
Mechanical Waves and  

Sound Waves 



What is a Wave 

 A WAVE is a vibration or disturbance that 

carries energy through matter or space. 

A  MEDIUM  is the substance 

that all mechanical waves 

travel through and need to 

have in order to move.  



Two types of Waves 
 The first type of wave is called Longitudinal. 

•Longitudinal Wave - A fixed point will move parallel with  

the wave motion 

•Ex. Sound  
2 Parts to Longitudinal Wave: 

•Compression-area of high molecular density & pressure 

•Rarefaction -area of low molecular density & pressure 



Two types of Waves 

•Transverse Wave - A fixed point will move perpendicular  

  with the wave motion. 

•Ex. radio, light, microwave, guitar strings 

•The second type of wave is called Transverse. 

• crest, trough, wavelength, amplitude, period, frequency 



Parts of a Transverse Wave 

 Crest-  high point of a wave 

 Trough – low point of wave 

 Wavelength –(λ)distance between 2 successive 

points of a wave 

 Amplitude – maximum displacement (height) 

 Frequency – rate of how many cycles per time 

period, cycles/sec or Hertz (Hz)  

 Period – time it takes to make 1 complete cycle 

 Cycle – formation of 1 crest & 1 trough 



Wave Speed 

You can find the speed of a wave by multiplying the 

wave’s wavelength in meters by the frequency (cycles 
per second).              ν = λf 
Since a “cycle” is not a standard unit this gives you 

meters/second.       

 

 

 



Example 
 A harmonic wave is traveling along a rope. It is observed that 

the oscillator that generates the wave completes 40.0 

vibrations in 30.0 s. Also, a given maximum travels 425 cm 

along a rope in 10.0 s . What is the wavelength? 
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Wave Behavior (Waves at Boundaries) 
 Speed of a wave depends only on the 

properties of the medium it passes through, 

not on the wave’s amplitude or frequency 

 Sometimes waves move across a boundary 

from one medium to another, part is 

transmitted and part is reflected, depends on 

how much the wave velocities in the two 

media differ 

 Incident wave- wave that strikes the boundary 

 Reflected wave – returning wave (reflected back) 

after striking the boundary 



Wave Behavior (Superposition of Waves) 
 Often, two or more waves can be present at 

the same place at the same time 

 Principal of Superposition – when two or 

more waves are present at the same time 

and place, combine to create a resultant 

disturbance  

 Interference – result of the superposition of 

two or more waves (two types: destructive 

and constructive) 

 



 Destructive Interference – when two waves 

meet with equal but opposite amplitudes, crest 

to trough (out of phase) 

 Combine to form a new wave with a  

smaller amplitude 

 

 

 Constructive Interference – when two waves 

meet with equal and same amplitudes, crest to 

crest (in phase) 

 Combine to form a new wave with a  

larger amplitude 

Wave Behavior (Superposition of Waves) 



Wave Behavior (Standing Waves) 

 A standing wave is 
produced when a wave 
that is traveling is 
reflected back upon itself. 
There are two main parts 
to a standing wave: 

 Antinodes – Areas of 
MAXIMUM AMPLITUDE 

 Nodes – Areas of ZERO 
AMPLITUDE. 



Waves in Two Dimensions 
 Reflection –when a wave hits a barrier and 

reflects back 

 Ray diagrams model movement of waves 

 Law reflection- states the angle of incidence is 

equal to angle of reflection 

 Refraction- change in direction of waves at 

the boundary of different media 

 Diffraction – spreading of waves around the 

edge of a barrier 



Properties of Sound Waves 
 Sound Wave-  a pressure variation that is transmitted 

through matter (chain reaction of air particles colliding. 
 Share general properties of other waves: ex. can reflect= echo 

 Sound Waves are a common type of standing wave as 
they are caused by RESONANCE.  

 Resonance – when a FORCED vibration matches an 
object’s natural frequency thus producing vibration, 
sound, or even damage. 

One example of this involves shattering a wine 

glass by hitting a musical note that is on the same 

frequency as the natural frequency of the glass. 

(Natural frequency depends on the size, shape, 

and composition of the object in question.)  

 

Because the frequencies resonate, or are in sync 

with one another, maximum energy transfer is 

possible.  



"Gallopin' Gertie" November 7, 1940 film 

 clip. 1940 Tacoma Narrows Bridge  

Slender, elegant and graceful, the Tacoma 

Narrows Bridge stretched like a steel 

ribbon across Puget Sound in 1940. The 

third longest suspension span in the world 

opened on July 1st. Only four months later, 

the great span's short life ended in 

disaster. "Galloping Gertie," collapsed in a 

windstorm on November 7,1940.  

 

 

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

3mclp9QmCGs 

 

Resonance 

http://www.youtube.com/watch?v=3mclp9QmCGs
http://www.youtube.com/watch?v=3mclp9QmCGs
http://www.youtube.com/watch?v=3mclp9QmCGs


Properties of Sound Waves (Loudness) 
 Loudness 

 Physical properties of sound waves are measured 

by frequency, speed, and wavelength, like 

transverse waves (speed sound in air = 343 m/s) 

 

 Amplitude – measure of the variation in pressure 

along the wave 

 Loudness depends on the amplitude 

 Sound level- a logarithmic scale of amplitudes 

 Measured in decibels (dB)  

 Level depends on the ratio of the pressure variation of a 

given sound wave to the pressure variation in the most 

faintly heard sound, 2 x 10-4 Pa = 0 dB “Threshold of 

hearing” 



Weakest sound heard 0dB 

Whisper Quiet Library at 6' 30dB 

Normal conversation at 3' 60-65dB 

Telephone dial tone 80dB 

City Traffic (inside car) 85dB 

Train whistle at 500', Truck Traffic 90dB 

Jackhammer at 50' 95dB 

Subway train at 200' 95dB 

Level at which sustained exposure may result in hearing loss 90 - 95dB 

Hand Drill 98dB 

Power mower at 3' 107dB 

Snowmobile, Motorcycle 100dB 

Power saw at 3' 110dB 

Sandblasting, Loud Rock Concert 115dB 

Pain begins 125dB 

Pneumatic riveter at 4' 125dB 

Even short term exposure can cause permanent damage - Loudest recommended 

exposure WITH hearing protection 

140dB 

Jet engine at 100' 140dB 

12 Gauge Shotgun Blast 165dB 

Death of hearing tissue 180dB 

Loudest sound possible 194dB 



 Pitch- the frequency of a vibration as 

interpreted by the human brain 

 Human can detect frequencies between 20 Hz – 

16,000 Hz 

 Pure Tone – sound with a single frequency 

 Infrasonic – sound waves with frequencies below 

20 Hz 

 Ultrasonic- sound waves with frequencies above 

20,000 Hz 

Properties of Sound Waves (Pitch) 



The Doppler Effect 

 1842 Austrian physicist Christian Doppler 

 Doppler Effect – is the change in frequency 

or pitch of sound detected by an observer 

because the sound source and the observer 

have different velocities with respect to the 

medium through which the sound travels 

 Doppler Shift – differences in frequencies fo – fs 

 Ex. Fire truck siren  

(louder as nears you, quieter as passes you) 

 Source moving away or toward observer 

 Observer moving toward source or away from 



 Source moving toward observer 

 fo = fs[1/1- (vs/v)] 

 Source moving away from observer 

 fo= fs[1/1 + (vs/v)] 

 Observer moving toward source 

 fo = fs[1/1+ (vo/v)] 

 Observer moving away from source 

 fo = fs[1/1- (vo/v)] 

 

The Doppler Effect 



Physics of Music 
 Middle of 19th century, German Physicist Hermann 

Helmholtz was the 1st to study sound production in 

musical instruments & the human voice 

 Sound produced by vibrating object, which creates 

molecular motions that cause pressure oscillations 

in the air 

 Human voice produced by vibrations of the vocal 

cords, air rushing through the lungs causes the 

vocal cords to vibrate, and frequency is controlled 

by muscle tension on the cords 

 Most sounds are complex waves that are 

composed of more than one frequency 



Physics of Music 
 The production of sound involves setting up a 

wave in air. To set up a CONTINUOUS sound 
you will need to set a standing wave pattern. 

Three LARGE CLASSES of instruments: 

 Stringed - standing wave is set up in a tightly 
stretched string 

 Percussion - standing wave is produced by the 
vibration of solid objects 

 Wind - standing wave is set up in a column of air 
that is either OPEN or CLOSED 
 Air column can resonate w/a sound source, increasing 

its amplitude 

 Factors that influence the speed of sound are 
density of solids or liquid, and TEMPERATURE 

 



Closed Pipe Resonance-Harmonics 
 Have an antinode at one end and a node at the 

other. Each sound you hear will occur when an 
antinode appears at the top of the pipe. What is 
the SMALLEST length of pipe you can have 
to hear a sound? 

You get your first sound or encounter 

your first antinode when the length of 

the actual pipe is equal to a quarter of 

a wavelength. λ/4 

This FIRST SOUND is called the 

FUNDAMENTAL FREQUENCY or the 

FIRST HARMONIC. 



Closed Pipe Resonance - Harmonics 
 Harmonics - are 

MULTIPLES of the 

fundamental frequency. 

In a closed pipe, you have a NODE at the 2nd 

harmonic position, therefore NO SOUND is produced 



Closed Pipe Resonance - Harmonics 
 In a closed pipe you have an ANTINODE at the 

3rd harmonic position, therefore SOUND is 
produced. 

 

 CONCLUSION: Sounds in CLOSED pipes are 
produced ONLY at ODD HARMONICS!  

 λ/4, 3λ/4, 5λ/4, etc. 



Open Pipe Resonance- Harmonics 

 OPEN PIPES- have an antinode on BOTH ends of 

the tube. What is the SMALLEST length of pipe 

you can have to hear a sound? 

You will get your FIRST sound 

when the length of the pipe 

equals one-half of a wavelength. 



Open Pipe Resonance - Harmonics 

 Since harmonics are MULTIPLES of the 
fundamental, the second harmonic of an 
“open pipe” will be ONE WAVELENGTH. 

The picture above is the SECOND harmonic or 

 the FIRST OVERTONE. 



Open Pipe Resonance - Harmonics 
 Another half of a wavelength would ALSO produce 

an antinode on BOTH ends. In fact, no matter how 
many halves you add you will always have an 
antinode on the ends (λ/2, 2λ/2, 3λ/2, etc.) 

The picture above is the THIRD harmonic 

or the SECOND OVERTONE. 

 

CONCLUSION: Sounds in OPEN pipes 

are produced at ALL HARMONICS! 



Example 
 The speed of sound waves in air is found to be 

340 m/s. Determine the fundamental frequency 

(1st harmonic) of an open-end air column which 

has a length of 67.5 cm. 
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Example 
 The windpipe of a typical whooping crane is about 

1.525-m long. What is the lowest resonant 

frequency of this pipe assuming it is a pipe closed 

at one end? Assume a temperature of 37°C. 
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Detection Pressure Waves (Human Ear) 

     
 Ear collects pressure waves & converts them to 

electrical impulses 

 Sound waves enter the auditory canal cause 

vibrations of the tympanic membrane 

 3 tiny bones then transfer this vibration to the 

fluid of the cochlea 

 Tiny hairs lining the spiral-shaped cochlea pick 

up certain frequencies out of the fluid vibration 

 The hair then stimulate nerve cells, which send 

impulse to brain, producing the sensation of 

sound 





Sound Quality 
 Difference between 2 waves is called timbre, or 

tone quality 

 Fundamental – lowest resonant frequency 

 Harmonics – multiples of the fundamental 

frequency 

 Chord – several pitches played together 

 Pleasant – consonance, unpleasant- dissonance 

 Octave – two notes with frequencies related by a 

ratio of 1:2 

 Beat – oscillation of wave amplitude (diff between 

freq of 2 waves)   fbeat = │fA - fB│ 


