of 1 m 
from a sound source. How does the 
sound intensity change if you move to 
a distance of 10 m from the source?
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Sound
Key Concept What are some properties of sound waves?

Directions: On the line before each answer, write the letter of the question that matches it correctly. Each 
question is used only once.

 A. Which sound waves can healthy young humans hear?

 B.  In general, why does a female voice sound higher-pitched than a male 
voice?

 C.  How does the distance between the particles of a gas affect its ability 
to transfer sound?

 D. The human ear is most sensitive to which frequencies?

 E. How can you describe a sound wave?

 F.  Why do you hear a loud sound if you drop a book onto a wooden floor 
but not if you drop the book onto a pillow?

 G. What are sound waves?

 H. What happens as the temperature of a gas increases?

 I. What is the effect of temperature on liquids and solids?

    1. vibrations that the ear can detect

    2. sound waves produced by vibrations between about 20 Hz and 20,000 Hz

    3. frequencies between 1,000 and 4,000 Hz

    4. because there is only a slight vibration

    5. because the range of frequencies produced is higher

    6. by its wavelength, frequency, amplitude, and speed

    7. They collide less often than particles in a liquid or a solid so it takes longer to 
transfer sound energy from one particle to another.

    8. The particles move faster and collide more often.

    9. As liquids and solids cool, the molecules slow down and move closer. They 
collide more often and transfer energy faster.

Key Concept Builder LESSON 3
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Sound
Key Concept What are some properties of sound waves?

Directions: Use the diagram to answer each question or respond to each statement on the lines provided.

Key Concept Builder LESSON 3

 1. According to the diagram, what does a sound wave produce as it passes through matter?

 2. Describe the motion of the air particles in the diagram.

  

 3. Describe the appearance of the air particles in areas of compression and rarefaction. 
Then explain how the appearances relate to air pressure.

  

Rarefactions

Direction of
sound waves

Motion of
air particles

Compressions
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Sound
Key Concept What are some properties of sound waves?

Directions: Change the underlined word(s) to make each false statement true. Write your changes on the lines 
provided.

 1. For light waves, many properties depend on the height and shape of the longitudinal 

  waves.              

 2. Many types of sound waves depend on their compressions and rarefactions. 

               

 3. People and instruments produce different ranges of sound temperatures.

               

 4. The wavelength of a wave gets longer as the frequency increases. 

               

 5. You use more energy to whisper than to shout.               

               

  6. The more sound that is used to produce the sound wave, the greater the amplitude 

  will be.              

 7. Two factors that affect the speed of sound are the type of medium and its height. 

               

 8. A solid takes longer than a liquid to transfer sound energy from one particle to another. 

               

Key Concept Builder LESSON 3
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Sound
Key Concept How do ears enable people to hear sounds?

Directions: On the line before each description, write the letter of the term or phrase that matches it correctly. 
Some terms or phrases will be used more than once.

Key Concept Builder LESSON 3

    1. has three main parts

    2. the part of the ear you can see

    3. amplifies, or increases, the intensity of sound 
waves

    4. includes the eardrum

    5. collects sound waves

    6. includes three tiny bones called the hammer, the 
anvil, and the stirrup

    7. contains the cochlea

    8. has a spiral shape and changes sound waves to 
nerve signals

    9. changes sound waves to nerve signals that the 
brain interprets

    10. work together to gather and interpret sound 
waves

A. cochlea

B. different parts of 
the ear

C. human ear

D. inner ear

E. middle ear

F. outer ear
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Sound
Completion
Directions: On each line, write the term from the word bank that correctly completes each sentence. Each term is 
used only once.

compression    decibel    pitch    rarefaction

 1. The perception of how high or low a sound seems is called                .

 2. The region of a longitudinal wave where the particles of the medium are closer together

  is called a                .

 3. The unit used to measure sound intensity is called the                .

 4. The region of a longitudinal wave where the particles are farthest apart is called 

  a                .

Matching
Directions: On the line before each definition, write the letter of the term that matches it correctly. Each term is 
used only once.

    5. collects sound waves   

    6. amplifies sound waves  

    7. changes sound waves to nerve signals

A. outer ear

B. inner ear

C. middle ear

Lesson Quiz A LESSON 3
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LESSON 3Lesson Quiz B

Sound
Completion
Directions: On each line, write the term from the word bank that correctly completes each sentence. Not all 
terms are used.

compression decibel pitch

rarefaction vibration wavelength

 1. The perception of how high or low a sound seems is called                .

 2. The region of a longitudinal wave where the particles of the medium are closer together 

  is called a                .

 3.  The unit that is used to measure sound intensity is called the                .

 4. The region of a longitudinal wave where the particles are farthest apart is called 

  a                .

Matching
Directions: On the line before each definition, write the letter of the term that matches it correctly. Not all 
terms are used.

    5. the main function of the outer ear

    6. the main function of the middle ear

    7. the main function of the inner ear

A. collecting sound 
waves

B. reflecting sound waves

C. changing sound waves 
to nerve signals

D. amplifying sound 
waves
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Lesson O
utline for Teaching

Lesson 1: W
aves 

A
. W

h
at are w

aves?

 
1. A

ll w
aves begin

 w
ith

 a so
u

rce o
f en

ergy th
at cau

ses a back-an
d

-fo
rth

 o
r 

u
p

-an
d

-d
o

w
n

 d
istu

rban
ce, o

r m
o

vem
en

t. 

 
2. A

(n
) w

ave is a d
istu

rban
ce th

at tran
sfers en

ergy fro
m

 o
n

e p
lace to

 an
o

th
er w

ith
o

u
t 

tran
sferrin

g m
atter.

 
3. W

h
en

 a flag w
aves in

 th
e w

in
d

, th
e flag rip

p
les back an

d
 fo

rth
 as th

e en
ergy travels 

alo
n

g th
e flag, bu

t th
e fabric d

o
es n

o
t m

o
ve fo

rw
ard

 w
ith

 th
e w

ave en
ergy.

 
4. A

(n
) m

ech
an

ical w
ave travels o

n
ly th

ro
u

gh
 m

atter.

 
5. A

(n
) electro

m
agn

etic w
ave can

 travel th
ro

u
gh

 em
p

ty sp
ace o

r th
ro

u
gh

 m
atter.

 
6. T

h
ere are th

ree typ
es o

f w
ave m

o
tio

n
—

tran
sverse, lo

n
gitu

d
in

al, an
d

 a co
m

bin
atio

n
 

o
f bo

th
.

a. A
(n

) tran
sverse w

ave is a w
ave in

 w
h

ich
 th

e d
istu

rban
ce is p

erp
en

d
icu

lar to th
e 

d
irection

 th
e w

ave travels. 

b. A
(n

) lon
gitu

d
in

al w
ave is a w

ave th
at m

akes th
e p

articles of a m
ed

iu
m

 m
ove back 

an
d

 forth
 p

arallel to th
e d

irection
 th

e w
ave travels. 

 
7. Tw

o
 co

m
m

o
n

 w
aves in

 n
atu

re are w
ater w

aves an
d

 seism
ic w

aves.

a. In
 w

ater w
aves, w

ater p
articles m

ove in
 circles, in

d
icatin

g th
at th

ese w
aves are a 

com
bin

ation
 of lon

gitu
d

in
al an

d
 tran

sverse w
aves. 

b. Seism
ic w

aves occu
r d

u
rin

g an
 earth

q
u

ake. 

B. Prop
erties of W

aves

 
1. T

h
e w

avelen
gth

 o
f a w

ave is th
e d

istan
ce fro

m
 o

n
e p

o
in

t, su
ch

 as th
e crest, to

 th
e 

co
rresp

o
n

d
in

g p
o

in
t o

n
 th

e n
ext w

ave. 

 
2. T

h
e freq

u
en

cy o
f a w

ave is th
e n

u
m

ber o
f w

avelen
gth

s th
at p

ass a p
o

in
t each

 
seco

n
d

.

 
3. Freq

u
en

cy is m
easu

red
 in

 h
ertz (H

z); th
e lo

n
ger th

e w
avelen

gth
, th

e lo
w

er th
e 

freq
u

en
cy. 

 
4. W

ave sp
eed

 d
ep

en
d

s o
n

 th
e typ

e o
f m

aterial, o
r m

ed
iu

m
, a w

ave travels th
ro

u
gh

.

 
5. T

h
e m

axim
u

m
 d

istan
ce a w

ave varies fro
m

 its rest p
o

sitio
n

 is th
e am

p
litu

d
e o

f th
e 

w
ave; th

e m
o

re en
ergy a(n

) m
ech

an
ical w

ave h
as, th

e larger th
e w

ave’s am
p

litu
d

e 
w

ill be.

C. W
ave In

teraction
 w

ith
 M

atter

 
1. W

h
en

 yo
u

 kn
o

ck o
n

 o
n

e sid
e o

f a d
o

o
r, th

e so
u

n
d

 travels as lo
n

gitu
d

in
al so

u
n

d
 

w
aves th

ro
u

gh
 th

e d
o

o
r.
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 2. T

h
ese w

aves travel th
ro

u
gh

 th
e m

atter th
at m

akes u
p

 th
e d

o
o

r to
 th

e air o
n

 th
e 

o
th

er sid
e.

 
3. T

h
e p

articles th
at m

ake u
p

 th
e d

o
o

r abso
rb so

m
e o

f th
e so

u
n

d
 en

ergy; th
ey in

crease 
th

eir m
o

tio
n

, ch
an

gin
g to

 th
erm

al en
ergy. T

h
is cau

ses a(n
) d

ecrease in
 th

e so
u

n
d

.

 
4. So

m
e o

f th
e en

ergy o
f yo

u
r kn

o
ck bo

u
n

ces, o
r reflects, back in

to
 th

e ro
o

m
; th

at is 
w

h
y yo

u
 h

ear th
e so

u
n

d
.

 
5. W

aves th
at bo

u
n

ce o
ff a su

rface fo
llo

w
 th

e law
 o

f reflectio
n

: th
e an

gle betw
een

 th
e 

in
cid

en
t (in

co
m

in
g) w

ave an
d

 th
e n

o
rm

al (th
e p

erp
en

d
icu

lar to
 th

e su
rface) is 

eq
u

al to
 th

e an
gle betw

een
 th

e reflected
 w

ave an
d

 th
e n

o
rm

al.

 
6. R

efractio
n

 is th
e ch

an
ge in

 d
irectio

n
 o

f a w
ave as it ch

an
ges sp

eed
, m

o
vin

g fro
m

 
o

n
e m

ed
iu

m
 in

to
 an

o
th

er.

 
7. W

h
en

 en
terin

g a m
ed

iu
m

, w
aves refract to

w
ard

 th
e n

o
rm

al if th
ey slo

w
 d

o
w

n
 an

d
 

aw
ay fro

m
 th

e n
o

rm
al if th

ey sp
eed

 u
p

.

 
8. T

h
e ch

an
ge in

 d
irectio

n
 o

f a(n
) w

ave w
h

en
 it travels p

ast th
e ed

ge o
f an

 o
bject o

r 
th

ro
u

gh
 an

 o
p

en
in

g is called
 d

iffractio
n

; so
u

n
d

 w
aves sp

read
 aro

u
n

d
 a(n

) co
rn

er 
d

u
e to

 d
iffractio

n
.

D
iscussion Q

uestion
In

 term
s of w

aves, w
h

at is an
 ech

o? B
ased

 on
 w

h
at you

 h
ave learn

ed
 in

 th
is lesson

, w
h

at 
gen

eralization
 can

 you
 m

ake abou
t th

e d
irection

 an
 ech

o travels?

A
n

 ech
o is a sou

n
d

 w
ave th

at bou
n

ces back, or reflects, from
 a su

rface. A
n

 ech
o, like oth

er 
reflected

 w
aves, w

ill follow
 th

e law
 of reflection

, w
h

ich
 states th

at th
e an

gle of in
cid

en
ce is 

eq
u

al to th
e an

gle of reflection
. T

h
is m

ean
s th

at if you
 can

 id
en

tify th
e su

rface th
at th

e 
ech

o bou
n

ced
 off of, you

 can
 d

eterm
in

e w
h

ere th
e sou

n
d

 cam
e from

 based
 on

 th
e an

gle th
e 

sou
n

d
 w

aves m
ad

e w
h

en
 th

ey h
it th

at su
rface.
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Lesson O
utline for Teaching

Lesson 2: Light 
A

. W
h

at are ligh
t w

aves?

 
1. Ligh

t is a sm
all ran

ge o
f electro

m
agn

etic w
aves th

at are d
etected

 by m
o

st p
eo

p
le’s 

eyes.

 
2. O

bjects th
at p

ro
d

u
ce ligh

t, in
clu

d
in

g th
e Su

n
 an

d
 ligh

tbu
lbs, are lu

m
in

o
u

s o
bjects.

B.  T
h

e Electrom
agn

etic Sp
ectru

m

 
1. T

h
ere are seven

 m
ain

 typ
es o

f w
aves th

at m
ake u

p
 th

e electro
m

agn
etic sp

ectru
m

; 
th

ese w
aves h

ave d
ifferen

t w
avelen

gth
s, freq

u
en

cies, an
d

 en
ergy.

 
2. T

h
e Su

n
 p

ro
d

u
ces en

ergy th
at is carried

 o
u

tw
ard

 in
 all d

irectio
n

s as electro
m

agn
etic 

w
aves. 

 
3. M

o
re th

an
 90 p

ercen
t o

f th
e Su

n
’s en

ergy th
at reach

es Earth
 is carried

 by ligh
t an

d
 

in
frared

 w
aves.

C. Sp
eed

, W
avelen

gth
, an

d
 Freq

u
en

cy

 
1. T

h
e sp

eed
 o

f ligh
t in

 em
p

ty sp
ace is 3 

×
 10

8 m
/s.

 
2. T

h
e w

avelen
gth

 an
d

 th
e freq

u
en

cy o
f ligh

t d
eterm

in
es th

e co
lo

r o
f th

e ligh
t. 

a. T
h

e ligh
t color th

at h
as th

e lon
gest w

avelen
gth

 an
d

 th
e low

est freq
u

en
cy is red

.

b. C
olors at th

e violet en
d

 of th
e sp

ectru
m

 h
ave th

e sh
ortest w

avelen
gth

 an
d

 th
e 

h
igh

est freq
u

en
cy.

D
.  Ligh

t an
d

 M
atter In

teract

 
1. A

(n
) tran

sp
aren

t m
aterial allo

w
s alm

o
st all th

e ligh
t th

at strikes it to
 p

ass th
ro

u
gh

; 
o

bjects can
 be seen

 clearly th
ro

u
gh

 th
is m

aterial.

 
2. A

(n
) tran

slu
cen

t m
aterial allo

w
s m

o
st o

f th
e ligh

t th
at strikes it to

 p
ass th

ro
u

gh
; 

o
bjects ap

p
ear blu

rry th
ro

u
gh

 th
is m

aterial.

 
3. Ligh

t d
o

es n
o

t p
ass th

ro
u

gh
 o

p
aq

u
e m

aterial.

 
4. Yo

u
 see a clear reflective im

age w
h

en
 rays reflect fro

m
 a(n

) sm
o

o
th

 su
rface.

 
5. L

igh
t in

teracts w
ith

 d
ifferen

t typ
es o

f m
atter in

 d
ifferen

t w
ays; so

m
e o

f th
e ligh

t is 
reflected

, an
d

 so
m

e is tran
sm

itted
 o

r ab
so

rb
ed

.

E.  C
o

lo
r 

 
1. C

o
lo

rs p
eo

p
le see are d

u
e to

 th
e w

avelen
gth

 o
f th

e ligh
t th

at en
ters th

eir eyes; w
ith

 
a(n

) lu
m

in
o

u
s o

b
ject, th

e co
lo

rs are th
e w

avelen
gth

s em
itted

 b
y th

e o
b

ject.

 
2. O

b
jects th

at are o
p

aq
u

e ab
so

rb
 all th

e w
avelen

gth
s o

f ligh
t ex

cep
t th

e w
avelen

gth
s 

o
f th

e co
lo

r th
at p

eo
p

le see w
h

en
 w

h
ite ligh

t h
its th

e o
b

ject; so
 th

e co
lo

r o
f an

 
o

p
aq

u
e o

b
ject is th

e co
lo

r o
f th

e ligh
t th

at th
e o

b
ject reflects. 

 
3. T

h
e co

lo
r o

f a tran
sp

aren
t o

r tran
slu

cen
t o

b
ject is th

e co
lo

r th
e o

b
ject tran

sm
its.
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F. 
In

ten
sity o

f Ligh
t 

 
1. In

ten
sity is th

e am
o

u
n

t o
f en

ergy th
at p

asses th
ro

u
gh

 1
  m

2 o
f sp

ace in
 1

 seco
n

d
.

 
2. In

ten
sity varies w

ith
 d

istan
ce fro

m
 th

e ligh
t so

u
rce; th

e clo
ser th

e so
u

rce, th
e greater 

th
e in

ten
sity o

f th
e ligh

t. 

 
3. B

righ
tn

ess is a p
erso

n
’s p

ercep
tio

n
 o

f th
e ligh

t in
ten

sity.

G
. In

teractio
n

 o
f Su

n
ligh

t an
d

 M
atter

 
1. P

articles th
at m

ake u
p

 th
e air scatter th

e b
lu

e w
avelen

gth
s o

f ligh
t m

o
re th

an
 th

ey 
scatter lo

n
ger w

avelen
gth

s. 

 
2. R

efractio
n

 o
f su

n
ligh

t cau
ses th

e Su
n

 to
 b

e visib
le even

 after it h
as set b

elo
w

 E
arth

’s 
h

o
rizo

n
.

H
. V

isio
n

 an
d

 th
e E

ye

 
1. L

igh
t en

ters th
e eye th

ro
u

gh
 th

e co
rn

ea, w
h

ich
 alo

n
g w

ith
 th

e len
s, fo

cu
ses ligh

t 
o

n
to

 th
e retin

a.

 
2. C

ells in
 th

e retin
a ab

so
rb

 ligh
t an

d
 sen

d
 sign

als ab
o

u
t th

e ligh
t to

 th
e b

rain
.

D
iscussion Q

uestion
C

o
m

p
are an

d
 co

n
trast rad

io
 w

aves an
d

 m
icro

w
aves. 

R
ad

io
 w

aves are sim
ilar to

 m
icro

w
aves—

b
o

th
 are typ

es o
f electro

m
agn

etic w
aves w

ith
 lo

n
ger 

w
avelen

gth
s th

an
 m

o
st o

th
er electro

m
agn

etic w
aves an

d
 b

o
th

 are u
sed

 in
 co

m
m

u
n

icatio
n

. 
T

h
ey also

 d
iffer—

m
icro

w
aves are sh

o
rter th

an
 rad

io
 w

aves an
d

 h
ave h

igh
er en

ergy th
an

 
rad

io
 w

aves, so
 th

ey can
 b

e u
sed

 to
 co

o
k fo

o
d

 in
 ad

d
itio

n
 to

 th
eir u

se in
 tran

sm
ittin

g 
sign

als fo
r co

m
m

u
n

icatio
n

.
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Lesson O
utline for Teaching

Lesson 3: Sound 
A

. W
h

at are sou
n

d
 w

aves?

 
1. So

u
n

d
 w

aves are m
ech

an
ical lo

n
gitu

d
in

al w
aves th

at travel th
ro

u
gh

 a(n
) m

ed
iu

m
.

 
2. So

u
n

d
 w

aves are vibratio
n

s th
e ear can

 d
etect; th

ey u
su

ally h
ave freq

u
en

cies in
 th

e 
ran

ge o
f 20 to

 20,000 h
ertz (o

r H
z) fo

r h
u

m
an

s.

 
3. A

s so
u

n
d

 w
aves m

o
ve th

ro
u

gh
 air, th

e air p
articles bo

u
n

ce o
ff o

bjects an
d

 exert 
p

ressu
re (o

r fo
rce).

a. A
(n

) com
p

ression
 is th

e region
 of a lon

gitu
d

in
al w

ave w
h

ere th
e p

articles of th
e 

m
ed

iu
m

 are closest togeth
er.

b. A
(n

) rarefaction
 is th

e region
 of a lon

gitu
d

in
al w

ave w
h

ere th
e p

articles of th
e 

m
ed

iu
m

 are farth
est ap

art.

B.  Prop
erties of Sou

n
d

 W
aves

 
1. M

an
y p

ro
p

erties o
f so

u
n

d
 w

aves d
ep

en
d

 o
n

 th
e co

m
p

ressio
n

s an
d

 rarefactio
n

s o
f 

th
e so

u
n

d
 w

aves.

 
2. T

h
e w

avelen
gth

 o
f a(n

) w
ave beco

m
es sh

o
rter as th

e w
ave’s freq

u
en

cy in
creases. 

a. Pitch
 is th

e p
ercep

tion
 of h

ow
 h

igh
 or low

 a sou
n

d
 seem

s.

b. A
 sou

n
d

 th
at h

as a h
igh

 freq
u

en
cy is con

sid
ered

 to h
ave a(n

) h
igh

 p
itch

.

 
3. T

h
e greater th

e en
ergy in

 a so
u

n
d

 is, th
e farth

er th
e p

articles m
o

ve as th
ey vibrate.

a. T
h

e am
p

litu
d

e of a sou
n

d
 w

ave is th
e d

istan
ce th

at a vibratin
g p

article m
oves 

from
 its rest p

osition
.

b. T
h

e m
ore en

ergy a sou
n

d
 w

ave h
as, th

e greater th
e am

p
litu

d
e of th

e w
ave w

ill be. 

 
4. So

u
n

d
 w

aves travel m
u

ch
 slo

w
er th

an
 electro

m
agn

etic w
aves d

o
.

a. Sou
n

d
 w

aves travel slow
er th

rou
gh

 gases th
an

 th
rou

gh
 solid

s becau
se th

e 
p

articles in
 gases are farth

er ap
art; so it takes lon

ger to tran
sfer sou

n
d

 en
ergy 

betw
een

 p
articles in

 a gas.

b. Sou
n

d
 w

aves travel faster as th
e tem

p
eratu

re of a gas in
creases, an

d
 sou

n
d

 w
aves 

travel slow
er as th

e tem
p

eratu
re of a liq

u
id

 d
ecreases.

 
5. Lo

u
d

n
ess is a p

erso
n

’s p
ercep

tio
n

 o
f a so

u
n

d
’s in

ten
sity.

 
6. T

h
e d

ecibel, abbreviated
 d

B
, is th

e u
n

it u
sed

 to m
easu

re sou
n

d
 in

ten
sity or lou

d
n

ess.

 
7. So

u
n

d
s abo

ve 80 d
B

 can
 resu

lt in
 p

erm
an

en
t h

earin
g lo

ss.

C.  H
earin

g an
d

 th
e Ear

 
1. T

h
e extern

al o
u

ter ear co
llects so

u
n

d
 w

aves. 

 
2. T

h
e m

id
d

le ear in
clu

d
es th

e eard
ru

m
 an

d
 th

ree sm
all bo

n
es; th

is p
art o

f th
e ear 

am
p

lifies, o
r in

ten
sifies, th

e so
u

n
d

 w
aves.
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3. T

h
e in

n
er ear co

n
tain

s th
e co

ch
lea, w

h
ich

 co
n

verts so
u

n
d

 w
aves to

 n
erve sign

als 
th

at th
e brain

 th
en

 p
ro

cesses, creatin
g th

e p
ercep

tio
n

 o
f so

u
n

d
.

D
iscussion Q

uestion
W

h
ich

 in
stru

m
en

t, w
h

en
 p

layin
g its fu

ll ran
ge, p

rod
u

ces th
e sou

n
d

 th
at h

as th
e h

igh
est 

freq
u

en
cy—

bass gu
itar, flu

te, classical or acou
stic gu

itar, or cello? W
h

ich
 in

stru
m

en
t, p

layed
 

at fu
ll volu

m
e, p

rod
u

ces th
e sou

n
d

 th
at h

as th
e low

est am
p

litu
d

e—
trian

gle, tu
ba, violin

, or 
bass d

ru
m

? Exp
lain

 you
r an

sw
ers.

O
f th

e ch
oices, th

e flu
te can

 reach
 th

e h
igh

est p
itch

, so it can
 p

rod
u

ce th
e sou

n
d

 th
at h

as 
th

e h
igh

est freq
u

en
cy. O

f th
e ch

oices, th
e trian

gle is by far th
e sm

allest, so it p
rod

u
ces th

e 
sou

n
d

 th
at h

as th
e least en

ergy; th
erefore, its sou

n
d

 w
aves w

ou
ld

 h
ave th

e low
est 

am
p

litu
d

e. 
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