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Vibrations

• A vibration is a wiggle in time

• A vibration cannot exist in one 

instant, but needs time to move 

back and forth.



Waves

• A wave is a wiggle in time and 

space.

• A wave cannot exist in one place 

but must move from one place to 

another.



Vibration of a pendulum

• Pendulums swing back and forth 

with such regularity that they have 

long been used to control the 

motion of a clock.



Vibration of a pendulum

• A pendulum’s vibration depends 

upon the length of the pendulum 

and the acceleration due to 

gravity.



Vibrations and Waves

Time for a Gizmo!

http://www.explorelearning.com/index.cfm?method=cResource.dspView&ResourceID=391
http://www.explorelearning.com/index.cfm?method=cResource.dspView&ResourceID=391


Period of a pendulum

g

L
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T = Period (seconds)

L = Length of pendulum (meters)

g = acceleration due to gravity (m/s2)



Simple Harmonic Motion

• Any vibrating system where the restoring force is 

proportional to the negative of the displacement 

is in simple harmonic motion (SHM), and is often 

called a simple harmonic oscillator.



Simple Harmonic Motion

• A simple harmonic oscillator will trace out a sine 

curve.



Simple Harmonic Motion

• An object going in a circle experiences simple 

harmonic motion. 



Parts of a wave

Crest- The high points of a wave

Trough- The low points on a wave



Parts of a wave

Equilibrium - The mid point between a crest and a 

trough.

Amplitude – The maximum displacement from 

equilibrium. 



Parts of a wave

Wavelength (λ)- The distance bewteen two 

successive points on a wave (crest to crest or 

trough to trough)



Frequency

Frequency – the number of cycles 

per second

Measured in hertz (Hz)



Frequency

The frequency of the vibrating 

source and the frequency of the 

wave it produces are the same.



Frequency and Period
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T = Period (seconds)

f = frequency (Hertz)
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Frequency and Period

T = 1/f

T = 1/100

T = 0.01 sec

What is the period in vibrations per 

second of a 100 Hz wave?



Frequency and Period

f = 1/T

f = 1/200

f = 0.005 Hz

The Sears Tower in Chicago sways back 

and forth once every 200 seconds. What 

is the frequency of the vibration?



A wave travels along its medium, but 

the individual particles just move up 

and down.

Wave Motion



Wave Speed

The speed of a wave depends on the 
medium through which the wave 
moves.

Ex:  Sound waves travel faster in water 
than in air.



Wave Speed

fv 

v = wave speed (m/s)

λ = wavelength (meters)

T = Period (seconds)

f = frequency (Hertz)

T
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Wave Speed

v = λ/T

v = 5/4

v = 1.25 m/s

Two crests of a wave are 5 meters apart. 

If a crest passes a point once every 4 

seconds, what is the wave speed?



Wave Speed

v = λf

v = (3)(12)

v = 36 m/s

2 troughs of a wave are 3 meters 

apart. If 12 troughs pass a point every 

second, what is the wave speed?



Transverse Waves

Transverse wave – a wave when 

the motion of the medium is at right 

angles to the direction in which a 

wave travels



Longitudinal Waves

Longitudinal wave – a wave when the 

motion of the medium is parallel to the 

direction in which a wave travels



Wave Interference

Constructive Interference – When the 

crest of a wave interferes with another 

crest of a wave resulting in a large 

pulse. 



Wave Interference

Destructive Interference – When the 

crest of a wave interferes with a trough 

of a wave resulting in a cancellation of 

the pulses. 



Wave Interference

Time for a Gizmo!

http://phet.colorado.edu/new/simulations/sims.php?sim=Wave_on_a_String
http://phet.colorado.edu/new/simulations/sims.php?sim=Wave_on_a_String


Wave Interference

Wave interference occurs in all types of 

waves.

Interference can easily be seen in water



Wave Interference

Time for a Gizmo!

http://phet.colorado.edu/new/simulations/sims.php?sim=Wave_Interference
http://phet.colorado.edu/new/simulations/sims.php?sim=Wave_Interference


Reflecting waves

Fixed end Reflection:

A wave pulse will 

reflect on the opposite 

side off the medium 

when reflecting off of 

a fixed end.



Reflecting waves

Free end Reflection:

A wave pulse will 

reflect on the same 

side off the medium 

when reflecting off of 

a free end.



Wave Reflection

Time for a Gizmo!

http://phet.colorado.edu/new/simulations/sims.php?sim=Wave_on_a_String
http://phet.colorado.edu/new/simulations/sims.php?sim=Wave_on_a_String


Standing Waves

Standing waves occur when a object 

vibrates at a resonant frequency.

Standing waves occur when both ends of a 

string are fixed. In that case, only waves 

which are motionless at the ends of the string 

can persist.



Standing Waves

The first resonant 
frequency of an object is 
called the fundamental 
frequency or first harmonic.

The next resonant 
frequency is called the 
second harmonic. And then 
next resonant frequency is 
called the third harmonic 
and so forth.



Standing Waves

There are nodes, where 

the amplitude is always 

zero, and antinodes, 

where the amplitude 

varies from zero to the 

maximum value.



Standing Waves

At each harmonic the 

wavelength of the 

wave changes.

The higher the 

harmonic, the smaller 

the wavelength.



Doppler Effect

Doppler effect: the apparent change in 

frequency due to the motion of the 

source (or receiver).



Doppler Effect

If the source of the wave moves 

towards you, the wavelength decreases, 

thus the frequency increases.



Doppler Effect

If the source of the wave moves away 

from you, the wavelength increases, 

thus the frequency decreases.



Doppler Effect

Police make use of the Doppler effect of 

radar waves in measuring the speeds of 

cars on the highway.



Doppler Effect

Time for a Gizmo!

http://www.explorelearning.com/index.cfm?method=cResource.dspView&ResourceID=584
http://www.explorelearning.com/index.cfm?method=cResource.dspView&ResourceID=584


Doppler Effect

Astronomer make use of the Doppler 

effect in measuring the speeds galaxies 

towards or away from us.



Doppler Effect

Galaxies moving toward us show a blue

shift in the light they emit. 



Doppler Effect

Galaxies moving away from us show a 

red shift in the light they emit. 



Doppler Effect

This is an example of a red shift from 

a galaxy.

http://en.wikipedia.org/wiki/Image:Redshift.png


Doppler Effect

f2 = frequency observed (Hz)

f1 = frequency of source (Hz)

v = speed of wave (m/s)

vs = speed of source (m/s)
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Doppler Effect

Use the minus sign if the source is 

moving towards the observer

Use the plus sign if the source is 

moving away from the observer.

Top Towards, Bottom Away
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Doppler Effect

A train traveling to the North Pole at 

19.785 km/h sounds its whistle as it 

leaves the station. The train’s whistle has 

a frequency of 500 Hz and the speed of 

sound in air is 340 m/s.

What is the frequency of the sound waves 

reaching the station as the train leaves?



Bow Waves

Bow waves occur when the speed of 

the source in a medium is as great as 

the speed of the wave it produces. 



Bow Waves

A swimmer traveling faster than the 

water waves finds itself always 

entering into water with a smooth, 

unrippled surface. 



Shock Waves

Shock waves are bow waves but in 3 

dimensions.

Shock waves are cone-shaped.



Shock Waves

A plane just breaking the sound barrier.

..\..\..\Physics Movie Clips\Plane Breaking Sound Barrier.mpeg


Shock Waves

Two shock waves are seen. One by the gunshot 
blast and the other by the supersonic bullet.



Shock Waves

Two shock waves are seen from the gun 
blasts on the gun ship.



Sonic Boom

A sonic boom occur when an observer 

hear a large compression of sound 

waves.



Sonic Boom

A sonic boom are not produced the 

moment an aircraft breaks the sound 

barrier.

A sonic boom only occurs when the 

wave cone passes over you.



Sonic Boom



Sonic Boom

Sonic booms can be created by 

anything that travels faster than the 

speed of sound

The crack of a whip, lightning, pistol 

shrimp, or even Guile from Street 

Fight II.



Wave Interference

http://www.poof-slinky.com/resources/slinkysong/itsslinkysong_flash.htm

