Unit IV – Waves & Sound

Topics covered: 

· Periodic Motion

· Wave Terminology

· Sound
· Properties of Waves

· Universal Wave Equation

· Reflection / Changing Media
· Wave Interference

· Standing Waves

· Beats

· Resonance

· Doppler Effect
Periodic Motion
Periodic Motion – motion repeated in equal intervals of time

Types of Periodic Motion:

1. Torsional – particles of medium repeatedly rotate around the direction of propagation/rest axis (e.g. mass spinning from a rope)
2. Transverse – particles of medium repeatedly oscillate perpendicular to the direction of propagation/rest axis (e.g. water waves) 

3. Longitudinal – particles of medium repeatedly oscillate in the same direction of propagation/rest axis (e.g. mass on a spring)
Wave Terminology
	Medium
	“Stuff” through which the wave travels

	Cycle
	One complete vibration, rotation or revolution

	Pulse
	One half of a complete vibration, rotation or revolution

	Frequency( f )
	Number of cycles per unit time (usually per second-unit Hz) 
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	Period( T )
	Time for one cycle 
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	Wavelength(()
	the distance between repeating units of a propagating wave


Transverse waves 
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	Particle displacement(y)
	displacement of a particle of the medium from the rest position

	Amplitude(A)
	maximum displacement

	Particle velocity(vp)
	velocity of the particle of the medium as it vibrates

	Crest
	positive pulse

	Trough
	negative pulse

	Wavelength(()
	the distance between two consecutive points in phase, e.g. crest to crest


Longitudinal waves

Instead of crests and troughs, we have rarefactions and compressions
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Wavelength (λ) - the distance between two consecutive points in phase, e.g. compression to compression
Longitudinal Waves in terms of density/pressure of the medium:
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Sound

· Energy transferred through vibrations

· Originates from a vibrating source

· Requires a physical medium for transmission (no sound in space)

· Is a longitudinal wave (travels as rarefaction and compressions)

Speed of Sound

· Speed of sound is relative to the medium through which it travels

(e.g. sound travels faster in some solids than in some gases)

· Speed of sound also depends on the current state / properties of the medium

(e.g. temperature, pressure, consistency, etc.)

· In air, at one atmospheric pressure (atm), the speed of sound at 0° C has been determined experimentally to be is 332 m/s
· In air, at one atmospheric pressure (atm), the speed of sound increases with temperature according to the equation:

v = 332 m/s + (0.59 m/s/°C)t
Properties of Waves
Reflection

Sound waves reflect of off surfaces such that the angle of incidence, θi  = angle of reflection, θr 

Echoes are reflected sound waves

Echolocation is a technique that uses the reflection of sound waves to locate objects. 

· Sound waves are used since they spread out in all directions, thus when reflected they always return to the source.

· Technologies: Sonar, ultrasound
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Refraction
Refraction – the bending of a wave’s direction that occurs 
when the wave enters a different medium at an angle

Sound waves refract when changing media or when the medium’s properties change
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Diffraction
Diffraction – the bending effect on a wave’s direction as it passes through an opening or by an obstacle. 


How much a wave bends depends on both the wavelength of the wave and the size of the 
opening of the barrier. 


For the same opening, long-wavelength waves diffract more than short-wavelength 


waves:
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For waves with the same wavelength, smaller openings result in more diffraction than larger openings:
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Sound waves diffract – this is why we can hear things around corners

Universal Wave Equation
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· Frequency of waves is always equal to the frequency of the source.

· The source determines the frequency of the wave. 

· The frequency of a wave never changes, though the speed and wavelength can.

Reflection / Changing Media

Reflection of Pulses


Free-End Reflection: 




Fixed-End Reflection


- No inversion




- Crest inversion
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Transmission of Waves (Changing Media)


For any pulse, since the frequency must remain constant (frequency is determined by the 
source only!), when a wave encounters a new medium (e.g. different thickness of rope), the 
speed of the wave changes. Thus, the wavelength also changes, since v α λ. 

Partial Reflection at a Boundary 

· Some is transmitted, some reflected a boundary (change in media)
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Phases

In phase: Objects are vibrating with 
the same period and pass through rest positions at the same time. 

[image: image24.png]A wave traveling from a less dense to a more dense medium....

LessDense Mose Dence
- — —=
Incident Pilie
LessDense Mose Dence
— —
Reflectedlie  Toanmitted Rulse

will be reflected off the boundary and transmitied across the
boundary into the new medium. The reflected pulse is inverted.




[image: image25.png]


Out of phase: Objects are vibrating 
with different periods or objects are vibrating with the same period but do not pass through rest positions at the same time. 

Wave Interference
Principle of superposition: At any point the resulting amplitude of two interfering waves is the algebraic sum of the amplitudes of the individual waves

Interference with Transverse Waves
Constructive Interference:



Destructive Interference:


Crest + Crest  =  Supercrest 



Crest + Trough = Node
Trough + Trough = Supertrough
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Interference with Longitudinal Waves:

When two compressions meet, a “super compression” is formed, and when two rarefactions meet, a “super rarefaction” is formed.  This is called constructive interference.  A series of super compressions and super rarefactions produces a wave of greater amplitude and therefore, greater loudness if it is a sound wave.  

When compressions meet rarefactions of the same amplitude, destructive interference takes place, they cancel out and no sound is heard.

Standing Waves

Standing Wave: A fixed wave pattern caused by the interference of two waves (one may be a reflection of the first) of the same frequency and phase that continuously pass through each other. 



nodes (N):


are points of minimum vibration



loops (L) or anti-nodes:
are points of maximum vibration

The distance between two consecutive nodes or loops is 


For standing waves produced by reflection from a free end, the wavelength is such that a loop occurs at the medium’s end:
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For standing waves produced by reflection from a fixed end, the wavelength is such that a node occurs at the medium’s end:
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Modes of vibration
For a given medium, there can be more than
one way to achieve a standing wave pattern:
1 loop

2 loops

3 loops 

Etc…
A standing wave pattern can be created by varying the frequency of the source. For a fixed end in a medium with a fixed length, standing waves can be predicted according to the following equation:

λ = 2l/n

l = length of medium




n = number of loops

(recall λ = v/f )
Resonance
Resonance: the transfer of energy from one object to another having the same natural 


frequency

Natural Frequency: the frequency at which the system would vibrate if deflected once and 

then allowed to move freely
Mechanical Resonance – Energy transferred by physical contact

Resonance can occur in electrical, mechanical, structural, and acoustical systems. If a system is excited by the continued application of external forces at its natural frequency, the amplitudes of the oscillation increase dramatically and may build up and lead to the destruction of the device or structure. 
Resonance of a structure is usually avoided by varying its stiffness or mass. Increasing the stiffness increases the natural frequency, and increasing the mass decreases the frequency.


Examples: 

· Tacoma Narrows Bridge – This suspension bridge at Puget Sound, Washington, collapsed in 1940, due to wind-excited vibrations at its natural frequency. 
· Millennium Bridge London – Pedestrians “locked” into the natural frequency of the bridge as they walked over it, causing it to sway dramatically
· Microwave Ovens – Water molecules are excited at their natural frequency to heat food!

· Radio - By subtly changing the length of radio antennae, it can resonate at the frequency of a particular signal, thus ‘tuning in’ to a given station. 
· Pushing a Child on a Swing – In order to get the child to go higher and higher, she/he pushed be pushed at the natural frequency of the swing
The Doppler Effect

The Doppler Effect - The observed change in frequency of a sound from a source in motion relative to the observer

If the source is traveling TOWARDS the observer:
frequency increases (higher pitch)

If the source is traveling AWAY FROM the observer:
frequency decreases (lower pitch)

e.g. 
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Uses of the Doppler Shift

· Astronomy: Finding the speeds of stars “Red shift”
(*not just sound waves!)

· Police Radar: (beats!)

· Home security systems
· Echolocation
Supersonic Travel

Subsonic speeds: speeds less than the speed of sound in air

Supersonic speeds: speeds greater than the speed of sound in air

In order for an object to travel faster than the speed of sound, it must be travel slower, then travel at the speed of sound. When the object travels at the speed of sound, the vibrations in the air do not move relative to the object, so each new sound produced constructively interferes with sounds previously made. 

As a result, a space for very intense supercompressions and superrarefactions is produced, making the air very turbulent – the sound barrier!

Extra energy is required for an object to break through this barrier, and now the object can safely travel faster than sound, a condition such that the object is seen before it is heard!
When the object transitions from subsonic to supersonic speeds, the intense constructive interefernce produced is called a sonic boom – an extremely loud sound. 

[image: image13.png](@) (G-





subsonic speed

at the speed of sound


supersonic speed



v = f λ
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