
Waves & Sound 

Characteristics of Waves 



Waves 

Waves -rhythmic disturbances that carry energy 

through matter or space 

Medium -material through which a wave transfers 

energy 

solid, liquid, gas, or combination 

electromagnetic waves don’t need a medium 

(e.g. visible light) 



Waves 

Two Types: 

    Longitudinal               Transverse 



Transverse Waves 

Transverse Waves 

medium moves 

perpendicular to the 

direction of wave 

motion 



Transverse Waves 

Wave Anatomy 
crest 

trough 
wavelength 

wavelength 

amplitude 

amplitude 

corresponds to 

the amount of 

energy carried by 

the wave 



Transverse Waves 

Crest- high point of a wave 

Trough- low point of a wave 

Amplitude- maximum displacement, or height 

of a wave  

Wavelength- distance between to successive 

points on a wave (ex. crest to crest) 

Period- time it takes a wave to make a 

complete cycle  



Longitudinal Waves 

Longitudinal Waves (a.k.a. compressional) 

medium moves in the same direction as wave 

motion 



Longitudinal Waves 

Wave Anatomy 

rarefaction 

compression 

wavelength 

wavelength 

Amount of compression corresponds to amount of energy  AMPLITUDE. 



Bell Ringer 

What is a wave? 

 

What does a wave do? 

 

What is a transverse wave? 

 

What is a longitudinal wave? 



Measuring Waves 

Frequency ( f ) - # of 

waves passing a point 

in 1 second 

Hertz (Hz) 

f = 1/T 

shorter wavelength  

higher frequency  

higher energy 1 second 



Measuring Waves 

Velocity ( v ) - speed of a wave as it moves 

forward 

depends on wave type and medium  

v =  × f  

v: velocity (m/s) 

: wavelength (m) 

f: frequency (Hz) 

 

v 

f 



WORK: 

v =  × f 

v = (3.2 m)(0.60 Hz) 

v = 1.92 m/s 

Measuring Waves 

EX: Find the velocity of a wave in a wave pool if its 

wavelength is 3.2 m and its frequency is 0.60 Hz. 

GIVEN: 

v = ? 

 = 3.2 m 

f = 0.60 Hz 

 

v 

f 



WORK: 

 f = v ÷  

 f = (5000 m/s) ÷ (417 m) 

 f = 12 Hz 

Measuring Waves 

EX: An earthquake produces a wave that has a wavelength of 

417 m and travels at 5000 m/s.  What is its frequency? 

GIVEN: 

 = 417 m 

v = 5000 m/s 

f = ? 

 

v 

f 



Waves & Sound 

The Nature of Sound 



Speed of Sound 

344 m/s in air at 20°C 

Depends on: 

Type of medium 

• travels better through liquids and solids 

• can’t travel through a vacuum 

Temperature of medium 

• travels faster at higher temps 



Human Hearing 

sound wave 

vibrates ear drum 

amplified by bones 

converted to nerve 

impulses in cochlea 



Human Hearing 

Pitch - highness 

or lowness of a 

sound 

depends on 

frequency of 

sound wave 

human range: 

20 - 20,000 Hz 

ultrasonic waves 

subsonic waves 



Human Hearing 

Intensity- volume of sound 

depends on energy (amplitude) of sound 

wave 

measured in decibels (dB) 
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Doppler Effect 

Doppler Effect - change 

in wave frequency 

caused by a moving wave 

source 

moving toward you - pitch 

sounds higher 

moving away from you - 

pitch sounds lower 



Doppler Effect 

Stationary source Moving source Supersonic source 

same frequency in 

all directions 

waves combine to 

produce a shock wave 

called a sonic boom 

higher 

frequency 

lower 

frequency 

http://www.youtube.com/watch?v=h4OnBYrbCjY 

 

http://www.youtube.com/watch?v=h4OnBYrbCjY


Seeing with Sound 

Ultrasonic waves - above 20,000 Hz 

Medical Imaging SONAR 

“Sound Navigation Ranging” 



Bell Ringer 

What is pitch? 

What is sound intensity? 

What is the Doppler Effect? 

What is a decibel? 



Waves & Sound 

Music 



Music vs. Noise 

Music 

specific pitches and sound quality 

regular pattern 

Noise 

no definite pitch 

no set pattern 



Resonance 

Forced Vibration 

when one vibrating object 

forces another object to vibrate 

at the same frequency 

results in a louder sound 

because a greater surface area 

is vibrating 

used in guitars, pianos, etc. 



Resonance 

Resonance 

special case of forced 

vibration 

object is induced to 

vibrate at its natural 

frequency 

http://www.youtube.com/watc

h?v=BE827gwnnk4 

 

http://www.youtube.com/watch?v=BE827gwnnk4
http://www.youtube.com/watch?v=BE827gwnnk4


Resonance 

“Galloping Gertie” 

The Tacoma Narrows Bridge Disaster 

Wind through a narrow waterway caused the bridge to vibrate until it reached its natural frequency. 

http://www.youtube.com/watch?v=Bmx

HxPYc1qc 

 

http://www.youtube.com/watch?v=BmxHxPYc1qc
http://www.youtube.com/watch?v=BmxHxPYc1qc


Harmonics 

Fundamental 

 the lowest natural frequency of an object 

Overtones 

multiples of the fundamental frequency 



Constructive - louder 

Interference 

Interference 

 the ability of 2 or more waves to combine to 

form a new wave 

Destructive - softer 



Interference 

Beats 

variations in sound 

intensity produced by 

2 slightly different 

frequencies 

both constructive  

and destructive 

interference occur 



Acoustics 

Acoustics 

 the study of sound 

Reverberation  

echo effect produced 

by the reflection of 

sound 
Anechoic chamber - designed 

to eliminate reverberation. 



Light 

Electromagnetic Radiation  



EM Radiation 

Electromagnetic Radiation - transverse 

waves produced by the motion of 

electrically charged particles 

does not require a medium 

speed in a vacuum = 300,000 km/s 

electric and magnetic  

components are  

perpendicular 



EM Radiation 

Photons- tiny, particle-like 

bundles of radiation 

absorbed and released 

by electrons 

energy increases with 

wave frequency  



EM Spectrum 

long  

 

low f 

 

low 

energy 

short  

 

high f 

 

high 

energy 



Types of EM Radiation 

Radiowaves 

 lowest energy EM radiation 



Types of EM Radiation 

Radiowaves 

FM - frequency modulation  

AM - amplitude modulation 

Microwaves 

penetrate food and vibrate 

water & fat molecules to 

produce thermal energy 



C. Types of EM Radiation 

Infrared Radiation (IR) 

slightly lower energy than 

visible light 

can raise the thermal energy 

of objects 

 thermogram - image made by 

detecting IR radiation 



Types of EM Radiation 

Visible Light 

small part of 

the spectrum 

we can see 

ROY G. BIV - 

colors in order 

of increasing 

energy 

R O Y G. B I V 

red orange yellow green blue indigo violet 



Types of EM Radiation 

Ultraviolet Radiation (UV) 

slightly higher energy than visible light 

Types: 

• UVA - tanning, wrinkles 

• UVB - sunburn, cancer 

• UVC - most harmful,  

       sterilization 



Types of EM Radiation 

Ultraviolet Radiation (UV) 

Ozone layer depletion = UV exposure! 



Types of EM Radiation 

X rays 

higher energy than UV 

can penetrate soft tissue, 

but not bones 



Types of EM Radiation 

Gamma rays 

highest energy  

EM radiation 

emitted by 

radioactive atoms 

used to kill 

cancerous cells Radiation treatment using 

radioactive cobalt-60. 



Light 

Light and Color 



Light and Matter 

Opaque 

absorbs or reflects all light 

Transparent 

allows light to pass through completely 

Translucent 

allows some light to pass through 



Seeing Colors 

White light 

contains all visible colors - ROY G. BIV 

In white light, an object… 

reflects the color you see 

absorbs all other colors 

REFLECTS 

ALL COLORS 

ABSORBS 

ALL COLORS 



Seeing Colors 

The retina contains… 

Rods - dim light, black & white 

Cones - color 

• red - absorb red & yellow 

• green - absorb yellow & green 

• blue - absorb blue & violet 

Stimulates red & green cones 

Stimulates all cones 



Seeing Colors 

Color Blindness 

one or more sets of 

cones does not 

function properly 

Test for red-green color blindness. 



Mixing Colors 

Primary  

light colors 

red, green, blue 

additive colors 

combine to form white light 

View Java Applet on primary light colors. 

EX: computer RGBs 

http://mc2.cchem.berkeley.edu/Java/emission/Java Classes/emission.html


Mixing Colors 

Filter 

 transparent material 

that absorbs all light 

colors except the 

filter color 

 

View Java Applet on filters. 

http://mc2.cchem.berkeley.edu/Java/single/Java Classes/single.html


Mixing Colors 

Pigment 

colored material that absorbs  

and reflects different colors 

Primary pigment colors 

cyan, magenta, yellow 

subtractive colors 

combine to form black 

EX: color ink cartridges 



Mixing Colors 

Light Pigment 

When mixing pigments, the color of the mixture is 

the color of light that both pigments reflect. 

http://www.youtube.com/watch?v=gtgB

HsSzCPE 

 

http://www.youtube.com/watch?v=gtgBHsSzCPE
http://www.youtube.com/watch?v=gtgBHsSzCPE


Light 

Wave Properties of Light 



Bell Ringer 

What are the 3 primary colors of light? 

What are the 3 primary colors of pigment? 

What is white light made of? 

What are rods and cones? 

 



Reflection 

Reflection 

when a wave 

strikes an object 

and bounces off 

incident beam reflected beam 

Normal 



Reflection 

Law of Reflection 

 the angle of 

incidence equals 

the angle of 

reflection 



Refraction 

Refraction -bending of waves when 

passing from one medium to another 

caused by a change in speed 

 

• slower (more dense)  light 

bends toward the normal 

SLOWER 

FASTER 

• faster (less dense)  light 

bends away from the normal 



Refraction 

Refraction depends on… 

speed of light in  

 the medium 

wavelength of  

the light - shorter 

wavelengths (blue) 

bend more 



Refraction 

Example: 



Diffraction 

Diffraction- bending of 

waves around a barrier 

 longer wavelengths 

(red) bend more - 

opposite of refraction 



Interference 

Interference 

constructive  brighter light 

destructive  dimmer light 



Cool Applications! 

Fiber Optics 

Total Internal Reflection 

• when all light is reflected back 

into the denser medium  



Cool Applications! 

The “Broken Pencil” 

refraction 



Cool Applications! 

Rainbows 

refraction-reflection-refraction 

 



Cool Applications! 

Diffraction Gratings 

glass or plastic made up 

of many tiny parallel slits 

may also be reflective 

spectroscopes, reflective 

rainbow stickers, CD 

surfaces 



Cool Applications! 

Thin Films - Bubbles & Oil Slicks 

 interference results from double reflection 



Cool Applications! 

Blue Sky & Red Sunsets 

NOON 

• less atmosphere 

• less scattering 

• blue sky, yellow sun 

SUNSET 

• more atmosphere 

• more scattering 

• orange-red sky & sun 

• Molecules in atmosphere 

scatter light rays. 

• Shorter wavelengths (blue, violet) 

are scattered more easily. 


